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Preface to the Second Edition 

In the 16 years which have passed since the first edition of 

this book was published, the role of luminous-tube lighting has 

been greatly extended by the widespread application of fluores- 

cent tubes not only to signs and displays but also to interior 

lighting. This development has opened new avenues for the man 

who has mastered the standard neon-sign techniques, as well as 

new opportunities for the newcomer to the trade. This second 

edition takes account of the new field in two additional chap- 

ters which constitute Part III of the volume. Chapter 15 deals 

‘n detail with the operation and construction of fluorescent tubes, 

both preheat and cold-cathode types. These are essentially the 

same as the standard nonfluorescent luminous tubes except for 

details in processing and electrical design. Chapter 16 deals with 

‘Jlumination design data to enable a manufacturer to design a 

lighting system. 

The first two parts of the book, dealing with the fundamentals 

of luminous tubes and shop practice, have been revised and 

brought up to date. Descriptions of new components, materials, 

and shop equipment have been added. New chapters on flashers 

and time clocks for controlling signs and on radio and television 

interference have been prepared. The author has endeavored 

to follow the aim of the first edition, that is, to be clear, com- 

plete, and practical-minded in presenting information useful to 

the experienced sign manufacturer as well as to the newcomer. 

The author acknowledges his indebtedness to the following 

organizations for the use of illustrations and technical data: 

The General Electric Company, The Acme Electric Corpora- 

tion, The Gardner Electric Manufacturing Corporation, The 

Time-O-Matic Company, Linde Air Products, the Air Reduc- 

tion Sales Company, the Corning Glass Works, ‘The Central 
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Scientific Company, Sylvania Electric Products, Inc., Roots 

Connerville Company, Signs of the Times, Westinghouse Elec- 

tric Corporation, and Illuminating Engineering Society. Also to 

Dr. Sampson Isenberg for his contribution on the subject of 

fluorescent powders and to Edward R. Samuels for his general 

technical review of the manuscript. 

The author is gratefully indebted to Donald G. Fink, Editor 

of Electronics, for his collaboration in the first edition, which in 

the main essentials has been retained in the second edition, and 

for his valued help as engineer and editor in the preparation of 

this new edition. 

SAMUEL C. MILLER 

New York, N. Y. 

November, 1951 

Preface to the First Edition 

This book has been written with two types of reader in mind: 

the newcomer who desires to set up a neon-manufacturing plant, 

and the experienced man who is already set up in the business. 

The types of information required by these two types of men are 

different, of course. The newcomer needs to know how neon 

tubes operate, how to set up the plant equipment, and how to 

use it for manufacturing tubes. He will not be interested in the 

more advanced problems until he has mastered the fundamen- 

tals. The experienced man, on the other hand, has his equip- 

ment set up and in working order. He has manufactured tubes 

with it. He is interested in producing better tubes, increasing 

their life, improving his equipment for higher speeds of pro- 

duction, or solving such technical problems as obtaining un- 

usual color effects and new types of animation. 

In order to provide a useful book for both types of men, the 

authors have endeavored to present a complete picture of the 

manufacture of neon signs, their installation, and maintenance, 

beginning with the fundamental processes and operations and 

ending with the more advanced problems. ‘he newcomer will 

find that he has need, or eventually will have need, of all the in- 

formation presented. | 

The experienced neon manufacturer, on the other hand, will be 

familiar with many of the processes described. He will find the 

book most helpful as a reference guide, for use both in solving 

unusual problems and in mastering particular phases of the work 

that may give him trouble. For his benefit, the following outline 

of the book is presented. 

The introductory chapter describes the history and present 

state of the neon industry. Following, the first section of the 

book describes the fundamentals of the neon sign: how it works, 

what materials and equipment go into its manufacture, and how 

Vii 



Viii J PREFACE TO THE FIRST EDITION 

these materials and equipment are related to the effectiveness 

and life of the sign. Although it might be supposed that these 

chapters would be an old story to the experienced manufacturer, 

the authors have found that even the most experienced men do 

not understand these fundamentals thoroughly and that this lack 

of understanding is a frequent source of trouble. It 1s recom- 

mended that the experienced man read these pages carefully. If 

he finds nothing new, no harm is done; but in almost every case 

he will find some hint that will help him to produce better signs. 

The second section of the book deals with shop practice, that 

is, it gives specific instructions for installing shop equipment and 

for using it in the proper manner. This section of the book will 

be largely a review for the experienced man, and he will need to 

consult it in most cases only for reference. 

Throughout the book the aim has been to be clear, complete, 

and practical-minded, and it is the hope of the authors that both 

the newcomer and the experienced manufacturer will find the 

book satisfactory in this respect. 

SAMUEL C. MILLER 

Dona.p G. FINK 

New York, N. Y. 

June, 1935 
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CHAPTER 1 

The Luminous-tube Industry 

In 1910, Georges Claude demonstrated his first commercial 

Juminous tube at the Grand Palais, in Paris. In over forty 

years which have elapsed, the luminous-tube industry has 

grown in the United States until, at present, its annual business 

is estimated at more than one hundred million dollars. From a 

single manufacturing plant in 1914, the number of manufac- 

turers engaged in producing luminous tubes for signs, deco- 

ration, and lighting has increased to more than five thousand 

plants in this country alone. The industry has grown rapidly 

in countries overseas, until today there is not a civilized country 

jn the world that does not possess at least one plant engaged in 

the manufacture of luminous tubes. In many a South American 

city, the sign not only serves as an advertising medium but is 

used, for lighting as well. If all the signs were turned out, in fact, 

the streets would be in complete darkness. 

This world-wide business is done not only by large and well- 

established firms, but also by many hundreds of small prosperous 

plants which share in the total business. The largest plants may 

have invested many thousands of dollars in equipment, but 

the small and often successful sign craftsman has equipment 

which has cost him not. more than one thousand dollars. 

The luminous-tube industry has a- unique product to sell. In 

the early days of the business, there were many high-pressure 

promotion schemes, heavy competition, and wrangling over 

patent rights. But in recent years the industry has attained a 

high degree of stability. Continuous development of new mate- 

rials and components for luminous tubes or lamps, in addition 

to refinements in the manufacturing process, have so improved 

3 
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the product that its acceptance is now universal. In recent years, 
the introduction of fluorescent luminous tubes has not only in- 
creased the effectiveness of the advertising sign, but has, in addi- 
tion, opened up a new market for interior illumination and 
decoration. 

Why Is the Luminou8’ Tube So Popular? Throughout the 
history of the luminous-tube enterprise, the public has shown a 
remarkable interest in luminous-tube signs. From the viewpoint 
of the man in the street, the first neon signs had the fascination 
of novelty, but surely no one can claim that luminous tubes are 
novel today. Long after the novelty wore off, the luminous-tube 
sign retained its sales effectiveness. There are many reasons why 
it has done so. 

In the first place, the color of the light is easy on the eye but 
nevertheless extremely compelling. The great variety of colors 
available for sign tubing, due to the introduction of the fluores- 
cent tube, has eye appeal which the old incandescent lamps 
could not offer. 

A fact of little importance to the public but highly regarded 
by the advertiser is the high efficiency of luminous-tube signs. 
A pure neon tube radiates five times as much red light for a 
given amount of power as does an incandescent light. The 
fluorescent tubes used in most installations have approximately 
three times the efficiency for a given amount of power as do 
incandescent lamps. The brilliance and sparkle with which 
luminous tubes stand out on a rainy night are too readily 
apparent to require further comment. 

Not the least important reason why luminous tubes are so 
well adapted to outdoor advertising is the flexibility which glass 
tubing provides for creating difficult designs. Many advertisers. 
want to feature their trade-marks. A trade-mark, reproduced 
faithfully in glass and in the proper colors, can be provided by 
the well-equipped sign manufacturer. Special figures, scroll- 
work, and animated designs are all well within the scope of © 
the neon craftsman; in fact, there is almost no end to the pos- 
sibilities afforded by tubular light. New applications, new 
forms, new mountings are being brought forward every day. 

i a LUMINOUS-TUBE INDUSTRY 5 

The original neon sign has been subject to the often-heard 

criticism that it was not a beautiful light, but this cannot be 

said of the present sign designed by a good craftsman; a well- 

- designed sign adopts a combination of colors which is pleasing 

to the eye. This is why new signs and properly designed store 

fronts are now accepted, by cities in which they are placed, 

as positive contributions to the picture presented by the city 

as a whole, rather than as eyesores. Since its invention the 

luminous-tube sign has been accepted as an outdoor-advertising 

medium of unquestioned value. But with the growing use of 

color balance and graceful forms, these signs are also beginning 

to be looked upon as a distinct credit to the concerns which 

install and operate them. 

With the coming of fluorescent luminous tubing, the range of 

applications of tube lighting has been greatly extended. ‘To the 

wide variety of colors possible with different gases and colored 

tubing, the use of fluorescent tubing has added a score of new 

pastel shades of high intrinsic brilliance. Of the greatest im- 
portance is the fact that fluorescent tubes have made possible 

for the first time a commercially practical form of artificial 

white light which can reproduce the effect of sunlight. The 

white light is, moreover, generated so efficiently that the fluores- 

cent tube outranks all other forms of artificial light. This 

development has given rise to a wholly new field in the lumi- 

nous-tube industry—interior lighting for illumination and 

decoration. 

Two forms of interior fluorescent lighting have been intro- 

duced in recent years. ‘(he most widespread at present employs 

the low-voltage fluorescent lamp, or hot-cathode lamp, which 

is manufactured in standard sizes from 6 to 100 watts and 

operates with a low-voltage ballast. These hot-cathode lamps 

are usually manufactured by large companies on automatic 

machines and involve technical processes beyond the range of 

the luminous-tube sign shop. 7 

In addition to the standard hot-cathode lamps, there has 

appeared a complete line of lamps known as Slimline lamps. 

These lamps are longer and smaller in diameter than standard 
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lamps and employ hot cathodes. Slimline lamps operate from 

ballasts at voltages up to 1,000 volts. | 

The second type of fluorescent interior lamp is the cold- 

cathode tube. This is a conventional luminous tube and can 

be made by the average luminous-tube manufacturer. ‘This 

type of lighting can be used either for direct or indirect lighting 

or for decorative use. For direct or indirect lighting many of the 

standard fluorescent white lamps can be used for best effect. 

However, for decorative lighting, any of the various combina- 

tions of colors can be used to give the desired effect and color 

scheme. Cold-cathode lighting can be operated either from 

special cold-cathode ballasts or from high-voltage transformers. 

The advantage of this type of lighting is its inherent flexi- 

bility. The glass tubing may be straight or it may be formed in 

any shape required to fit the installation. Moreover, a given 

amount of illumination may be spread over a larger area with 

cold-cathode tubing than with the standard hot-cathode fluo- 

rescent lamps. This type of interior lighting should be part 

and parcel of the luminous-tube manufacturer’s business, since 

it is in no essential way different from the production and in- 

stallation of luminous tubes for advertising displays. 

Finally, a primary advantage of tube lighting is the fact that 

it is a continuous form of light, extended over a line or sur- 

face. Hence it casts no sharp shadows and is particularly well 

suited to general interior illumination. Most other forms of 

artificial light, including the incandescent lamp, approximate 

point sources of light and hence cast shadows of the objects in 

the path of its rays. : 

The Background of the Industry. The first luminous tubes did 
not employ neon or any of the other rare gases. From 1893 

to 1910, the so-called Moore tubes were prominent in the 

larger cities, but these were filled with nitrogen and carbon 

dioxide, two common gases. For reasons explained in the next 

chapter, these tubes had a very short life. 

In 1910, Georges Claude introduced the first commercial 

neon sign, and from that time until the outbreak of the First 

World War he was busy bringing his discoveries to the point 
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where they could be introduced on a large scale. Throughout 

that war, little of importance developed, although the funda-. 

mental Claude patent was granted Jan. 19, 1915. 

Up to the time’ of the use of neon for signs, incandescent 

bulbs, glass letters, and floodlighted painted signs were used for 

outdoor advertising. But unless a great many bulbs of high 

wattage were used, the signs were weak both in visibility and. 

penetrating power. Trouble from broken bulbs and burned-out 

Glaments made such signs costly to maintain. Between the time 

a bulb burned out and the time it was replaced, the sign 

became definitely unattractive. 3 

By 1925, a number of concerns had been licensed under 

the Claude patents and had begun operations. Luminous tubes 

began rapidly to replace the incandescent-lamp signs, and the 

public interest in the neon displays grew steadily. Before 1930, 

the public demand for luminous-tube signs had grown to such 

i proportions that the words ‘Claude neon” had become a 

household phrase. In fact, many people believed that the man 

who started the business was a man by the name of Neon. 

Within a short time, all the neon plants found themselves over- 

taxed with orders. This situation soon led to the formation of a 

host of new companies, some rivaling the Claude organizations. 

All the larger companies rode on the tidal wave of the business 

boom from 1925 to 1929. 

The future of the industry seems assured. The ever-increasing 

use of luminous tubing for sign advertising and interior illumi- 

nation, and in many special applications as well, shows no sign 

of falling off. It is a business which can return a fair profit on 

a very small initial investment, a business in which success 

depends largely on the ability of the sign or electrical craftsman 

to master the processes involved in tubing manufacture and to 

market the signs on a fair basis. It is becoming increasingly 

clear that the small plant, located in or near a medium-sized 

town, will supply the needs of that town over the competition 

offered by the more distant manufacturers. Transportation of 

luminous tubes is costly; and it has been shown clearly that 

the most economical way of selling and maintaining signs is to 
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make them near the place of installation. It seems very prob- 

able, therefore, that each small town will have its local shop. 

This book is designed to present the essential facts involved 

in the design, manufacture, installation, and maintenance of 

luminous-tube signs. As such, it is hoped that it may serve as a. 

guide both for the man entering the business and also for the 

well-established craftsman who must occasionally solve unusual 

problems. 

CHAPTER 2 

The Luminous Tube 

The Luminous Tube: What It Is and How It Works. Funda- 

mentally, the luminous tube isa very simple device. It consists 

of a vacuum-tight glass tube, fitted at each end with a metal 

terminal or electrode. Inside the tube is a small amount of rare 

gas. Connected to the two electrodes is a source of high-voltage 

electrical power. When the current is turned on, the tube glows 

with a steady piercing light. | 

The practical man can learn how to bend the glass, seal on 

the electrodes, pump out the air, fill the tube with neon or some 

other gas, seal it up, mount it, connect it to the transformer, and 

install the completed tube. He can do all these things without 

knowing how or why the tube works. But if his newly installed 

tube goes dead in two weeks or if his fluorescent tubing starts 

darkening to such a degree that it decreases visibility or illu- 

mination, and the customer demands satisfaction, the practical 

man can save himself a great deal of future trouble if he knows 

the simple facts about the glow discharge, what it is, and under 

what conditions it will deliver satisfactory service. 

Sparks and Glow Discharges. ‘The familiar glow of the neon 

sign is a first cousin of man’s oldest electrical acquaintance, 

lightning. The red glow of neon and the blue flash of lightning 

are both electrical discharges in gas. In the neon sign, the gas 

is neon, a rare gas of great value. In lightning, the gas is the air, 

a mixture of oxygen, nitrogen, carbon dioxide, slight traces of 

hydrogen, and still slighter traces of the rare gases. In the 

luminous tube the pressure is very low——a partial vacuum, 

in fact—in lightning, it is the normal atmospheric pressure. 

But the neon glow and the lightning flash are electrically very 

9 
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much alike. They both illustrate the fact that, when electricity 

passes through a gas or a mixture of gases, light is given off. 

If lightning and neon glow are so much the same, what 

makes their light so different? Just the differences given above, 

that is, differences in pressure and in the kind of gas used. 

The lightning spark is hot and blue-white in color. It consumes 

a tremendous amount of power. By using a particular gas and a 

reduced pressure in the luminous tube, it is possible to produce 

a steady glow, with very little power and very little heat. The 

combination of pleasing, penetrating light and high economy, 

with the flexibility provided by the glass tubing, makes the 

luminous tube a highly effective source of light for advertising 

purposes, lighting, and decoration. ‘The large industry based 

on luminous tubes, as outlined in the previous chapter, has 

resulted from the practical TE of this low-pressure 

electrical gas discharge. 

What Happens inside the Tube. To understand what happens 

inside a luminous tube, it must first be realized that the gas 

inside the tube consists of millions upon millions of particles 

called molecules. Under ordinary conditions, these molecules are 

electrically neutral; that is, they are neither positively nor 

negatively charged. To start the gas discharge, we must break 

these molecules up into electric charges. If we do this, a current 

can flow through the gas, and this current flow is accompanied 

by the desired light. 

Each molecule is made up of negative electrons and positive 

ions. When the molecule is undisturbed, it has as many electrons 

as ions in it, and it is therefore electrically neutral. But.if we 

remove a negative electron, the remainder of the molecule be- 

comes positively charged; the result is the division of the gas 

into positive and negative charges. 7 

The familiar law that like electrical. charges repel one an- 

other and that unlike charges attract each other leads to the 

fact that a free electron is strongly attracted to any nearby 

positive ion. This attraction leads to the rapid merging of the 

positive and negative electrons into one neutral molecule. 

During this process the remaining electrons, within the mole- 
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cule, rearrange themselves and the molecule gives off light. This is 

the light we want to produce. Its color depends apen the kind: 

of molecule, that is, upon the kind of gas. | 

Thus to produce a gas discharge we must cop aaalie remove 

electrons from neutral molecules and let them combine with 

positive ions to form other neutral molecules. The practical 

way of producing this ionization (as the electron-ion division. 

is called) is by passing a current through the gas. 

How the Current Produces the Glow. When voltage is applied 
to the electrodes, one electrode becomes, momentarily at least, 

positively charged, as shown in Fig. 2-1. It attracts, therefore, 

@) Fositive ton @) Electron collides 
travels away with neutral molecule, 
from positive freeing electrons and 
electrode----.. leaving positive /on C) Free electron attracted 

: _topositive electrode 

Positive 
electrode - 

+t+tte+teet 

lo positive terminal |} ©)Weutral molecule finds itself 
of high voltage in path of electron speeding 
SOUrCe i to positive electrode and step 

® /rée electronmerges @Js repeated 
with another positive 
for. Neutra! molecule 
results 

Fic. 2-1. Action of electrons and positive ions in gas-filled tube. 

any free negative electrons which may be present in the gas. 

If the voltage is high enough, the electrons will be attracted with 

tremendous force.and will speed toward the positive electrode 

at a speed of thousands of miles per second. Before one of these 

electrons can get very far, however, it collides with a neutral 

gas molecule which lies in its path. It hits this molecule with 

such force that it liberates from it one or more (usually more 

than one) electrons. These electrons, once free, start off toward 

the positive electrode with great vigor. These ‘electrons soon": 
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collide with other neutral molecules, liberating still more elec- 

trons, which go off to smash still other molecules. In an un- 

believably short time after the voltage is applied to the tube, 

the whole body of gas is in a frenzy of motion, electrons being 

liberated from molecules, free electrons combining with posi- 

tive ions, giving off light as they do so, and then being blasted 

apart again. 

The voltage supplied by the. luminous-tube transformer is 

alternating; that is, it reverses itself so many times every second. 

In this country it reverses itself sixty times per second in a 

standard system. Because of this fact, each electrode takes its 

turn being the positive one, and as a result, the glow is dis- 

tributed evenly over the whole tube. If direct current had been 

used, with one electrode remaining positive, the situation shown 

in (a) and (b) of Fig. 2-2 would occur. This undesirable 

condition is avoided by the use of alternating current. 

The Reason for High Voltage. Unless high voltage is used, the 

electrons will not be attracted strongly enough to start the 

ionization process, no current will flow, no light will appear, 

and the tube will not operate. Hence a high voltage must be 

used. Transformers are built with secondary voltages which 

vary from 2,000 to 15,000 volts for signs. In cold-cathode bal- 

last systems, the secondary voltage is standardized at 750 or 

900 volts. | 

Once the glow discharge has begun, however, less voltage Is 

required to keep it operating. In fact, if the original high start- 

ing voltage were maintained, the current would be too great, 

and the gas would heat up excessively. ‘The tube would con- 

sume a great deal of power, become very inefficient, and its 

life would be greatly decreased. Therefore, some means must 

be provided for lowering the voltage after the glow has started. 

A special type of transformer, made especially for luminous 

tubes and called by its manufacturers a high-leakage reactance 

transformer, performs this voltage reduction automatically. ‘The 

method used is described in detail in a later chapter. 

Operating Current. The electric current which passes through 

the luminous tube is an important quantity. If the current 1s 

Tf 
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too low, the tube will lack brilliance; if it is too high, the tube 

will overheat and have a very short life. The required operating 

current depends upon the diameter of tubing, the kind of elec- 

trodes used, the kind of gas and its pressure. Each of these 

factors must be correct so that the operating current is neither 

too small nor too large. The current of neon signs and cold- 

Positive Foraday's Crookes 
column Gark space Qark space 

ie i” a 
il 

+tt4tt+ 
"| “mn “un “ail "Mh 

li, Ht hi lit, 

+It 1 +14 It1+1+1 
N gS 

Fregion of cathode 
voltage drop (c) 

Fic. 2-2. Schematic diagram of low-pressure gas-filled tube. (a) and (b) 
show distribution of positive column when direct current is used. When 
alternating current is used, an even distribution as shown in (c) is the 
result. 3 

cathode tubing is measured in milliamperes (a milliampere is one- 
thousandth of an ampere, which is the standard electrical unit 
of current). Operating currents in standard signs run from 15 
to 60 milliamperes. In cold-cathode lighting operating currents 
may run up to 120 milliamperes, and work is being done on 
lamps to carry 200 milliamperes. 

The current through the tube is accompanied by the passage 
of free electrons from the gas into the electrodes. The heavier 
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the current, the more electrons will flow to the electrodes in a 

given time. Each time that an electron hits the electrode, the 

energy with which it hits is transformed into heat, and as a 

result the electrode heats up. Hence, the heavier the current, 

the hotter the electrode becomes. If the current is excessive, the 

electrode will begin to disintegrate, or even to melt. Hence, 

electrodes must be designed to withstand considerable heat, 

although even with proper design they cannot stand up if the 

operating current is too high. | 

The Effect of Gas Pressure. We have already seen that a 

steady glow is possible only if the gas in the tube is at a re- 

duced pressure. By “pressure” is meant the force with which 

the gas inside the tube presses against the glass wall of the 

tube. Pressure might be expressed in pounds per square inch, 

as air pressure is often expressed (normal air pressure, OF 

“atmospheric pressure” is about. 14.7 pounds per square 

inch). Usually, however, pressures in luminous tubes are ote 

pressed in terms of the height of the column of mercury which 

that pressure will support. At sea level, air pressure will sup- 

port a column of mercury to about 760 millimeters (29.9 

inches), and the pressure of the atmosphere is thus referred to 

as a pressure of 760 millimeters. When the tube is pumped 

out, the small amount of gas which still remains in the tube 

can exert only a small pressure, compared with that of the air. 

The gas in a luminous tube, for example, 1s usually at acne 

sure of less than 10 millimeters, or about 1% atmospheric pres- 

sure. Vacuum pressure used in luminous tubes, before filling 

with gas, often go down to less than 0.001 millimeter. 

The amount of current which will flow through the tube 

depends largely upon the pressure. To realize why this is true 

we must remember that in a gas at low pressure there are 

fewer molecules per cubic inch than in a gas at higher pressure. 

That is, in the low-pressure gas, the molecules are fewer in 

number and farther apart from one another. In the low-pres- 

sure gas, therefore, the free electron has a longer distance in 

which to get up speed before it hits a neutral molecule; as a 

consequence, when it hits, it hits much harder, more free elec- 
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trons are liberated than would otherwise be free, and the whole 

action is much more intense. Hence, as the pressure is lowered, 

the current will increase. This is the general rule for pressures 

encountered in luminous tubes. 

If, however, the pressure is reduced so low that a nearly 

perfect vacuum exists inside the tube, then there are so few 

molecules available that the current must decrease from sheer 

lack of electrons and ions, even though the electron speeds are 

very high. Consequently, it is found that, after a certain point 

peres 
@ 

Current in Milliam 

0) 2 4 6 S10 AZ ls 6s 1 318-+20 
Pressure—Millimeters 

Fic. 2-3. Curve showing increase of current as pressure is reduced (tube 
fed from constant-voltage source). Note decrease of current when pressure 
falls below 3 millimeters. 

is reached in lowering the pressure, the current begins to de- 
crease again. ‘The effect of pressure on current is shown graphi- 
cally in Fig. 2-3. In the range of pressures used in luminous 
tubes, between 3 and 20 millimeters, decreasing pressure means 
increasing current. 

Summary. We now know that the current, and the resultant 
light in the tube, will increase if the pressure is lowered. We also 
know that excessive currents are extremely harmful to the tube, 
since they will injure its electrodes and shorten its life. The 
moral is plain. To make a successful tube, the voltage and 
pressure must be correct. They must be adapted to the gas or 
mixture used, and they must be maintained throughout the 
useful life of the tube. 
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The Effect of Diameter of the Tubing. Tubes for sign-lighting 

purposes are usually made with glass varying between 7 and 

15 millimeters in outside diameter. These sizes are convenient 

to work with in practical applications. In many foreign coun- 

tries, signs are made with larger tubing, up to 20 millimeters 

in diameter. In general, tubes larger than 15 millimeters in 

diameter are not used because the current available from stand- 

ard sign transformers is limited to a maximum of 60 milli- 

amperes. This amount of current can light effectively a’ 195- 

millimeter tube at standard pressure. If it were used with a 
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Fic. 2-4. The voltage per foot required to operate tubing of various 

diameters filled with neon gas (no mercury). 
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larger tube, the light would be spread so thinly throughout the 

tube that its effectiveness as a light source would be very poor. 

Practically speaking, therefore, the sizes of tubing are limited 

between the two values stated above. In general, the smailer 

the tube used, the more brilliant the light. To obtain the maxi- 

mum brilliance with the larger sizes of tubing, it is sometimes 

necessary to use slightly higher operating currents than those 

used with the smaller tubing. The smaller the diameter of the 

tubing, the higher is the resistance and a higher voltage is re- 

quired to operate a foot of tubing. Figure 2-4 shows the relation 

between the necessary voltage and the diameter of the tube. 

The foregoing remarks apply to luminous tubes of the non- 
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fluorescent type. In fluorescent tubes, large-diameter tubes are 
often used, up to 25 millimeters outside diameter in the cold 
cathode types, and up to 54 millimeters in the Boteuinede 
types. One reason for the use of the larger diameter of the 
fluorescent tubes is the fact that the light is very intense, and 
the surface brightness of the tube is reduced by spread th 
light over the larger area of the larger diameter tube Thi < 
particularly important in white tubes used for interior F ne : 
since too high a surface brightness may prove annoyi ae 
eyes in interior installations. : et 

The Gases Used for Luminous Tubes. No attempt will b 
made to go into details here concerning the gases used in ieee 
nous tubes, since they are fully described in the followin cha : 
ter. In this introduction, only their electrical eae wil 
be discussed, in relation to other electrical properties of the tubes 
The ee gases, neon, argon, helium, xenon, and krypton ate 
ideally suited for use in signs, because the voltage per foot nedded 
to produce a suitable brilliance of light is much less than that r 
quired for the more common gases, such as nitrogen and carb : 
dioxide, which also have been used in the past. Stated in vifier 
terms, the resistance of the rare gases 1s among the lowest of 4 
the gases available for the purpose. The gases with the lowest 
resistance are not those which produce the most light, however 
Argon, for example, has a very low resistance, lower than that of 
neon, but its light is comparatively weak. To obtain the advan- 
. of low resistance and good light emission, gases are often 
combined, low-resistance gases being mixed with the good light 

‘givers to produce a compromise havi | | aving the advantages 
type of gas. gad 

The Use of Mercury. The most efficient and only practical 
way of producing blue light does not involve the use of a | as 
but of Mercury vapor. Vapors differ from gases in that a va ef 
can exist only as it evaporates from a liquid, while a gas can ee 
of its own accord. To obtain mercury vapor, therefore, it is neces- 

_ Sary to insert liquid mercury in the tube. 
a a set a current flowing through mercury vapor is not so easy 

rough a gas, and for this reason a gas (usually argon or _ orate gon-neon mixture) is mixed with the vapor to aid the current 
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flow. This extra gas also contributes somewhat to the light of the 

discharge, but its main function is that of a current carrier. ‘Lhe 

mercury vapor, like other vapors, is very much affected by | 

changes in temperature; it will condense as the temperature is 

lowered. Thus, the light will become much more intense after 

the sign has had a chance to warm up. 

In extremely cold weather, the sign may never come up to full 

brilliancy unless it 1s properly constructed. In installations sub- 

ject to extreme cold, special starting gases containing helium are 

often used. The heat of the helium discharge maintains the 

mercury-vapor pressure. All these factors must be taken into 

account in designing a sign for the particular job that it- 1s. 

‘ntended to fill. In general, the smaller the diameter of tubing 

used, the higher the resistance pet foot and the hotter the tube 

will get, allowing the mercury to vaporize more readily. In 

cold weather, however, small-diameter mercury tubes are often 

found to fade out while larger tubes remain bright, because 

of the greater. heat conduction of the smaller tube. 

Chemical Effects inside the Tube. The action of the luminous 

tube in producing light of the required brilliance and color 

depends wholly upon the electrical ionization of the gas within 

it. If the action could be restricted to a purely electrical one, We 

should not have to worry about the sign continuing to function 

properly. Unfortunately, there are many possible chemical actions 

which may start within the tube if special precautions are not — 

taken. These chemical actions almost universally lower the 

efficiency of the tube. If any impurities, such as dirt, grease, 

or impure gas, are left in the tube after it is sealed off, these 

impurities, under the action of heat and electrical stress, be- 

come chemically active. As they combine with one another, 

they may blacken the glass, they may combine with the metal 

of the electrodes, or, if the heat is intense, they may liberate 

gas inside the tube. If this last possibility occurs, the unwanted 

gas will become ionized, and it will give off light, but not of 

the desired color and generally useless as a light source. This 

accounts for the fact that neon tubes often turn blue when 

they go bad. Many failures in tube making result from insufh- 
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cient care in eliminating the impurities dur 
ailing. The gas inside the tube ie be ee ee ee = 

electrodes must be thoroughly clean if undesirable chemical 

effects are to be avoided. Above all, the mercury must be the 

urest obtainable on the market. | 

Bombarding, an Essential Operation in Tube Making. Re 

moving the chemical impurities is not so easy a task as ae fe 

supposed. Although the electrodes, the glass, and the a as 

may appear to be clean, they are actually harboring ane 

impurities which cling to the surface and which cannot ee 

removed by ordinary methods. The best way of getting rid of 

them is to heat the tube while it is being pumped out. Th 

heat drives the gas and other impurities from the surface of i 

metal and glass in the form of some sort of gas or vapor The 

pump removes these gases, and if the heating process a t a 

long enough all of them are removed. The tube ma ape be 

filled with the rare gas and sealed off. ae 

The EBest simple way of heating the tube and electrodes is 

by passing a current through the tube while it is still on the 

pump, when the air pressure has been reduced sufficiently t 

allow a heavy current to flow. ‘This heavy current, us ily 

much higher than the operating current, will pass shire h the 

low-pressure air in the tube, giving off much light and ee in 

the process. Ihe light serves no purpose except to show th ; 

the bombardment, as it is called, is actually taking pla si 

heating has the desired effect of ridding the tube o ts th . 

ties. Bombardment is a most important and exactin see 

A chapter (Chap. 9) has been devoted therefore i ee 

ing what it is and how it should be el out | oa 

Electrodes and Tube Life. Sputtering. We have already 

learned these facts about electrodes: The electrode has the task 
of : carrying current from the transformer wires to the rare gas 
ince | | 2 it is continually subjected to the bombarding of electrons 
“y oa it eg up, and it must be designed to withstand 

- Since the metal is hot, it is high] , ¢ tive chemicall . ! | pibas highly ac ically, and » 
. ae with gases or impurities within the cake. But 

the greatest difficulty with electrodes arises from what 
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is known as sputtering. Sputtering occurs when the electrode, 

under the action of the heat to which it is subjected and the 

electrical forces which act upon it, flies to pieces bit by bit. 

The metal of the electrode gradually flies off and coats itself 

on the inside of the glass tube. This effect in itself would cause 

no harm, since the blackening caused by the metal deposit is 

confined to the ends of the tubes near the electrodes. Eventually, 

of course, the entire electrode would be consumed by the 

process, but since the action is very slow, the electrode will 

nevertheless last for almost normal life. However, sputtering 1s 

accompanied by a decrease of gas pressure in the tube. This 

loss of pressure eventually makes the tube inoperative. 

The common explanation of sputtering action is as follows: 

As the metal electrode sputters to the glass walls, the metal 

particles trap the gas molecules and hold them between the 

metal coating and the glass wall. As a result, the pressure of 

the tube is greatly reduced. Finally the pressure is reduced so 

low that the sign loses brilliance, begins to flicker, and even- 

tually goes dead. The gas in the tube is then said to have been 

“cleaned up” by the sputtering action. In practice, as the 

pressure falls off, the tube will operate at a very high tempera- 

ture until the glass punctures or “sucks in” at its weakest point, 

usually near the electrode. The tube 1s then entirely useless, 

and it must be taken down, opened up, cleaned, repumped, 

bombarded, and refilled. In the early days, this sort of trouble 

was very common; in fact, the short life of tubes (due to sput- 

tering) was one of the greatest hindrances to the commercial 

introduction of tube lighting. 

Recently the theory of the “cleaning up” of gas due to sput- 

tering, long held to be caused by trapping of the rare gas be- 

tween the glass wall and the sputtered metal coating, has been 

challenged. Dr. Harvey Rentschler has proved that the gas, © 

instead of being trapped against the wall of the tube, is ab- 

sorbed by the metal of the electrode itself, after sputtering be- 

gins. But whether the gas is trapped against the wall of the 

tube or in the electrodes themselves, the result is the same. ‘The 

gas pressure is reduced, the operating temperature rises, and 

the tube goes bad. 
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Sputter Control. ‘The logical solution to the sputter problem 

‘s; to build electrodes which can “take it,’ that is, electrodes 

which will not sputter under ordinary conditions. Some sput- 

tering will always occur, and the life of the sign is thus always 

-|jmited. But if the sputtering action is controlled, the life of the 

tube will be predictable, and maintenance guarantees and costs 

can be figured safely. 

First, electrodes must have a large area exposed for the dis- 

sipation of heat. If an electrode runs cool, it will of course 

sputter much less violently than if it is hot. Secondly, the elec- 

trode must be made of the kind of metal which will best resist 

the sputtering action. Special metals and the common ones 

have all been tried; the best electrodes to use for each gas, each 

pressure, and each operating current are now known and have 

been more or less standardized by the industry. 

The electrodes can be treated chemically to reduce sputter- 

ing, before they are put in the tube; special patented processes 

are sometimes used for this purpose, and great virtues are 

claimed by each manufacturer for his particular “secret 

process.” This treatment, while expensive, 1s sometimes abso- 

lutely necessary to ensure reasonable life for a sign. Treated 

electrodes are especially necessary for helium tubes. Special 

mechanical! features are also incorporated in electrodes to re- 

duce the tendency to sputter. All these features are treated at 

length in the section on electrodes in Chap. 3. 
Mechanical Requirements of the Tubing. ‘The maintenance of 

the proper gas pressure can be threatened by a more direct 

action than that of sputtering. If the glass envelope is not 

completely vacuum tight, air will leak in, and the sign will 

soon go dead. To assure complete airtightness, the glass should 

first be mechanically strong and thus not. subject to cracks or 

other breakage. This requires great care in glass blowing, 

since, if the glass is cooled too quickly, it will be left in a very 

brittle and fragile state. Particularly for signs installed out of 

doors such strains within the glass will cause trouble, since the 

sign is then subjected to extremes in temperature. 

The second requirement for a vacuum-tight tube is con- 
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cerned with the lead-in wires which connect the transformer 

wires with the electrodes. Except for these lead wires, the 

whole wall of the tube is made of glass. ‘The leads must neces- 

sarily be made of metal, to conduct the current. ‘To make a 

good joint between glass and wire, the glass must “wet” the - 

wire, that is, adhere to it firmly. Molten glass and wire do not 

readily cling to each other in this way unless the wire is copper 

or copper coated. 

When, wire and glass are heated, as when the wire is sealed 

on the glass or during the operation of the sign, both glass and 

wire expand. If the wire tends to expand more than the glass, 

it will press against the glass with great force. If this force does 

not crack the glass at once, it will subject it to a great strain 

which will crack it at the least provocation. It is important, 

therefore, that the glass and the wire expand at the same rate 
as they are heated. If they do so, no internal stress will occur, 

and the joint will be strong. In practice, a special alloy wire 

(““dumet”’ wire) is used for soft glass. This wire has a coefficient 

of expansion very nearly equal to that of the glass over the 

entire temperature range to which it will be exposed in manu- 

facture and service. ‘The seal will remain vacuum tight and 

serviceable if it is thus properly made. For pyrex glass, tung- 

sten is used for the metal-to-glass seal. | 

Electrical Protection. Simple as a luminous tube is, it must be 

realized at all times that it is potentially a very dangerous piece 

of apparatus. When properly constructed and installed, it 

presents less danger than an ordinary lamp socket. But if 

proper precautions are not taken, the high voltage used 1s 

definitely dangerous. Since the current is limited to 30 or 60 

milliamperes in most cases, the neon sign usually cannot pro- 

duce a shock of sufficient force to kill a man. But the shock 

from a neon sign is powerful enough to overthrow a man, and 

the resulting fall may easily kill or cripple him. Furthermore, 

the possibility of the public coming in contact with the high 

voltage is far too great a danger to be allowed. 

The installations for interior lighting using cold-cathode 

tubes, especially high-voltage systems, must be made and de- 
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ned with special care, since the possibility of accidental con- 

hazards are greater than in exterior sign displays. 
sig 
tact Or fire 

For such in , 

facturer govern himself by the rules and regulations of the 
stallations it is highly important that the manu- 

- Underwriters Laboratories and his local authorities and fol- 

low the procedures outlined by them. In this way, these in- 

stallations can be made and installed with as little danger as 

the installations of any other electrical appliance. 

The precautions which must be taken involve the thorough 

insulation of every metallic part in the high-voltage circuit so 

that it may not come in contact with anything else. Simply 

- putting the wires and electrodes out of reach of the prying 

fingers of children and innocent bystanders is not enough, be- 

cause the wires may come in contact with metal moldings, 

showcase fittings, etc., which will conduct the high voltage 

directly to the unsuspecting public. To avoid this, the industry 

has evolved, with the help of the Underwriters’ Laboratories, 

a very complete set of insulating fittings and connecting wires 

which completely shield the high-voltage wiring not only from 

the public but from the weather as well. Protection from 

weather is essential in outdoor signs, of course. 

The wires which lead from the transformer to the electrode 

leads are thoroughly coated with a high-resistance insulation 

capable of withstanding more than 15,000 volts. Special in- 

sulators of porcelain or pyrex glass are provided into which 

the entire end of the tube, with the electrode, fits. ‘he connec- 

tion of the high-voltage cable to the transformer is likewise 

protected by a porcelain bushing. The entire high-voltage cir- 

cuit is thus completely enclosed with insulation from start to 

finish. When so protected, it is actually far less dangerous than 

the exposed lamp socket in the home. 

The Operations Involved in Making a Luminous Tube. By 

way of summarizing the foregoing brief introduction of the 

fundamentals of luminous tubes, the following outline of the 

construction methods is presented. 

Equipment Required. A large workbench covered with a fire- 

proof covering is required for laying out the patterns and for 



24 FUNDAMENTALS OF LUMINOUS-TUBE MANUFACTURE 

the actual work of glass bending. A supply of gas, and in some 

cases a gas booster, is required for raising its pressure. A supply 

of air likewise is necessary from a low-pressure air blower. A 

variety of gas burners, or “‘fires,’ b) connected to the gas and air 

supply, is used in heating the glass tubing to the melting point, 

so that it can be bent to the desired shape. 

A complete pumping system is needed, capable of drawing a 

good vacuum in the glass tube; a supply of rare gas is used in 

filling the tube after it has been pumped. A high-powered 

bombarding transformer must be available for heating the tube 

and electrodes during the bombardment process. Special tools 

for working the glass and for sealing the glass when the sign is 

completed are necessary. A good vacuum gauge is essential for 

making the sign itself. A testing coil for testing for air leaks, 

etc., Is a great convenience. A supply of metal, porcelain, and 

glass insulators is necessary for mounting the finished sign. A 

supply of tubing of various diameters of glass is needed. A 

supply of electrodes, rare gas, neon, No. 50 mixture, or argon is 

required. Clean mercury is vital, and some means of inserting 

it in the tube while the tube is on the pump must be provided. 

If all these parts, devices, and apparatus are available, work 

on the sign can begin. 

Constructing a Luminous-tube Sign. The letters to appear on 

the sign are first laid out full size on drawing paper and then - 

on asbestos paper. Charcoal or carbon paper is used to pro-- 
duce a layout pattern for each letter and for the glass connec- 
tions between letters, borders, etc. The glass is then heated, 
bent to shape, spliced together, and the continuous tube, open 
at each end, is formed. A hole is made in the tube, and a small 
tube or tubulation is attached at a convenient point, for the pur- 

pose of connecting it to the pumps. 

An electrode with its glass jacket is joined to each end of the 
tube. The tubulation is sealed to a corresponding size glass tube 
leading to the glass manifold. The glass stopcock attached to 
the blow hose is closed, and the stopcock to the pumps is 
opened. (For complete details, see Chaps. 8, 9, and 10.) 

After the pressure in the tube has been reduced slightly, as 
indicated by the vacuum gauge, the stopcock leading to the 

ump is turned off so that the pump is disconnected from the 

sé. If the tube is now thoroughly airtight, the low pressure 

will be maintained
. | 

The bombarding transformer is then connected to the two 

electrodes of the tube. The main pump stopcock is opened, 

and the bombarder is thrown on. Just as soon as a discharge 

takes place, the main stopcock is closed. ‘The bombarder is 

then turned on again, the tube glows, a heavy current passes, 

and considerable heat is generated. The glass gets so hot that 

‘t will scorch a piece of paper held against it. The electrodes 

eventually get red-hot. [The bombarder is then turned off and 

disconnected. During this process, the main stopcock may have 

been turned on and off to produce the proper pressure within 

the tube. After a certain length of time, bombardment may 

take place with the stopcock wide open. 

With the main stopcock open, the pump starts to reduce 

the pressure in the tube by exhausting impurities set free dur- 

ing heat-treatment. After pumping approximately 9 minutes 

( the time depends upon many conditions such as tube diameter 

and length of tubing) the main stopcock is then turned off, 

and another stopcock leading to the flask containing the rare 

gas is turned on slowly to admit a small amount of rare gas to 

the tube. The proper pressure is measured with a rare-gas 

pressure gauge, and, when it has been reached, the rare-gas 

stopcock is turned off. A tipping torch is applied to the tubula- 

tion leading to the pump, and the tube is “sealed off.” 

The tube is now complete except for the process of “aging,” 

which is often necessary to bring it up to its proper brilliance. 

_ Aging is accomplished by connecting the completed tube to a 

transformer which will supply either the rated current or a 

current somewhat higher than rated. After a short period (not 
more than 15 minutes under ordinary conditions), the aging 
should be complete, and the tube will then operate at full 
brilliance on a transformer of the type which will be used in 
the installation. When the pumping system is in good working 
order and the tube is properly pumped before filling, no aging 
should be necessary. 

Mounting the tube is a process which depends largely upon 
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the particular installation. Usually, however, a background of 

metal is provided against which the tube glows and which 

serves to emphasize each letter. ‘This background may be made, 

as it often is, in the fogym of a box or housing in which the 

transformer can be mounted. On the background are mounted 

stand-off brackets which seize the glass tube at several points 

and hold it firmly in place. At’the electrodes, two recessed 

housings or bushings are provided for insulating the electrodes 

in the metal sign. From the electrodes or bushings, or from the 

housings to which the electrodes are connected, runs the high- 

Glass tubing; 

Housing, 
1 

Metal Box” Low voltage wiring 

Fic. 2-5. A schematic layout of a box-type neon sign, showing relative 

location of transformer, mounting parts, cable, tubing, etc. 

tension cable which connects the electrode lead-in wires to each 

other or to the high-voltage transformer. The complete sign 

is shown in Fig. 2-5. The whole sign, usually with the glass 

mounted and connected, 4s assembled and finished at the fac- 

tory. It is then taken as a unit and installed complete at the 
location. | 

In some European countries it is the custom to make the 

letters of a sign individually in the shop and to assemble the 

sign during installation. However, this method is gradually 

losing favor because of the greater chance of breakage, exces- 

sive time on the customer’s premises, etc. 

The transformer is supplied with current through a low- 

voltage winding known as the primary winding, which is con- 

fi 

lee shall = 
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nected to the low-voltage circuit. The usual practice of using 

armored BX cable for house wiring is generally followed in the 

low-voltage connections. A time switch, for turning the sign 

ey and olf automatically at certain hours, may be connected 

in this low-voltage circuit. If a flasher, an automatic device for 

turning the sign (or its separate parts) on and off at regular 

intervals, 1s installed, this may be connected in the low-voltage 

circuit also. Flashers are often used in the high-voltage circuit. 

Care is taken in hanging the sign so that it will not fall 

while in service, and it should be protected from the possibility 

of being broken by nearby objects. 

Depending upon the care with which it has been designed 

and constructed, the sign, once installed, should give 3 to 5 

years of continuous or intermittent service. At the end of that 

period, decomposition will have advanced to a degree where 

replacement is necessary. 

The Maintenance Problem. The limited life of even the best 

constructed sign should not be forgotten by the sign maker 

who intends to make money in his business. He must know 

how long his signs can be expected to last under the various 

conditions to which they are likely to be subjected, and he 

must sell the sign in such a way that the customer understands 

the necessity for occasional replacement. Prices must be figured 

tc take care of replacement, or, if this is not done, the cost of 

replacement must be assumed by the customer. Not the easiest 

problem in the neon-sign business is that of figuring life 

guarantees and then living up to them. Costs will inevitably 

mount if the sign maker is continually servicing the signs that 

he has sold; therefore, he must know how to build a long-last- 

ing sign. It is important to use the best possible material, since 

its cost is saved by reduction in maintenance expense. 



CHAPTER 3 

Materials Used in Constructing Tubes 

THE RARE GASES, ELECTRODES, GLASS TUBING 

The Atmosphere. It was not until the middle of the séven- 

teenth century that an English scientist by the name of Robert 

Boyle first attempted to analyze the true nature of the air. 

Since that time, we have come to know that the air we breathe 

is made up of many different gases, some of them very plenti- 

ful and others extremely rare. Pure air, from which all the 

water, carbon dioxide, and dust have been removed, contains 

seven gases. The proportions of each are given in Table 3-1. 

Table 3-1. Gases Found in the Atmosphere 
Gas Amount by Volume 

WNitrocem UN tetas 1 part in 1.281 (78.060 per cent) 

ORV eens Steeles 1 part in 4.760 (21.008 per cent) 

PPS OTE FG ony oo ae ere. n- POG6s8-( 0-930. per Cent) 

IN C@it ae en eerare ee 1 part in 80,800 (0.001 per cent) 

Helwan. Soke see 1 part in 245,300 

Kay pont es See. 1 part in 20,000,000 

POON sich walGt co gawe 1 part in 70,000,000 

The last five in the table—argon, helium, neon, krypton, 

and xenon—are called the rare gases. Just how rare xenon is may 

be realized fromthe fact that there is actually more gold 

dissolved in sea water than there is xenon in the air. 

This interesting group of five gases forms a chemical family; 

that is, they display one definite chemical characteristic in 

common. All these gases are chemically inert; that is, they will not 

combine with any other substance; they are always found free, 

never in combination with other substances. Chemists have 

never succeeded in making them combine either with each 
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the rare gases 1 ere 
eceding chapter, we noted the injurious effects which may 
a 

e if the gas combines chemically with the electrodes 

> with any other chemical substance. This fact makes 

deally suited for use in luminous tubes. In the 

take plac 

or with impurities in the tube. The rare gases, because of their - am 

inert nature, cannot so combine. ) 

Early Attempts fo Use the Commoner Gases. It was natural 

that the more common gases, such as nitrogen and carbon 

dioxide, should be tried first in early attempts to produce suc- 

cessful luminous tubes. Although such gases are capable of 

producing a brilliant light, tubes in which they are used have 

a ver 

activity of the gases used; the nitrogen or carbon dioxide soon 

combine with the electrodes. As this chemical combination goes 

y short life. The main reason for this fact is the chemical 

on, the pressure becomes lower and lower, until eventually all 
5 

the gas is “cleaned up,” and the tube fails to function. 

In 1893, D. McFarlan Moore began experimenting with 

luminous tubes using common gases. He conceived the idea of 

hang an electromagnetic valve for admitting more carbon 

dioxide or nitrogen to the tube as the current through the sign 

changed owing to gas cleanup. This invention, while cumber- 

some, was instrumental in bringing the tube-sign industry to 

life, and Moore tubes, as they were called, were a familiar 

sight during the early 1900's. Nitrogen-filled tubes of large 

diameter were used to some extent in England in the past few 

years. 

‘The Rare Gases 

The Discovery of the Rare Gases. The rare gases were dis- 

covered in the following order: Helium was found to exist in 

the sun by spectroscopic analysis, in 1868; it was discovered on 

the earth some 17 years later. In 1893, argon was discovered 

by Lord Rayleigh and Sir William Ramsay. In 1898, suspect- 

ing still other gases, Ramsay began a definite search for them 

and succeeded in isolating neon for the first time. A few days 

later, following the same method, he discovered krypton and 

xenon. The whole series of rare gases was thus revealed to 

science between 1880 and 1900. 
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The extreme rarity of the gases and the consequent expense 

of extracting them from the air made any commercial use an 

economic impossibility. It was not until 1907 that Georges 

Claude perfected a. process for obtaining the rare gases 

cheaply. Working on processes which he and a German, Linde, 

had developed independently for the making of liquid air, 

Claude succeeded in laying the foundation of the luminous- 

tube industry. | 

Commercial Methods of Extracting the Rare Gases. ‘I'he proc- 

ess which Linde and Claude developed for the commercial ex- 

traction of the rare gases depends upon the liquefaction of air. 

Air, cooled by the usual refrigeration means, compressed by 

air compressors, and then allowed to expand suddenly through 

a small opening, can be made to lose heat. If the process is re- 

peated, each time using the cool gas which results from the 

preceding expansion, the gas can be made successively cooler 

and cooler until eventually it becomes liquid. Liquid air, at a 

temperature of about —196°C (—371°F), contains liquid 

nitrogen, oxygen, and liquid argon. These three liquids have. 

different boiling points. When the oxygen is allowed to boil, 

argon and nitrogen remain. The nitrogen is removed by chemi- 

cal means, leaving pure argon. The same general process is 

applied for the separation of neon, helium, krypton, and xenon. 

Helium can be obtained much more cheaply from natural-gas 

deposits, with which it is mixed in considerably greater 

amounts than in the air, but when so obtained it is not so pure 

as when extracted from the air. : 

Neon Gas. Neon, while not the commonest rare gas and while 

not discovered first, up to recently was the most widely used 

gas in the luminous-tube industry. It is colorless and odorless, 

slightly heavier than oxygen, twenty times as heavy as hydro- 

gen (atomic weight), and five times as heavy as helium. It has 

an ionization potential (a measure of the voltage required to 

light it) lower than that of helium but higher than the other 

rare gases, argon, krypton, and xenon. ve 

Since neon gas is not particularly well suited from the 

standpoint of either cost or electrical characteristics, we may 

MATERIALS USED IN CONSTRUCTING TUBES 
31 

well wonder why it has attained such universal popularity. 

The answers are its color, which at once caught the public 

fancy, and its high efficiency, which makes it one of the best 

sources of light for advertising purposes. The penetrating 

ower of its red light, which shows up to best advantage in 

the poorest weather, has been utilized in beacons for aviation 

and marine service. 
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Fic. 3-1. Relative light energy from a neon-filled tube. The light energy 

is confined primarily to the red and orange regions. 

Fic. 3-2. Relative visibility of different colors to the eye. Maximum visibility 

occurs in the green-yellow region. 

In an effort to establish the reason why a neon-filled clear- 

glass tube has this penetrating power, studies have been made 

of the light that it gives off. It has been found to be predomi- 

nantly orange and red in color, but there are also small amounts 

of yellow and even green light. The relative amount of light 

of these different colors given off is shown in Fig. 3-1. The 

peaks in the curve show that the greatest amount of light 1s 

given off in the red and orange regions. 

Studies have also been made of the kind of light to which 

the eye is most sensitive. Figure 3-2 shows the relative visibility 

of the various colors in the rainbow. It will be seen that the 

maximum visibility is in the green-yellow region, while the 
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orange-red region has much less effect. Why is it, then, that 

the neon glow has such a powerful effect? The answer is shown 

in Fig. 3-3, on which is plotted the ease with which different 

colors are transmitted through the air. ‘The relative transmis- 

sion varies according to the kind of weather, as shown by the 

three curves. For rainy weather, the maximum transmission 

occurs at a wave length of 635 millimicrons, the wave length 

_ at which neon has its greatest output. This is the technical 

basis for the high penetrating power of neon and one of the 

most important reasons for its high popularity. 
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Wavelength in Millimicrons 
Fic. 3-3. Relative transmission of different colors under various weather 

conditions. At. 635 millimicrons, the wave length of neon light, transmission 

is highest in poorest weather. 

The Light Efficiency of Neon Gas. Since the neon tube was . 

sold in competition, either directly or indirectly, with the in- 

candescent-light sign, the comparative cost of operating the 

two types of signs is a most important factor. Table 3-2 shows 

the light efficiency, in lumens of light per watt of power, for 

various gases and diameters of tubing. In comparison with 

these values, a standard 10-watt Mazda lamp gives 100 lumens 

of light, or approximately 10 lumens per watt. To get the same 

illumination value from a neon tube as that provided by a 150- 

watt lamp, 20 to 25 feet of 11-millimeter tubing would be 

required. 7 | | oe 

In sign work, however, the chief requirement is not illumina- 

tion but visibility and, more important, readability. Since red 

rays have great penetrating power, they are the most important 

from the standpoint of visibility. A neon tube will provide 10 

lumens per watt in the red range. The Mazda lamp transmits 

. sign wer 
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umens per watt of the red. Hence, for the red ray the 

neon sign 1s five times as efficient as the Mazda lamp. This 

accounts for the generally accepted fact that, to produce equiv- 

Bhat penetrating effect, an incandescent-lamp sign must be 

only a1 

al 

| provided with two to three times as much power as the neon- 

tube sign requires for the same effect. Also, if an incandescent 

e used with the same amount of light output as a neon 

sign there would be a blurring effect because of the concen- 
b) 

Table 3-2. Light Output of Luminous Tubes 

(Clear glass for red and blue; noviol glass for green) 
en EEE 

Effi- 

Rare | | ae Cur- Lumens | Watts | ciency, 
diameter, 

Color gas Glass 1; rent, Per -[-. per umens 
milli- 

used amperes| foot foot per 
meters 

watt 

Red Neon Clear ‘it 0.025 70 ea Le. 2 

: 15 0.025 36 4.0 9.0 

Blue* No. 50 | Clear ack 02025 36 4.6 vive: 

. or 15 0:025 18 3.8 4:7 

B-10 | 

Green* | No. 50 | Noviol 11 0.025 20 4.6 Ar 

or ie late 0.025 8 4.8 ar 

B-10 

* Mercury used in blue and green tubes. 

‘tration of point sources of light in a small space, whereas the 

neon sign has its light distributed over a long length of tubing 

which tends to give better readability. Table 3-3 is a legibility 

chart, giving the distance in feet from the sign that various 

heights of letters are clearly legible. 

Neon gas, as well as all other rare gases, is sold in glass 

containers, each containing 1 liter (61 cubic inches, or about 

the same volume as that contained in a quart bottle). In a new 

container, the gas is at atmospheric pressure, that is, the same 

as the air on the outside; so there is no pressure on the walls 

of the container. | : ; 

Helium. Next to hydrogen, helium is the lightest gas known. 

It is found mixed with natural gas, is contained in certain 

minerals, and exists in the atmosphere. It derives its name from 
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Table 3-3. Legibility Chart 

Kind of letter 

Clear glass, | Noviol glass, 
Height of | Clear glass, No. 50 gas No. 50 gas 

letter neon-filled : : 
with mercury | with mercury 

Legibility, feet 

Inches 

$3 65 50 42 

3 100 75 65 

4 150 115 98 

6 200 i150 130 

8 350 260 aot 

9 400 300 260 

10 450 340 290 

12 525 395 340 

15 630 490 410 

18 750 560 490 

24 1,000 800 650 

30 1,250 940 815 

Feet 

23 1,500 1425 975 

3% 1,750 1,310 1135 

4 2,000 1,500 1,300 

4l¢ 2,250 1,685 1,460 

5 2,500 | 1,875 1,625 

6 3,000 PBS) ie 1,950 

- 3,500 2,625 Bars 

8 4,000 3,000 2,600 

9 4,500 9.515 2,925 

10 5,000 3,750 3,250 

11 5,500 4,125 Dore 

12 6,000 4,500 _ 3,900 

Note: ‘The above information is only approximate for a person with average 

eyesight. The following variables change the above figures: current density, size 

of tubing, visibility (rain, fog, smoke), type of background used for glass 

letters, and the presence of other lights in the vicinity of the sign. 

helios, the Greek word for “sun,” and was so named because its 

existence was first shown in the sun by Janssen, who dis- 

covered a bright yellow line in the spectrum of sunlight. Later, 

helium was discovered on earth and identified as the same 

substance present in the sun. 
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In the luminous-tube industry, helium was used to produce 

a yellow or whitish light. The gas has a high ionization poten- 

tial compared with neon and the other rare gases; that is, it 

takes a higher voltage to produce the required brilliance of 

light. Because of their higher resistance, helium tubes take 

more power to operate than do neon-filled tubes and give off 

considerable heat. The gas must be used at low pressure (ap- 

proximately 3 millimeters to give good brilliance). The resist- 

ance per linear foot of helium is about twice that of neon, and 

accordingly only half as many feet of helium tubing can be 

operated from a transformer as could be used if the tubing 

were neon filled. 

The successful use of helium also depended almost entirely 

upon the electrodes used. Special electrodes had to be designed 

with chemical treatment intended to reduce sputtering. Practi- 

cally all helium-tube electrodes have a special chemical coat 

which requires protection from moisture. ‘The electrode is sold, 

‘therefore, in a moisture-sealed jacket. A more detailed account 

of these electrodes is given in the section on electrodes. 

Since the advent of fluorescent tubing, the importance of 

helium in luminous-tube technology has declined. Yellow and 

white colors, formerly obtainable only with helium, are now 

obtained from fluorescent tubes. The fact that the light output 

of a helium-filled tube is very low in comparison with a similar- 

color fluorescent tube and the severe footage limitations on 

the helium-tube transformer have practically eliminated the 

use of helium-filled tubes in the sign industry. Helium may 

sometimes be used, however, in combination with argon gas as 

a “carrier” gas in mercury-filled tubes for installations subject 

to extremely low temperatures. 

Argon. Argon gas, from argon, “the inactive one,” exists to 

the extent of 1 part in every 106 of the air we breathe. Sus- 

pected as early as 1796, by Cavendish, its existence was not 

definitely proved until 1893 by Ramsay, who named it “‘argon’”’ 

because of its inert character. The gas is about twice as heavy 

as neon. In 1914, its commercial extraction was undertaken, 

not for the luminous-sign trade but because it was found that 

incandescent lamps filled with argon had a much higher efh- 
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ciency and longer life than vacuum lamps. About one-half of 

all the Mazda bulbs manufactured today contain argon. 

Argon ionizes with a very dim lavender color. Its light out- 

put efficiency is not great; so it is rarely used by itself as a 

light source in gas-filled tubes. On the other hand, its ex- 

tremely low ionization potential makes it an excellent con- 

ductor of electricity. It is used almost exclusively in the sign- 

tube art as the “carrier” gas in mercury-filled signs. ‘his car- 

rier action is necessary because mercury vapor within a sign 

tube will condense at low temperatures; when this happens, the 

tube will fail to start or else give a very faint light. Argon has 

the property of “supporting” the mercury vapor and keeping 

it active throughout a wide range of temperatures. Argon has 

a lower.resistance than neon and permits current to pass more 

easily. | | 

Recent experiments have shown that unmixed argon gas is 

the best carrier gas for mercury vapor, being superior in this 

respect to the argon gas mixtures commonly used. Because of 

this important factor and because argon has a low ionization 

potential, it has become the gas universally for cold-cathode 

installations where ballasts are employed. 

-Rare-gas Mixtures. Although many combinations of rare-gas 

mixtures can be employed to suit a definite need, it has been 

found that the best gas mixture for all practical purposes is 

the one known as No. 50 or B-10. This mixture contains 

approximately 80 to 90 per cent argon and 10 to 20 per cent 

neon as may be sold by different companies. It is used for 

almost every condition where a mercury tube is employed, 

either with clear or fluorescent glass, for luminous-tube 

signs. 7 

There have been other mixtures employed in the past. One 

was known as B-17 and contained 80 per cent neon and 20 

per cent argon. This mixture, having a higher percentage of 

neon, has a higher resistance and has gradually been discarded. 

However, because of the higher neon content, it may still be 

used to give a slightly brighter tube where the number of feet 

of tubing per transformer is not an important factor. In this 
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connection however, the brilliancy of this mixture, although 

great at first, diminishes after 200 or 300 hours’ burning. There- 

fore, 1n general, the No. 50 mixture has been adopted for mer- 

cury-filled tubes. 

The No. 20 mixture has also been used and may be used in 

some of the colder climates. It contains argon, neon, and a 

small percentage of helium which increases the resistance of 

the tubing and therefore keeps the tube at a higher tempera-. 

ture. Because of its higher resistance, it requires more trans- 

formers for equivalent tubing footage. 

Krypton, although not used to any great extent now in the 

Juminous-tube field, may become an important gas because of 

its lower voltage drop and its lower ionization potential. The 

high price of krypton has been gradually decreased so that it 

now can be purchased at a price many times lower than 10 

years ago. Krypton is being used in new applications of hot- 

cathode fluorescent lamps. 

‘Xenon is not used to any extent at the present time in the 

luminous-tube industry. | 

Mercury Vapor. The first luminous tube ever constructed con- 

tained mercury. A simple evacuated tube containing mercury 

was found as early as 200 years ago to give a faint greenish- 

blue light when shaken. The static electricity generated by the 

friction of the mercury against the glass walls of the tube 

ionized the vapor, and light was produced. ‘Today, mercury 

vapor is universally used for practically all fluorescent lumi- 

nous tubes. 

At ordinary temperatures, there is no such thing as mercury 

gas; ionization of mercury at room temperature can take place 

only if a voltage is applied to a body of mercury vapor, which 

cannot exist unless there is liquid mercury present. Hence, 

fluorescent tubes contain liquid mercury, which vaporizes 

under the proper conditions. 

If mercury vapor alone were used, the operation of the 

tube would be very erratic, owing to the effect of temperature 

on the pressure of mercury vapor and also to the fact that the 

pressure of mercury vapor at ordinary room temperature is not 
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sufficient to give a brilliant light. Hence, rare gas, either alone 

or in a mixture, is required to “support” the mercury vapor. 

Mercury-filled tubes usually take some time before attain- 

ing full brilliancy; that is, the rare gas ionizes first, producing 

heat which vaporizes the mercury. Until the mercury has 

vaporized, depending upon the ambient or surrounding tem- 

perature, it will not contribute to the glow, and as a result a 

short “time is required for the tubing to heat up and come to 

full brilliancy after it has been turned on. 

Chemical Effects in Mercury Tubes. Mercury in tubes has a 

very great disadvantage which must be carefully considered in 

the design and construction of mercury or fluorescent tubes. 

Unlike the rare gases, it is very active chemically, especially 

when vaporized. It will combine with the electrodes or with 

any impurities in the tube unless the electrodes are especially 

clean: and unless there is absolutely no foreign matter in the 

tube. The products formed when mercury combines with im- 

purities are various shades of black or green in color, and they 

will darken the tube in short order. 

A proper bombardment and the use of pure mercury, either 

triple-distilled or cathodic reagent, are essential to the success- 

ful manufacture of mercury tubing. Aging of the tube before i 

the mercury is inserted is also recommended. These processes 

are all described in detail in later chapters. 

Electrodes 

In general, electrodes used for any type of luminous tube can 

be divided into two classes: the cold-cathode electrode and the 

hot-cathode electrode. In previous chapters, we have described 

the cold type. This is generally used for all sign tubing and 

cold-cathode lighting. The hot-cathode type of electrode is used 

in low-voltage fluorescent lamps. Since the sign or cold-cathode 

manufacturer does not make these low-voltage lamps, he sel- 

dom comes in direct contact with the hot-cathode electrode, 

but a knowledge of its operation is nevertheless helpful. Hot- 

cathode electrodes are described in Chap. 19. : 

Tubing with cold-type electrodes must be operated at highe 
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voltages than tubing using the hot-cathode type of electrodes. 

Because of the convenience in the use of the cold-type electrode, 

abe simplicity in degassing and processing, and the long life it 

gives the luminous tube, it has been adopted as the standard 

electrode for the sign and cold-cathode lighting manufacturer 

even though it requires higher operating voltage. This elec- 

trode has been the subject of a great deal of investigation by 

juminous-tube engineers ever since the first rare-gas sign was 

installed, and as a result, a great deal has been learned about 

the design of the cold-type electrode. : | 

Because of the difficulty in properly constructing electrodes 

‘n the neon-sign shop, it is almost universal practice for the 

trade to buy the electrodes ready-made from supply houses. 

The electrodes supplied are of standard design and contain the 

| following parts 

1. The electrode shell, which supplies the current to the 

; gas in the tube. 

9. The lead-in wires, which connect the electrode shell 

through the glass seal to the high-voltage cable and the 

transformer. : 

3. A glass jacket and seal, which surrounds the lead-in 

wires with a vacuum seal and which encloses the electrode 

shell in a cylinder of glass, open at one end. This jacket 

is joined or sealed to the end of the glass letter. 

4. Some form of heat-insulating material inside the glass 

jacket which prevents the electrode shell from coming in 

contact with the glass. In some cases, sufficient spacing 

between shell and glass is used in place of other insula- 

tion. 

It cannot be too strongly emphasized that success in build- 

ing luminous tubes depends upon the use of properly designed 

electrodes. Hence, although the sign craftsman will not have 

to make them, he will profit if he knows how they are made. 

Electrode Requirements. The electrode shell, being an electric 

terminal, must be made of metal. Since the shell is inside the 

tube, and since it is subject to heavy electrical and thermal 
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stress, it must be made of a pure metal. If the metal contains 

impurities, these will be freed by heat during operation of the 

sign and will form a gas. This gas, mixed with the rare gas in 

the tube, will greatly detract from the sign’s usefulness and 

efficiency. In fact, if the impurities in the electrode are €XCes- 

sive, they will cause the eventual breakdown of the tube. There 

are many metals which can be used for the electrode shell, 

namely, iron, nickel, and copper. In general, most electrodes 

today are made from iron of high purity. 

The second requirement for a good electrode is sufficient 

area for heat dissipation and for the purpose of carrying the 

tube current without sputtering. This requirement was the 

basis of the fundamental patent issued to Georges Claude. 

Since the electrode gets hot during bombardment, it must be 

able to dissipate this heat without melting. It must also be 

large enough in surface area to withstand the electric forces 

which act on the electrode in operation and which may cause 

it to disintegrate slowly or to sputter. 

The degree of sputtering depends to a large extent upon 

what ‘is known as the cathode-voltage drop, or simply, cathode 

fall. When the electrode is negative, as it is many times a second 

during operation, the positive ions are attracted to it; These) 33 

ions, being much heavier than electrons, bombard the surface 

of the electrode with great force and cause it to wear away 

slowly. The force with which these positive ions act depends 

upon the drop in voltage at the electrode. The higher the 

cathode fall, the greater will be the bombardment and sput- 

tering. | 

To keep the cathode drop low, two methods are available. 

The first and simplest is to make the electrode large in surface 

area. The second, more complicated but very widely used, is 

to coat the electrode chemically with a coating which reduces 

the cathode fall by liberating free electrons. , 

Another device for reducing sputtering of the electrodes is a 

collar of insulating material which covers the external edges of 

the electrode, at the opening of the shell. This confines the sput- 

tering to the inside of the electrode shell and does not allow 

: i . 
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any particles to escape from the shell and contaminate the tube. 

‘The tendency to sputter is correspondingly reduced. 

A third requirement for electrodes used in mercury tubing is 

the prevention of chemical reaction. When used with the chemi- 

cally active mercury of the fluorescent tube, the electrodes may 

be injured by chemical action since chemically active mercury 

combines with metal electrodes especially if they have not been 

thoroughly degassed. ‘Table 3-4 illustrates the voltage drop of 

various types of standard electrode shells, with and without 

coating. 

Table 3-4. Voltage Drop of Neon-sign and Cold-cathode Electrodes 

(Iron shells, nickel plated; operated at rated current on a mercury tube) 
aot So yl. a ts ep Pee ee Gp oul Pay OTP Pea eM Tone 

Voltage drop inside 

, the shell 

Electrode size, millimeters 

Without With 

coating | coating 

15 (shell: 3¢ inch diameter X 1546 inches long)........ 200 ie 
19 (shell: 14 inch diameter X 19 inches long)......... 170 90 

~Lead-in Wires. he lead-in wires must be able to carry the 

sign current without heating, and they must have the same 

coefficient of expansion as the glass in which they are enclosed. 

To meet these requirements, a special wire has been developed 

for use with the soft glass universally used in the sign or cold- 

_ cathode industry which is a copper-clad wire known as dumet 

wire. ‘This is an alloy of nickel and iron (about 40 per cent 

nickel) which is covered with a thin jacket or sheath of copper, 

the copper cross section being as much as one-fifth the cross 

section of the wire. The wire is treated with a borax solution 

and borated to give a liberal coating of oxide which allows for 

better adherence or “wetting” to the glass. This wire has ample 

current-carrying capacity; it has a coefficient of expansion 

closely matching that of lead glass, and the borated copper coat 

makes it adhere to the molten glass which is pressed around it. 

‘The seal between the wire and the glass must be completely 
vacuumtight. The use of dumet wire practically ensures this, 
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but care must be taken in manufacturing the seal to allow the 

glass to cool slowly; otherwise it will contain internal strains 

which will crack the seal. The wire diameter used for lead-in 

~ wires varies from 16 to 30 mils (0.016 to 0.030 inch). 

Other lead-in wires for soft glass have been developed, such 

as the Allegheny No. 59, Sealmet, and Sylvania No. 4 metal. 

The majority of electrodes are made with copper-clad leads 

attached to the seal and brought out in one piece for making 

the electric connection on the outside. However, in some cases, 

where electrodes are used in corrosive atmospheres, as in fac- 

tories or seaside locations, a three-piece weld is employed with 

the electrode. The three-piece weld consists of an iron or nickel 

piece attached to the electrode shell, a small piece of copper-— 

clad wire for sealing into the glass, and another nickel lead ex- 

tending out for the terminal. The nickel lead extending as a 

terminal or tie wire can be either a solid or stranded wire. 

For hard- or pyrex-glass seals, tungsten is used for the lead- 

in wire. There also has been developed a special metal known 

as Kovar which makes a perfect seal between the hard or 

pyrex type of glass and the metal. ; 

Electrode Insulation. The electrode shell is kept from coming 

- in contact with the inside of the glass jacket by the use of an. © a 

insulating material. Mica is almost universally employed for 

this purpose, although other forms have been used such as lava 

collars, glass beads, solid glass jackets, usually made of pyrex 

and completely surrounding the metal shell and fiberglas. The 

purpose of this insulating material is to keep the hot electrode 

from touching the glass jacket, either during operation or 

during the bombarding process. During bombardment, if the 

shell touches the glass, it will crack the glass. During operation 

of the sign, if the electrode shell accidentally touches the glass, 

there is a possibility of cracking at that point because of the 

difference in temperature of the inside and outside of the glass 

jacket. 

Some manufacturers rely on very strong and stiff lead-in 

wires to keep the shell centered within the glass jacket. This 

method is good if the shell can be made to keep its centered 

position at all times. ! 
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The glass jacket which forms part of the envelope of the com- 

pleted sign must be carefully designed also. It must be of con- 

vyenle 
: 

be too thick, or else the high heat to which it is subjected 

during bombardment will crack it; and it must not be too thin, 

or it will be mechanically weak. Also, the electrode must be 

nt cross section to seal onto the glass tubing. It must not 

perfectly annealed so that the strains are eliminated from the 

glass, particularly from the press or seal. 

How Electrode Shells Are Made. Most electrode shells in 

general use today are made by automatic eyelet-drawing ma- 

chines and are furnished in sizes which have been adapted as 

a standard in the industry. These shells may vary from shell 

units % inch in diameter and '% inch in length to those having 

a %-inch diameter and a 2-inch length. ‘There are many differ- 

ent sizes and lengths in between these two limits. 

The shells are open on one end and closed on the other. They 

are furnished in two types, the cup and the pinch type. In the 

cup-type shell, which is entirely closed on one end, the lead-in 

wire or wires are welded to the closed end. The pinch-type 

shell is closed on one end, with the exception of a very small 

--opening through which: the lead-in wires are inserted. The 

metal is then clamped down between two punches, squeezing 

the lead-in wires between the metal and making a solid con- 

- nection. The various types of shells are shown in Fig. 3-4. 

The wall thickness of the shells must be sufficient to with- 

stand heating effects during bombardment and during opera- 

tion. The wall thickness of the standard shells varies from 

0.010 to 0.018 inch, depending on the size of the shell used. 

At the present time, electrode shells are being made to carry 

up to 150 milliamperes of current and research is being con- 

ducted for cold types of electrode shells to carry higher 
currents. 

Processing the Shell. It has been found that, if the shells are 

specially processed during manufacture, their usefulness and 

uniformity will be definitely improved. Preheating in a hydro- 

gen furnace serves to eliminate many of the impurities and 

gases which have been absorbed or occluded in the metal or in 

the nickel plating and to prevent the shells from rusting. 
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Processing to Reduce Cathode Fall. When the electrode sheils 

are not coated, a high resistance develops around ‘the electrode, 

and the positive-ion bombardment gives rise to excessive sput- 

tering. To meet these conditions, the metal shells are coated 

with an electron-emitting substance. The coated electrode is 

: 9C OR | 9Cl OR ]12C OR|12Cl OR 
TYPE 10C 10J 12 125 12P" -}.15SH./. 15 

4 V/,"'D 1)" D 5/6’ D 5/6’D he’ D 3/""D 3/2" D 

BIE SHEE hide t eile lok ile To xia | oetiae | Kee bene 

15Cl OR 19Cl OR 
TYPE 15J 19SH 19MJ 19L 19LP 

” }14"pD aie 1/,” D 1/.” D Vf” D 
| 3%"b 

oe ~P xe | xi%e | x16 | x15] x14 

Fic. 3-4. Standard cup- and pinch-type electrode shells. 

particularly useful to the manufacturers of cold-cathode tubing 

who use ballasts. Ballasts are designed with secondary voltages 

of 750, 800, or 900 velts. The voltage drop of the electrode be- 

comes an important factor in the ese and operating of a 

tube and a ballast. | 

The coating most commonly used is barium strontium car- 

x, 
| 
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bonate, which is reduced to barium strontium oxide during the 

heating of the tube in manufacture, The oxide coating is a good 
source of free electrons, which reduce the voltage drop at the 

surface of the electrode and hence reduce the tendency to sput- 

ter. Coated electrode shells particularly require a great deal of 

care and a high degree of heat for processing during the pump- 

ing procedure. It is very important that the coating be broken 

down into oxides and all the impurities released during this 

rocess. Failure to bombard the electrode shell properly may 

cause trouble later on. Therefore it is important to bring the 

shell to the proper temperature during the bombarding process. 

hi untreated electrode shells are used, the voltage drop is 

considerably higher, although the processing of a tube is simpli- 
fied, but untreated electrode shells may cause greater sputtering 

and undue blackening. 

When used with mercury-vapor tubes, the coated electrode 

must be carefully “formed,” that is, the carbonates mixture 

must be thoroughly reduced to oxide before the mercury is 

admitted to the tube; otherwise the mercury will combine with 

the carbonates and cause a greenish darkening which means 

dirty fluorescent tubing. This will be noticed. immediately after 

the tubing is pumped and should not be mistaken for the black 
_ darkening which takes place because of impurities or sputtering. 

Types of Seals. The most common method of making a seal 
for an electrode is the pinch external seal. The same glass used 
for the electrode jacket is melted down at the end of the glass. 
The glass is pressed between clamps over the lead-in wires and 
forms a vacuum-tight seal, as used in the many different types 

_ of electrodes illustrated in Fig. 3-5. To form a pinch-type seal 
properly, the thickness of glass must be such that it is neither 
too heavy nor too thin. The seal must not be too cold; otherwise 

it will cause an open seal or a “leaker,” but neither should the 
wires be burnt. Also, the glass toward the bottom of the seal 
must be blown out to prevent thickness of wall. A properly 
made pinch seal should show very little strain when viewed 
through a polariscope. Pinch-seal electrodes can be furnished 
with or without tubulation. 

a aa SE Te 

a 
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Although not commonly used, the flare or external ring-seal 

electrode has been used in the past and may become more 

commonly used in the future, especially for cold-cathode lamps. 

In the past, this type of seal was supplied complete with the 

glass jacket, as illustrated in Fig. 3-6. In the future, only a 

stem and electrode shell welded to the lead wires may be fur- 

nished and the sealing in will have to be done by the sign or 

cold-cathode manufacturer himself. Stems for ring seals can be 

furnished with or without tubulation attached to the stem. 

Pyrex  Tubulated Capped Cone shaped Ceramic collar Standard 
electrode electrode electrode electrode electrodes electrodes 

Fic. 3-5. Standard types of electrodes. 

The use of a ring seal in a straight cold-cathode tube will 

give a minimum of dark space at each end because the fluores- 

cent glass can be brought right to the end and sealed to the 

stem. | 
The metal-to-glass seals show great promise for future use. 

These metals can be formed in either an elongated cup with a 

beveled edge, similar to the present electrode shell, or in a flat 

metal disk. The elongated unit can act as both the electrode 

and the unit to be sealed directly into the glass. With the disk 

type, a standard electrode shell can be spot-welded to the inside 

of the disk. The electrode shell then acts as the electrode, and 

the disk, with the proper coefficient of expansion characteristics, 

is sealed to the glass. A great deal of care must be taken in 

making a metal-to-glass seal. The metal itself should be oxi- 

—tungst 

| pre | 

hard glass. The beaded unit is then sealed into the electrode 
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dized, preferably in a wet-hydrogen furnace. Metals usually 

sed for making a metal-to-soft-glass seal are Allegheny Seal- 

ee and Telemet and Sylvania No. 4 metal. For a hard-glass 

seal such as metal to pyrex, Kovar metal is most satisfactory. 

— With hard glass such as pyrex or nonex, a tungsten lead-in 

wire must be used. Because of the stiff, inflexible nature of the 

en wire, copper pigtails are often fastened to the tungsten 

to avoid breakage in connecting and handling the electrodes. 

The tungsten lead-in wire is first ground and polished to avoid 

microscopic cracks within the body of the metal itself. This is 

to prevent slow leaks which sometimes may develop in tung- 

‘sten-pyrex seals because of these microscopic cracks in the 

wire. The tungsten lead with the electrode attached is usually 

pared by sealing over it a bead of pyrex, nonex, or other 

RING SEAL ELECTRODE 

jacket. It must be understood that pyrex, nonex, or any other 

so-called hard glass will not seal to the standard lead, lime, or 

soda glasses known as soft’ glass. Figure 3-7 shows soft-glass 

and pyrex-glass electrode mounts. ? 

Pyrex is not now used for luminous tubes except in certain 

European countries. It is used for special applications; for ex- 

ample, pyrex glass is used for glass condensation pumps because 

the glass will withstand greater changes of temperature. It is 

also used universally for laboratory and shop apparatus. 

Insulation Materials. The first method which was used for 

insulating shells in luminous tubes was suggested by Claude in 

his original work, that is, rings of glass beads fastened around 

the outside of the electrode shell. However, more modern forms 

have included mica disks, ceramic and porcelain collars, and 

mica sheathing. 
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The method used almost universally today employs a mica 

shield. The mica shield consists of a thin split piece of mica 

about 0.001 inch thick, rolled on a tube and put into the elec- 

trode from the open end after the electrode has been fabricated. 

The mica shell is thin and flexible and presses very closely 

against the inner wall of the glass tube. In some cases, the mica 

shield extends at least % inch beyond each end of the shell and 

gives it full insulation protection. In other cases, the mica 

sheath is small, extending % inch beyond the front end and | 

ELECTRODE MOUNTS FOR SOFT GLASS 

Solid copper -clad 3 piece weld 

Coated shells with ceramic 

collars and wires attached 

Coated shells with 

wires attached 

FOR HARD GLASS PYREX OR NONEX 

Three piece tungsten weld 
glass bead on tungsten 

Fic. 3-7. Various types of electrode mounts. 

only about halfway back along the length of the shell. In this 

case, the manufacturer uses the rigidity of the support wire to 

keep the shell centered and insulates only the front end. 

The material used for insulating the electrode shell must, of 

course, contain no impurities which may be hberated inside 

the luminous tube after it has been pumped. For this reason, 

furnace heating is desirable before these parts are attached to 

the electrode. : 
Hot-cathode Electrodes. Hot-cathode electrodes can be di- 

vided into two classes: (1) electrodes which are maintained at 

the proper temperature by a continuous flow of current, and 

(2) electrodes which are brought up to temperature initially, 

after which the heating power is cut off and the heat of the 

electrode is maintained by the arc discharge through the tube. 
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The first type is not generally used for luminous tubes or 

lighting because it requires a separate power source for heating 

the electrodes and keeping them at a heated temperature. This 

type of electrode is more generally used for vacuum tubes, 

cathode-ray tubes, etc., in the radio industry. © | 

The second type is used for the standard hot-cathode fluo- 
rescent lamp. The filament is composed of tungsten wire of 

proper diameter, coiled over mandrels and coated with an 

electron-emitting substance. The coiled electrode is attached 
to a two-wire stem and sealed on each end of the fluorescent 

tube. When the switch is thrown on in the case of a standard 

hot-cathode fluorescent lamp, the filaments at both ends are 

connected through a starter to allow them to attain incan- 

descence. As soon as this is accomplished, the starter circuit is 

_ broken and an inductive surge through the ballast causes an arc 

through the lamp. When the lamp lights, the arc keeps the 

points on the filaments at each end at incandescence and liber- 

ates sufficient electrons to cause a low voltage drop. The low- 

voltage cathode drop, approximately 14 to 18 volts depending 

on electrode size, cathode emission, and type of gas and pres- 

sure used, allows such a lamp to operate from the line voltage. 

Glass Tubing 

Glass tubing for luminous-tube signs or cold-cathode lighting 
must have many well-defined properties. It must be strong, and 
it must be permanent, even when exposed to variations of tem- 
perature and weather and to processing during manufacture. It 
must melt at a convenient temperature so that it may be 
worked easily in the gas fires ordinarly available. It must with- 
stand working strains imposed upon it such as taking the glass 
directly from the fire and placing it upon asbestos patterns. It 
must not contain excessive impurities, and it must be uniform 
both in diameter and thickness of wall. 

The following excerpt from a Corning Glass Works Bulletin 
describes the essential characteristics of glass: 

k It might be said that glass nature is very much like human nature. 
"reat it in the way it wants to be treated and it yields to your will. 
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| Abuse it and a more unpredictable,. uncompromising material 

| would be hard to find. For one to know right from wrong in glass 
i working it is necessary to understand thoroughly the basic char- 

ent of expansion. For different glasses this value is different. If 

two layers of a single piece of glass were at different temperatures, 

ae would expect stress to result from the different amounts of 

acter of the material. This knowledge plus some reasoning will help 

to avoid trouble or to diagnose it properly when it does occur. 

Glass should be thought of not as one material, but as two. 

Under certain conditions it is a solid and at other times it is a 

plastic material which is capable of flow and can be stretched, bent, 

or otherwise permanently reshaped. The change from one state to 

the other is brought about by a change. of temperature, as is well _ 

known. There is no specific temperature at which the transition 

from one state to the other occurs. As glass becomes hotter it be- 

comes increasingly fluid. Conversely, as the glass cools, it becomes 

stiffer. Thus we see that it is incorrect to refer to the “melting 

point” or the “freezing point” of glass because no such points exist. 

It is possible, however, to visualize a temperature range which may 

be called the annealing range below which glass is essentially a 

solid with practically no ability to flow and above which it is a 

plastic and can flow with relative ease. It must be remembered that, 

in the temperature regions within or just above the annealing 

range, the ability of glass to flow is not discernible to the eyes if an 

attempt is made to bend or distort the glass. In this range the glass 

appears solid, but actually it can flow very slightly, and this is 

important to annealing as will be seen later. ‘The above facts are 4 

true of all glasses and vary only in degree as glass composition 

changes. 

Annealing is a process of heat-treatment which either eliminates 

or prevents the formation of permanent cooling stresses in the glass. 

These stresses may cause the glass to break if they are allowed to 

remain. This breakage may occur as the glass cools, or it may occur 

some time after a sign is put in service. A rope if pulled taut 

enough will break because of tensile stress; likewise a stick bent 

across the knee breaks for exactly the same reason. Glass also breaks 

for exactly the same reason. Stress is the result of opposing forces. 

It is a generally known fundamental physical fact that most 

materials increase in volume or size when they are heated and that 

they decrease in size when cooled. This is also true of glass. For 

every degree change in temperature there is a certain amount of 

change of size. The amount of change in length of each unit of 

length for each degree change in temperature is known as coefh- 

contraction Or expansion if both of these layers were in the tem- 

perature region where they could be considered solid and unyteld- 

B ing. If one layer were in the plastic range, then no stress would 

result because the plastic layer would yield to the change in size 

of the solid layer. 

If, as a piece of glass cools from the plastic state, it enters and 

passes through the annealing range (transition from plastic to— 

solid) too rapidly, a nonuniform temperature within the piece re- 

sults, and this produces permanent stress. If this same piece of 

glass were cooled through the annealing range so slowly that the 

temperature within the piece was always uniform at any instant, 

then the glass would reach the solid state without stress. This proc- 

ess. is called annealing. It is very important that all glass should be 

annealed if it has been heated to or above the annealing range. 

There are many different types of glass used throughout the 

world for signs and cold-cathode lighting, but in general these 

can be classified into two groups, soft glass and hard glass. The 

soft-glass group can be further divided into (a) lead and (b) 

lime or soda glass. In the hard-glass group, pyrex has usually 

been used. During the past ten years, most of the manufacturers 

_ throughout the world have adopted the American standard by 

using lead glass for luminous signs. In some European coun- 

tries, lime or soda glass and pyrex are still used for luminous- 

tube signs. For cold-cathode manufacture, both lead- and lime- 

tubes are used for lighting purposes. As a rule, lead glass is used 

_ where tubing has to be bent or shaped. Lime-glass tubes. for 

lighting are used only where straight lengths are employed, the 

only heat applied being that to seal on the electrodes to the ends 

of the tube. 

Lime glasses are made from about 70 per cent silica sand. 

The remaining ingredients are mainly lime and soda ash. Since 

these materials are inexpensive and ‘relatively easy to melt and 
shape, lime glasses cost less than the other types. 

Lead glass contains about 60 per cent silica sand and 30 per 
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cent lead oxide; the remainder is mainly potash and soda ash. — 

Lead glass has a high electrical resistivity necessary for certain 

types of radio, radar, and television tubes and is used also for 

nearly all the luminous-tube signs. | 

Although glass tubing has been drawn by hand for many 
years and is still drawn by hand for many special purposes, 

most standard lead-glass tubing is now made by automatic 

machines. 
Automatic Production of Glass Tubing. The glass is first — 

melted in a large continuous tank in which the basic ingredients | 

are mixed, and the molten glass is drawn from the machine on 

long rollers. In one method the molten glass flows by gravity 

over and around a hollow rotating mandrel through which the 

air flows under pressure. As the molten glass flows around and ~ 

over the mandrel, it is formed into tubing and drawn several 

hundred feet along the rolls. At the end of the rolls, it is cut 

into standard lengths by automatic cutting machines. Glass _ 

tubing is also produced automatically by a machine which 

operates on a vertical updraw plan. 

In the past, many types of glass of various compositions and 

colors have been used for luminous tubing. Recently, these 

have been standardized so that they fit practically all needs for 

present-day practice. Most of the colored glasses used before the 

war have been eliminated because of the advent of fluorescent 

tubing which allows a greater variety of colors than can be 

produced in solid-colored glasses. 

At the present time, four types of glass are in common use, 

namely, clear lead glass, soft-red or ruby glass, noviol glass, 

and soft-blue glass. Table 3-5 gives the Corning code descrip- 

tion and various physical properties of these glasses. Code 001 

is used for the sign and lighting industry. Code 012 may be 

substituted but is used more frequently in the radio-tube in- 

dustry. The table refers to softening point, annealing point, and 

strain point. These occur at arbitrarily selected viscosity values 

which denote the degree of fluidity of the glass. The softening 

point is a point of value to the manufacturer in his production 

control. It gives an indication of the temperature at which 

coo 
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many glasses wl 

heated The temperature range between the annealing point 
C ; 

. . . 
. 

ad strain point indicated in the table is referred to as the 
a 
nnealing range and is the temperature range wherein proper 

a 
ling is necessary to avoid a permanent strain or stress in the 

ll begin to distort noticeably or flow when 

glass. The table indicates that Code 3530 noviol has an an- 

nealing point approximately 80 to 85°C higher than either 

Table 3-5. Physical Properties of Neon-sign Tubing* 

Softening | Annealing} Strain | Expansion 

:. moe point, °C | point, °C | point, °C. | coefficient 

_ =a (a a ce 

001 | Clear lead.......--.. 626 428 397 91 

012 | Clear lead........... 630 433 400 89 

Be aby 5...) 690 480 447 93 

Men 20 | Noviol..!.......----- GoD... 510 478 91 

ee 675 505 475 91 

Table 3-6. Physical Properties of Other Types of 

a Soft and Hard Glasses* 
Ee een 

nin ae Softening |Annealing| Strain | Expansion 

. AS point, °C. | point, °C} point, °C | coefficient 

0080 | Clear soda lime 

for lamp bulbs..... .. 696 510 478 92 

7050 | Borosilicate (pyrex) , 

. Mietor series sealing. ..... 703 496 461 46 

7052 | Borosilicate (pyrex) 
for Kovar sealing..... 708 475 435 46 

7720 | Borosilicate (pyrex) , | 

fomerectrical use... .. 152 518 484 36 

7910 | 96 per cent silica for 

and ultraviolettransmission| 1500 910 820 8 

7911 

= Corning Glass Works. 

Code 001 or 012. This is the “hardest of the soft glasses listed. 

It should also be noticed that the coefficient of expansion is very 

nearly the same in all the glasses. Therefore, no trouble should 

be experienced in sealing any of the glasses to each other if 

the annealing range is adjusted to accommodate the ranges of 

the two glasses involved. | 
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The physical properties of other types of glass that may be | 
used are also indicated in Table 3-6. These are a clear soda- 

lime glass for cold-cathode bulbs, borosilicate or pyrex glasses 

for apparatus and other uses where a hard glass is necessary, 

and a silica or quartz type of glass for ultraviolet transmission. 

Standardization of Glass Tubing. Over a long period of time 

a great deal of work has been done in standardizing glass tub- 

ing, not only as to tolerance in composition of the glass itself, 

but also in the physical dimensions. These include tolerances — 

Table 3-7. Data for Lead-glass and Colored Tubing* 

(Standard 4-foot lengths) 

Approximate | Approximate | Approximate | Approximate 
Diameter, : 
a sticks feet meters meters 

millimeters | 3 ; 
per pound per pound per pound per kilogram 

8 41g 18 a A, 12.0 

9 4 16 4.9 11.0 

10 3% 14 4,3 9.5 

11 314 13 4.0 9.0 

12 3 12 3.6 8.0 

13 234 104% ae 7.0 

po ESB 21% 9 a 6.0 
18 2 714 SM? 5a 

20 134 614 1.9 4.0 

22 14 534 : ey 3 ih 

25 1% 5 135 Orta 

* The table gives the approximate data for both clear- and colored-glass tubing 

used for neon signs. Clear-glass tubing may vary from 0.050 to 0.060 inch in wall 

thickness. Colored-glass tubing, noviol, blue, and ruby may vary from 0.040 to 

0.070 inch in wall thickness. Standard tubes may vary from 46 to 48 feet in length. 

in variation of diameter, wall thickness, and the permissible 

amount of “bow” in a length of the glass tubing. Standardiza- 

tion also includes tolerances of color matching. Colored tubing 

is held within color limits so that a uniform color results and 

tubing fabricated a number of years earlier can be matched 

with tubing of current manufacture. Table 3-7. gives the diam- 
eter, approximate number of 4-foot sticks, feet and meters per 

pound, and meters per kilogram of clear lead-glass neon-sign 

tubing. 

How Clear and Colored Glasses Are Used. Clear glass can 

be used by itself to produce either a red-orange luminous tube 
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when fil 
mercury to pro 

led with neon alone, or it can be used with a rare gas 

duce a blue tube. It can also be used with 

and 
helium g45; although this is not the current practice, to give 

_white tube. With fluorescent coating clear glass 1s now 

d almost universally to produce the many variations of colors 

“3 h can be obtained with fluorescent powders. 

viol glass, when filled with mercury and a rare gas, gives 

reen color. This is because noviol tubing filters the 

violet and blue color emmitted by mercury discharge and allows 

the transmission of the yellow and green. Although the matching 

of color of noviol tubing may not always appear uniform in 

different batches of tubing, still the resulting color is the same 

| e filtering characteristics. Noviol tubing is also 

n combination with fluorescent powders, as will be ex- 

a pink 

used 1 
z : ~ plained later, to produce a gold color. Noviol can be used with 

green fluorescent powder to produce a dark-green tube. ; 

: Soft-blue tubing filters everything but blue light. Blue tubing 

used with fluorescent powder to produce a dark blue, 

although this is not commonly the practice. 2 

Soft-red or ruby tubing filters all but the red light and a small 

amount of the red-orange. Ruby tubing can be used with fluo- 

rescent powder to produce a dark red, although this is not com- 

mon practice. 

It must be understood that colored glasses such as noviol, 

| ruby, and blue are filters and merely change the color of the light 

transmitted from within the tube by absorbing unwanted colors 

as shown in the light transmission curves in Fig. 3-8(a), (0), 

Beand (c). 

~ A new Blok-Out or black tubing made from clear glass is now 

available for sign use. This tubing is used in small sections for 

joining letters together. As it retains its dark color permanently, 

it has some advantage over the usual method of painting or 

blocking out that portion of tubing between letters. This tubing is 

made from regular clear sign tubing by a special treatment which 

produces black lead near the surface, but actually within the glass 

itself. The use of black or block-out tubing requires more time 

and labor because of the extra splices which have to be made. 

However, it offers a permanently black, block-out portion and 
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4000 SOOO 6000 7OOO 4000 ‘5000 6000 7000 
Wave length - angstroms Wave length-angstroms 

(a) (b) 

Per cent transmittance 

4000. ~ 5000 6000 7000 
Wave length -angstroms 

(c) 
Fic. 3-8. Typical transmission curves of colored glasses. (a) Noviol glass 
No. 3530. (6) Ruby glass No. 2475. (c) Blue glass No. 5320. (Corning 
Glass Works.) Stee 3 

The shaded area of each spectrum curve represents light absorbed by 
the glass; the clear area represents transmitted light. Ruby glass, for example, 
absorbs almost the entire spectrum, and transmits only in the red region. 

does away with the need of periodically repainting peeled painted 
surfaces. | 

Fluorescent Tubing and Materials. Although fluorescent tub- 
‘ing has been in use for a good many years, it is only within the 
past ten years that it has been developed to a very high degree 
for luminous-tube signs. At the present time, the method used 

a for producing 
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fluorescent tubing is to coat the inside of clear- 

bing with a very fine layer of fluorescent powder. Previous 

ee a coated-glass tubing, a number of solid-glass fluores- 

-. Bare produced. One type of tubing made in this coun- 

» ie a series of different colors from fluorescent materials 
ry OV*\ 

& q olved in the glass itself. Another type, produced by a German 
iss 

ern, was made in two layers, a clear-glass layer on the out- 
c 

a of sh tubing and a layer of fluorescent glass on the inside 
side 

face. Neither of these fluorescent glasses was satisfactory be- 
surface. 

use their fluorescent brilliancy was not very much greater. 

r n that obtained from the clear or colored glasses in use. Fur- 
tha 

q thermore, the breakage due to strain was very high. ‘These solid 

fluorescent glasses required a great deal of skill, care, and anneal- 

ing which were beyond the scope of the average shop. 

With the advent of the coated fluorescent glass, an umportant 

ste forward in sign and lighting methods was taken. ‘The glass 

a is the standard glass commonly used for clear-glass signs 

with the addition of the proper chemical coating on the inside 

surface. The color of the light produced depends upon the 

chemical used. The basic fluorescent phosphors most commonly 

used are indicated in ‘Table 3-8. 

Table 3-8. Basic Fluorescent Phosphors Most Commonly Used 

Basic Powder , General Color | 

Calcium BLE ee) 9 5 51a. 41 5. Sod y 8: signe lolase eer B88 Blue 

Mipeenesium tungstate... .. fice eee eee deere eens Blue-white 

7. oy cis hades Heaee bees Pink 
Mame ssilicate....)........- A UE ee oh RMR Green . 

Meee yilium ‘silicate* ih... .6.. ee ee es Yellow-pink-white 

MMI STICALE oo. oi. vo ee, ce oie ooo oo een os er Yellow-pink 

SESE 1 on a a ee Pink a a 

Calcium cerium SS han ae a ae Pal tletd @ aha “Black light’ 

IITA, Silicatey os. kk ee eee eee eee ee ee ‘Black light” 

* Color depends on percentage of activating agent. 

+ Provides ultraviolet light to illuminate fluorescent-painted surfaces. 

Basic powders can be used in conjunction with each other to 

__ produce various color combinations or preblends. Preblends most 

commonly used are Daylight 6500, 3500, 4500, Warm White, 

and Soft White. The numbers such as 6500, 3500, and 4500 in- 

dicate the color temperature in degrees Kelvin. 

$ 
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In connection with the use of fluorescent powders, there are 
factors other than the chemical composition of the powders 
which may affect the ultimate color produced. These are: gas 
and the pressure used, diameter of the tubing, and the operating 
current through the tube. In commercial practice, the blended 
powders are usually marked for the diameter of the tubing for 
which they have been prepared in order to obtain the necessary 
color. 

When a tube is coated with any of the basic powders or blends, 
and then processed, pumped, and filled with a rare gas, the 
fluorescent particles become excited because they are subjected 
to ultraviolet light produced by the mercury discharge through 
the tube. The mercury ultraviolet light has an energy peak at a 
wave length which corresponds to the excitation value of the 
fluorescent phosphors, or 2537 A. This means that the maximum 
amount of energy conversion will take place, and it is for this 
reason that the present types of fluorescent phosphors have been 
developed. It is noticed (Table 3-9) that the excitation value 
is in the ultraviolet range and consequently not visible. All fluo- 
rescent powders used in our industry have the property of trans- 
forming this invisible ultraviolet energy into high-level visible 
energy as indicated in ‘Table 3-9. In theory, they operate like. _ 
a radio receiving set that receives a signal of radio frequency not 

audible to the human ear and transforms this inaudible energy 
into the audible signal. The fluorescent powder used must be of 

_ the highest quality to obtain maximum conversion. The powder 
must be subject to constant manufacturing inspection, careful 
blending to give the proper color at all times, and the coating 
thickness inside the tubing must be uniform. If a tube is coated 
too thinly, a great deal of the light from the positive column will 
go through the pores of the coating and the coating will not be 
fully utilized. If the coating is too thick, it may Cause an excessive 
amount of absorption and also may cause the powder to break 
away at the bends of the letters. 

Although the maximum amount of energy, and therefore 
light, is obtained from fluorescent tubes using mercury,. it has 
also been the practice to obtain certain colors without the use of 

a mere 

enough apr 

cited by 

me the 

, n location. 

Ee to prevent dislodging the Beyege ts arom here aes, 
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‘s The excitation range of the fluorescent powders is wide 

duce a high level of visible energy even when ex- 

a gas-discharge tube filled with neon gas only. | 

Fluorescent tubing and any of the powders used for coating 

tubing are particularly susceptible to contamination Arent 

rities. For this reason, both the tubing and the chemicals 

s be kept free from dust and water vapor. Tubing should be 

. ss corked, and chemicals should be kept in a dry and 

Care must be exercised in handling the finished 

Table 3-9. Fluorescent Phosphors 

(Transmission in angstroms) 
Cec ee eee EEaTTE Cann] Can na 

Exciting ‘ : 
Sensi- Emitted 

| General range * ne Emitted 
Phosphor (ult tivity range Beak 

color ultra- Beate (visible) 

violet) 

Vea SE a Ty 2 pS NE) eee haere Ee 

Galci lue 2200-3000} 2720 |3800-7000| 4400 
Calcium tungstate... B 

B nesium tungstate | Blue-white 2200-3200} 2850 |3800-7200!| 4800 

e. Piieate...-....- Green 2200-2960) 2537 14500-6200) 5250 

Zinc beryllium silicate Yellow-white |2200—3000| 2537 |4500-7200| 5950 

“Cadmium silicate. ..| Yellow-pink {2200-3200 2400 |4300-7200| 5950 

Cadmium borate... .| Pink -12200—3600| 2500° |4000—7200| 6150 

* 9900 A is lower limit of measurements. 

The fluorescent coating may be applied to the inside of the 

glass in either one of two ways. The more simple and less expen- 

sive method involves coating the inside of the glass tube with a 

liquid mixture of fluorescent powder, methyl, butyl, or ethyl alco- 

hol and a trace of resinous binder. The liquid can be either forced 

into the tube by air pressure or sucked into the tube by a vacuum 

~ pump. Figure 3-9 shows a standard filling rack using air pressure. 

When the tube is filled with the liquid and the liquid is allowed 
to run down again, a deposit of fluorescent coating and alcohol 

is left on the inside of the glass wall. Air is then blown into the 

tube, and the alcohol quickly evaporates, leaving the deposit of 

powder alone. This method of applying fluorescent powder is 

used in many cases by the small sign shops which buy a fluores- 

cent mix and make their own tubing as necessary. However, 
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owing to the fact that a quick, low-boiling-point drying agent is 
employed, coating by this method is not very satisfactory. Rapid 
evaporation of the alcohol may cause the coating to become 

supply 
Fic. 3-9. Glass coating rack using fluorescent-cold mix. Forced-air operated. 
A. Tubes to be coated. B.’Glass jar with fluorescent mix. C. Rubber funnel. 
D, Manually operated valve for regulating air pressure to force liquid imix 
up into glass tube. E. Valve for regulating flow of air through upper fun- 
nels (F) for drying tubes. 

heavy, or too much alcohol may cause a thin coating. Quick 
drying may cause streaks, and the coating may not have a uni- 

_ form thickness. Also, the adherence of the chemical to the glass 
walls may not be very substantial. Therefore, the powder may 

~ sive Mm 

Fig 
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k away when subject to slight jars or shocks or to the sudden 

. f air into the tube caused by breaking the tubulation while 

- is being processed on the pumps. As a quick and inexpen- 

- ethod of making tubing, this method may be employed. 

ure 3-10 shows a vacuum method of coating fluorescent tubes. 

The second method of applying fluorescent powder to a tube 

A ML Oe 2mm gloss 
J 5 ip" stopcocks 
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for arying 
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from rubber 
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“Mechanical HI ik 3 

et 1c. 3-10. Glass coating rack using fluorescent mix. Vacuum-pump operated. 

_ Each glass tube is individually coated. It is attached to the system by means 

of rubber tube B and glass ball G. When stopcock C’' is opened slowly, the 

vacuum in the manifold produced by pump 4A will cause the fluorescent 

mix F in the jar to rise slowly in the tube. When the liquid has reached 

the top of the tube, the vacuum stopcock is closed and air stopcock D is 

opened. The liquid will fall hack to the jar, and the air flow regulated by 

valve E will evaporate the binder and leave a fluorescent coating on the 
inside of the tube. : 

is to use a combination of powder and a standard lacquer con- 
_ sisting of acetates, nitrocellulose, and binder. Such a liquid has 

a high boiling point, and when a tube is coated with this solution, 

the drying takes place at a much slower rate so that a more uni- 

form coating is obtained. Because of the organic content of some 

of the chemicals employed in such a mixture, these tubes must 

be subjected to heating in an oven to a temperature of 850°F 
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to remove all organic material. At this heat, sintering takes place » 

between the tubing and the glass which gives a better adherence 

between the powder and the inner glass wall. ‘Tubing made by 

this method has a much more uniform distribution of powder, 

uniform thickness, and stable performance. This is the generally 

accepted method used for high-grade signs and is the method 

.used for lighting wherein the light output is of paramount 

importance. 

A third method used in many European countries is radically _ 

different. The glass tubing is first bent into shape according to — 

a pattern. Then the inside of the bent tubing is coated with a 

mixture of phosphoric acid, camphor, and alcohol. ‘This leaves 

a sticky surface on the inside of the tubing. The fluorescent 

powder, in a dry state, is then dusted into the tube. The im- 

proper use of phosphoric acid in this connection may cause undue 

darkening of the tube and consequent loss of efficiency. 

As can be readily seen, the variety of colors which can be ob- 

tained by the use of fluorescent-coated tubing is unlimited. 

However, it has been necessary to standardize on a range of 

colors most suitable for neon-sign and lighting applications. 

Most manufacturers have standardized their color range with 

each other. ‘Table 3-10 indicates the range of colors which are 

normally available from most of the manufacturers of coated 

fluorescent tubing. There may be some variations and additions 

since a great many manufacturers have special colors which they 

have adapted for special purposes. The table indicates most of 
the standard colors available. 

The sign or lighting manufacturer must acquaint himself 
with all the available colors and decide upon those most advan- 
tageous for the sign or lighting installation. For sign purposes it 
is necessary not only to have a brilliant and beautifully designed 
sign of pleasing color but also to be sure that the message or text 
is readable. Many sign men use very bright colors for letters and 
then place them so close together that, although brilliant, they 
produce a blurring effect and are not readable. For lighting 
purposes the whites are most generally used. These are: 3500, 
4500, and 6500 Daylight. In some applications Soft White is 
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Table 3-10. Standard Fluorescent-coated Tubing for 

Luminous Signs 

Fluorescent tubing ees ear Color produced 
designation glass used gas 

ee EE a 

Cree Clear No. 50 and | Standard green for 

— - mercury |. brilliant sign work 

a Noviol No. 50 and | Deep subdued green 

— mercury 

. fading gold ver 
Amber or neogold......-- Clear Neon panies oie: y 

, or noviol gold..... Noviol No. 50 and | A bright gold popular for 

mercury sign work 

Oe ae Clear No. 50 and | A subdued blue for sign 

— mercury work 

Memeplue. 2 Soft blue | No. 50 and | A deep subdued blue | 

a: meéreury:'|': 

a. peopink,.......-| Clear Neon A nonfading rose color 

— s very popular for sign 

work 

Right pink or pink-white. . Clear No. 50 and A reddish-pink color used 

mercury for sign work and also 

for adding color in in- 

terior illumination 

em. White..........-. Clear No. 50 and | A peach-white 
mercury 

Daylight White......... Clear No. 50 and | A cold white for illumi- 

mercury nation 

Memeyy bite... ..:....-.. Clear . No. 50 and | A warm-toned white for 

; mercury illumination 

eno White............. Clear | No. 50 and | A cool white for illumi- 
mercury nation 

Meee TCO... 5... Be seh Soft red No. 50 and | A bright ruby red 

mercury 

| also used for lighting. In many cases of cold-cathode lighting, 

especially in bars, halls, or other places where a subdued and soft 

light is desired, the various colors such as neon-pink, blue, or 

whites in combination with each other can be used to get the 

proper color and light. 

Fluorescent Mix. Fluorescent mix.is supplied by manufacturers 

of fluorescent powders to those who wish to coat their own 

tubing. It consists of basic fluorescent powders combined with 

the necessary alcohol and a minute quantity of resinous binder, 
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mixed together in the proper proportion and milled to the re- 
quired consistency. When the powder is ball-milled to the 
proper consistency, it -has approximately a 400 mesh, much 
finer than that of the basic powders which have a 200 to 300 
mesh. Fluorescent mix can also be obtained in the same colors 
indicated in Table 3-10 for fluorescent-coated tubing. It is sup- 
plied in 500- or 1,000-cc glass jars. baie: 

Evaporated Fluorescent Powders. In many instances, the 
shipping of a fluorescent mix by postal air or other shipping au- 
thorities is prohibited because of the inflammable characteristics 
of the alcohol contained in the solution. Manufacturers, in order 
to supply a powder which has the same mesh or consistency as. 
the fluorescent mix, evaporate the alcohol from the fluorescent 
mix. This leaves a fine ball-milled powder of about 400 mesh 
which can be shipped without any difficulty. The luminous-tube 
manufacturer then adds the necessary alcohol to the powder to 
get the proper mixture. | 

Band m 

CHAPTER 4 

Electrical Equipment 

Electrical Accessories for Tube Signs. The luminous tube re- 

uires an electrical power supply, and since the supply must be 

f high voltage, particular care must be taken with the insulation 

i: ounting of the various electrical accessories. Under the 

general heading of electrical equipment are the following: 

{. Insulators and mounting parts, including elevator es tube 

posts for mounting the tube proper, housings or rings for 

shielding the electrodes in the metal sign, and cable sup- 

= sports for mounting the high-voltage cable. _ 

y 9. The high-voltage cable, which connects the electrode ter- 

minals to each other or to the luminous-tube transformer. 

8 The luminous-tube transformer, which steps up the line 

voltage (usually 115 volts in the United States) to the high | 

voltage required for the tubes. 7 

4. The low-line voltage wiring, including BX cable, line- 

-yoltage switches, and connections to junction boxes. 

5. Special switching and animating devices, such as flashers, 

_ spellers, time clocks, and photoelectric relays. : 

6. Rotary converters for obtaining a supply of alternating 

current where only direct current is available from the 

power lines. 

7. Power-factor correctors, for improving the power factor of 

the luminous-tube transformer. Transformers may be ob- 

tained with or without power-factor correction. If a trans- 

former is used without power-factor correction, condensers 

can be added to correct the power factor. Usually it is 

necessary to correct the power factor from 85 to 90 per 

cent or better. 
: 65 
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8. Radio-interference eliminators, for reducing the radio noise - 
caused by sign installations. 

If all these types of equipment are understood by the sign 
engineer, he will have little trouble in handling the electrical 
problems which arise in tube making and installation. 
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Fic. 4-1. Various types of tube supports and their mountings. 

One important piece of equipment used in the manufacture of 
signs will not be treated in this chapter. It is the bombarding 
transformer and its regulator, devices not used as accessories to 
the completed sign but of fundamental importance in making 
the tubes. This equipment is treated in the chapter on bom- 
bardment. 
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ators and Mounting Parts. The elevation post, or “tube 

‘s an insulator used in mounting the tube. At the 

f the post is a metal bracket for fastening the post to 

of the sign. The total height of the post, including the 

and metal fastening base, varies from about 1% to 3% 

-... rding to its use. At the top of the insulator, provision 

- oe ripping the glass tube securely. ‘Vhe standard glass 

BR ins 4 semicircular recess in which the tube is held by 

ire. This wire 1s wrapped around the tube and the flanges 

Insul 

| type CO 

Two or more posts are used to grip each separate letter or 

j section of the tube. To keep the tube parallel to the base on which 

sini 

: or rcelain ‘housi Glass housing n Porcelain ‘housing Porcelain housing 

By ostening one side open ee to mee orn ve 
© screw flange metal fastening flange y tw ee 

Fic. 4-2. Electrode-insulator receptacles or housings. 

it is mounted, the posts must be of the same height. Under certain 

mounting conditions, it is necessary to have one post shorter 

than the others in order to keep the tube parallel to its back- 

ground. For this reason, elevation posts are usually made adjust- 

able in height. Special extension posts are used in window- 

border signs. 
Electrode Housings. Housings are made from dry-process or 

wet-process porcelain or pyrex glass. The housing fits into the 

sign box and is mounted rigidly in place. The tube is so placed 

that, when it is held by the elevation posts, the electrode jackets 

fit into the housing. The phosphor-bronze spring inside the 

housing bears against either the electrode lead-in wires or a 
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metal cap at the electrode end, making contact directly with 
them. The extreme outer end of the housing is fitted witha 
brass binding post to which is attached the high-voltage cable. 
The Underwriters’ Laboratories have set up standard specifica- 
tions for these housings, and it is always advisable to use 
housings which have Underwriters’ approval. 

Electrode Bushings. In cases where a complete housing is not 
required, a bushing can be used which merely insulates the elec- 

Pyrex bushing Porcelain bushings 
snap-in type | 

Fic. 4-3. Electrode-insulator bushings. 

Three types used for mounting on metal sign Type used for 
| screwing in wood 

Fic. 4-4. High-voltage-cable insulators or posts. 

trode from the metal sign. With this form of insulation, it is 
necessary to provide a flexible connection for connecting the 
electrode to the high-voltage cable. Cable-support insulators are 
used inside the sign box to separate the high-voltage cable and 
the metal box. Completed signs with bushings may be approved 
by Underwriters’ Laboratories on the job. 

High-voltage Cable. Attached to each lecetrode lead wire is 
a piece of high-voltage cable which connects it with the luminous- 
tube transformer. This cable must meet rigid specifications if 

than because 0 
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. «« to stand up under year-round weather conditions and the 

“ lectrical forces it must handle. Owing to the small current 

es the Underwriters have approved the use of one size 

.. re, that is, No. 14, because of its tensile strength rather 

Eotiies current-carrying capacity. The wire conductor 

which carries the current is made up of many strands of fine Wire 

pally 19), each covered with a thin coating of tin. The indi, 

vidual tinned wires are wrapped into one stranded wire to Bive 

needed flexibility to the cable. The wire can be coated with 

either rubber insulation or vinyl-polyethelene, a synthetic prep- 

aration. This insulation, consisting of a coat of polyethelene 

3 over the wire and an outer covering of vinyl compound, has 

properties far superior to those of rubber. At the same time, it 

sal not dry out as rapidly under weather conditions. If rubber 

Polyethelene insulated cable 

NANSSSSSNAAS Vy, 
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Fiberglas lacquered cable 

Fic. 4-5. Two types of high-voltage cable used for neon signs. 

insulation is used, a number of layers of cotton braid may be » 

woven over it. In some cases, fiberglas is used. The cable is then 

treated with a flame-retarding material. : 

Sign cable must withstand a very destructive effect known as 

“corona discharge. When high voltage (15,000 volts) is applied 

to thin bare conducting wire in air, a flamelike glow of pale- 

violet color will surround the wire for % inch or so. This glow 

is called corona. It results from direct ionization of the air. 

Corona has a very destructive influence on poor insulating 

materials. For this reason, among others, even well-insulated 

ordinary electric wire is not suited to sign use. Only standard 
high-voltage cable specially designed for luminous tubes should 
be’ used. , 

Since long lengths of high-voltage cable increase the capacity 
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across the transformer terminals, it may increase the terminal. 

voltage of the transformer. This may cause harmful effects to 

the wire or to the insulation of the transformer. The smallest 

amount of cable required to do the job conveniently should be 

used. Long cable lengths must be avoided. Long cable lengths 

must be avoided particularly when running through metal con- 

duits where the capacity effect is greatly magnified. Trans- 

formers should be brought as close as possible to the ends of the 

tubes. 3 

Cable is available for use at three different maximum voltages, 

The 5,000-volt cable is identified by a red thread in the wire 

strands; 10,000-volt cable, by a yellow thread; and 15,000- 

volt cable, by a blue thread. The voltage rating of the cable 

should never be exceeded if satisfactory service is to be expected. 

Many other forms of high-voltage cable are available in- 

cluding lead-shielded and other types for exposed locations. 

Electrical Transformers. The transformers used in electrical 

practice consist of a core, or central portion, made up of thin. 

sheets of silicon steel. This core usually is in the form of a 

rectangle, with a rectangular cross section. A typical cutaway 

section of transformer core and coils is shown in Fig. 4-6. On 

the core are wound two or more windings of insulated wire, 

each winding consisting of many turns. ‘The electrical action of 

any transformer consists in stepping up or stepping down the — 

voltage. That is, if a voltage is applied to one winding, another 

voltage will appear in the other winding, although there is no 

direct metallic connection between the two. If the second 

winding has more turns than the first, the voltage across the 

second will be greater than that across the first; 1f 1t contains 

fewer turns, the voltage will be less. By proportioning the num- 

ber of turns properly, the step-up or step-down ratio of the 

transformer can be made to suit any need. 

The action of the transformer depends upon the magnetism 

set up in the core by the primary winding. The lines of mag- 

netic flux in the core link the primary and secondary together, 

and as a result a voltage appears in the secondary, provided, of 

course, that the voltage is alternating. A transformer will not 

burn ou 
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orate on direct current. If connected to direct current, it will 
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t almost immediately. 

nsformers. For luminous-tube work a step-up trans- 

‘red. The primary, or low-voltage winding, con- 

haps a hundred turns of moderately heavy wire. ‘The 

or high-voltage winding, consists of many thousands 

of smaller wire. For a 15,000-volt transformer, the 

ld have approximately 140 times as many turns 

Fic. 4-6. Cutaway section of neon transformer. 1. Low-loss laminations. tae 

_ Lamination rivets. 3. Primary coil. 4. Secondary coils. 5. Insulation. 6. 

-- Compound for filling can. 7. High-voltage insulators. 8. Low-voltage con- 

nections. 9. Grounding terminal. (Acme Electric Corporation. ) 

Ordinary power transformers, not used in luminous-tube 

; work, are usually designed to possess what is known as good 

regulation. That is, the voltage across the secondary is main- 

tained almost constant regardless of the current being drawn 

from the secondary. This is a desirable characteristic for. ordi- 

nary power work. For example, if a distribution transformer 

supplying 115-volt power to homes did not possess good regula- 

tion, the lights in the house would become dimmer as more 

lights were turned on. 

In luminous-tube work, however, good regulation is not de- 

sirable. This arises from the fact that the higher the current 



72 FUNDAMENTALS OF LUMINOUS-TUBE MANUFACTURE 

through the tube, the lower its resistance becomes. If a lumi- 

nous tube were connected across a transformer having’ good 
_regulation, the current would increase. As it increased, the 
resistance of the gas would decrease, and as a result, still more 
current would flow. In a short time, the current would become 
excessive and either the transformer would burn out or the tube 
would be destroyed. 

_ What is needed is a transformer having poor regulation. That © 
is, a luminous-tube transformer should be built in such a way. 
that the secondary voltage goes down as more current is 
drawn from the secondary. When connected to a gas-discharge ’ 
tube, such a transformer soon reaches a condition of equilib- 
rium; for if too great a current is drawn, the voltage goes down 
almost to zero, and the increased current can no longer flow. 

Transformers of this type can be made easily if an extra 
magnetic flux path is provided in the core. This extra trans- 
former leg is called a magnetic shunt. It acts as a safety valve on 
the transformer. As the current in the secondary increases, more 
and more of the magnetic lines of flux are by-passed by this 
extra shunt. As a result, fewer lines link the secondary winding. 
Thus, as the current in the secondary increases, the voltage 
across the secondary decreases and the required poor regulation 
characteristic is obtained. 

The action of the transformer can be illustrated most clearly gq 
in graphic form. Figure 4-7 shows the voltage appearing across 
the secondary of the transformer for each value of current 
flowing through the secondary. When no current flows (the 
so-called open-circuit condition), the full voltage of 15,000 
volts appears in the secondary winding. If more and more 
current is taken from the secondary, the voltage decreases. At 
about 25 milliamperes (the working current for which most 
sign transformers are designed) the voltage has dropped to a 
much lower value. Finally, if the two terminals of the second- 
ary winding are connected together (the so-called short-circut 
condition), maximum current will flow, which in this case is 
30 milliamperes. Thus the secondary of a neon-sign type of 
transformer can be short-circuited without harm. 

BeeepicAL EQUIPMENT eae 73 

. dropping voltage characteristic of the transformer de- 

-. The inductive action of the magnetic shunt. When the 

pends ce ts leads are connected to the transformer, the capacity 

: = and the tube will neutralize some of the inductive 

a aed - the transformer. As a result, the voltage will drop 

} aa idly as the current increases, as shown by curve Cin 

4 Byram (Fig. 4-7). If lead-sheathed cable, conduit, BX, or 

other metallic covering is used over cable, the capacity of the 
O : 
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me: Ca: 7. (a) Curves illustrating the action of a neon-tube transformer. A. 

Tube-characteristic curve, showing high initial breakdown voltage. ~B. 

‘Transformer-regulation curve (if load is noncapacitive). C. Actual trans- 

former-regulation curve, shifted by capacitance of tubing. D. Stable oper- 

ating point, due to current being limited by transformer regulation. Oper- 

ating current at this point is approximately 17 per cent less than the short- 

‘circuit current shown at point F. F. BHOEE circuit current from high-voltage 

3 winding. 

(b) The current-regulation curve of a typical neon transformer. Between 

points B and C is the safe operating range. 

external line circuit will become still greater. Under this con- 

dition, the voltage of the transformer may rise to higher values 

than are intended, and the transformer may burn out. It is 

“recommended by transformer manufacturers that minimum 

lengths of grounded-conduit cable be used to prevent a capacity 

*It has often been stated that it is injurious to operate a neon trans- 
former for any length of time on open circuit, that is, without any load 

connected to its secondary terminals. It is true that the voltage under these 

conditions is higher than under operating conditions and that the insula- 

tion is thus subjected to a greater strain, but all transformers made by 

reputable manufacturers have a sufficiently large safety factor to take care 

of this condition. 

ee 
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load of considerable magnitude which may increase the second... 

ary voltage of the transformer. 

Increased voltage may also cause corona effects in the cable 
and breakdown of the cable or puncture of the high-voltage 
insulation within the transformer itself, due not only to the 
higher secondary voltage, but also to the high-frequency oscil- 
lations that are generated. This is illustrated in Fig. 4-8, show- 

(c) | (d) 
Fic. 4-8.. Wave forms of a 15,000-volt 30-milliampere transformer. (a) 
Secondary-voltage wave form with secondary winding open-circuited. The 
rms voltage is 15,000 volts and peak voltage is 22,000 volts. (b) Wave 
form of correctly loaded transformer. The rms voltage is 9,000 volts and 
peak voltage is 19,000 volts. (c) Wave form of an underloaded transformer. 
(d) Wave form of an overloaded transformer. The peak voltage may reach 
more than 30,000 volts. | 

ing four different oscillographs.t F igure 4-8(a) shows the 
secondary-voltage wave of a transformer with an open-circuited 
secondary. Figure 4-8(b) shows the same transformer operated 
with a normal length of luminous tubing. There is a pro- 
nounced distortion of the secondary voltage caused by such 
factors as the sudden ionization of the gas, the resistance char- 
acteristics of the gas, and the normal operating characteristics 
of the transformer itself. If shorter lengths of tubing are applied 
to the secondary of this transformer, that is, when it is under- 
loaded, a wave form is obtained as illustrated in F ig. 4-8 (c). 
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milar to Fig. 4-8(0), except that there are fewer high- 

| scillations and these are of lower amplitude. Ht, 

— @ length of tubing or load across the secondary is. 

a wave form such as shown in Fig. 4-8(d) is obtained. 

ations are not only of higher amplitude than those in 

(b) but are prolonged throughout each half cycle so 

lly exist for a longer period of time. The peaks of 

t rather high voltages which become even 

onger length of tubing is applied. 

mparing Fig. 4-8(d) with Fig. 4-8(d) shows that the 

a Pigs of excessive peak voltages and high frequencies 

he overload condition of Fig. 4-8(d) causes a severe strain 

the insulation of the transformer and the other parts of the 

Be cltage circuit. For this reason sign men must take the 

ot precaution to prevent overloading of sign transformers ; 

therwise transformer burnouts will occur, and frequent re- 
‘ 

, . 

7 will be necessary. 

Bs onetic-shunt or leakage-reactance type of trans- 

former, as the type of transformer described above is called, i 

a very poor power factor. ‘That is, the apparent powers t- 

amperes as measured by the product of the primary vo tage 

and primary current is much greater than the actual power in 

watts consumed. Since meters used in electric lighting ‘circuits 

measure the true rather than the apparent power, this fact is 

of great importance only in special cases. In many municipali- 

ties, power factor of 90 per cent or better is demanded, and it 

is desirable to correct the power factor of neon transformers. If 

a standard low-power-factor transformer (approximately 90 

per cent power factor) is in use at the time, it is necessary to 

correct the power factor to that prescribed by law. ‘The method 
of doing this is described in a later section (page /9)- 

Transformers can be obtained with power-factor correctors 

mounted in the same casing as the transformer. ‘These are more 

expensive than the low-power-factor type but are less expensive 

than special condensers designed for use with low-power-tactor 

transformers. : 

Transformer Ratings. The power which a transformer can de- 
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liver is limited by its size. It is important to buy the size of. 
transformer best suited to the job, as an oversize transformer jg 
expensive in. the first place and is inefficient when underloaded, 
while the undersize transformer will be overloaded and may 
cause flickering or strain and subsequent burnouts, as explained 
in the previous paragraph. Transformer ratings, which show the 
type of work for which the transformer is designed, must be con- 
sidered carefully in ordering transformers from the manufacturer 
or supply house. 

Transformers are rated by (1) primary voltage; (2) the 
power frequency, that is, 60, 50, or 25 cycles per second; (3) a 
primary volt-amperes (the product of the primary volts times 
the primary amperes when operating into the rated load) ; (4) 
primary watts (the actual power consumed when operating at 
the proper load); (5) secondary volts (on open circuit); (6) 
secondary current in milliamperes for the correct operating © 
load (called operating current); and (7) secondary current 
in milliamperes for short circuit (called short-circuit current ) 
Transformers are often specified briefly by. two values: their _ 
secondary voltage and short-circuit current, since these values 
will usually fix its size. All the above factors must be considered 
in designing the sign installation. The transformer-output rat- 
ings vary from 2,000 to 15,000 volts (secondary on open cir- 
cuit) and from 18 to 120 milliamperes (secondary on short 
circuit). When the secondary voltage exceeds 7,900, the center 
tap of the secondary winding must be grounded. 

For each size of transformer, there is a definite limit to the 
number of feet of tubing which can be handled. This limit de- 
pends upon the kind of gas used, the diameter of the tubing, 
and whether the tubing is filled with gas only or with a gas- 
mercury combination. The methods for matching the trans- 
former to the tubing and testing for proper loading are treated 
in detail in Chap. 6. — a : 

It is always desirable to choose a transformer to fit the foot- 
age and to use nearly the maximum footage allowable for that 
transformer. In this way, it is fairly safe to assume that the 
transformer is neither overloaded nor underloaded. Actually, 
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: the number of feet which can be operated from. a 

“ Bese rmer is adjustable, since the correct current will 

BF imnost regardless of the length of the tube, so long as the 
flo 

d lower limits are not exceeded. It is very important 

of cours 

‘upper an 

hen desi Ge a ke into consideration the primary voltage existing at the 

= itself. Many signs may be properly designed according to 

4 Ee tage chart but may not operate efficiently or may 

ec Be cause the actual primary voltage at the source is 

a the rated primary voltage of the transformer. The 

cary voltage is directly proportional to the actual voltage 

enating the proper number of feet for a transformer 

(a) 
Fic. 4-9. Two types of neon transformers in general use. (a) Standard out- 

- door-type transformer. (6b) Core-and-coil transformer used mainly for 

indoor jobs. 

applied to the primary. If the primary voltage is low, the sec- 
ondary voltage will be correspondingly lower. Therefore, a 

standard transformer carrying the rated number of feet of tub- 

‘ing may be overloaded because the primary voltage is lower 

than the rated value. 

Physical Construction of Tube Transformers. The physical 

construction of the luminous-tube transformer as shown’ in 

Fig. 4-6 depends upon its intended use and also to a certain 

extent upon the manufacturer’s design. The windings must be 
thoroughly insulated from each other. For this reason, layers of 

heavy paper, mica, or approved insulation are used between 
each layer of each winding. For low-voltage types (2,000 to 

F 5,000 volts), one magnetic shunt is used [see Fig. 4-9(b)] and 
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the secondary winding is completely insulated. For the higher. 

voltage types (up to 15,000 volts), two shunts are used in q_ 

balanced construction and the middle point of the secondary 

winding is connected, or “grounded,” to the case of the trans- 

former. In this way, the maximum voltage of either high- 

voltage terminal is never higher than half the terminal voltage 

aboveground. This reduces the strain onthe insulation and 

balances the high-voltage circuit. | | 

The coils wound on the core are fitted with leads and the 

whole transformer is inserted in a metal case. ‘The case is then: 

filled with an insulating compound which completely encloses 

the transformer. This compound provides insulation, keeps 

_ moisture away from the windings, and assists in keeping the 

transformer cool. The metal case is fitted with low-voltage ter- 

minals which connect to the low-voltage primary winding and ~ 

with high-voltage bushings to which the high-voltage winding 

is attached. In most cases, these bushings provide a complete 

covering of porcelain, so that no part of the metallic high- 

voltage circuit is exposed. | 

The exact form of the transformer depends upon the type 

of service for which it is intended. ‘The standard enclosed type is 

mounted inside the metal sign housing. A weatherproof type 

can be hung outdoors, directly exposed to all weather condi- 

tions. A suspension type is supplied with high-voltage cable, 

low-voltage wires, and a pull-chain switch for use in a store 

window or other display. The electrode-receptacle type has 

special housings, not unlike the porcelain housings already 

described, into which the ends of the tube may be fitted. In this 

type, the transformer case takes the place of the metal sign box — 

and is often colored to improve its appearance. 

The core-and-coil type of transfomer is not mounted in a case 

and for this reason is considerably cheaper. Such transformers 

are used only in indoor installations where they can be thor- 

oughly protected both from the public and from the weather. 

They are provided with voltage ratings of 2,000 to 7,500 volts 

but not higher. This type of transformer has not secured ap- 

proval of the Underwriters’ Laboratories except when used in a 
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y pleted sign unit, inside the sign housing, and protected in 

PP ay that it cannot be tampered with. : 

. DF factor Correction. As stated previously, laws have been 

e ‘n many municipalities which require high-voltage 

a former installations to maintain a power factor of 90 per 

A or better. These laws have focused the attention of the 

tube trade on the question of power-factor correction. 

‘ 

assed 

cen 
Juminous- ae so 

In direct-current circuits, the power (in watts) supplied to 

ss electrical device is always equal to the product of the volt- 

- (in volts) times the current (in amperes). In the alternat- 

jng-current circuits used in luminous-tube installations, the 

| power is less than the product of the voltage times the amper- 

age. To find the power supplied to an alternating-current cir- 

d cuit, the volt-amperes (the product of the volts and the 

amperes) are multiplied by the power factor. Thus, if a trans- 

former draws 5 amperes at 115 volts, with 80 per cent power 

- factor, the volt-amperes are equal to 5 K 115=9575. The 

power is equal to 80 per cent of this, or 575 <x 0.80 =.460 

- watts. The higher the power factor, the closer the wattage ap- 

proaches the volt-amperes. 7 3 

The desirability of a high power factor arises from the fact 

‘that the higher the power factor, the lower the line current, 

for a given input wattage to the transformer. ‘Thus a 500-watt 

_ installation on a 115-volt circuit draws 4.8 amperes from the 

line at 90 per cent power factor. At 50 per cent power factor, 

typical of many uncorrected transformers, the line current for 

the same installation is 8.7 amperes, or nearly twice as great. 

The increase of current causes a loss of power in the supply 

circuit, for which the customer does not pay since his meter 
registers only the watts consumed. The line losses must be borne 

by the power company, which can do so only by increasing the 

rate. Thus, in the interest of economizing power and maintain- 

__ ing a low-rate service, many power companies require that the 
_ power factor be kept above some specified minimum, usually 

_ 90 per cent. The legislatures in many states have backed the 
POwer companies in the interest of economizing electric power 

_ by passing laws prohibiting low-power-factor installations. 
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High-voltage luminous-tube transformers can be obtained in. 

either the standard type or the power-factor-corrected type, 

The standard-type transformer has a power factor of approxi- 

mately 50 to 55 per cent. ‘This low value is due to the magnetic 

shunt, which limits the output current by shifting the magnetic 

lines of flux as the load changes. ‘This shunt introduces elec- 

trical inductance into the circuit, and this inductance causes 

the low power factor. 

The power-factor-corrected transformer has been designed 

by the manufacturer to give a power factor of 90 per cent or, 

better. This increase in power factor is accomplished by the 

use of special windings and condensers as indicated in Fig. 4-10; 
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Fic. 4-10. Schematic diagram of a high-power-factor transformer. The — 

special primary winding and the condenser are both placed in the same 

case with the neon transformer. | 

_ Power-factor correction on existing installations can be at- 

tained in either of two ways: by the use of condensers placed 

across the primary of the transformer, or by the use of a capaci- 

tor-transformer which is connected in the primary circuit of 

the transformer. _ ° 

To correct power factor by inserting condensers across the 

primary as indicated in Fig. 4-11, it is necessary to use a high 

value of capacitance. For example, to correct to 90 per cent 

the power factor of a standard 15,000-volt transformer pro- 

ducing a secondary current of 30 milliamperes and operating 

on a 115-volt primary circuit, there will be required a capaci- 
tance of approximately 70 microfarads. The same transformer 

designed to operate on a 220-volt primary, instead of 115 volts, 

will require only approximately 18 microfarads across the pri- | 
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a ive 90 per cent power factor. A similar transformer 

snerating on a 440-volt primary circuit will require only about 

4 microfarads. It can be seen from the example above that as 
he primary voltage is increased, the amount of capacitance 

necessary to correct to the proper power factor is materially 

E. duced. To take advantage of increasing the voltage to reduce 
* capacitance, the capacitor-transformer has been developed. 

The circuit diagram of this unit is shown in Fig. 4-12. It con- 
a& 
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Fic. mit. Power factor of a transformer can be corrected by placing a con- 

denser across the primary line. 
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Fic. 4-12. Power factor of a transformer can be corrected by use of a_ 

capacitor-transformer of proper value. In most units of this type only two 

input terminals are used. The device is placed across the primary line. 3 

sists of a special autotransformer with a condenser placed across 

the entire coil, which may have a voltage of 440 volts or 660 

volts. This unit is placed across the primary line. 

Capacitors for power-factor correction are rated in micro- 

_ farads, and range from about 1 to 50 microfarads. The higher 

_ the power of the installation, and the lower the power factor, 

_ the larger the value of capacitance required to correct the 

power factor. The capacitors used should always be of the 

_alternating-current type. The voltage rating of the capacitor 
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must be rated for the primary voltage for which it is. intended, . 

Correction of power factor on existing transformer installations — 

is always applied on the primary side of the transformer, and _ 

the capacitor should be connected directly to the primary 

terminals of the transformer, not to a fuse box or other outlet 

feeding several circuits. | 

Rotary Converters for Direct-current Operation. Alternating 

current, required for every high-voltage luminous-tube sign, 

is by no means universally available. In many sections, par-_ 

ticularly in the built-up business districts of the cities, direct. 

current is provided by the power companies. In such cases, it 

becomes necessary to employ some sort of machine for con- 

verting the direct current into alternating current. The most 

common machine for doing this is the rotary converter, so called 

because it is a rotating machine (closely resembling an electric 

motor in outward appearance) which converts direct into alter- 

uating current. The rotary converter has two sets of terminals; — 

the input terminals are connected to the direct-current supply, — 

while the output terminals, which provide the alternating cur- 

rent, are connected to the tube transformer. The converter 

rotates as a motor, and its speed of operation depends upon the — 

direct-current voltage which is supplied. If this voltage is lower 

than rated, the speed of the converter will be below normal. If 

this is the case, the frequency of the alternating current, which 

depends upon the speed of rotation, will be lower than normal. 

If a transformer is operated on alternating current of lower 

than its rated frequency, the transformer will take excessive 

current and may burn out; in any event, the operation will be 

~ uneconomical. Hence it is important to see that the direct-cur- _ q 

rent supply is up to normal and also to see that the converter 

is not overloaded. Measurement of the input direct-current 

voltage with a voltmeter and of the speed with a tachometer 

are recommended. | 

The converter must, of course, be large enough to supply the 

load that it must carry. Converters are usually rated in volt- — 

amperes, the product of the output alternating-current volts 

times the output alternating-current amperes. The sum of the 
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3 : eres of all the transformers to be operated from the 

ee must not exceed the rating of the converter; other- 

 . will be overloaded and will not come up to proper speed. 
r converters are built so that they require practically no 
BY Bion except occasional oiling of the bearings. 

‘a If the transformer which loads a rotary converter is of the 

jow-power-factor type, serious arcing at the brushes and com- 

‘mutator of the converter will occur. To prevent this, two al- 

“ternatives can be used. The first is the use of a special converter 

having separate direct-current and alternating-current wind- 

| jngs (an expensive type of machine), or else the power factor of 

the transformer load can be corrected by the use of capacitors. 

The-latter method is usually to be preferred, because it is the 

most efficient. By the use of power-factor-corrected  trans- 

~ formers which add very little to the cost, the volt-ampere 

- capacity required of the converter can be reduced sometimes 

~ almost to one-half, and therefore the cost of the machine 1s 

3 considerably reduced. 

Inverter Transformer. Another method of converting direct 

current to alternating current occasionally used for neon-tube 

Se work is the inverter transformer. This transformer uses a 

 yibrating-reed interrupter and is usually adopted for smaller 

transformers for operation from storage batteries. ‘The average 

__. life of the vibrating-reed unit exceeds 3900 hours; the unit is 

easily replaced. There are two types supplied: one for 6-volt and 

the other for 12-volt storage-battery operation. Inverter trans- 

formers will supply 6,000 volts at 10 milliamperes. Table 4-1 

illustrates the average safe operating footage for this type 

of unit. 

Table 4-1. Inverter Transformer for 6- or 12-volt Battery Operation* 

(Average safe operating footage) 

Red neon tubes Mercury tubes 

Tube diameter, millimeters... . 

Number of feet 
4 a 72d rat 18 a eA Hg Op alg a0 ec 

20 25 NZ EL IOS 251-20 1725 12 1 
I tos SIR ey es Pe A Bee eo Oe ks 

* General Electric Company. 

SEe@ereyee oof os oe 9 6 6 eS. 6 
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Low-voltage Wiring. The wiring between the low-voltage. 
side of the transformer and the power circuit must usually be 
installed by the sign craftsman, and regulation electricians’ 

practice must be followed. The types of wiring and switchin 

for this low-voltage circuit have been standardized by the elec. 
trical industry. The chapter on electrical practice describes 
the materials and methods used. | 

Other Electrical Equipment. Among the most important elec. 

trical devices used with sign installations are the automatic — 

switches (flashers, spellers, etc.) which are used to produce. 

animated effects. Chapter 12 has been specially devoted to the 

various switches for animation, time control, etc., with descrip- 

tions of the various ways in which they are applied. 

Special equipment may also be required in certain installa- 

tions to suppress radio interference. The procedure is usually — 

dictated by the particular installation and, hence, is considered — 

in detail in Chap. 13. 

FUNDAMENTALS OF LUMINOUS-TUBE MANUFACTURg 

CHAPTER 5. 

The Types of Signs 

Sign Backgrounds. Besides the luminous tube and the electri- 

‘cal equipment necessary to light it, there is another fundamen- 

Bil part of the luminous-tube slgn witch has received only - 

r. passing attention thus far. It is the sign background, which 

shows off the tubing to best advantage. A good part of the sign- 

| making business consists of designing, building, and erecting 

these sign backgrounds. ‘The development of interesting design 

; layouts for signs is one of the essential factors in this industry. 

Although the many different types of sign backgrounds built | 

today are similar to styles used for the past decade, the use of 

new ideas, the arrangement and kind of tubing, the color 

scheme, and the modernistic effect of the sign itself become im- 

- portant factors in the appearance of the present-day finished 

e sign. | : 
____ Signs can be divided into two classes: spectacular signs and 

. general signs. Spectacular signs are those which have been de- 

signed to attract immediate attention by some spectacular fea- 

: ture, such as those signs which are designed by Douglas Leigh, 

one of the foremost sign designers in this country. 

A good general sign background is designed by applying 

_ certain fundamental principles which make the sign not only 

attractive but also readable without undue glare. Excessive detail, 

small lettering, letters too close together, too many color combi- 

nations, and other factors which tend to blur the letters and 

fatigue the eye may cause an expensive sign to be a poor adver- 

_ tising medium. Therefore proper care must be applied in this 

phase which starts at the drafting table when the sign is first 
— conceived. 

85 
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Outdoor Signs 

1. The Swing Sign, or Projection Sign. The swing sign, shown 

in Fig. 5-1, is hung from a bracket so that it may swing freely, 

Usually a swing, or projection, sign is fitted with tubing on 

each face, in which case it is known as a double-face swing 

sign. Occasionally, only one face is fitted with tubing. The 

Fic. 5-1. Swing sign. 

dimensions of the sign vary widely according to the particular 

installation. ‘The metal sign box usually contains the trans- 

former. In rare cases, the transformer may be mounted inside 

the building, but the long length of high-voltage cable required 

makes this an undesirable type of installation. If the sign is of 

the flashing variety, both faces may flash together or alter- 

nately, one after the other. The projection, or cantilever, sign is 

similar in construction to the swing sign, but the end is mounted 

flush on the side of the building without the use of outside guy 

bracing. A typical projection sign is shown in Fig. 5-2. 

2. The Upnght Sign. Figure 5-3 shows a typical upright sign, 

so named for its upright position. Such signs are usually longer 

and narrower than the swing sign and are mounted on several 

brackets attached to one edge. A combination of wire, chain, 

or angle-iron bracing is often used for support to the building. 
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4 _.sansformers are mounted inside the metal box. ‘This type 

4 pe i... especially well adapted for large letters visible at a 

ace and for taking advantage of the vertical length of a 
— dis 

eat Signs. Wall signs, sometimes known as belt signs, are 

q d ‘i ned to lie flat against the building (Fig. 5-4). They are 
| Baty signs of such height and length as to take advantage 
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Fic. 5-2. Projection sign. Fic. 5-3. Upright sign. 

of the space available on the face of the building on which they 

are mounted. The construction of the metal box for a wall 

sign is similar to that for either the swing or the upright sign 

with the transformers mounted inside the metal box. 

4. The Outline Skeleton Signs. Long lengths of tubing without 

a metal box background are often used to outline the edges of 

buildings, canopies, faces of buildings or other permanent in- 

stallation. The tubing is mounted either against a wall, back- 

ground, or projection by use of long elevation posts. ‘The elec- 

trodes may be protected by special housings, usually of the 

double type, so placed that there is complete drainage for rain 
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or moisture. ‘The transformers are placed either on the building . 

itself in proper weatherproof boxes, or weatherproof trans- 

formers may be used. Short high-voltage cable leads should be. | 

used to prevent high-capacity effects. Sometimes transformers 

may be mounted on the inside of the building. 

9. Roof Structures. Roof-structure signs may be of many _ 

different types, depending upon the location and amount ‘of 

Beer Vous 
ON DRAUGHT JJ 

Fic. 5-4. Store front, showing wall, vestibule, skeleton, and border-type signs. 

space available. In general, a roof structure can be in either one 

of two classes. ‘he open roof structure shown in Fig. 5-5 con- 

sists of a framework of flat iron members properly designed 

from a structural point of view and thoroughly secured to the © 

metalwork of the building itself. It is important to note that 

with a structure of this type, careful consideration should be 

given to the additional weight applied to the beams of the 

building. Reinforcement sometimes may be necessary. 

A structure of this type is usually designed for a location 

where large letters are employed for long-distance display. The 

pes OF SIGNS e? 

re individual units complete with tubing and including 

On very tall letters, the individual letters are 

smaller units which are fitted together on the 

rue TY 

letters 4 
tI ansformers ; 

gubdivided into 
ae cture itself. : ‘ 

3 ther roof structure may be of the billboard type, which 
- Lis of flat board reinforced by a metal facing on which 
- 

d the tubing. The transformers may be mounted in 
ip 4tth metal cases or may be of the weatherproof type. In some cases 

Fic. 5-5. Roof structure. 

reflectors are used. Roof structures may have a combination 

of luminous tubing, incandescent bulbs, and reflector lamps. 

6. The Pedestal Sign. A box-type sign mounted on the top of 

a metal or masonwork pillar, as shown in Fig. 5-6, is known 

as a pedestal sign. This type is popular for use in gasoline serv- 

_ ice stations and wherevere there is no building or other support 

‘upon which to mount the sign. 
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7. The Vestibule Sign. The vestibule sign is mounted either 1 | 
outside the door of an establishment or inside the vestibule or 
in the place occupied by the door transom, as shown in Fig, 
9-4. The sign does not differ from the swing or wall signs 
except in its location. 7 

8. The Marquee. The theater-type display shown in Figs, 
5-7(a) and 5-7(b), is known as a marquee. It is mounted on the 

Fic. 5-6, Pedestal sign. 

special iron structure projecting over the sidewalk. It is almost 
always found in front of theater entrances. In this type of sign, the 
luminous tubes may be only part of the illuminated display. 
Incandescent lamps may be combined with the tubing. The 
removable opal-glass or plastic-letter signs such as are used 
to announce the picture currently showing at the theater may 

ak 
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| unded by a decorative tube border. Fluorescent tubes 

i aa ‘no used in solid bank to illuminate the space under- 

are also "9 e ce the combination giving 4 brilliant display 

oc an light to illuminate the entrance to the building. 
eeor c ; 

{ | -,. ein Sign. The skeleton sign is a continuous tube 

Re i d into the desired reading matter. ‘The glass tube itself 

. ‘on without a solid metal background. In some cases, 

i enon Pegi may have a skeleton metal frame for mounting 

& 

Fic. 5-7(a) ; The marquee sign, used by theaters and restaurants. 

the glasswork to reinforce the whole unit, preventing strains — 

and providing additional strength. A skeleton sign may hang 

from either a metal box or a special skeleton type of trans- 

former which is mounted on the ceiling. In the latter case, the 

sign should not be supported entirely by high-voltage leads to 

which the electrodes are attached, but should have additional 

fine wires from either the ceiling or the metal box attached to 

the glasswork. In some cases, especially for small skeleton 

signs, the tubing is part of the hanging transformer and is 

directly attached to the transformer housing box so that the 

_ tubing and the transformer comprises one unit. “te 
_. Transformers for skeleton signs are also available in whic 
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the two electrode housings form part of the metal ‘container, - 
A skeleton sign is made up and mounted to brackets attached 
to the case, whilé the electrodes fit into housings with spring 
contacts. As a rule, these units are not hung from the ceiling 
but are mounted on the window sill, counter, or any other 
available space. 

Where a skeleton sign is used in combination with window- 
outline tubing, the sign may be suspended itself from the ceil- 

Fic. 5-7(6). A typical marquee. 

ing and suitably connected in series with the outline tubing 
from the same transformer. The tubing is so designed that the 
transformer will be connected to the nearest two electrodes. 

2. The Indoor Box Sign. Although used only for directional 
signs, small complete metal boxes may be used for indoor 
mounting. ‘The metal box is complete with tubing mounted on 
with elevation posts, electrodes insulated by small housings, 
and the transformer mounted inside the box. The whole unit 
is supported by cable, chain, or piping and may be either 
suspended from the ceiling or placed on the window sill, 

counter, or any other convenient indoor location. 

3. The Window Outline. As explained above under the 

TH 
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leton sign, the window outline can be used by itself or in 

. tion with a skeleton sign. It has become very popular 

_ ‘t attracts attention to the window while supplying 

BE jation for it. The tubing is of the outline type and is 
i © tached to the window by extension elevation posts. 

— atta 
4. The Display Sign. A popular method of using neon for in- 

Bor display is the form known as the display sign. ‘These signs 

small, usually a simple luminous-tube border of one or 
) 

more colors, perhaps with a letter or trade-mark worked into 

the tube. The border surrounds a message which can be in- 

Fic. 5-8. An electric clock with ornamental neon tubing. 

{ serted by the dealer and changed from day to day to meet the 

changing requirements of sales, menus, etc. Electric clocks are 

often mounted inside such neon borders, as shown in Fig. 9-8. 

Letter Types. The number of letter types that can be used for 

luminous-tube signs are as numerous as the ideas of the de- 

signer himself. The luminous tubing will depend upon the type 

of letter that is going to be used in the sign. ‘The sign man must 

then take into consideration not only the height, but the width 

of the letter, so as to exploit fully the tubing used in the sign. 

The bending or treating of the box and the letters of the letter 

background to emphasize the luminous tubing is a very im- 

portant factor in achieving the desired effect, not only when 

_the tubing is lighted, but also when the sign is not lighted. The 
colors for the background should harmonize with the tubing 
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and give an over-all desired effect to attract the attention of 
the passer-by. 

The simplest type of letter background is the flat lettey 
shown in Fig. 5-9(a). This is simply a letter painted on the flat 

side of the metal box immediately behind the tubing. The 
metal box using flat letters is simple to construct, and a sign 
of this type is relatively inexpensive. | : 

The raised letter, shown in Fig. 5-9(b), is a simple metal 

letter raised above the surface of the metal box and having 
the same outline as the luminous tubing. This type of letter is 
easily seen in daylight and gives a finished appearance. In 
many cases, it is made of stainless steel or stainless-steel finish. 
The raised letter may also be painted a different color from 
that of the metal box, and the same care in choosing colors | , 
should be used as in the case of the flat letter. The height, 
width, and general dimensions of the raised letters will depend 
upon the combination and design of the letter and tubing used, 
whether it is one, two, or more rows of tubing. Properly de- 
signed raised letters give a three-dimensional appearance to the 
sign, especially when viewed at an angle. 

The channel letter, either Fig. 5-9(c), Fig. 5-9(d), or Fig. 
5-9(e), is a raised letter made of metal. But instead of being flat 
on top, it hasa channel in which the tubing is placed. Channel- 
letter signs have a very clear-cut appearance and prevent the 
tubing of adjoining letters from giving a blurred and run- 
together appearance. The depth of the channel will depend 
upon the desired angle of visibility. If a sharp-angled visibility 
is desired, the channel must be relatively shallow. However, if 
a sign is to be viewed from straight ahead, with very little 
angle, then the channels can be much deeper to give a more 
striking individuality to each letter. Simple channel letters can 
be made either as shown in F ig. J-9(d), or they can be combined 
in a raised channel letter as shown in Fig. 5-9(c). 

The cutout metal letter may often be used, as shown in Fig. 
3-9 (f). These metal letters are usually placed on a box, approxi- 
mately 6 inches away from the background with neon tubing 
placed behind the letters to outline them without the tubing 

THE T at 

Fic. 5-9. (a) The flat painted letter. (b) The raised letter. (¢) Raised 
letter with shallow channel. (d) The channel letter. (¢) Channel letters 

_ With multirow tubing. (f) The cutout letter. 
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ground to get the desired appearance. 

signs. 

Metalwork. The metalwork in making sign boxes involves 
bending the sheet metal into form, cutting out individual let- 

Fic. 5-10. Various glass letter forms. (a) Script-type letters. (b) Standard 
block letters. (c) Outline letters. (d) Double-tubing letters. 

ters, drilling or punching holes, riveting, screwing, or solder- 
ing together the metalwork, etc. The art of metalwork is a 
science in itself, and many excellent reference books are avail- 
able." It is difficult in this book to go thoroughly into this sub- 
ject, and therefore only a few details which may be of help to_ 
those making their own metal signs will be given. 

“John C. Butler, “Sheet Metal Theor y and Practice,” John Wiley & 
Sons, Inc., New York, 1944. 

FUNDAMENTALS OF LUMINOUS-TUBE MANUFACTURE 
itself being visible. The letters are then reflected from the back- 

Figure 5-10 illustrates various glass letter forms used foul 
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ae #4 man or one-man establishment generally uses 

i ES his own metalwork, drill holes, cut angle 

a a these are very laborious methods, and they 

ie line: As soon as a shop has a sufficient 

: ork. it is important that the sign man take advan- 

. n | different types of machines available for doing 

tage .. iafickay. more accurately, and less expensively. 

iron, etc. 

ding sheet metal up 
-o brakes are available for ben ect | 

# Band up to 121 inches long. The combination Loe 

4 Be. simplifies the accurate bending of long lengths o 
ing Pr ttachments, all 

| | “+h use of box fingers and various a 

| - Be cicction work can be handled. ‘There are rau 

| . ale and hand punches available for punching a 
throa 

of ho n meta O oot-opera and power-operated 
1Z f holes in 1 tal. Both foot-operated | r-operated 

$IZeS O 
p p 

| ring shears are used for cutting long lengths of metal ms 

a a2 gauge. Angle-iron tools for cutting, mitering, and bend- 
= LO , 

‘ne angle iron will save considerable time by eliminating hand 
ms 

erations. A good metal shop should have hand seamers and ® 

notchers, electric drills, a bench. grinder, an pee Se 

portable unishears for cutting out letters, and many 

‘tems which do accurate work in less time. ape ots 

Sheet metal varying in thickness from gauge 3 to. stra 

versally used for sign backgrounds (see Underwriters’ spe 

tions, Appendix 1). The metals are of several varieties: galva-_ 
“2 wate) 

nized sheet iron, “galvaneal” (patented process of treating sheet ; 
, ° 

e 
on 

iron to prevent rust), stainless steel, enameled iron oe ir ; 

with a coating of enamel baked on it, similar to the finish use 

in some 
on automobile bodies), black iron, aluminum, and 1 

1st rcity of metals dur- 
rare cases, burnished copper. Due to the scarcity 

; used to a greater 
ing the past few years, aluminum has been g 

extent than before. If the proper hardness of aluminum is a 

and the proper treatment applied, quent can be as cite 

as any other metal in addition to having the ig lasik ‘ 

lighter weight. Black Carrara glass 7 to | inch thick is a 

used as a background material. 
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In the construction of a metal box, it is very important to | 
_ provide angle- or channel-iron braces inside the box to give 

the necessary rigid construction. In fairly large signs, the sheet 
metal itself is not rigid enough to prevent bending or twisting, 
In smaller signs, channel braces are constructed of the same 
metal used for the face of the sign and placed inside the box 
to give the bracing required and _ provide proper support for 
fastening the sign to the face of the building. Also, it is impor- 
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Fic. 5-11(a@). Method of mounting transformer in sign box. Security of 
support, air ventilation, water drainage, and ease of removal must be 
considered. 

tant to provide special angle-iron braces within the sign itself 
for properly supporting the transformer or transformers, at the 
same time providing ventilation and proper water drainage. 
Figures 5-11(a@) and 5-11(b) show the method of placing and 
supporting the metalwork and the transformers. 

Sign-hanging Methods. Hanging a sign so that it is mechani- 
cally secure is an art in itself. Many tubing manufacturers have 
found it wise to secure the services of professional sign hangers 
who are thoroughly familiar with the work, particularly if the 
sign is large and heavy. Sign hanging is a dangerous business 
unless carefully done, and in busy districts the hazard to the public 
is considerable unless the work is done by competent men. 

PT 
y 

a hanging pole, 

a ' | stays a 

7 wall is usually 
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3 | 

ee . o the Sia sign is supported at the top by brackets, 

_ it into the sign itself. From the forward edge of the 

ee uy stays are strung to the building wall. ‘These stays 

rd Bere the sign to the wall on either side. They may 

of wire, chain, or even of solid iron. ‘The wire or chain 

: htened in place with turnbuckles. The fastening at the 

a an eyebolt fastened with a lead expansion bolt. 

should be large enough and firmly embedded to sup- 

en safely, even when the sign is covered with ice or 

run upw4 

This bolt 

port the sl 

subjected to heavy winds. 

5-11(b). This view is from the bottom of sign box and shows the 
Fic. 
transformer supports. 

Upright Signs. The bracing structure for upright signs. is 

provided by channel- or angle-iron braces which fasten to the 

wall. The side bracing is also used to prevent swaying and should 

be very strong. Angle- or channel-ifon cross bracing should be 

used within the sign itself, extending out at a 45-degree angle 

to be fastened to the wall. 

Wall Signs. The wall sign is fastened flat against the building 

wall with expansion bolts. Stays or extra bracing are usually not 

required, but the fastening bolts should be strong and firmly em- 

bedded in the wall. 

- Roof Structures. If the area of the sign is large, the force of 

even a moderate wind will blow a roof structure over unless it 1s 

strongly built and well fastened to the roof. 3 

Projection Signs. The projection sign (sometimes called the 
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cantilever sign) is a modified type of swing sign projecting out 
toward the street with one side flush against a building. This type 
of sign is usually built in combination with a wall sign, the two 
units blending together in a modernistic design. | 

The general procedure in sign hanging is as follows: A sketch 
is made of the sign and its supports, and the weight to be carried 

Fic, 5-12. To insure safety of both the workmen and public, the erection of 
a sign must be carefully planned. 

by each support is estimated or computed. For safety’s sake the 
actual weight of the sign should be multiplied two or three times. 
If the sign hangs down directly from two vertical supports, each 
support carries half the weight. If more supports are used, the 
weight is divided among them. This is true only if each support 
actually carries its full share of the load. If chain or cable supports 
are combined with solid angle-iron supports, it often happens 
that most of the strain is taken by one support. If the chain or 
cable shows any slack, it is not carrying the load and will serve 

a. 

F yrES oF SIGNS 7 Reeth 

j j 4s a safety measure in case the other supports fail. Chain or 

oe supports are suitable, however, if so placed that the weight 

? ; ion fully takes up any slack. | 
of the f a upport member does not fall vertically but is fastened 

4 a. t 4 an angle to the wall of the building, the strain on the 

Pe : reases. If the angle of the chain is 49 degrees to the 

a % a example, it carries about 40 per cent more load than 

Be cs vertically. If the angle to the vertical is greater, the 

a rapidly increases. For this reason the main support should 

- a large angle to the vertical, preferably not more than 

a ees, Chain supports at the side of the sign to prevent 

swinging carry much less load under ordinary circumstances. If 

the area of the sign is great, however, large side stresses will arise 

Benen the wind blows even at a moderate velocity. An occasional 
r vy blow may put a severe strain on the side guys; $0 in general 

. they should be figured for as heavy a load as those which support 

the weight of the sign. | 

— Chain and cable are available for supporting the weight of even 

the largest sign. The cable is ordinarily fastened to wall brackets 

_ or eyebolts, which are secured to the wall by lag screws. ‘These 

should be thoroughly anchored by the use of expansion bolts, or 

where possible by taking the bolt through the wall and securing 

_ it on the inside with a large washer and nut. A variety of shackles, 

wire rope clips ( cable clamps), rope thimbles, and turnbuckles are 

available for finishing off and tightening cables. : 

_ The tensile strength of the sign hardware used in hanging the 

completed sign not only depends upon the item itself, but also 

upon the material into which it is secured. A lag screw may have 

a higher tensile strength than required for a job, but the expansion 

_ bolt into which it is fastened may not be properly secured into the 

brick or concrete, and therefore the whole constitutes a hazard. 

In cities which require inspection of sign installations, it is de- 

sirable to obtain from the inspector in charge a set of requirements" 

which must be met before the installation is approved. In any 

event, it is advisable to err on the side of caution in erecting any 

_ Sign over a public thoroughfare, not only during the erection but 

_ thereafter during the life of the sign. 

- yertica 
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CHAPTER 6 

Designing the Sign 

f : 

Sign-making Proesdulié Of the many possible ways of gomg 

about the business of making a neon sign, the following general 

| procedure has been found to be the most satisfactory. First, a 

preliminary, Or “artist’s,” sketch of the sign is made, more or less 

q jn detail but on a reduced scale. This sketch shows the message, 

q the type of letters, the colors, and the style of mounting to be 

~ ysed in the sign. It is submitted to the customer for his approval. 

| With it is often submitted a statement showing the cost of the 

complete sign, the manufacturer’s guarantee, and an estimate of 

the cost of operating the sign. 

a If this preliminary sketch is accepted by the customer, a com- 

a plete mechanical drawing, or working layout, is drawn, which 

a gives the details of every part of the sign, including metalwork, 

a glass bending, electrical apparatus, and connections. This lay- 

= out is drawn full size on heavy drawing paper. All dimensions, 

a locations of drill holes, etc., are accurately located on it. The 

q layout serves many purposes. From it are prepared the glass- 

_ bending layouts, the metalworking templates, and the tubing- 

connection diagram. From it is made a list of parts required, the 

a ntber of feet of tubing, the type and number of transformers, 

the number of electrodes, etc. The layout is an almost indispen- 

sable aid in computing costs, both of materials and labor. And, 
finally, it serves as a permanent record of the sign and its con- 

4 
a 

4 
y 
o 

struction, for use in repairing and replacement after the sign 

has been installed. For this last reason, the complete working 

layout should be carefully preserved at least until the sign is no 

_ longer i in service. 

After the working Boe is completed, an asbestos glass- 
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tubes to shape, using the asbestos layout as his guide. The metal. 
work is based on a drilling and mounting template, which is like. _ 
wise prepared from the complete layout. The electrical apparatus 
is taken from stock, as indicated by the layout list. The completed 
tubes are pumped, bombarded and filled, sealed, aged if neces. 
sary, and mounted on the sign box. The electric wiring is then 
completed, and the sign, properly painted, is ready for installa- 
tion. Each step in this 

pages. | 

The Preliminary Sketch. The preliminary sketch, or artist’s 
sketch, is intended to illustrate to the customer the design of the 
sign as it will appear when completed. It may be very elaborate in 7 
colors, showing a detailed picture of just what the sign will look 
like. Such detailed sketches are very useful in capturing the cus- | 
tomer’s order by appealing to his fancy. The sketch may, on the 
other hand, be a very rough outline penciled in the salesman’s 
notebook, or it may be merely an oral description of what the 
customer expects the sign to look like. In every case, the pre- 
liminary plan must show the message of the sign, the type of 
mounting, the colors to be used, and in most cases the style of 
lettering desired. 

A highly effective way of presenting the appearance of the 
sign to the prospective customer is the use of sample letters made 
of clear and fluorescent tubing, fitted with electrodes, pumped 

and filled in the usual way, and connected by individual switches 
to a small transformer mounted inside a carrying case. These 
sample tubes are illuminated in the presence of the customer to 
obtain his reaction and to allow him to choose from among the ~ 

many available colors. Preliminary sketches have also been made 
on paper with the use of fluorescent paints which are illuminated 
by a small portable ultraviolet or black-light lamp. 

The Master Pattern or Working Layout. It is the duty of the 
layout man (in small plants this man may also be the owner, 
salesman, glassworker, and pump man) to take the preliminary 
sketch and to draw from it the complete, accurate, full-size layout 
(Fig. 6-1) from which the metalworker, tube bender, and elec- 
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bending layout is made from it. The glass blower then bends the a 

procedure is taken up in the following — 
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ig do their work. The amount of detail information 
rician may i idely in different plants, but Y 4 this layout contains varies widely in difterent p , 
which mmended that it contain every possible fact about the 
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*. ec layout man may confer with the other workers in the 

re deciding on the layout, but all the facts should 

sheet, regardless of who originated them. 

it is T 

Biont befo pL 

a r on the layou 
appe4

 

Fic. 6-1. A section of a complete master pattern. 

The layout may then be taken as the complete record for cost 

computation and subsequent repair work, without fear of ‘omis- 

sion of some vital feature. | 

With this idea in mind, it is recommended that the original 

layout contain the following items, either on the layout sheet itself 

or on specification sheets attached to it: 
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1. The design of the metal box, in full size, showing letter J 

types; layout of metal trimming and ornaments; the meta] _ 
supports for strengthening the box, such as atiels flat, or 
channel iron; and methods for fastening the entire sign 
to the ail Ags 

2. The location of all mounting holes for elevation Posts, 
electrode receptacles, and cable supports. 

3. The kind and color of either clear- or fluorescent- “glass 
tubing for letters and borders. 

4. ‘The diameter of the tubing in millimeters. 

3. The length of each tubing unit, including bend backs and 
returns in feet and inches, showing the position of ‘the : 
electrodes. 

6. The kind of rare gas required for each section of tubing 
and whether or not mercury is required. 

7. ‘The pressure of gas inside each section of tube. 
8. The location and kind of electrodes to be used in each 

section of tube. 

J. The type and location of each transformer, locating the 
necessary holes in the metal box through which transform- 
ers can be inserted or taken out from the inside. 

10. The type and location of flasher, speller, or any other | 
animating switch. 

11. ‘Lhe complete wiring diagram, showing high-voltage wir- 
ing, cable, jumper wires, etc., and the low-voltage wiring, 
switches, time clocks, etc. 

Designing the Tube. It is clear that the layout cannot be | 
drawn up until the basic design of the sign has been developed 
from the artist’s sketch. This depends upon the tubing. The tube 
design is the selection of the color and kind of glass to be used. 
When this has been decided upon, the first job is then to design 
the letters and borders, using the tubing selected which can be 
clear, colored, or fluorescent tubing. Table 3-10 (page 63) can 
be used as a guide to select the kind of fluorescent glass necessary 
to give the desired color effect. To obtain the optimum value of 
gas pressure for neon tubing using clear glass and neon gas only 
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proper Gas Pressures for Sign and Cold-cathode Tubing 

5 Tubes of Standard Length, at Least 4 Feet Long * ple a 
_ Neon-filled 

Transformer rating, milliamperes 

Diameter of tubing, millimeters 30 60 

Neon gas pressure, millimeters 

eo 

7 16 18 

8 15 17 

9 14 16 

10 pe 16 

Ao 14 oes 

13 10 12 

15 8 10 

18 Mae 9 
20 Gre 9 

25 7 8 

Mercury-filled Tubes, Either Clear or Fluorescent, of Standard Lengths, 

at Least 4 Feet Long* 
ai 

: a Use 6- to 7-millimeter No. 50 (B-10) gas pressure for all diameters for 

| Q-milliampere transformers. 

- on ‘a to 8-millimeter No. 50 (B-10) gas pressure for all diameters for 60- 

milliampere transformers. 

) Fluorescent Tubes Using Neon Gas Only without Mercury, 

of Standard Lengths, at Least 4 Feet Long* 

4. Use 5-millimeter neon gas pressure for diameters 12 millimeters and larger. 

a 2: Use 7-millimeter neon gas pressure for tubes 11 millimeters and smaller, 

Mercury-filled Cold-cathode Tubes Operating on High-voltage i 

100-milliampere Transformers or on 900-volt 120-milliampere Ballasts 

i. Use 5- to 6-millimeter No. 50 (B-10) gas or argon gas for diameters 15 — 

millimeters and larger. 

2. Use 6- to 7-millimeter No. 50 (B-10) gas or argon gas pressure for tubing 

smaller than 15 millimeters. 

Be olé-cathode Tubes of 25 Millimeters Diameter, 8 Feet hang: Operating on 750- 

or 800-volt 120- milliampere Ballasts 

_ Use 4-millimeter argon gas. 

-* Note: If the tubing units are less than 4 feet long, a higher gas pressure 

_ must be used than that indicated above. We would suggest at least 2 millimeters 

more gas pressure above the values shown. 
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and also for mercury and fluorescent tubing, both for signs. and 
cold-cathode lighting, Table 6-1 indicates the best values. 

After the proper color glass has been chosen, the size of each | 
section of tubing must be determined. Consideration must be | 
given to the shape and length of the particular letter, not on] 
for maximum efficiency but also for ease in handling when ip. 
stalling. Awkward sections of long lengths may result in exces. 
sive breakage. At the same time, the tubing units should not. 
be made too short because each section and set of electrodes adds __ 
1 foot to the total length of tubing. Too many short sections will 
decrease the amount of tubing that can be used on a particular 
transformer. Then the proper diameter is chosen to fit a given 
transformer or number of transformers and Table 6-2 can bea 
used to determine the transformer required for tubing length of 
a given diameter. A great deal of time and labor by the glass 
blower, in bending glass, can be avoided by the proper layout of 
the tube sections. | 

Metalwork Design. Once the tubing has been designed, the 
mechanical layout can then be prepared. For each electrode, the 
hole for an electrode housing or bushing must be located. Eleva- — 
tion posts should be indicated to support the tubing, at least two _ 
posts to a tubing section. It is important to place an elevation — 
post as close as possible to each electrode to relieve the strain 
at these vital points. At the same time, all other holes for screws, 
mounting brackets, etc., can be indicated in the drawing. As 
soon as the size of transformer has been decided upon (see para- 
graph below), holes for mounting it should be marked in the 
proper place. In making the mechanical part of the layout, the 
thickness, or gauge, of the metal sheet, size of angle iron and ~ 
metal supports should be given, and particular attention should 
be paid to the relation of these items to the mechanical strength ‘ 
of the entire metal box. 

Electric Design. The type and size of the transformer to be 
used depends upon the selection of the tubing, that is, whether 
it is filled with rare gas only or with rare gas and mercury, and 
on the length, diameter, and the current through the tubing. 
Using the layout sheet, or better still, the asbestos pattern, the 

s1GNING THE SIGN 

h of the tubing can be measured with a map- measuring 

= ng ‘Illustrated in Fig. 6-2. If more than one diameter or 

he! F - is used on a job, each different section should be 

— aa When the total footage has been computed, 

nese 4 indicate the type and size of transformer required. 

«i Bog exceeds the total that can be placed on one trans- 
ft 

11 

Fic. 6-2. A map-measuring wheel for abtainine. the length of tubing on a 
5 job, 

Sener, then proper division of the tubing should be made to use 

~ two or more transformers. Transformers should be placed inside 

_ the sign as close as possible to the two electrodes to which they 

are connected to avoid excessive length of high-voltage cable. At 

_ the same time, the transformer should be mounted in such posi- 

tion as to provide ample ventilation and to avoid the accumula- 

tion of water. Also, the transformer should be mounted in a 
/ convenient location to facilitate removal for servicing on the job. 

Where flashers or animators are to be used, the wiring diagram 

supplied by the manufacturer should be studied, so that the 

device can be inserted in the proper place to make the wiring 
short and convenient. When the location has been decided, the 
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Table 6-2. Transformer-footage Chart for 60-cycle Transformers 
i (Normal maximum tubing operated, based on average grade of tubing) 

‘Tube size, millimeters 

Flat tron hanging 
ue yV 

Bracesy ‘yiZ 

S d Secondary 
voliags milliamperes . 

| (rated current)! 95°) 99 | 20 | 18 | 15 | 13 | 12} 11 | 10 | 9 | ? WTA : | 
7 Outlet, ae h rr Mi. Transformer-%_ : 
Neon-filled tubes without mercury , “4 en o ears ~ 1 

15,000 | 120, 60,30 | 102) 685,78 | 72] 60)|50)|45 139133) a7 | Dy Y, a | ey AS 21. Peg lean (}oe. )150 [44:1 '40-|.34°| 27 a oN ay Z pe inal 12,000 | 120, 60,30 | 79} 67] 61 | 55 | 45 | 39 | 35 | 30°| 25 | 34 pga : : s 18 ree Sade fs 224082336) 30° 1 265)°2¢ nn o ; a 
9,000 | 120, 60,30 | 67| 57| 48 | 40 | 33 | 29 | 26 | 22 | 19 | 45 7 Covere : re 

18 Ae ale at) eer oe. | Ou ae ee opening. 
7,500 120, 60, 30 54) 41/634-1 28-1. 24|-22.|.20,. 416 | 9s.) am Y, i 18 Heil ces loa) oe) 22c) 20.|-48 | 14 1-13 es: : ee 6,000 | 120, 60,30°| 40] 34) 28 | 23.|'19.| 17 | 16 | 13°) 1141 9mm “Housings | 

18 ore neat oes. te 140.) -o) ’ | 5,000 | 120, 60,30 | 33] 28/23 |19/17115|12]/10f 9 | 4 Elevaton posts, | 
18 een cera! Ciek aa Vee Y D 4,000 30 27| 23|.49 |-46 1-13.) 11-|-10-| 8} 7am 
18 ool rehab fe Ae le Oa Ep: eg nn lk a lie ee EY a ini eet ae 3,000 30 17 eta ae tO 10 «|. 2004-8) 9s ge = al, | 18 ee eee Ae tata leo BaP hie. Gee ms eh 4 | Fic. 6-3. Complete sign layout, showing position of tubing, transformers, 

2,000 18 Lies Cale aire. |e Ge}. 52)": 5 jo4> 3a eed details of metal drilling, etc. 

No. 50 (or B-10) or argon gas-filled tubes with mercury d 3 

15,000 120, 60, 30 | 120) 100] 90 | 80 [| 72] 60 | 54 | 47 | 40132 | 
1 Se ES ry een Pie oy oP are me Pema a Me Porcelain cleats-.. Low voltage wiring between transformers 

12,000 | 120, 60,30: | 95} 79] 70 | 62155 | 46 | 42 | 36 | 30 | 25 = — = — 4 | 18 nsf Subteis 1%. [47 | 40,| 34 | 30.) 260) a ies. eta! 
‘ 9,000 120, 60, 30. | 80! 67| 55 | 45 | 40 | 33 | 31 | 26 | 23 | 48 , Beensrormer Tia 18 Ut Selbet.| 3422009602041) 196m eee rs || ||. 1/1) & GAR. 7,500 420-40, 30 | 61) -481-39°.|_ 31 | 28°] 97 | 94-1 49: 16") a a ; 18 Be AS Se Pies OB VOR og 7 ol gf See : BX Coble to 

6,000 120, 60, 30 48} 40). 32):| 26-|-23 120°}, 18°) 45. | 431 a building 
18 refs Sens a} eh OSL tee 16d o> ot 

5,000 120,60; 302.5 40; 2 33)-27-(" 225119 16 419-41 oe E A 
18 SUSE Bee SE ae CL EBT G =i Orel eae iCable * 

4,000 30 32h 27) 220148 16-1435 |-12 140) on i Support 
18 ERP l lea tt, Poet ES apet oat 1th cor oe Me ee--=7 

3,000 30 IAA) 16 te 12h 10-1074" 18: 17 ae 
? 18: Uecpsiehte ieee tO Sct 7 6a) ae dn 
2,000 18 ia ee ee 

f 

Note 1: Deduct 1 foot for each pair of electrodes from above figures. 
Note 2: These charts are recommended for either outdoor or indoor use. In 

very cold weather 20°F and below, the mercury-filled tubes will lose brilliancy _ 
with decrease of temperature. : 

Note 3: ‘The fcotage per transformer is based on rated primary voltage. If the _ 
line voltage is less than normal, the number of feet per transformer should be 
decreased accordingly. . 

Note 4: ‘The operating current is approximately 83 per cent of rated current. 
* For 50-cycle transformers, the amount of tubing to be carried by a trans- _ 

former should be decreased by 11 to 12 per cent from the figures indicated in — 
the table. 

‘Channe/ braces made from No. 24 galvanized 
iron 3 on each side 

a ‘Fic. 6-4. Wiring diagram of sign layout given in Fig. 6-3, showing one 
face of sign removed. : 



115 

:qof 
ysnig 

yso-—_ 
AyyuReNn() 

jureg 

TEIOL 

if 

MOLY} 

asus 

‘ajod 

afqnoq 

(xoq ye}9Ur) 
YoUME 

IOJINPuUOdS 
spsuIg 

jyoordasyie9M 
pl 

“ON 
A995 07 

oe 

| 

199} 
SE 

“4 

SESE 

ES 
ie, 
otha 

Ggompapysee 

| 
a 
st 

2 
Ow. 

Pes 

oS 
ordeo 

aa 
tON 

4925 

VC 

A ee 

ge 

~— 

sqyoa 

90'S 

| 

[qed 

e8e}]0A-YS1H 

8 

Spl 

es 
Pe 

ims 

ioe 

ene 

STEER) 

8L 

sseps 

[ 
‘ON 

sjsod 

uoneasly 

114 

I
L
L
 

IGNING THE SIGN SHOP PRACTicg 

ssuisnoy 
X
o
1
A
g
 

sorodureryiur 
gg 

“siJOA 
Q
O
0
‘
S
 I
 

IOULIOJSURLT, 

ysOr) 
A
y
q
u
e
n
g
 

a
d
h
,
 

) 
: 

jeMoieyy 

euaRyYy 
[RODeTy 

si
z 

[2
30
],
 

"
a
 

i 

E
E
 

L
A
 

N
Y
 

Re
 

S
O
 

R
E
L
 

E
T
 

P
t
e
 

E
E
 

Ir
e 

CR
N 

a
n
f
:
 

re
es
e 

c
e
 

sem
ere

eep
eee

 
ne
e 

e
e
 

a
 

a
 
a
 

G
d
 

R
c
a
 

as
 

ar
 

w
a
k
e
 

S
e
 

a
L
 

e
s
 

D
O
 

c
i
a
 

SL
 

“
H
Y
 

U
n
i
u
r
p
e
s
 

2
4
 

A
q
 

L
 

SM
OI
OS
 

[B
JI
UI
-J
99
Y4
C9
 

~ 
=
 

o
f
 

so
yo
ur
 

3¢
z 

A
q
 

BY
 

s1
Jo
q 

uo
rs
ue
dx
 

| 
| 

12
93

 
O€

 
0/
Z 

e8
ne
s 

QT
 

| 
ur
ey
o 

An
g)
 

a
:
 

I 
pi
ep
ur
}s
 

}0
0F
; 

OQ
] 

aj
od
 

su
rs
ue
zy
 

19
9}
 

g 
sa
yo
ur
 

7 
Aq
 

Ff
 

uo
mn
ey
 

a 

I 
pu
no
i 

yo
ur
-¢
. 

xo
q 

19
]7
]N
O 

}9
0J
 

or
en
bs
 

79
 

Pe
zI
ue
Al
eS
 

7
 

“O
N,
 

uO
LI
 

J9
90
Y4
¢ 

so
r)
 

A
l
u
e
n
®
 

. 
od
d 

fj
, 

[e
us
ie
yy
 

| 
rao 

98 
[SopIszTeIoy 

|
}
 

80
9 

po
y,
 

| 
Ch

 
|
 

Op
is
 

| 
[R
IO
L,
 

P
e
e
 

a
 

e
s
,
 

a
y
 

0
-
1
 

S
0
2
 

%
 

p
e
 

OL
 

91
 

SI
V 

us
aI
‘y
 

|
 

[O
IA
Ou
 

‘C
T 

sz
ap
so
g 

e
e
 

n
a
 

a
e
 

e
S
 

U
e
 

oy
 

0°
0¢
, 

|
 

0°
OL
 

T
h
 

a
)
 

8 
' 

SI
V 

on
g 

|
 

se
ay
o 

‘z
yT
 

OL
 

ep
og
 

a
 

e
f
 

L
e
 

S
e
 

e
e
 

an
y 

n
e
n
 

ah
 

e
M
 

ae
d 

O
s
 

R
e
 

Bae 
O
e
 

|
 

O
N
 

ot
 

8.
 

S
L
V
 

p
e
y
 

|
 

s
e
a
 

‘z
q 

OL
 

| 
s8
na
q 

"| 
Ar
mo
ar
ou
r 

se
s 

ss
e[
3 

ti
ie
: 

so
 

S1
9}

9U
I 

a
p
o
m
 

$1
9}

 
9U
I 

s
o
r
e
 

gO
 

ga
 

y
o
 

e
e
 

t
h
 

E
M
 

a
e
 

al
 

a
s
 

w
a
n
 

“
3
9
9
 

o
o
r
)
 

i
 

oe
 

t
m
 

a
r
 

3 
. 

= 
‘ 

is
 

e
e
l
s
 

I
 

To
ye
) 

ys
or
y 

T
e
g
)
 

! a
e
 

q
e
o
u
r
]
 

re
ou
r'
y 

P
W
 

e
y
 

jo
 

‘
o
n
 

. m
e
 

s
u
r
q
n
}
 

Be
 

a
e
s
 

U
I
p
e
a
y
 

SS
RI
) 

[q
of
 

qu
re
d-
ye
y 

p
u
e
 

sz
9p
i0
oq
 

us
e1
8 

Y
I
M
 

‘(
en
tq
 

ut
) 

Y
G
O
S
 

“(
pe
t 

ut
) 

S
O
N
U
 

:3
ur
pe
ss
 

uS
ts
 

SU
IM
S 

29
RJ
-2
Tq
no
cT
] 

| 
€-
9 

‘B
y 

ul
 

Um
oy
s 

UB
iS
 

10
4 

su
oy
n2
yI
DA
dg
 

*g
-9
 

a[
qn
] 



SHOP PRACTicg 

Cost 

Total 

Hours 

Labor Cost Total Costs 

Table 6-3. Specifications for Sign Shown in Fig. 6-3 (Continued) 

Job 

Electrical work on job 

Total 

Glass bending Metalwork Electrical work on sign Painting Assembling Hanging Sketching and layout Material Maintenance Overhead 

unting the flasher should be indicated in the proper > 

layout. When all the electrical devices have been 

DY ged, the wiring diagram can be drawn into the layout chart. 

ee the complete facts and figures concerning the tubes, the 

Bork, and the electrical devices on the paper layout, the 

-.. ut may be considered complete, and the design of the sign 

< fnished. The layout may then be used to draw up the specifica- 

«ons for the glass bender, tinsmith, and electrician, as outlined in 

fhe following chapters. A complete layout chart of a simple sign 1s 

+ wn in Figs. 6-3 and 6-4. This diagram shows the correct layout 

for the complete design of the sign. 

preserving the Layouts. Some provision should be made in 

a ery shop for the preservation of each layout drawing after the 

sign made from it has been installed, since these layouts are the 

nly accurate record of the signs that have 
left the shop. ‘The lay- 

outs should be kept readily accessible at all times, regardless of 

when the sign was installed. They should be located in racks 

convenient to the use of employees yet out of reach of those who 

‘have no business near them. Each layout, template, and asbestos- 

glass layout should be tagged in some logical manner, so that 

it is not necessary to look through the entire lot to find the one 

needed. A company starting in the business should not forget to 

provide ample space for this sort of storage, because the drawings 

_ will accumulate rapidly. 
| 

Cost Computation from Layout Charts. The original layouts, 

~ metal templates, and glass-blowing layouts provide excellent bases 

for computing sign costs. Practically every item which goes into 

= the construction of a sign can be taken from a well-drawn layout. 

. From a list of such items, the cost of materials can be readily 

computed (see Table 6-3). Labor costs, both of tubing and of 

the metal box, can also be estimated from layouts, since the 

average time required to fabricate a given size box or a given 

footage of tubing can be found from experience. Even overhead 

costs can be estimated from figures taken from layouts, and in 

_ well-organized plants, the entire cost structure of the business 

is based on layouts and layout lists. For this reason, among the 

a G NIN 

Bejes for m0 



Table 6-4. Power Ratings of Transformers* 

Uncorrected Power Factor 

Transformer specifications 

a 

Voltage Secondary Primary a 

Bie Sou ei} lb oS Ae ee 

Short circuit, Capacity, Approximate | Approximate 
milliamperes | volt-amperes amperes watts — 

(Lr 

15,000 60 825 7.15 he j 
30 450 3.9 a 
18 250 | 2°16 120 

12,000 60 720 6. 29 350 
30 360 S212 180 
18 200 b,. #5 95 

9,000 60 500 4.3 - 240 
30 250 2.16 125 
18 190 1.62 90°. 

7,500 660 450 Sig 210 
30 225 i Oe ds 110 

18 150 1 ris 
6,000 60 360 eris sae 8 

30 180 5 80 
| 18 140 125 60 

5,000 60 300 2.6 140 
| 30 150 £35 : 70° 

18 100 0.87 45 
4,000 60 250 2.16 110 

30 140 tte: 60 

18 90 OAS 40 
3,000 60 180 125 85 

30 100 0.87 40 
a 75 0.65 35 

2,000 30 75 0.65 55 
18 50 0.45 23 

Corrected Power Factor 

12,000 120 800 20 550 
9,000 120 550 4.8 450 
7,500 120 450 359 365 
5,000 120 300 PRD, 240 

Note: To calculate volt-amperes and primary amperes for power-factor types 
not indicated, multiply the given ratings (except 120 milliamperes) by 0.55. 

* Acme Electric Corp. 
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sg ‘yen previously, every template and layout should be 
others 8 d it should be kept on hand while any possibility of 

comp! .° 2 again remains. It would also be of value to give the 

ts a cost of operating his sign. Table 6-4 gives the power 

ie ., various types of transformers. ‘This should be useful 

i a a the cost of operating the entire sign. 

_- tor of Experience in Layout Work. The layout man 

= aap good job on the complete layout chart of the sign 

4 yi familiar with the materials used in its construction. 

- he is an accomplished glass blower himself, he may indi- 

nt i if backs and special glass formations very difficult to 

- - in practice. It is well, therefore, on complicated jobs, 

™ oe :., conference between the layout man and the tube bender 

. final glass layout is decided. ‘The same principle holds 

wiring. Eventually, of 

AG NIN 

cannot d 

" before the 

4 the metalwork and the electrical . 

course, the layout man will become familiar enough with the 

eesrk to be able to decide upon the complete layout on his one 

: ‘authority, and he can then be responsible for the complete design 

Bicie ion. | 
: % Be accion principles given in this chapter are intended i 

4 guide only; the layout man may find that different procedures suit 

4 his particular plant much better than those given here. Nothmg 

: ‘has been said about special design problems, such as obtaining 

s special animated effects, high brilliance, and unusual color com- 

| 1 ‘pbinations. These advanced problems are treated in later chapters. 

true for 
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peth® blowing is almost wholly a matter of practice and 

Boo’ . is an art which cannot be learned by reading a 

Rcier cannot master the art of glass bending Listas 

racticing the different types of bends. It 1s simply 

f ster of practice, practice, and more practice, The more = 

=? ‘* d one becomes in handling and manipulating heate 

‘ — better the workmanship and the faster the production. 

5 glass; . | Shop Requirements. To do good work, it is essential 

a Be siscs blower have the proper equipment with which to 

a ood glass blowers are handicapped because of poor 

— ets of the burners and resulting variation of the 

J experience: 

D pook. The b 
~ gut continually p 

CHAPTER 7 

Glass Bending 

It is important to differentiate between glass bending and 
glass blowing. Glass bending is a comparatively new industry 
which grew up with the neon-sign art. In glass bending, the 

operator heats and bends tubing into letters, borders, etc., accord- 
ing to a design on an asbestos layout. In glass blowing, the opera- 
tor shapes and blows glass into various forms such as ornamental. 
glassware, glass chemical apparatus, or any other articles requir- 
ing the technique of blowing and shaping glass. The difference 
between the two arts is that in one field tubing is bent and shaped 
to the same diameter and in the other case, glass is heated, blown 
out, and shaped. In both fields, the operator is called a glass 
blower. 

q iq Be causirements for a well-equipped glass shop include the 

q ing: a supply of illuminating gas under constant low a 

| a supply of air under constant low pressure, a cross-fire — 

4 - or “cross fires,” a ribbon burner, and a hand torch. For 

Be sacy soft glass, these three types of fire—the cross fire, the 

_ Pin fire, and the hand torch—constitute the required flames 

; | a bend glass into whatever shape is required. In adagion to the 

| fire equipment, a flat table is necessary, covered with a hard coon 

‘nflammable surface on which to place the asbestos patterns tor 

pending the glass. A supply of heavy, strong asbestos paper for 

making layouts and a supply of glass tubing of various diameters 

-.. are the essential materials required. Chalk or china-marking 

| crayon for marking the glass and heavy carbon paper for tracing 

layout patterns should also be available. A supply of corks to fit 

the various diameters of tubing is also required (see Table 7-1), 

together with various glassworking tools, such as a sharp file or 

- glass-cutting knife, glass tongs, a rubber tube for mouth-blowing 

purposes, and a gauge for measuring tubing diameters. | 

| Shop Layout. The layout of the tables in a shop depends 

almost entirely on the size of space available. Plenty of room 

should be allowed, particularly on the worktable, to take thie 

largest piece of work to be handled by the shop. The straight 

glass tubing should be stored in racks near the table, since the 

closer it is to the table, the less time will be wasted walking to 

get it. The fires should be mounted on a separate bench about 

_ The art of glass bending has also changed somewhat with the 
introduction of fluorescent-coated tubing. Previously, the glass 
bender of neon signs made a bend by heating the uncoated tubing 

In the fire, pushing and gathering the glass together, then pulling 
out and blowing the bend to the proper diameter. This was 
accepted as the method of making bends with the clear and 
standard colored glasses used at the time. \ 

With the advent of fluorescent tubing, it has been found that 
excessive gathering of the glass at bends or heating the bends too 
hot caused a sintering of the fluorescent coating on the inside of 
the glass with the result that in some of the colors, such as blues 
and whites, the fluorescent properties of the powder were dam- 
aged and the bends appeared black. To avoid blackening at the 
bends, a revised method of heating the glass had to be evolved. 
The methods described in this chapter can be used for uncoated, 
clear, or colored glass. 

120 
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3 feet away from the long edge of the worktable and parallel t. 
it. ‘'he burners should be mounted well apart so that a large piece 
of work will not get into two flames at once. A storage place fo, 
the asbestos layouts should be provided. 

Table 7-1. Cork Size Numbers Suitable for Plugging Tubes 
of Various Diameters 

Cork Size Fits Tube of Outside 
Number Diameter, Millimeters 

000 8 

00 9 
0 10-11 | 
1 12>-13 

2 14 

3 15 

4 16 
5 17—18 

6 19—20 

a A convenient and compact layout for the fire table is shown in @ 
Fig. 7-1. This table can be much longer or may carry more than — 
one set of the fires indicated. On top of the table from right to 
left are a 16-inch adjustable ribbon burner, a five-way cross fire, 
and two torches, one a tipping torch for small work and the other 
a splicing torch for large work. The necessary piping between 
these fires and the mixers is shown below the top edge of the. 
table. The fires are connected to their respective mixers by good 
flexible rubber hose varying in diameter from a small hose for the 
torches to a very large hose for the ribbon burner. On a ledge 
underneath the table is shown a small air blower connected +o 
a motor. A relief-valve regulator is connected in parallel with the 
piping, which provides for a constant rate of flow of air to the 
burners. Just above the air piping is the gas piping which may 
be connected directly to the gas main or may be connected to a 
gas booster. Although the air blower is shown directly under- 
neath the table, it can be moved to a more convenient place if 
necessary. Should the noise from the blower annoy the operator, 
a muffler can be attached to the air intake of the blower to elimi- 
nate the noise. Both the gas and air piping should be of large 
diameter. A minimum diameter of 1’4-inch piping is recom- 
mended. | 

Ses. 

7 
XS pasha, * ” a) 
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4 ut table, which is a flat bench close to the fire table, 
O ’ 

bout 30 inches high and wide enough to take a 36- 

estos pattern. It should be level, to produce letters 

ois 
The lay : 

Be ould pe a 

ee -wide asb 

flat plane. | | 

Plant Equipment. When buying plant equipment, con- 

must be given to the fact that nearly every shop finds 

to expand. The man entering the neon-sign business 

—jnch 
“dying “g a 
_ Buying 
% s deration 

jt necessary 
7 

Fic. 7-1. Compact layout of a fire table. 1. Ribbon en > Se 

cross fire. 3. Tipping torch. 4. Splicing torch. 9. Mixers or torc oe : 

h Blower and motor. 7. Rélief valve on blower. 8. ant Saeco eS e 

_ 9, Large-diameter air piping. 10. Mixer for Cross fire. 1 i et , an : 

Rubber tubing. 15. Asbestos paper or transite covering on table. 

should provide equipment which will allow for future additions. 

This is particularly important when purchasing air blowers oe 

boosting equipment. Extra fires can be added at comparative y 

low cost, but a new, higher rated blower or gas booster is a 

fairly expensive item. sO . 

Gas Supply for Burners. When installing a plant, it is advis- 

able in the beginning to find out what gas is available for the | 

burners. In many large cities and communities, manufactured or 
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city gas is supplied to all points by gas mains running under the 
streets, and a connection can easily be made between the Gas 

main and the shop. In other communities, natural gas may be 
available which is also piped, sometimes over long distances 
either from coal mines or oil wells. When neither natural nor 
city gas is available at a location, service is usually obtained by 
delivery of tank gas. In many Latin-American countries where 

none of the above kinds of illuminating gas can be readily 
obtained, the manufacturer of neon signs may use a system using — 
gasoline stored in a tank. An air blower forces a constant flow of 
air through the gasoline, creating a vapor which in turn is forced _ 
through the piping to the burners. Unless extreme precautions are 
taken to make such a system foolproof, this method may be 
dangerous owing to the presence of explosive gasoline vapors, 
Precautions can be taken by placing hand valves and automatic 
check valves in the piping system. _ 

No matter what form of gas may be available, it must feed to 
the fires at a constant rate. Any variations in the rate of flow will 
cause the fires to flicker or change heating value. This condition 
requires constant fire adjusting and results in loss of time and 
poor workmanship. 

City gas is supplied at a pressure which in most cases is satis- | 
factory when used in a small shop. The pressure may vary from 
8 to 14 inches of water column or 4 to % pound per square 
inch. However, in many locations the gas pressure may be con- 
siderably lower than the minimum required, or it may vary con- 
siderably because of changing gas requirements of neighboring 
consumers. Variation of temperature in the street may also thang 
the gas pressure. As the weather gets colder, the pressure decreases 
in the gas mains. The same condition holds true for users of 
natural gas. The gas pressure may vary considerably with location 
and temperature. When fluctuations and loss of pressure are 
encountered, it is necessary to use a gas booster. Tank gas, which 
may be propane, butane, pentane, or any of the other mixtures 
available from oil products, is supplied in iron cylinders and 
compressed at a high pressure, usually 60 to 100 pounds per 
square inch. By means of a reducing valve, the pressure from the 

— 

7 

125 gas BENDING 

4 n be regulated and reduced to the %-pound pressure 
tank a for operating the various burners. Figure 7-2 indicates 

. ae system employing tank gas. | 

al a ressure Maintenance and Adjustment. The pressure of ' ee ply. especially natural gas, may vary from day to 

; . en from hour to hour. It is often wise to provide some 

# fe for maintaining a constant pressure. The most common 
maintaining gas pressure at a constant value is by use 

. DF ster or gas pump. The booster consists of a mechanical 

“T "coupling to allow line’ to be 
i - shifted trom one tank to the other. 

Copper piping 

Tank pressure 

Freaucing 
valve Valves for 

fires 

Gas tanks stored. outside 
building under protective 
shed. 

Fic. 7-2. A tank gas system for providing fuel to fires. , : : 

5 blower, with tightly packed glands to prevent gas leakage, and 

g a by-pass valve regulator in parallel with the blower. The booster 

_ draws gas from the main line, increases and maintains a constant 

| pressure to the burners, by by-passing through the valve regulator 

the excess quantity of gas. , 

Air Pressure. Air under a low pressure of 1 to 2 pounds per 
Square inch must be mixed with the illuminating gas to produce 
i the burner the mixture required to give the proper flame. 
The extra heat is obtained by the mixture of the oxygen in the air 

_ with the illuminating gas. It is important that the air blower 
Maintain constant pressure. There are a number of different types 
of air blowers available which operate on different principles. 
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One type has a concentric rotor with sliding blades which by 

spring action fit tightly against the inside of the stator Casing, 

Another type operates with two impellers shaped like figure of 

eights inside the casing. These impellers do not touch the wall of 

the stator but are closely machined to provide a space of 0.009 

inch between the blade and the wall. The fast rotating action 

of the impellers provides a smooth flow of air from the blower. : 

No oil is required inside this blower itself because there is no — 
friction between the blades and the stator. 

With any type of blower, an air-relief valve is usually furnished, — 

This is illustrated in Fig. 7-1. The valve is placed in parallel with 

- the piping, and as the pressure tends to build up, more air wil] 

be by-passed through the relief valve to keep the pressure in the — 
piping to the burners at a stable value. | 

In some blower installations, a tank may be-required to give a 

stabilizing effect. Most of the modern air blowers do not require 

auxiliary air tanks because, with a suitable relief valve, a blower — 

can be connected directly to the air line. 

It has been the practice of many shops to use their high- 4 

pressure air compressors to supply air to the burners. This com- — 

pressor usually is used for spraying paint on signs. ‘The practice 

is to reduce the high pressure by means of a suitable valve. This 

arrangement is not satisfactory because there will be too great a 

variation in the flow of air since it depends upon the pressure 

existing in the tank. 

To obtain satisfactory results from a standard low-pressure 

air blower, a constant air pressure of 1 to 2 pounds is needed. — 

To measure air pressure, a U-shaped tube filled with mercury — 

is used. The length of the U tube can be about 12 inches. A 

difference of 2 inches between the two columns of mercury will 

indicate a pressure difference of 1 pound. 

Glass-blowing Equipment. Cross Fire. The cross fire is most 

_commonly used for making bends. When the glass blower becomes 

experienced, he may use the cross fire for making his bends, for 

sealing on electrodes, for sealing together his glass letters, and 

even for making tubulations. Some glass blowers seldom use the — 

hand torches for a completed letter or section, making every 

operation in the cross fire. 
® . 
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5LAS GLA ; for this reason that good cross fires should be purchased 
it i 
4 beginning. It has been found that cross fires with five 

me, the : 

a n each side are most common and give satisfactory opera- 

maps On ) | 
Fig. Poo 

tion ( 

Fic. 7-3. A adard cross-fire unit with five burners in each head. 

Many experienced glass blowers who achieve high production 

sometimes use extra fires underneath the cross fire. This is done 

“by use of either separate tips in a special unit or a short bunsen 

— Fic. 7-4. Gross fire with a single large burner on each side. 

_ burner. Other glass blowers use either a six- or seven-way Cross 

fire. Others get much better work by using a three-way cross fire. 

Another type of cross fire, shown in Fig. 7-4, has one large cir- 
cular tip on each side, spaced about 2 to 3 inches apart, opposite 
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each other. ‘This produces a hot flame of a diameter large enough 

to heat the glass for bending. 7 | 

Ribbon Burner. The ribbon burner produces a solid ribbon 

of flame, as shown in Fig. 7-5, It is used for heating a long length 

Fic. 7-5. A ribbon burner for making circular bends. 

of glass and softening the entire length uniformly. The gradual 

bends of the curved letters O, C, G, B, R, etc., are made in this 

Fic. 7-6. A standard 16-inch adjustable ribbon burner iii builtin mixer. 

(Electrical Products, Inc.) 

way. The flame looks like a solid layer of light-blue flame just 

over the opening of the burner, with a large mass of dark-blue 
flame extending for several inches above it. The width of the 

ribbon burner varies according to the kind of work. 

type shown in | 3 | 

q 4 ribbon fire giving a 16-inch flame of sharp and uniform in- 
si | 

parts: 

trip whic : adjustment of the length of flame from zero up to 16-inch full 

length. 
‘ 
‘ 
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5 Many different types of ribbon burners are available. The 

Fig. 7-6 is practical and in general use. This 1s 

throughout its length. This ribbon fire consists of two 

the mixer arrangement and the head which rotates on the 

hamber. The burner head has an adjustable flat metal 

h can be moved in and out over the fire, allowing for 

tensity 

mixing © 

A 6-inch ‘burner head for small bends or a 24-inch head 

for longer bends can be interchanged with the 16-inch head, 

using the same mixer. There are other ribbon burners on the 

market, such as the one indicated in Fig. 7-7. The tubular burn- 

‘ 

Fic. 7-7. A fishtail type of ribbon burner. 

ers used many years ago have been superseded by the burners 

described above. : 

Hand Torches. Hand torches have many different uses. The 

small hand torch, using burners having approximately a Y%-inch- 

width flame, can be used for tubulation, for small splices, for 

use on the pumping system, and wherever a small, concentrated 

flame is required. The splicing torch has larger sized burner tips 

and produces a flame about %4 to 1 inch in width and is used 

for splicing together pieces of tubing or for work where a wider 

flame is necessary. The standard type of hand torch is shown in 

Fig. 7-8. Other types of hand torches are available which give 

a pointed, concentrated flame, as shown in Fig. 7-9. 

Sometimes a glass blower will improvise a small hand torch, as 

shown in Fig. 7-9, by using a cross-fire tip. This is handy for 

making holes in glass tubing for attaching the tubulation. Another 

type of hand torch with a single flame is illustrated in the center 



drawing of Fig. 7-9. This can be adapted for use not only with 
soft glass but also for hard glass of the pyrex-glass type. This 
torch comes with the mixers attached directly to the torch itself — 
and is also provided with removable tips for producing various 
flames. 

Cannon Fire. The cannon, or blast, fire, illustrated in Fig, 
7-10, is used by glass blowers who have had considerable expe. 

peer ea 
Fic. 7-8. A small hand torch. 

rience in glass blowing. It provides a long hot flame which can be 
adjusted in diameter and length. The standard cannon fire has 
two inlets, one for air and one for gas. Other cannon fires can be 
obtained with three inlets, the third one for connecting to a tank 
of oxygen. By the addition of oxygen to the mixture of gas and 
air, a very hot flame is produced, necessary for melting and form- 
ing pyrex glass. There are glass blowers who use the cannon fire’ 
for making all their bends for the neon sign, i eae. when 
heating lime or soda glass. 

~ 

— Single flame hand torch d torch Single flame er for tubulation holes 
- for soft or pyrex glass 

Pyrex hand torch 

_ Fic. 7.9. Three types of single-flame hand torches. The torch on the right 
I 

a uses a le cross-fire burner. — 
~ 

Fic. 7-10. A cannon or blast burner. 
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Proper Burner Selection. A burner, whether it is a cross fire | 

or any of the others described above, should never be ordered 
unless full information is given regarding the type of iluminatin 

ribbon fires may look practically alike when compared with 
similar units, but there are slight differences in the diameters of 
the holes and the spacing used, which makes each burner more 
suitable for the type of gas for which it has been designed. Cross. _ 
fire tips designed for city gas will work very poorly when used With — 
tank gas. 

The Mixer. Every burner should have its proper mixer. The 
mixer may be attached directly to the unit as with some of the 
ribbon burners and hand torches, or it may come as a separate 
item. In either case, the mixer must be designed for a particular 
kind of illuminating gas. 

Mixers usually have two valves, one for gas and one for air. 
In some cases, an extra valve is provided for oxygen. Whatever 
the design of the mixer, it is the function of the unit to combine 
the gas and air, or the gas, air, and oxygen, in the proper propor- 
tions to produce the necessary flame. 

The quality. or heating value of illuminating gas is measured | 
in British thermal units (Btu) per cubic foot. City gas is the 
lightest of all and has approximately 540 Btu per cubic foot. 

Natural gas has a higher quality value, or approximately 1040 
Btu per cubic foot. Propane (Pyrofax) gas has 2400 Btu, butane 
has 3200 Btu, and pentane has 4000 Btu. me 

Because the variation of the Btu value of the gas changes the 
heating value at the fires, the proper mixer must be supplied 
for a particular gas. For example, butane, or tank gas, has 
approximately six times more heating value than city gas. To 
compensate for this variation in quality of the gases, the mixer 
for each type of burner is designed to produce the proper propor- 
tion of air to gas. For city gas, it is designed to produce a mixture 
of approximately 5 parts air to 1 part gas. For natural gas, a 
mixture of 10 parts air to | part gas is required. For tank gas, 25 
to 30 parts of air are required for 1 part gas. The mixing action is 
accomplished inside the mixer by use of a venturi injector which 

gas with which it will be used. Cross-fire tips, torch tips, ane 
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drawn in reverse, t 
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esigned to give the velocity required for each of the different 

es of gas (Table 7-2). 

4 4 The Asbestos Layout. Before the work of bending the tubing 

started, the working layout must be made. This layout is 
can be ee | cre 

hat is, with each letter backward, as the sign 

would appear in a mirror. This is done so that the glass can be 
Bai d fat on the layout on which it is being worked and thereby 

: ; Table 7-2. Consumption of Various Kinds of Illuminating Gases 

When Used with the Fixed Amount of Air Shown, 

Using Different Types of Burners 

Consumption of gas, cubic feet per 

hour 

Consumption 

Type of burner of air, cubic N Pro- 

feet per hour | Cit Ap ane | Bu- | Pen- 
- Y| ural | P 

gas (Pyro- | tane } tane 
fax) 

‘Five-point cross fire........ 150 27 Oi La.4. |" O420, | Fed A. Dl 

Seal) band torch.......... 40 TE SUES IE LGR | ho Ee 

Large hand torch.......... OD Oar OO ce SLT Sle won ase 

MMIC SILC. se ee eee 40 Toa. Ooi! 31 GF | Teh iey.00 

42-inch fishtail ribbon burner 

BPE 600 dtl ANAS hee e259, 0USL Sse PS 608 

16-inch Hyde Kuert ribbon 7 

burner (all out)......... 1415 206.0|107.0 | 46.3 |34.8 |27.9 

Approx. ratio of air to gas... Mee Bt fh OTE 22531 p30ri| 40e1 

Btu values per cubic foot*... Sere 540 | 1040 | 2400 | 3200 | 4000 

th 

* Heat content from American Gas Association. 

matched to the layout directly. The double backs, connections, 

and so forth will then appear at the back of the tube, rather than 

in the front, where they would be if a reversed layout were not 

used. ) 

The layout is drawn on asbestos paper, since the hot glass may 

be pressed against such a material without fear of burning. ‘Iwo 

methods are generally used in transferring the outlines of the — 

letters from the original complete layout (see previous chapter) 

to the asbestos paper. The first uses a toothed wheel, which is 
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rolled over the original layout, following the outline of the letters 
and producing a perforation or series of fine holes through the 

_ paper of the layout. The complete layout is then placed bottom j 
side up on top of the asbestos paper, and powdered charcoal js 

sprinkled over it. The charcoal leaks through the paper on to the 

asbestos and leaves the trace of the letters, in reverse. This trace 

can be strengthened with a charcoal pencil. , 

The other method of tracing the letter outlines onto the as- _ 

bestos is the carbon-paper method, generally preferable to the per- 
foration method. A piece of special black-carbon paper, as large as __ 

the layout, is placed carbon side up on the worktable. It is covered 

with the asbestos paper, and finally the complete layout drawing 

is placed face up on top of that. Using a heavy pencil, pointed 
metal, or glass stylus, the outline of the letters is traced on the. 

original layout, and the carbon paper produces a reverse pattern 

on the asbestos paper. The pattern may be strengthened with 
charcoal pencil. 

The glass blower’s asbestos layout should be preserved as a 

record of the job after the sign is completed, and it should never 

be used for another layout. Putting more than one layout on a 

sheet of asbestos is a common practice, but it is a false economy. 

Asbestos paper is cheap, compared with labor and other mate- 

rials, and it should not be used too sparingly. 

Matching the Layout. Before the glass tube is placed in the 
fires for making bends, it is marked off for length. Most sign 

tubing used comes in lengths between 46 and 48 inches. Some 

tubing is available in 5-foot lengths, and tubing of larger diam- 

eters is available in 8-foot lengths, 

The stick of glass is placed on the layout to see how many 

letters can be made from the length with sufficient space 

allowed for all the necessary bends. At the same time, at least 

6 inches extra on each end should be provided to allow the opera- 
tor to handle the stick. 

When the length of tubing has been marked off in this manner, 
the bending begins. As each bend is made, the tube is matched 
to the layout while the bend is still soft, and the curves and 

angles are made to coincide exactly with the layout. In com-. 

~ 6LASS BE 

4 . often be made in the middle of the letter. For smaller 
me mu 

| | in 
° . 

number of bends, provided that the letter outlines are still sharp, 

the better is the layout,.and the longer a length of tubing can be 
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- ated letters like E, F, and H, the middle double back of each 

de first, since this 1s by far the easiest way of doing the job. 

- on either side of the middle bend are then performed 
The bends 

ntil the letter 1s complete. u For letters of 12 inches in height or larger, one or more 46- 

h length of tube must be used for each letter, and splices 

letters often two or three letters may be made from one length 
G 5) 

f tube, the splices being made between letters where the painted- 

Be out portion appears. 

The Influence of the Layout on Ease of Glass Blowing. It can 

that the layout has a great deal to do with the ease with 
be seen 

‘which the tube is bent into letters. If unnecessary double backs, 

| awkward turns, or other errors of judgment are indicated in 

a the layout, the glass blower’s job is just that much more difficult. 

it is important, therefore, to use care and foresight in the layout 

of the pattern. ‘The layout man may have a conference with 

the glass blower in order to decide just how the job can be done 

the simplest and best manner. In general, the fewer the 

‘made to go. Economy in the use of glass is a saving, but it should 

not be practiced if the glass blower’s time is thereby increased, 

because the time is more expensive than the glass. 

Bending the Glass. Every glass-bending operation requires 

the softening of a portion of the glass from a solid to a plastic 

state by heating in the fires. In this operation it is important 

to hold the glass by hand and rotate it properly; otherwise the 

distribution of heat will not be uniform and may cause twists, 

strains, or variation in wall thickness and result in an uneven 

bend. 

When using a straight piece of glass, it is balanced so that 

all the fingers touch the glass tubing. The thumb is placed on 

top, and the four fingers support the glass from underneath, 

all touching the surface very lightly. The glass is rotated slowly 

by slight pressure from the thumbs above. This position is illus- 

trated in Fig. 7-11. The glass should not be held too firmly; 
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glass should be rotated slowly and evenly as it begins to soften, 
‘since in this way the operator will have better control and the 
fires will heat the glass uniformly. | 

_ When making bends in the cross fires, the amount of gas and 
air should be adjusted to allow for a slight fire splash on the 
glass surface which is at least 4 inch wide. When electrodes are 
sealed to the glass in the cross fire, the fires can be adjusted for a _ 

_ Sharp concentration of heat on the splice. 
The present-day technique of bending fluorescent-coated glass — | 

is slightly different from that used years ago when only clear and 

Fic. 7-11. Holding the glass tubing in the cross fires. 

solid colored glass were used. When a bend was made with clear | 
glass, it was heated to the plastic stage, pushed together or 
gathered, and then pulled out slightly and blown to the proper 
shape. Such an extreme heat-treatment on coated fluorescent 
glass will cause the fluorescent coating to sinter, especially on 
blue and white tubing, and may affect the efficiency of the 
coating and possibly cause darkening. When a slight gathering 
is specified in one or two special cases described later, it should 
be done with caution and without too much heat being 
applied so as to prevent affecting the fluorescent powder. 

In general, when working with fluorescent tubing, the bend 
should be made using as low an amount of heat as possible to 
bring the glass to a plastic state. 

SHOP PRACTicg 
otherwise too much pressure will be exerted on either side. Thea 
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GLA le Bend. To make a simple right-angle bend of 90 

The Ang hown in Fig. 7-12, the glass should be marked so that 
degrees, ” f the surface which will be placed into the fire will 
the . ee of the glass. For example, if 12-millimeter 

be ° ¥ be *heated for an angle bend, the heating surface will 

a : Biers in length and should be marked off by chalk. 

_ : laced into the cross fire, rotated in the center of the 

phe :, ae same time, moved evenly from side to side be- _ 

oT i, chalk marks until the glass becomes soft and plastic. 

= a operator balances the tubing, it will tend to give or 

s stage, the operator raises the glass slightly so. that 

he bottom of the glass or that portion which will be 

Unless 
Bend. At thi 

the fires hit t 

Too thin Correct wall Too heavy 

| 1. ie Ke 

Fic. 7-12. The angle bend. (1) A correct uniform wall bend. (2) and (3) 

Incorrect forms of bends. 

the outer surface of the bend. Then the operator stops rotating 

the glass and only moves it from side to side between the chalk 

marks. This will heat up the outer surface of the bend to a higher 

degree than the inner surface. When the glass has been properly 

heated, it is taken out of the fire and bent to the correct angle. 

: By applying more heat to the outer surface of the bend, it 1s 

allowed to stretch to a greater degree, thus giving a more uniform 

bend. Also, if the inner surface is slightly cooler than the outer 

surface, the glass bender has better control and can make a 

more perfect bend. : 

~ Double-back Bend. The double-back bend is used for such 

| letters as R, E, F, and G, where a complete 180-degree return 

pend is desired. This is illustrated in Fig. 7-13. The portion of 
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the surface of the glass which is to be heated for a double-back — } 

bend is approximately 27 times the diameter of the glass. If the 
glass is 12 millimeters in diameter, the heating surface is approxj._ | 
mately 30 millimeters in length and should be properly chalk 
marked. The glass is first heated to a plastic state by rotating ang 
moving it from side to side in the center of the fire. It is they 
raised up so that the fire hits the bottom of the glass, and it is 
moved from side to side so that the outer surface of the glass . 
is thoroughly heated while the inner surface is heated solely by 

_ conduction. When the glass is ready for bending, it is brought out 
of the fire, dropped about waist high, and the bend is made with 

Correct wa// Too heavy Too thin 

(1). (b). (es) 
Fic. 7-13. Double-back bends. (a) A bend with a uniform thickness of wall. 
(6) and (c) Incorrect bends. 

both hands moving up at the same time. Care should be taken 
that there is no twisting or out-of-line motion when bringing 
up both ends of the glass. At this stage, when the bend is com- 
pleted, it will be noticed that the outer surface of the double 
back is flat while the inner surface is perfectly round. The outer 
surface is still in a plastic state, thus allowing the glass blower 
to blow out to the proper circular diameter. This is shown in Fig. 
7-14 (b). When making double backs from glass of milli- 
meters or more in diameter, it may be well to deviate from the 
above procedure by gathering or thickening the glass slightly 
without applying too much heat. The glass should be gathered 
so that the outside diameter remains the same throughout the 
heating procedure, whereas the wall thickening is formed on 
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Bie: qs illustrated in Fig. 7-15(a). The glass is then taken 

4 pulled out slightly (Fig. a 15(b)), bent into a 

2 ba 

a 
utside bend, as Ss 

slightly, will have a dante wall than desired at the 

hown in Fig. 7-13(c). Precaution should be 

' | (a) (b) : 

. 7.14, Double-back bend. (a) Showing flat at bottom of bend imme- 

tit after glass is bent. (b) After glass blower has blown bend to proper 

diameter and ne: 

Thickness increases 
inside 

a Fic. 7-15. Formation of thickness of wall of large-diameter glass before 

making a double-back bend. 

taken to gather the glass only slightly, because if too heavy a 

thickness is formed, it will produce a crease, as shown in Fig. 

7-13(6), when finally shaped and blown out. 

Combination Bend. A combination bend is one in which two 
bends may be made at the same time from one heating in the 

fire. Many different types of combination bends can be made, 

_ depending upon the layout of glasswork and upon the capability 

__ of the glass blower himself. However, there are a few fundamen- 

tal combination bends which, if thoroughly known, will act as the 
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basis from which all other complicated combination bends Can _ 
be evolved. 7 
The straight-drop combination bend is one in which two al 
right-angle bends are made at the same time in a straight line, 
as shown in Fig. 7-16. The glass is marked off for 2% times the 
diameter for the heating surface. It is then rotated and moved in 

Heating length 2s 
I~ | sy times diamefer 

! 

Fic. 7-16. A straight-drop combination bei 

Fic. 7-17. Combination angle bend. Both A and B bends are formed in one 
heating operation. 

the fire until the entire surface of the glass between the two chalk 
marks has been thoroughly heated. As this requires two separate — 
bends where part of the circumference of the glass is on the in- 
side of one bend and the other part on the outside, it is necessary 
that the glass be kept rotating continuously and heated over 
the entire surface during the whole heating operation. This is 
a different procedure from either the angle or double-back bends. } 
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glass blower should be careful to see that the entire surface 

a od uniformly. When the glass is heated to the proper tem- 

a i it is held straight out and one side is dropped to the 

a required for the bend and blown out. 

F ee form of combination bend is the combination angle 

end, as indicated in Fig. 7-17. This is used when making the 

Heated 

portion 

of glass 
iy aes 

3 Fic. ve 18. Combination angle bend. Note that the glass tubing at C is 

twisted inwardly 90 degrees after the two bends are formed. 

‘Fic. 7-19. When making a combination angle bend for the letter T, the 

eto bend B must be long enough to clear the tubing C underneath the 

_ bend. 

center portion of the letter E or F. It consists of two bends, one 

% _ Which i is a right-angle bend and the other a straight-drop bend, 

as indicated in Fig. 7-16 by A and B. The glass is marked 
Bind heated exactly as in the combination straight-drop bend. 

_ When the glass blower is ready to make the bend, he first forms 

> 

- — 

SS 

= So = 
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the angle bend ue as shown in Fig. 7-18. He then brings down a 

the glass to the proper drop and at the same time rolls that 
portion of the glass approximately 90 degrees inward toward the j 
letter, as illustrated in lower diagram of Fig. 7-18. The angle 
bend which was first made is still plastic enough to allow fo, 
dropping down and rolling the glass. Both bends are made 
practically at the same time, although the explanation ‘Siven 
above indicates two different operations. 

The same technique as explained above can be used to make — 

any type of combination angle drops. F or making the letter 

T’, as illustrated in Fig. 7-19, the same procedure is employed, 
except that a longer surface of the glass must be heated up for 
a proper combination bend without stretching the glass too much. 

Ribbon-fire Bends. A ribbon-fire bend, in which a longer 
length of glass is heated up, involves practically the same tech- 
nique as followed in the cross-fire angle bend. The glass should 
be held in the correct manner and the required length rotated 
uniformly in the fire until it becomes plastic. The rotation then 
stops and the glass is moved from side to side until the proper 
temperature is reached for the circular bend to be made. To 
illustrate the method of making a letter in the ribbon fire, the q 
letter O, having an 8-inch diameter, is taken as an example. 
Figure 7-20(a) shows the letter O after all operations have been 
completed, including two double backs. Figure 7-20(b) shows 
a straight piece of glass. Figure 7-20(c) indicates the first bend- 
ing operation of the letter O, which is a simple double back 
made in cross fires. Figure 7-20(d) shows the next operation 
completing one-half of the letter O in the ribbon fire. Figure 
7-20(e@) is the next step and almost completes the circular O. 
The next step is to make the second double back, as shown in Fig. 
7-20(f), and then heat up the glass portion of the letter at this 
bend and form the cylindrical contour of the asbestos pattern 
to complete the letter O, as indicated by the dotted line. 

Before placing any portion of the glass in the fire, it should be 
chalk marked to indicate that portion which must be heated. It is 
also important that, when a circular bend is made, the straight 
portion of the glass is always brought out at a tangent to the 
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the asbestos layout, as shown on Fig. 7-21. It is also 

role . to allow the glass of a circular bend to cool before 

Be, the fire again. If the previous circular bend is still 

art of that bend will heat up faster than the cold portion 

distortion in the circle. 

in cts 

: placing | 
{00 hot, P 

-and will cause a 

(e) (f) 
Seeric. 7-20. Sequence of operations required to make the letter O shown at 

4 (a). 

The operator should make a preliminary study before going 

_ ahead with his bending operation, especially if the work con- 
sists of a combination of circular bends, angle bends, double 

backs, and combination bends. The letter R is a good example 

_ because it incorporates almost all the bends which have been 
described. 
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The procedure in making the letter R is shown in the various 

stages in Fig. 7-22. The first step involves making the circle of 
the letter R in the ribbon fire. Then all the various bending 

stages are indicated in the proper sequence. 

This holds true for any other difficult letter having many. 

different types of bends. Another good example is when a 
fairly complicated double-outline letter S is made from a single 

piece of glass. The various stages in bending are indicated jy 

Fic. 7-21. Matching a curved (ribbon-fire) bend to a layout. 

Fig. 7-23. The first and important operation is to make the in- 
side circular bend of the letter S, as shown in step (b). Careful | 
study of the layout before bending should be followed when 
making a script or any other unusual or complicated job. The 
bending should always take place from left to right on the asbestos 
pattern. 7 

Cutting and Splicing Glass. Besides being proficient in bend- 
ing the glass, the operator should be capable of cutting and splic- 
ing the glass properly before he begins to make a tube. Cutting 
glass appears to be simple, but even this operation requires a 
certain knack. ‘The glass, marked with chalk at the proper point, 
is scratched with a file or glass cutter’s knife. The file mark 
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Brass BE sa be made at right angles to the length of the tube, and it 

s Bia be a definite cut into the glass about 7 inch long. The 
shou ‘; then tapped gently with the file or knife at a point 
peas * opposite the file cut, until it breaks. The break should 
exactly ; 4 clean and even all around the circumference of the tube, as 
pe 

te) ) 
Fic. 7-22. The various bending operations required to make the letter R. 

shown in Fig. 7-24—not uneven, as shown in the second picture 

of the same figure. Poor glass or glass which is improperly an- 
nealed or not cool will tend to break unevenly. 

A most useful tool for making the initial file cut in the glass 

Wa flat hardened-steel file, %4¢ inch thick and 1% inch wide. 

_ The four edges of the file are used as cutting edges; as they be- 
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(a) eee 3 
(b) | 
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Dome dull, they can be renewed by running the narrow edge of 

Bye file along an emery wheel or dry stone. 

For delicate work or when an especially clean cut must be 
ae the following procedure is recommended : File a hairline 

surface cut into the glass at the position of the required cut and 

at the required angle, which usually is exactly perpendicular to 
the bore of the glass. Then heat the end of another piece of glass 

“mubing until it has melted into a small molten bead of glass. 

Press this bead against the file mark in the tube to be cut. ‘The 

glass will part at the cut in an even smooth break. ‘The experi- 

enced operator should be able to cut glass time after time with 

out falling or wobbling. 

- When two sections are spliced, it is necessary to cork one 

“piece and to heat the two pieces of glass together in the flame 

either of the cross fire or the hand torch. In the cross fires, the 

glass 1s rotated; with a hand torch, the torch is rotated. When the 

ay glass has softened, the two edges are pushed together, and the 

‘open end of the tube is used for blowing the splice out to the 

_ proper wall thickness. The glass should be worked together and 

even reheated if necessary, to make sure that the two pieces are 

thoroughly fused together.. Figure 7-25 shows finished letters 

_ peing spliced to a straight tube in the cross fires. 

Splicing Large Pieces. Splicing two sections of a tube together 

often involves large and unwieldy pieces of tubing which have 

already been formed into letters. When this is the case, the two 

_ sections should be laid on two asbestos-covered wooden blocks, 

on the worktable, so that the parts to be joined are firmly sup- 

ported approximately 1 inch above the surface of the worktable. 

The hand torch is used to heat the two ends of the tubing to be 

spliced, as shown in Fig. 7-26, the torch being slightly rotated 

and moved up and down between the glass ends, since the glass 

cannot be rotated in the flame. When the splice has been made 

____ but is not yet cold and hard, the blocks are removed, and the 

Splice is laid over the proper part of the asbestos layout and made 

to match the outline of the layout as in the case of the angle or 

circular bend. A rubber-hose connection is used to provide a 

h success that every piece cut can be stood on its end with- 

(g) (h) 
Fic. 7-23. Sequence of bending operations required for a double-outline 

letter S in ribbon fire. The steps for the angle bends are not indicated. 

Fic. 7-24. (A) A properly made cut in glass tubing. (B) A jagged cut, 

which cannot be used for a successful seal. 7 
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Fic. 7-25. Splicing together two pieces of glass in cross fires. 

Fic. 7-26. Glass blower using hand torch to splice together two sections of 

tubing raised over asbestos layout. 3 

a 

a 
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a1. means of blowing into the tubing. This tube should be 

x a feet long and 1s occasionally fitted at one end with a 
hout 

joint, which prevents it from becoming twisted 

is turned during the blowing process. It is impor- 

glass that only a small portion of each of the 

be heated to the melting point. Usually, the 

s should be heated not more than %6@ inch back from the 

a 

AI 
nt in splicing 

md. A joint usually 

- Splicin 
: yerience 

not taken 
oe joint. T 

powder from t as | 
portant when splicing together glasses re calcium tungstate 

powders, such as blues or whites, as these powders, particularly 

in joints, give a great deal ol trouble and may cause a leak. A 

; joint that may seem to be airtight, even on the pumping system, 

may have an infinitesimal leak that will make the tubing fail 

after being installed in the sign. 

_ Splices in exposed portions of the tubing, especially in fluores- 

cent glass and in the middle of a sweeping curve, are conspicuous ~ 

and should be avoided whenever possible. In large letters, how- 

| ever, such splices are often absolutely necessary, and in this case, 

a special care must be taken to make a neat job, with a uniform 

wall and no lumps or uneven patches. 

| The Tubulation. The tubulation can be attached to a finished 

piece of tubing either by attaching it to the glass itself or to the 

me end of the electrode. If it is attached to the glass itself, then it 

must be properly sealed by the glass blower. If the tubulation is 

a attached to the electrode, then it is supplied complete (electrode 

and tubulation) by the manufacturer of electrodes. 
_ The tubulation forms an important part of the unit because 

_ through it flow all the impurities that are released from the 
: letter itself during the pumping operation. The tubulation should 

have a hole large enough to allow complete evacuation of the 

_ mpurities in a unit in the quickest possible time. Many glass 
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blowers constrict the tubulation near the unit for ease in sealing’ 

off the pumps. If the constriction is very small, the rate of fl 
is impeded considerably. 

The tubulation is usually placed at the rear of the glass 

most convenient point on the unit, preferably near one of the 
electrodes. This point is heated with a hand torch, the heat 
being concentrated in a circle not larger than 14 inch in diameter _ 
(see Fig. 7-27). When the glass has become soft, the Operator — 
blows into one end of the letter, and the glass at the heated Spot _ 
blows up in a small bubble about % inch high. Then the torch | 
1s applied again to the top of the bubble, and when it is soft, 
the operator again blows, bringing the bubble another smal] _ 
distance upward. The heat is applied the third time to the top of 
the bubble at a very small point and the bubble blown out. In this 
method of heating, a wall or ring of glass about % to %,¢ inch — 
in height will form to which the tubulation can be attached 
with ease. It is spliced to the hole in the glass letter in the usual — 
manner, the rubber hose being used for blowing, as in the splicing | 
of two letters. 

Many glass blowers do not use separate traps for their mercury _ 
but utilize the tubulation to the glass. After the tubulation has 7 
been attached, they heat a point of the tubulation glass about — 
4 inches from the unit. The glass is made very thick by pushing 
and gathering the glass at this point, and then it is blown to an 
uneven sphere, as illustrated in Fig. 7-28, so that the larger por- — 
tion of the sphere is on the bottom. The mercury can then be 
inserted into this trap without using a separate glass unit. How- 

_ ever, extreme care must be taken with this type of mercury trap 
when the pump stopcock is first opened. Too sudden a with- 
drawal of air from the latter may suck the mercury into the 
manifold. | 

Sealing on the Electrodes. The electrodes, which are fastened 
at each end of the tubing unit, come provided with a glass jacket 
of approximately the correct cross section for a convenient splice. — 
The larger electrodes may have a jacket whose diameter is too 

OW - 

unit ; 
so that the seal off will be hidden when it is mounted in place. 
The tubulation is attached as follows: A spot is chosen at the 
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Tubulation 
| “Fic. 7-27. Sealing tubulation to glass letter. (a) Heating small area at back 

| 4 letter. (b) Hole blown out. (c) Sealing tubulation glass to hole. 

large for a good splice to the tubing unit. In this case, the jacket 

should be first reduced in size by heating the end to the melting 

a point and allowing the glass to melt in. Once the electrode 

jacket and tubing have been brought to the same size, the splice 

__ is made in the same fashion as the ordinary splice between letters 

(see Fig. 7-29). One end of the tube is corked, a rubber hose is 

attached to the tubulation, and one electrode is spliced. The cork 
- is then removed, and the other electrode is spliced in place. 
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which indicated that the colored glasses have a higher annealj n 
point than either of the clear glasses 001 or 002 or abo | ut 

Fic. 7-28. Method of making a mercury trap from tubulation glass 

80 to 85°C higher. Special precautions must be taken to cool a 
colored glass slowly, so that it becomes properly annealed. Other- 
wise it will crack when subjected to strain. This is especially 7 
Important when colored glass is joined to clear glass or to a 

NEEL 

Fic. 7-29. Sealing electrode to glass letter by hand torch. 

other type of colored glass. The general method of annealing 
which should be followed when using colored glass, is called 

| carbonizing and consists of holding the hot splice or herd in a 
flame from which all the air has been shut off. The gas of such 

3 | , SHOP PRACTICg 
Working with Colored Glass. Data were supplied in Chap, 3 

ngs BENDING net 
i a bright yellow color, is not nearly so hot as the blue 

will coat cool objects held in it with a black deposit 

ot. When the splice is first held in such a flame, it 

ke this soot deposit; but after it has cooled in the 

” 2 sufficiently, the black deposit will form, showing that the 

_ Jing is complete. The annealing process is simply a slow 

a ual cooling of the glass which eliminates the strains 
. would be set up in the glass if it were cooled in the air 

directly. | Sah bw 
~ working with Pyrex Glass. Pyrex glass has a much higher 

jelting point than lead glass and requires, therefore, a much 

potter fame for successful work. It is true that some operators 

flame ha 
Eine, and 

f carbon S© 
4 too hot to ta 

for lead glass, but the work is slow, tedious, and rarely if ever 

‘nerfectly done. ‘The reason is that pyrex will just barely soften 

si the ordinary flame; and while it can be worked in this state, it 

1 quickly hardens and has to be continually reheated. 

The flame used for working pyrex is a combination of the 

eal illuminating gas and oxygen obtained from a tank of com- 

7 pressed oxygen. Special burners are usually required to mix the 

{ gases and handle the extra heat. The cannon-type burner is 

- particularly useful for work with pyrex. : 

The pyrex type of glass handles differently from lead glass. 

It can be put directly into the intense blue oxygen flame without 

fear of cracking. When hot enough, it works easily, and it will 

not discolor under intense heat. Furthermore, it requires no 

glows with a white glow, as contrasted with the red glow of the 

lead glass. : | 

In general, the same procedure of heating and bending is 

followed with pyrex as with lead glass, with the exceptions noted 

in the preceding paragraph. Pyrex glass cannot be sealed with 

lead glass or in fact with any other kind of glass except pyrex." 

If such a splice is attempted, it will be found that it is impossible 

*Nonex glass, one grade softer than pyrex, and hard uranium glass will 

seal to pyrex and are occasionally used. Hard uranium glass is often used 

for making a seal to tungsten leads. 
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‘g annealing, and it is very strong when cold. When molten, it 
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to fuse the two glasses together. When it is necessary for some _ 
reason to join pyrex to lead glass, a graded seal should be pur. | 
chased and used for the job. ‘This seal is a length of glass tubing ! 
which contains seven different kinds of glass ranging from a lead 
glass at the one end to a pyrex at the other. The lead-glass end jg 
sealed to the lead glass, and the pyrex end to the pyrex. 

If the seal to be made between pyrex and lead glass js 

a ground-glass seal may be used. This is simply a mechanically 
fitted joint between the lead glass-and the pyrex, very similar 
in outward appearance to the ground-glass joint in a stopcock, 
The joint is filled with a special vacuum-system grease which 
keeps it vacuum tight. 

Discoloration during Glass Bending. If lead glass is over- 
heated in bending or splicing, it will become discolored with 
a blackish deposit which forms in the glass itself. This color 
arises from the formation of free lead inside the glass, the lead 
being reduced from the lead oxide of the glass itself. The color 4 
may not be serious if it happens to occur in a place which will 
be painted out in the completed tube, but even in this case the 
glass is usually weakened. If the glass becomes discolored, it 
can be cleared up by heating the blackened part again in the 
fire, simultaneously reducing the gas fed to the flame and leaving 
the air at the same pressure. Since the free lead has increased the 
melting point of the glass at that point, considerable heat may 
be necessary to make it flow, but usually the black color can be 
made to disappear. The glass should be cooled slowly from this 
point. ? 7 | 

Hints for the Glass Blower. Even the best glass blower is not 
perfect—and as explained in Chap. 3, glass has a way of being 
a very difficult material with which to deal when things begin 
to go wrong. As an aid in such cases, the following list of hints is 
given, hints which if considered will aid greatly in obtaining good 
results. | 7 

1. Insist on a proper air and gas supply and burners which 
can be adjusted to give the proper flame. No single item in the 
glass-blowing art is more important than a correct flame, correct 

on 
the pumping system or elsewhere where a solid joint is not needed, 
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e and temperature. Also, air and gas supply must 

t all times to prevent continual readjustment of fires. 

be ponstant ® lass supply, electrode supply, tubulation glass, 

a Ee 4 close 5 the workbench. Walking for mate- 

cutting i Giie to the bending of the tube, and it is an 

r S Pes ich usually results in poorer work. | 

ir a bending the tube, keep in mind a mental picture 

a J. .. tube will look like when completed. This practice 

of a . bend in the mind’s eye before making it will greatly 

— io to do consistently good work without mistakes. 

aid a i against wasting glass. A good operator can save his 

4 a a much expense if he attempts to use glass economically. 

: 7 : waster is usually a poor glassworker. ogee 

@ a a splice or bend is bunched or lumpy, or if it 1s too 

: 4 do not attempt to repair it. Cut back je glass and begin 

3 * . if absolutely necessary, begin the entire formation anew. 

, = not appear to be in line with the glass-conservation 
'Z | a, Bic in the preceding paragraph, but a badly ce 

i Be plice can rarely be repaired no matter how much time 1s ta 

3 a B not attempt to make large curving bends too quickly. 

i Tt Bec: to impossible to make a smooth curve if too much oo 

"Gs heated at a time unless one is very experienced. Keep the 

4 unbent portion of the tube tangent to the ourve,.On the layout. 

4, Avoid blowing directly into glass tubing when ae 

3 bends or splices. The bacteria from the mouth may Be the 

| glass and become particularly harmful when blowing into we 

rescent glass. Also, any fluorescent powder particles aCe 

by mouth by the glass bender may be harmful to the e th. 

Use a mouthpiece and flexible rubber tubing together wu an 

a angle swivel in all stages of blowing the splicing the unit. 

pass BEND 

a 
| 



CHAPTER 8 

Pumping Systems 

Pumping System. The pumping system may well be called the — 
heart of a luminous-tube plant. The desired results of long life, 
high light output, and a minimum of discoloration of the finished | 
tubing are virtually impossible if the exhaust system is not up to 
standard. | 

The primary object of the exhaust or pumping system js to 
remove all the undesired gas from inside the tube. Then, when the 
tube is filled with neon or whatever other rare gas is used, the 
gas in the tube will be pure and give maximum light of the 
desired color. If even a small amount of unwanted or impure gas 
is mixed with the rare gas, the color will be changed to a weak, 
bluish light. If a small amount of impure gas is present, the — 
electrodes may be able to absorb this quantity without any bad 
aftereffects. However, if too large a quantity of impurities js _ 
present, the tubing may never be able to come up to color even — 

after a long aging period. 
The second object of pumping is to remove impurities from 

the walls of the glass and from the electrode shells. The high- 
current gas discharge set up during bombardment heats both 
the glass and the electrodes. This heat drives off the impurities 
from the walls and electrodes, in the form of gases and vapors. 
When the tube has become hot enough to fully release all 
impurities, the pump proceeds to remove the gases and vapors 
which have been liberated from the walls of the tube and from the 
electrodes. If these gases are not removed very quickly, that is, 
if the pump does not evacuate at a very high rate, the gases will 
be reabsorbed in the walls of the tube. Later, when the tube is 
installed and in operation, these reabsorbed gases may be liber- | 
156 =" 
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pumPING 
e brilliance and color of the tube’s light. 

Re oe eat the gases released by bombardment 

,,. a before they have had a.chance to collect again 

pill be . of the tube. After bombardment, the tube must 

i a out to a very high vacuum, that is, to.a few millionths 

_ Be etic pressure. The rare gas (or rare gas and mercury) » 

a a erted, and the tube is sealed off the pumping system. 

| Be soinov bie is then complete, ready to be mounted on the 
~The lur : 

ated a 
But if 

a sign. 

The 

going i 

pumping sys 

nc pumping system must be rugged and vacuumtight. 

& . stopcocks used throughout the manifold and for the ee 

containers should be of the high-vacuum type. They also SNS 
_ specially treated with grease to make them free Gents a 

| slightest leak. Poorly ground stopcocks, no matter ye WwW 

| greased, will have a tendency to leak. 3 
2. The pumping system must be clean. Dirt, water ie 

a or excess stopcock grease in the system will greatly impair the 

Requirements for the Pumping System. From the fore- 

t can be seen that the following requirements of a good 

tem must be met if good luminous tubing is to be 

Bs. The pumping system should be capable of producing a 

~ yacuum better than 1 micron (about ouesmaw nour of atmos- 

pheric pressure—see sections below, which espiains the ses; 

and meaning of vacuum measurement). This vacuum 1s muc 

higher than that used in electric-light bulbs and about abe ret 

that required in radio tubes. Many old mechanical pumps used 

 Juminous-tube manufacturers today cannot alone produce the 

“necessary vacuum. Either a new pump should be substituted, or 

the mechanical pump should be augmented with a diffusion 

pump placed in series with the mechanical pump. A ie 

4. The pumping system should exhaust or pull one at a fas 

rate. After the tube has been bombarded, it should’ pull down 

to a vacuum of 2 microns in less than 2 minutes. If the system 

cannot do this, the gases freed during bombardment will be 

reabsorbed before they are pulled out. 
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5. The entire system should be reliable. A rough-and-ready 
system which will work regardless of the temperature or humidity 
and regardless of a certain amount, of abuse is the only practica] 
unit for a neon plant. Beyond occasional replacement of the 
oil in the mechanical pump and occasional replacement of the 
glass in the manifold, the pumps should require no servicing, 

The Nature of a Vacuum. Before we go on to describe the & 
various parts of the pumping system and their operation, it jg 
necessary first to consider what a vacuum is, how it is measured, 
and how it can be obtained. 

Three hundred years ago, man did not know how to obtain 
a vacuum. He may have imagined a space completely empty of 
every material thing, but he had never succeeded in actually 
producing a vacuum. Torricelli, the famous pupil of Galileo, 
discovered that if a glass tube, more than 30 inches long and 
closed at one end, were filled with mercury and then inverted 
into a glass also filled with mercury, the mercury in the tube _ 
would be sustained to a height of not more than 30 inches. The 
space above the mercury in the tube was supposedly a complete 
vacuum. We know now that in this space there is actually a 
quantity of mercury vapor, but at that time the existence of the 
vapor was not suspected. , 

The mercury is sustained to the height of 30 inches by the 
pressure of the air on the mercury in the cup. As the air pressure 
varies from day to day, the height of the mercury in the tube 
varies also. Such variations in atmospheric pressure are indica- 
tions of changes in weather. The mercury tube thus becam 
the first barometer. | 

Vacuum Measurement. The relation between the air pressure 
and the height of the mercury column has led to the use of the 
barometer as a measurer of pressures. In fact, most pressure gauges 
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Et that pressure would support. So today as 38 

ure measured in millimeters of mercury, abbreviated as 

lete vacuum is a completely empty space, that 1s, 

F i h not a single molecule of gas or other matter can 

. Ee perfect vacuum exists on earth, and even in os 

between the stars there are at least 28,000 mol- 

ter in every cubic foot of space. ‘The best vacuum 

d on earth by man is one in which there were 

cules in every cubic centimeter, and yet this 

acuum is equal to 0.000,000,000,13 of atmos- 

obtaine 

Bric pressure. | 

a with simple pumping systems, pressures of less than a 

‘Jlionth of atmospheric pressure can be obtained. Since ae 

: 

e 

# ssures would sustain a column of mercury to a height of only 
re 

9.007 millimeter, a more convenient unit for measuring vacuums, 

he micron, has been adopted. The micron is a thousandth of 

: : 

e . ° 

millimeter. The required vacuum for luminous-sign tubing 
a ° 

3 before filling is about 1 to 5 microns and for cold-cathode tubing 

i about 0.1 micron. 

Relation between Pressure and Vacuum. The reason why the 

pressure inside a container is tied up with the degree of vacuum 

‘n the container is not always understood. A container of gas 

is in reality full of millions of molecules of gas. These molecules 

are flying about in every direction at very high speed. As the 

molecules near the wall of the container hit the wall, they exert 

a pressure on it. In other words, the pressure 1s really caused by 

a continual battering of moving molecules. Now, as the container 

is pumped out, fewer and fewer molecules remain ; consequently 

there are fewer molecules available to batter the wall of the con- 

tainer. Hence, as the vacuum increases, the pressure goes down. 

Thus the pressure can be used to measure the vacuum. 

Pressure of Rare Gas. After the tube’ has been bombarded 

and thoroughly pumped, it is filled with the rare ee (neon, 

argon, etc.). The pressure of this gas is of the greatest importance. 

If the pressure is too low (1 millimeter or less), the tentency 308 

the electrodes to sputter will be great. If the pressure 1s too high, 

Hil used in vacuum measurement today work on the barometer prin- 
| i] ciple. It was found that the average pressure of the air at sea 
i level was capable of sustaining a column of mercury to a height of 

| | 760 millimeters—29.92 inches—which is the accepted standard 
of air pressure. In other words, it was convenient to express 

ill | pressures in terms of the length (in millimeters) of the mercury 
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the light output. will tend to decrease and the resistance of the 
positive column will increase. So the pressure of gas inserted jp 
the tube must be accurately measured. | 
_ The same sort of gauge used for measuring the vacuum can 
be used to measure the gas pressure, except that the gas-pressure 
gauge must be able to read much higher pressure. The vacuum 
gauge ‘reads microns, or thousandths of millimeters. The gas. 
pressure gauge is calibrated in millimeters. Pressures of 6 to 20 
millimeters are usually used for luminous-tube sign tubing. For 
cold-cathode tubing, especially of large diameter, gas pressures as 
low as. 4 to 6 millimeters are used. 

One further fact about vacuums is of importance. When 
liquids are present in an evacuated vessel, they tend ‘to evaporate 
and fill the space of the container with a vapor. The pump will 
draw out these vapors along with the gases in the tube; but as 
long as any liquid:remains in the tube, the vapor will be con- 
tinually renewed. Hence the entire vacuum system should be free 
of liquids. If liquids, greases, or oils must be used, they should be 
of specially chosen types of low vapor pressure, so that the amount 
of vapor that they give off in the vacuum system is small. 

The Parts of the Pumping System. Pumping systems used by 
luminous-tube manufacturers vary according to the amount 
of work handled. Some systems are elaborate, others very simple. 
But every pumping system must contain the following essentials: 
the pump itself, ‘either a-single mechanical pump or a mechanical 
pump and a diffusion pump in series; the pump manifold, with 
stopcocks; a vacuum gauge which measures the ultimate vacuum; 
a millimeter :gauge for measuring gas pressure; and several con- 
tainers of the rare gases which are connected to the: manifold 
through stopcocks. Some of the more modern systems use two 
pumps. The first, the “fore pump,” is used for getting a rough 
vacuum. ‘hen, by means of suitable stopcocks, the tubing is 
switched over to the high-vacuum pumping system which usually 
consists of a good mechanical pump in series with a diffusion 
Peer | aes 

Plant Layout. The layout of the pumping system should be as 
compact and neat as possible. The one shown in Fig. 8-1 is a 
typical example, but this particular style may not be adapted to 

f as containers 
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every plant. 

"flat plane. M 

Figure 8-2 shows the parts of a system laid out on a 

a pumping systems have been built haphazardly; 

and extra manifold sections have been added as 

8 

| | i i _ Mechanical vacuum pump with motor, 

cs eerie tubing. 4. Diffusion pump. 9. as 

a E Giinss manifold. 7. Rare-gas containers. 8. Gas stopcocks. B 

aa, -pressure gauge. 10. Bombarder. 104A. Metal case covering 

a ai See ofaitice high-voltage leads. 12. Battery clips with rubber 

eis a esti covering on top of table. 14. Low-voltage switch box. 

ves Pe switch contactor for bombarder. 16. Regulator for bombarder. 

4 eee 18. Push-button switch for cise Siena re Ae ee aes 

itch inal socket. 21. Red lamp ind1 : 

| . C ee es, Main stopcock. 24. Blow-hose ens 

05. Blais Pectin to tubing to be pumped. 96. Testing coil. 27. Ta : 

98. Wood frame for gas containers and manifold. 

the need arose. When a system has been built in this Sage: : 

seldom presents a good appearance, and it 1s seldom sO € oe 

as it might be. The pumping system should be built Bit pees 

in the first place to take care of the increase of work w " ae 

be expected as the business grows. The original layout : ou ; 

be given care and thought before it is actually installed. ; nea 

layout is not a luxury. If the pump man works on a neat system, 

—s 

SSS SSS eee —— 
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he will do better work. Repairs can be made more quickly, 
are easier to find, and the whole system can be kept in order 
less bother. Of course, a pumping system which resembles th 
a college laboratory is neither necessary or desirable ; but a 
sensible layout is almost as important as are good pumps. 

- The Manifold System. The pumping manifold is the 
the pumping system to which the tubes are attached for 
The manifold is a system of glass pipes arranged 
more tubes can be attached to it and having an assortment of 

With 

S0od 

Part of 

pumping, 

stopcocks for use in connecting the pumps and the rare-gas flasks 
at the proper time. The glass used in the manifold system js 
usually the same as that used for the luminous tubes. 
tically all cases, lead glass is used. However, systems can be 
constructed of pyrex glass which can be connected to lead glass 
by suitable graded seals. The glass tubing used for manifolds 
should be large—15 to 18 millimeters in diameter—except where 
the tubulation is to be joined to the system. At this point, the 
tubing should be of the same size as the tubulation. 

The manifold should be large enough to handle the work 
which will be put on it, but it should not be too long. If it is 
long, it will take a long time to pump out, and in addition it 
will waste the rare gas which must fill it when the tube is filled. 

All splices in the glass manifold must be properly sealed. Thin 
seals cause breakage due to vibration, and heavy seals cause 
cracks due to strain and stress set up in the glass. All glass should 
be well annealed. 
A manifold layout, showing gas containers, gauges, all neces- 

sary stopcocks, pump connections, and tubulation glass for sealing — 
on the tube, is shown in the manifold section in F ig. 8-2. The 
rubber blowtube and stopcock shown on the manifold are used 
to permit the glass blower to blow into the system while sealing © 
on the tube to be pumped and for the purpose of admitting air 
to the system whenever this may be necessary. 

On some systems, special drying traps are used, which con- 
tain phosphorus pentoxide, a chemical which will absorb water — 
vapor; if such a trap is used, the phosphorus pentoxide should 
be replaced regularly; otherwise it will become saturated with 
water vapor and do.more harm than good. _ 
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Fic. 8-2. Schematic layout of a complete pumping position. At the lower left is shown tailed wiring diagram of the bombarder section. 
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Stopcocks. ‘The stopcocks used throughout the system 

be of standard design. They may be bought from glass 
houses and are fitted with lengths of tubing at each end 

_must be spliced to the rest of the system. The Stopentt 
have a carefully made ground joint, between plug and bo 

Must 

re. 

Fic. 8-3. Two types of stopcocks: (a) Straight bore. (b) Oblique Lee 

is so constructed that when it is open, as shown in Fig. 8-3 the 
handle is parallel to the length of the tube. A glass stopcock ial 
for a vacuum system should have a more carefully ground fitting 
than the standard chemical stopcocks available on the market 
Even a good ground-glass fit is not sufficient unless specialll 
treated with a suitable stopcock grease, specially made for vac- 

Fic. 8-4. A hollow-bore stopcock. 

uum work. This grease is smeared over the ground-glass surface 
of the inner portion of the stopcock in a thin coat, but sie must 
De taken not to get grease in or near the hole through the stop- 

| eons since this would clog the opening and allow the grease to 
get into the manifold. The inner portion (plug) of the stopcock, | 

Shoulq _ 

Which L | 

au 

ae 
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ng covered thinly with grease, is turned into the outside 

(or seat). When properly greased, no air bubbles will 

B en between the two ground-glass surfaces, and the stopcock 

4 be 2 turn easily and should be completely airtight. Grease 

| * for stopcocks should have a very low vapor pressure; only 

Q a gnest quality should be used, since poor-quality grease has a 

endency to release vapor within the pumping system. 

| cocks are available in many different types. ‘The standard 
Sto 

2 own in Fig. 8-3 can be obtained with either a straight 
types sh : | ae 
or an oblique bore in the plug. Figure 8-4 indicates one type 

~ of hollow-bore stopcock which can also be used, principally for 

‘the main stopcock in a pumping system. Other stopcocks are 

available such as mercury-filled types, but these are not practical 

for a rugged luminous-tube system. Generally, long-bore stop- 

cocks with 2-, 3-, or 4-millimeter openings in the plug are used 

for the rare-gas flasks, for connecting to the glass-blower’s blow 

hose, for the gas-pressure gauge, and for any other needs in the 

system, except for the main stopcock. The main stopcock to the 

pump should have a plug with at least an 8- to 10-millimeter 

hole; otherwise it may interfere with the pumping speed. Stop- 

cocks have to be regreased since the grease coat wears out after 

atime. Many hard-to-find leaks can be traced to poorly greased 

- stopcocks or to stopcocks that have a trace of foreign matter 

between the plug and the bore. | 

_ The Rare-gas Containers. The rare-gas containers must be 

attached to the system very carefully so that none of the gas is 

___ wasted and so that the gas inside the container remains pure. 

The method is outlined on page 211. 
Some systems have only one stopcock on the rare-gas flasks. 

_ This simple installation will serve satisfactorily, but the double- 

stopcock installation is much safer, will conserve the gas, and 

will permit more accurate filling of the tube. After the stopcock 

nearest to the gas flask is opened, it permits the filling of the 
space between the two stopcocks. The first stopcock is then closed 

___ and the second stopcock nearest to the manifold opened and the 

gas “‘ladled” into the tube. This ladling process can be duplicated 

__ 4§ many times as needed to reach the proper gas pressure in the 

~__ luminous tube. 
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Mechanical Pumps. The mechanical motor-driven pump can 
be used in either of two ways in the luminous-tube pumping | 
system. It may be the only pump on the system. In this case, jt 
must do the entire work of pumping, and for this reason it must 
be a very good pump. Or it may be used with a diffusion-type 
pump. In this case, the mechanical pump is used simply to 
provide a rough vacuum on the output side of the diffusion pump, 
while the diffusion pump does the high-vacuum pumping. Ip 
this case, the mechanical pump need not be capable of drawing 
so high a vacuum as when it is used alone. But it must be fast 
whether used with a diffusion pump or not. Regardless of its in- 
tended use, the mechanical pump should be carefully made to 
withstand long and hard usage. 7 

The mechanical pump has two connections: the intake port, 
which is connected to the manifold or diffusion pump; and the 
output port, which forces the pumped gases into the air. The 
pump can be connected to the motor by a direct drive, chain 
drive, or belt drive. The motor should have the proper horsepower 
rating recommended by the pump manufacturer, and it should be Ft 
firmly mounted on the same base as the pump itself. 

The mechanical pump is filled with a special oil having a low 
water content, which seals its valves and pumping action. This 
oil should be replaced occasionally, and it should never be 
allowed to fall below the level indicated on the inside of the pump 
casing. The oil eventually becomes contaminated with water 
vapor and other impurities after about 6 months of use and 
should be replaced at the end of that time. 

Rubber hose is usually used to connect the intake port of the 
pump to the glass tube which leads to the. diffusion pump or 
manifold system. This hose should be of pure gum rubber and 
of heavy wall construction; it should be bound to the intake 
port with wire. Sealing the rubber hose to the pump intake and — 
to the glass should be done with castor oil or some other lubricant 
which will make the joint airtight. 

Almost all modern high-speed vacuum pumps, like those in — 
Fig. 8-7, work on the principle shown in Fig. 8-5(a). The pulley 
drives a shaft on which a heavy vane slides, so that the edges of 
the vane are always in contact with the edge of the circular pump 

, 
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Ss 

chamber. h 
shown, $0 | 
| again 

- Rotor clearance. 

by the intake port around to the discharge port, where it escapes. 

- This action is continually repeated as the pump revolves. Almost 

F all pumps are really two pumps in one (compound pumps), 
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The drive shaft is off the center of the chamber as 

at the vane moves eccentrically. The vane,. sealed 

st the side wall by the pump oil, sweeps the air admitted 

ee 

7o vacuurn 

5 Ee . 8-5(a). Compound mechanical oil pump with rotary sliding vane. A. 

Sliding vane. B. Rotor. C. Spring to force vane against cylinder wall. D. 

Eolinder or stator. F. Intake port. G. Outlet port. J. Outlet valve. X. 

76 vacuum 

X<q/ 

Fic. 8-5(b). Cenco pump, showing rotor in two different positions. K. 

Main shaft. L. Rotor. N. Scraping vane (fixed but movable vertically). O. 

Intake port. Q. Compression lever which forces vane against rotor. R. Out- 

let port. This pump is compound and has two units in ‘series. | 

connected in series and operated so that the two vanes turn to- 

gether. This series arrangement adds greatly to the pumping 

speed and permits much higher vacuums to be attained. 
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The sweeping-vane pump has been modified in the eccentric. 
cylinder type [see Fig. 8-5(b)]. The Sweeping vane has been 
replaced by a cylinder mounted off center on the drive shaft — ; 
The cylinder rests against a sliding stationary vane which is 
sealed in the cylinder by the pump oil. As the cylinder rotates, it 
sweeps the gas from the intake port to the discharge port in much 
the same manner as that of the sweeping-vane pump. In this 
pump, the sliding action is moved from the drive shaft to the 
side of the pump wall, and as a result the pump is easier to 
construct and maintain in good working order. 7 
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casting or 
Stotor™ < 
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Fic. 8-6. Section of a molecular-type vacuum pump. 

Other types of pumps are occasionally used, one of which 
works on a rotating-gear principle, the teeth of the interleaved 
gears being used to sweep the air from intake to output, but 

these pumps wear out quickly after a few months of service. In 
addition to the gear pump, there are piston pumps very similar 
in action to the piston hand pump used for filling automobile 
tires but with the action reversed. Piston pumps are not fast, 
and they cannot produce a high vacuum; so they are rarely used. 

The most effective type of mechanical pump is the so-called 
molecular pump (see Fig. 8-6). This works with a reduced pres- 
sure vacuum on its output side, provided by an auxiliary “back- 
ing” pump. The molecular pump works on the principle of 
molecular drag; that is, a rotating cylinder or rotor operating 

? 
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33 Be pical vacuum oil pumps_ used 

, ic yeon-sign industry. (a) Tube- 
a Pep. (b) Cenco pump. (c) 

| international pump. 
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at a very high speed (4,000 to 10,000 rpm) is used to exert a 
dragging force on the gases from the intake to the output. When 
properly operated, molecular pumps can give vacuums of 0.001 
micron when provided with a backing pressure of not more than 
10 microns. But they are expensive and delicate pumps, anq 
they are not used in the luminous-tube trade. 4 

The cubic content of a luminous tube is relatively small. A 
cold-cathode tube 25 millimeters in diameter by 8 feet long has 
a cubic content of less than 1 liter. To this, of course, must be 
added the capacity of the manifold of the pumping system itself, 
but the total will not average more than 1 liter. Because of this 
small volume which has to be evacuated, a relatively small 
mechanical pump can be used. It must be able to pull out the 
gases which are released during bombardment at a high enough 
rate to prevent the gases from being reabsorbed. Pumps available 
on the market today are the Tubelite VOP-5, the Cenco Hyvac, 
Megavac, and Hypervac 23. Each has a free air displacement in 
liters per minute sufficient to cope with any pumping problem 
which may be encountered in the luminous-tube industry. The 
Hyvac vacuum pump has a free air displacement of approxi- 
mately 10 liters per minute; the VOP-5, approximately 28 liters © 
per minute, the Megavac at 325 rpm has a free air displacement 
of 31 liters per minute; and the Hypervac 23, 240 liters per 
minute. At a vacuum of | micron, the speed of pumping of liters 
per second is reduced to approximately 425 that of the free-air _ 
displacement. 

In general, a satisfactory pump for the average small luminous- 
tube shop has a displacement of 15 to 40 liters per minute. When 
a large installation is to be made and a number of cold-cathode 
tubes are to be evacuated at the same time, a pump with a higher 
free-air displacement can be used. : 

When a mechanical pump is turned off, the oil within the 
pump may be sucked up into the manifold or diffusion pump un- 
less special precautions are taken. Some mechanical pumps are 
fitted with a nonreturn valve which prevents the oil from backing 
up out of the pump. Other pumps do not have this arrangement. 
No matter what kind of pump is used, it is always best to allow 
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ter it from the manifold after it is stopped. If a diffusion 

| - ysed, then the air should not be let into the system until 

a has cooled sufficiently to prevent oxidation of 

ionally even this precaution is of no avail, and the pump 

get into the diffusion pump and manifold. When this 

is nothing to do but take down the entire system; 

h lye, carbon tetrachloride, or some other grease 

the diffusion pump with mercury or organic liquid; 

~-Occas 

Table 8-1. Comparative Pumping Speeds 

a aa ea eT a 
Estimate for 275-cc 

average tubing units 

under plant conditions, 

minutes f | 

4,000-cc volume under 

laboratory conditions, 

minutes * 
. Type of glass pump 

Hyvac Megavac Hyvac Megavac 

fore pump | fore pump | fore pump | fore pump 

No diffusion pump......... 33 20 a 

j “ ter-cooled mer- 

eile : 18 . 16 Less than 4] Less than 3 
MeHEY plliNlp......95.-.2-5-- 

ingle-st2 tyl phthalate 

| ie . 20 <a Less than 4| Less than 3 
BOOP. = ee 

. ‘Three-stage water-cooled mer- : ; é ; 

cury pump.....-.--..-:- 

way 
* The figures given-represent the time required to pump out the volume indi- 

cated to a limiting pressure of 14 micron. P. J. Mills, “Time Pressure Character- 

“istics of Various Diffusion and Molecular Pumps,” Review of Scientific Instruments, 

fol. 3, No. 6, June, 1932. 

_ { Authors’ estimate. : 

Table 8-1 gives: the pumping speed and highest attainable 

vacuum of two of the better known kinds of pumps. : 

Diffusion Pumps. Very few luminous-tube manufacturing 

plants depend upon a mechanical pump alone. Almost every 

manufacturer has come to realize that some sort of diffusion 

pump is necessary for a high-speed pumping system. The reasons 

for the superiority of the diffusion pump are many: It is inde- 

pendent of humidity changes, pumping equally well in wet and 
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dry weather. It is extremely fast. It does not wear out, and jy 

requires a back pressure which can be supplied by any fagt 

mechanical pump. | gif 

Three types of diffusion agents are commonly used: (1) mer 

cury, (2) organic liquids, and (3) silicones. The latter types have 

almost entirely displaced the mercury type. These pumps can 

be constructed either of glass or metal and can be either ai; 
cooled or water-cooled, depending upon the amount of volume 
which the pump handles. 

The metal pumps are generally of the single-stage type. The 
glass type can be constructed in many different ways and can 
be single jet, single compartment; double jet, double compart- 
ment; double jet, tripie compartment; or triple jet, four com- 
partment. For the luminous-tube industry, either the single-jet, 
single-compartment, or double-jet, double-compartment pumps 
are generally employed. | : 

The simple diffusion pump consists of a glass reservoir con- 
taining the liquid, a heater which heats the liquid, a cooling 
chamber in which the vapor from the liquid is recondensed by 
‘means of a special cooling system, and a tube for conducting 
the recondensed vapor back into the main liquid reservoir. 

Mercury was employed as a pumping liquid first. The un- q 
certainty of performance with this relatively high-vapor-pres- 
sure fluid made its use undesirable since it is easily affected by 
slight contamination. This has resulted in widespread use of 
organic liquids and silicones. | 

The organic liquids were developed by the Eastman Kodak 
research laboratories in 1930 when butyl phthalate was first 
used as a pumping fluid. Butyl phthalate is still commonly 
used for pumps designed for the luminous-tube industry. Other 

liquids have since been developed for diffusion pumps such as | 

Octoil, Octoil-S, Amoil, and Amoil-S. Neither Octoil nor 

Octoil-S is recommended for the luminous-tube industry be- 

cause the oil readily becomes oxidized as air rushes in at the 

beginning of a pumping cycle. An Octoil diffusion pump is’ 

generally used with its own mechanical pump only when a 

separate fore pump is employed to obtain a rough vacuum 

first. | 
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Silicone fluids have also been developed for use with diffu- 

pumps. The silicone fluids are highly recommended be- 

a . of their inherent thermal stability, which permits a high- 

on system to be open to air without decomposition or 

| BP ction of pumping speed. However, the silicone fluids are 
q relatively expensive. 
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Fic. 8-8. Standard-type single-stage glass diffusion pump. 

To illustrate the operation of a diffusion pump, the layout 
_ of a single-stage diffusion pump is shown as an example in 
r _ Fig. 8-8. prety, | 

| In the diffusion pump, the pool of oil or silicone liquid is 
heated by a heater, and the vapor which forms above the pool 

is drawn toward the intake part of the mechanical pump. But 
_ the vapor chamber is also connected to the glass manifold, 
and as the cloud of vapor is drawn toward the mechanical 
pump it sweeps before it a portion of gas from the manifold. 
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The vapor is fie pumping agent; it half drags, half pushes 

before it the gases from the manifold into the mechanica] 
pump. 

If the vapor were not collected, it would pass out into the 

mechanical pump and be lost with the impurities, and even. 

tually the supply of liquid in the pool would be completely 

evaporated. So some means of collecting the vapor must be 

provided. ‘This takes the form of a condensation chamber 

which cools the vapor. By the time the vapor has reached the 

chamber, this cooling effect has condensed it into tiny drop- 

lets which collect in the side tube and roll back into the majn 

reservoir. By the time the condensation takes place, a fresh 

supply of vapor has formed and is pushing more gas from the | 

manifold into the mechanical pump, so that the action is con- 

tinuous as long as the heat is supplied to vaporize the liquid _ } 

and the required cooling to condense the vapor. 

If mercury is used in a diffusion pump, the presence of the 

- mercury vapor in the system provides many difficulties if any 

other kind of tube but mercury is being made. In the case of a 

neon-gas tube, for example, the mercury vapor from the diffu- 

sion pump may get into the tube and cause a blue glow where 

only red is wanted. So a specially devised vapor trap must be 

provided between the diffusion pump and the manifold (see | 7 

Fig. 8-9). This trap is a tube surrounded by a very cold sub- 

stance, such as liquid air or chopped-up dry ice. ‘The intense 

cold at this tube condenses any mercury vapor and traps it be- . 

fore it can reach the manifold system. 

The Effect of Temperature on the Operation of the Diffusion 

Pump. It is of the greatest importance to maintain an even tem- 

perature in the boiler containing the liquid, that is, mercury, 

organic liquid, or silicone fluid. If the temperature is too high, 

violent boiling may cause the liquid to be vaporized to such an 

extent that it may be pulled out by the mechanical pump. The 

organic liquids may become crystallized under intense heat. 

For this reason, the temperature control in the liquid chamber 

is of prime importance. Too high a temperature also impairs 

the effectiveness of the pumping action, since the greatest 
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nt of gas will be drawn from the manifold only if the 

pn" essure is correct—neither too high nor too low. If the 

too low, not enough vapor will be produced to 

drag on the gas in the manifold, and the pump- 

e slow. 

The diffusion pump can be cooled by water circulation, by 
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Fic. 8-9. Water-cooled mercury diffusion pump with a vapor trap. 
.u 

forced air, or by having a large enough cooling chamber to 

allow for proper condensation by cooling from the surrounding 

atmosphere. 

Organic-liquid or silicone-filled pumps require a lower back- 

_ Ing pressure than the mercury type of pump; they operate at 

maximum speed when the backing pressure is about 0.01 milli- 

meter of mercury. Almost any good mechanical pump is ca- 

pable of providing this back pressure for the pump, so that 



176 ae SHOP PRACTicg 
manufacturers need have no fear about replacing their mer. — 
cury pumps with an oil pump. In general, it may be said that. 
the mercury and oil-condensation pumps will perform equally 
well for use in tubing plants, but the greater convenience of thea 
oil type and its ruggedness make it preferable to the mercury 
type for this kind of work. 

Diffusion pumps are usually made of pyrex glass, since thig 
glass can stand heating much better than can lead glass. When 
such a pyrex pump is connected to the lead-glass manifold, 

(a) 
Fic. 8-10. (a) Three-stage glass diffusion pump for very high vacuum. (b) 
Water-cooled metal diffusion pump. _ 

either a graded-glass seal or pyrex-to-lead glass ground joint 
must be used to connect the pyrex to the lead glass. 

The heater used is usually of the electric type, either internal | 

or external, since this is convenient and comparatively safe 

compared with a gas flame. But gas can be used just as well, 

provided that too intense a flame is not used. When mercury 

is used, the heat should be just enough to make the mercury 

bubble gently as it boils, while in the oil-condensation pump 

no visible boiling should occur. Figure 8-10 shows two special 

types of diffusion pumps. 
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There are several other names for the diffusion type of pump 

ah as aspirator pump and condensation pump, but the pump 
su ; | 

4 the same regardless of which name is used. 
is 
Vacuum Gauges. Besides the manifold and pumps already 

4 described, the vacuum system must have one or more vacuum 

To manifold 

Scale marked 
olf iin 

millimeters 
Mercury 

Aif.3 

pressure 

ae 

Mercury 

Fic. 8-11. Straight type of mercury gauge. 

ak gauges for measuring the degree of vacuum in the tube. All 
vacuum gauges used for luminous-tube work operate on the 

barometer principle; that is, they are really pressure-measuring 

devices. The simplest type of vacuum gauge resembles the 

mercury barometer, as shown in Fig. 8-11. This type of gauge, 
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known as the straight gauge, consists of a straight tube at least 39 

inches long and filled with mercury. ‘The tube is fastened in an 

upright position over the mercury reservoir and is sealed into 

the manifold, as shown. When the manifold is full of air, ajj 
the mercury is in the cup; but when pumping is started, the 

mercury column rises in the tube about 30 inches. The height 

of the column below the zero level is an indication of the de- 

gree of vacuum. The tube is calibrated with a scale marked off 

in millimeters, which is fastened beside the tube. When the 

pressure falls to 10 millimeters, the column is only 10 milli- 

meters below the zero level. This gauge indicates only a rough - 

vacuum and is used to measure gas pressure only. 

When the neon or other rare gas is put in the tube, its pres- 

sure may be measured with such a gauge. To secure a 10- 

millimeter pressure, the mercury column should fall 10 milli- 

meters; for a 15-millimeter fill, the column will fall 15 milli- 

meters; and so on. For very low pressures of 1 millimeter or 

below, this type of gauge cannot be used, because the length 

of the mercury column is so long, and its changes in length are 

so small, that the pressure cannot be read accurately even with 

a magnifying glass. In other words, the straight gauge is a 

millimeter gauge; that is, it will read pressures from 1 to 760 

millimeters but not below 1 millimeter. For reading microns, 

or thousandths of millimeters, a micron gauge is needed. Micron 

gauges are described in a later paragraph. 

The U Gauge. The U type of vacuum gauge, shown in Fig. 

8-12, is a millimeter gauge also, but it is much smaller and 

more convenient to install than the straight gauge. The U 

gauge is a U tube half-filled with mercury and sealed into the 

manifold system. One arm of the U tube is evacuated. When 

the system is pumped out, the pressure on the manifold side of | | J 

the gauge is reduced, and the mercury in the two arms of the 

U tube tends to come to the same level. ‘The difference in level 

between the two arms, in millimeters, is the pressure on the 

manifold side. The scale of such a gauge is placed beside the — 

evacuated arm. The mercury in this arm will fall only % 

millimeter for every millimeter decrease in pressure in the 

—puMP! 

| manifol 

7 ‘Since the ce 

4 gauge, for the same decrease in pressure, it 1s less sensitive and 

q der to read, particularly for pressures in the region of 1 

mil | 

4 vacuum indicator, almost all pumping systems are fitted with 

[ _ U gauge. The U gauge will show very quickly just what the 

press 

“quickly the pumps are working and if there is a leak in the 

oe 
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d. This is true because the other arm rises /2 millimeter 

he same time, making the difference in level 1 millimeter. 

U-type gauge moves only half as far as the straight 
at t 

jimeter. But because of its simplicity and great usefulness as 

ure is inside the manifold, and it will show also how 

system. 
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Fic. 8-12. Standard type of mercury U gauge. 

The mercury used in the straight and U-type gauges does 

not interfere with the drawing of a good vacuum, because the 

- mercury is cold, and as a result, practically no mercury vapor 

is formed. For this reason, no special trap is necessary, as is 

necessary in the case of the mercury diffusion pump. Tubing 

used in gauges should be free from water vapor when the gauge 

is installed. : 

The Butyl U Gauge. A type of U gauge which is very useful 
in reading pressures from about 1% to 30 millimeters uses butyl 

phthalate instead of mercury. Since butyl phthalate is about 

one-fourteenth as heavy as mercury, the pressure inside the 
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manifold will support a column of it fourteen times as high | 

as it will support mercury; that is, a change in pressure of | 

millimeter in the manifold will cause a change of 14 millimeters 

in the height of the butyl phthalate column. 

As shown in Fig. 8-13, this fact makes the scale of the gauge 

much wider and easier to read accurately. Filling to pressures 

To monitold 

Fic. 8-13. Butyl phthalate E-Z Read gas-pressure gauge. 

as low as 1 millimeter and filling to higher pressures to an _ 

accuracy of 0.1 millimeter is entirely possible with such a 

gauge, while with mercury U gauges such accuracy cannot be 

attained. The butyl gauge is essentially a pressure gauge, useful 

for measuring the pressure of the rare gas, but not suitable for 

measuring vacuum pressures. 

The butyl phthalate used here is the same substance as that 

used in the butyl diffusion pump, and it has the same advan-_ 
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q ow vapor pressure and chemical inactivity. The com- es of | tages gauge is about 2 feet long and fitted with a scale 
plete butyl : 
about 8 inches in length. : pany ; 

“The McLeod Gauge. The McLeod gauge is primarily a micron 

Bice; that is, it is designed to read very low pressures, as low 

a a smicron. But the McLeod principle is also used in gauges 

Bec oned for reading millimeters of pressure, and two gauges 

can be built into one, capable of both readings—high and low 

vacuums. 
The McLeod gauge operates by compressing a sample of the 

_ gas from the manifold and comparing the pressure of this.com- 

pressed sample with the manifold pressure itself. Enigs : 

| 14(b), the cup C holds a supply of pure clean mercury, while 

‘the rubber hose H connects the mercury reservoir with the gauge 

itself. The gauge is connected to the manifold at the point A. It 

~ js operated by lifting the mercury flask above the bottom of the 

] gauge. The mercury from the flask flows through the hose and 

up the tube T to the point B. When it reaches this point, it 

- divides into two paths. The left-hand passage (which contains 

gas at the manifold pressure) is cut off from the rest of the system 

by the mercury. As the mercury continues to rise in the tube D, 

_ the gas caught inside is compressed. At the same time, the mercury 

in the right-hand tube rises. When the mercury in this column 

has risen to the mark M, the level in the closed chamber D comes 

to rest opposite a number of the scale which shows the pressure 

of the gas inside the manifold. 

The McLeod gauge does not read continuously; that is, each 

time a reading is desired, the mercury flask must be lifted, and 

‘the reading is taken after the mercury has risen to the proper 

height. The pressure reading indicates the pressure at the time 

when the mercury passed the point B, that is, when the sample in 

the chamber D was caught and the compression began. Reading 

_ pressures with this type of gauge is slow, therefore. In addition, 

the McLeod gauge cannot be used for measuring the pressure 

of the gas fill except by a cut-and-try method, which is slow 
and often very wasteful of the rare gas. | ; 

_ But for measuring very low pressure and for determining 
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whether or not the pumping system can attain th 
ne gae before filling the tube, a McLeod gauge a be ual u 
: cea over which the gauge will indicate is determi 
y the dimensions of the chamber D. If a large sample of vas aS Is 
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attached to the manifold by connecting to tubing at A . Either gauge is 

caught and compressed into a very fine tube, the gauge can be 
made to read very low pressures. In the double gauge for readi 
both high and low pressures, shown in Fig. 8-14(b), it Il be 
seen that the micron part of the gauge has a ver ciel 
compared with that of the millimeter section of ‘ae tube a 
: McLeod gauges must be very carefully made, and they must 
e calibrated; that is, the scale must be marked on them at the 
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pl 

ctory: It is very difficult for the glass blower to make his own 

McLeod gauge; the gauges are usually bought in complete 

form from 4 supply house. 

Other Types of Vacuum Gauges. The McLeod gauge has 

g certain disadvantages for a luminous-tube plant. It is not in- 

us reading. The operator has either to push the 

he mercury pool or lift the flask of mercury to 

ding. Also, the McLeod gauge is made of delicate 

d unusual jars or knocks may injure or break 

Junger fH it 

obtain the rea 

glasswork, an 

this glasswork. 
te , 

During the last few years, More compact gauges have been 

a designed and developed which have overcome some of the dis- 

advantages of thé McLeod gauge, and, more important, these 

can give almost instantaneous readings. The more commonly 

used gauges are the ionization vacuum gauge, the thermocouple 

yacuum gauge, the discharge gauge, and the Pirani type of 

“gauge. These gauges have been built in various forms, but, in 

a general, embody certain definite principles. 

The ionization vacuum gauge uses a tube which consists of 

4 filament, grid, and plate. The tube is connected to the mani- 

x fold through a tubulation. The filament and the grid of the 

tubes are conventional, but the plate has a deposit of either 

silver or platinum on the ‘nside wall of the glass. The lead is 

connected to this deposit and brought out with the leads of the 

grid and the filament. 

There are two different circuit arrangements which can be 

employed. In one the grid around the cathode acts as internal 

collector and the outer coated plate acts as anode; in the other 

arrangement the roles are reversed, and the grid acts as the 

anode and the outer plate as the external collector. The pres- 

sure depends upon the degree of ionization produced in the 

low-pressure gases left in the tube. — 

The underlying theory of the ionization gauge is that a 

stream of electrons from the cathode or filament ionizes the gas 

molecules to an extent depending upon the number of mole- 

cules encountered. When the pressure is low, or a high vacuum 

is reached, the rate of formation of positive ions will be pro- 



portional both to the number of electrons emitted from the fila. 
ment and to the number of residual gas molecules left in the 
tube. In other words, at a high vacuum, the rate of lonization 
will be proportional to the degree of vacuum. The lonization 
gauge is not practical for neon or cold-cathode manufacture 
because it has to be degassed when brought to atmospheric 
pressure. 

Another gauge, similar to the ionization type but operating 
on a thermocouple principle, is known as the “thermocouple” 
gauge. A thermocouple tube is indicated in Fig. 8-15 with al | 

Fic. 8-15. Thermocouple tube for vacuum gauge. 

tubulation for sealing to the vacuum system. It contains a fila- 
ment in the shape of an X having a small thermocouple welded 
to its mid-point. Four leads are extended from the envelope, 
two for the filament-heating current and two for the thermo- 
couple. As the pressure is decreased, the energy removed from 
the hot thermocouple by conduction and convection is de- 
creased; therefore its temperature and the thermoelectric volt- 
age increase. The thermoelectric current output is measured by 
the “thermocouple” meter, which is a galvanometer. A thermo- 
couple vacuum gauge is usually calibrated against a McLeod 
gauge. Once calibrated, the thermocouple gauge will remain 
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e as long as the original arrangement 1s not appreciably 

A thermocouple pressure gauge is practical to measure 

changed from 2 to 200 microns. + : ! 

eo harge gauge is a cold-cathode, diode type of gauge 

| a a burnout. One type of tube is enclosed in an oval- 

and 1s ae shell. A permanent magnet produces a strong 

shaped . along the minor diameter of the shell, establish- 

magoe™ the cathode of the gauge. The anode consists of a 
ing it loop of wire embracing the maximum portion of 

BI agnetic field. As the pressure surrounding the gauge ele- 
the 

puMP! 

4 

wy 
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Fic. 8-16. R.C.A. thermocouple gauge and discharge gauge incorporated in 

one unit. 

‘ments is reduced, that is, as the vacuum becomes higher, a 

discharge occurs in the gas. A direct-current millimeter, known 

as a “discharge” meter, reads the discharge current. These 

readings can be easily translated into accurate terms of pres- 

gauge. The range of a discharge gauge is approximately from 

less than 0.1 to 20 microns. Figure 8-16 shows an R.C.A. vacuum 

gauge which incorporates in one unit both a thermocouple and 

discharge gauge for fully covering vacuums down to less than 

—- 
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sure by calibrating against a standard, such as a McLeod > 
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0.1 micron. Figure 8-17 shows the calibration of both the ther. 
mocouple pressure gauge and discharge pressure gauge in 
“pressure in microns of mercury” against readings of the 
meters. 

A gauge that is used more often than any other is the Piranj 
type. Many modifications have been made in the original Piranj 
gauge. Some Pirani gauges use a single tube which is attacheg 
to the vacuum system. Another type uses two tubes, one of 
which is connected to the vacuum system and the other of 
which is a matching tube against which the one on the system 
is calibrated. The vacuum gauge indicated in Fig. 8-18 is a 

0) Oo Oo ‘e) 

ER, eee] 

ressure gage reading 
$ oO p 

7 | 

Thermocouple pressure gage reading 

Pressure in microns of Hg 
Fic. 8-17. Calibration of the thermocouple gauge and discharge gauge 
shown in Fig. 8-16. The thermocouple gauge operates in the range between 
10 and 100 microns, and the discharge gauge from 10 microns down to 
0.1 micron. 

modified form of the Pirani vacuum gauge. It operates on the 
principle that the heat conducted by a surrounding gas from 
an electrically heated wire, maintained at constant voltage, will 
cause a change in temperature of the wire and consequently 
will change its electrical resistance. This change in temperature 
and resistance of the wire will vary with the pressure of the 
surrounding gas and also with the kind of gas. 

The use of the constantly heated wire as one leg in-a bridge 
circuit which is balanced at atmospheric pressure makes it pos- 

sible to detect a decrease in pressure because the bridge be- 
comes unbalanced and the amount of the unbalancing current 
is measured in microamperes. The meter can be directly cali- 
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Fic. 8-18. A modified type of Pirani vacuum gauge. 

ih] he] 

Fic. 8-19. Schematic wiring diagram of vacuum gauge shown in Fig. =e 

A. Dry battery. B. Rheostat for adjusting voltage. C. Voltmeter. D and E. 

Tubes. F. Microammeter calibrated in microns of pressure. 

brated to read in units of high vacuum such as microns pres- 

sure. One micron represents 14900 millimeter of mercury. A 

circuit diagram of the gauge is indicated in Fig. 8-19. To 

_ operate the modified Pirani gauge, it is necessary first to set the 

$e ee 

a oer 

————— 
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voltage accurately, as indicated by an arrow marked on the 
voltmeter. After the voltage is adjusted to the arrow, a button 
is depressed to connect the meter in the bridge circuit for a 
vacuum reading. A gauge of this type has many advantages jn 
that the vacuum can be immediately read at any point. Another 
advantage is that, once the ultimate vacuum in the system has 
_been reached, it is easy to determine whether there is any leak. 
age in the system because of leaks or because of seepage through 
faulty stopcocks. 7 

Trouble Shooting. If the system is not vacuumtight, it may be 
very difficult to locate the leak. A large leak may be detected 
by blowing into the system through the rubber blowing hose, 
but leaks large enough to be detected in this manner are usually 
visible to the eye. The smaller leaks, which prevent the system 
from attaining a good vacuum but which admit air very slowly, 
are much harder to find. This type of leak may sometimes be 
indicated by watching a U gauge and noticing if there is a 
gradual change in the two columns of mercury. A useful tool 
for detecting a leak is the high-tension testing coil, which has 
been referred to previously. This device is a transformer, 
mounted in a cylindrical case and equipped with a small knob 
(rheostat) at one end and a metallic electrode at the other. This 
tester, shown in Fig. 8-20(a), is attached to the lighting circuit, 
and the knob at the end is turned until the electrode at the 
other end glows with a spark discharge. 

Another type of tester for leaks which is used in the lumi- 
nous-tube field, shown in Fig. 8-20(b), incorporates a high- 
frequency circuit in an insulated housing. This tester is fur- 
nished with a separate transformer. The advantage of the 
high-frequency test coil is that it can be used continuously with- 
out burnout. Also, because of the nature of the spark it pro- | 
duces, it will have less chance of puncturing the glass than 
the more commonly used unit. 

Use of a Testing Coil. When the sparker is held against the 

glass tubing of the pumping system, the spark discharge will 
jump to the glass and partially cover the outer wall of the glass. 

A poor vacuum will be indicated by a dark-purple streak or red 
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sz f there is even a small pressure of gas inside the tube, a 

o low will form inside the tube. As the pressure de- 
glow will become thinner and will cling closer to 

a of the glass wall. When the pressure is below 5 

:.. the glow inside the tube will disappear entirely. | 

eo hug coil can thus be used as a rough indicator of the 

- fe nside the system, and it can indicate a very high 

r the absence of any glow inside the tube. But it is 

ful for locating leaks. A pale-red glow which 

Jow. | 

C1 eases, 

th > insl 

pressur 

yacuum by 

also highly use 

(b) 
Fic. 8-20. (a) Standard testing coil. (b) High-frequency tester. 

gradually turns into a dark-purple streak inside the tube indi- 

cates a leak. The spark from the test coil will enter the tubing 

q through the leak, and in doing so it will become very white in 

| color as it passes through the glass. The leak will be clearly 

indicated by the bright spot. : Ae 

The test coil must be used cautiously, since the spark is capa- 

ble of puncturing the glass, especially near a bend, splice, or 

thin part of the glass. The tip at the end of the coil should not 
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be pointed, or else the spark will be very intense, and the tend 
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r pumping. But before pumping is started, prepara- 

ency to puncture the glass will be much greater. 7 al .. bardment are necessary. ‘These preparations, to- 
Sealing the Work to the Pumps. When the glass blowing hal jons for Pac detailed procedure of the bombardment process, 

been completed as outlined in the preceding chapter, the clea gether - in the following chapter. 
trodes are in place, and the tubulation is attached, the tube ‘ol are oo Hints. Trouble with the pumping system may arise 

ready for the pumps. The procedure of sealing the tube to the 7 — of sources. The following list of hints has been 
variety 

pumping systems is as follows: See that the stopcocks leading 4 from e Be aid in running down the more common causes of 

to the gas containers are closed and that the main stopcock _ compile 
leading to the pumps is closed. Then open the air-hose stop. trouble: ro Hen eR ae oe 
cock, admitting air to the manifold system. Break off a show } 1. Keep stopcock surfaces greased with a thin c 

section of the tubulation glass on the manifold. 

Take the tube to be pumped, and lay it on the pumping ‘ 
bench so that the tubulations on the tube and on the Manifold 
are close together. If they do not fit neatly, the tubulation op — 
either the tube or the manifold may be heated and bent until a 
good fit is obtained. Then splice the two pieces of tubulation 
glass together, using the mouth blowtube to blow out the splice — 
to the proper shape and thickness. When the splice is cool, blow _ 
on the air hose to test for any large leaks. If the tube and manj- 
fold appear to be airtight, close the stopcock at the air hose and 
open the stopcock leading to the pumps. This starts the pump- 
ing. Both mechanical and diffusion pumps should be operating — 
at full capacity. | _@ 

At the first instant the pump stopcock is opened, the sound 
_ of the mechanical pump will change to a deeper beat; but as q 

the air is drawn out, the deeper sound will gradually disappear. — 

As it does so, the mercury in the U-tube gauge will begin to — 

* come to an even level. When the mercury has come down the | 

scale tube a short distance, close the stopcock leading to the — 

pumps. If the system is airtight, the mercury will remain mo- 

tionless at the level that it showed when the stopcock was — 

closed. If there is a leak, the mercury will begin to climb in — 
the scale tube. The leak should be located with the sparker. — 

When it is found, the pump stopcock should be closed, the air — 
hose opened, and the leak repaired. : ‘@ 
When the system is shown to be completely airtight, the tube — 

10. 

pli. 

erease, and keep the grease out of the stopcock bore. 

Keep grease, oil, and water out of the manifold system. 

Keep the oil in the mechanical pump up to the proper 

level. 

Use only the purest and cleanest mercury in the diffusion 

pump, if of the mercury type. If either organic liquid or 

silicone fluid, use pure solution. 

Keep the pumps under vacuum at all times; that is, do 

‘not open the main-pump stopcock when the rubber-hose 

stopcock of the manifold is open to the air. 

. Keep the gas-container stopcocks closed at all times, ex- 

cept when actually filling. Never open the stopcock 

nearest the gas container until the piece of tubing be- 

tween the two stopcocks is well pumped out. 

_ Never turn on the heat under a mercury diffusion pump 

unless the water is circulating through the cooling system 

and unless the mechanical pump is running. 

. Keep flame away from the stopcocks. They will crack 

easily. 

Keep the testing coil away from bends and splices except 

when testing for leaks. 

Take down and clean the entire manifold once every 

four months. ge: 

Keep away from a mercury diffusion pump while it 1s 

operating. If it should break, the mercury vapor, which. 

is highly poisonous, may get into the nose or mouth 

before it condenses. 
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a . S | 

mein - umping system used, either mechanical only 

‘5. a Be aiton of mechanical and diffusion pump. 

| a Beaty of the pumping system. 

( i an average diameter and length of tubing, Fig. 8-21 indi- 

Be For an yerage time required for pumping out this tubing 

pats 4 ee a diffusion pump. From this graph, it can be: 
with or W pis ee pump at & p eeding up produc- 

a E,. Bia conditions in a particular plant may not re- 

tion. * time shown; in this case, a table similar to it can be 

. a showing the actual time required to complete a tube 
aa ade 5) :; 

a a given S1ZC. 
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12. Do not open the air-hose stopcock until all other Stop. 
cocks are closed. Do not accidentally open the pum q 
stopcock while blowing in the hose; the suction mal 
injure your lungs. _ 

13. When using a flame on the system, never heat the glass 
to the melting point when the system is under vacuum _ 
except when sealing off a tube. The glass will suck in if 
melted. | 

14. Keep electric motor bearings well lubricated, — . 
15. If a chain drive is used between motor and pump, keep 4 

fingers away from the chain. = 

———— 
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H Hine gee 
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Ee ae 
cco Time oF Exhaust in Minutes 

Fic. 8-21. Comparison of pumping speeds between a mec hanical pump and 
the same pump in series with a diffusion pump. : 

Time Required for Pumping. The average time required for 
pumping lengths of tubing depends upon many factors that 
include: 

1. The length and diameter of the tubing to be pumped. 
2. The length and diameter of the piece of tubulation glass. 
ae he length and diameter of the manifold glass leading to 
the pumps. Pe. ; 

4. The diameter of the bore in the main stopcock. 



CHAPTER 9 

Bombarding 

The Importance of Proper Bombarding. The commonest. 
single cause of early failure of luminous tubing is improper 
bombarding or heat-treatment. Nevertheless, bombarding jg 
not a difficult operation; if the proper equipment is available, 
it can be made almost foolproof. It cannot be too strongly 
emphasized that a little extra time and care taken in Properly 
bombarding a tube will pay big dividends in longer tube life, 
even though the difference may not be visible when the tube _ 
leaves the shop. | | 

The immediate purpose of bombarding is very simple: It is : . 
to heat all parts (glass and metal) of the tube to a high tem- 
perature so that the absorbed gases and other impurities will 
be thrown off. Trouble arises when all parts of the tube are 
not brought up to this required degree of heat. When parts of 
the tube remain below the critical temperature, the gases and 
impurities in those parts are not eliminated, and in addition, 
these cooler parts will collect the impurities which have been 
thrown off from hotter parts of the tube. When the tube has 
been pumped, filled, and sealed, these impurities may lie dor- 
mant for many hours of operation. The tube may appear to be 
perfect when it is installed. But if the impurities are in the tube, 

_ they will surely be released, as soon as the operating tempera- 
ture of the tube rises. The tube then loses color and must be _ 

repumped. : 

With the introduction of fluorescent tubing, proper bom- 
barding became even more essential because of the critical 
nature of the fluorescent powder. The fluorescent coating is 
very sensitive to impurities left in the tube. Improper heat- 
194 
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qq i _ may cause a decrease in illumination and in many 

Be ockening of the tubing. In signs, this will result in a 
} a 

e e . e e e 

gasc® ¢ visibility and in interior lighting it will cause the loss 
p vl ) loss © ; 
4f jjlumination. 

barding Equipment. Success in bombarding is allied to 
- Bom 

j - Glass blowing. Both depend upon the skill and judg- 

-_ i... operator. Neither can be carried out by even the 

i ral operator unless he has the proper equipment. Bom- 

a equipment is relatively simple, but it must be of sturdy 

bard a ¥ it must be suited to the job. | 
design, @ mmonest bombarding method, used almost exclusively 

4 a Bs cube trade, makes use of a bombarding trans- 

_" a hich provides a high voltage and higher current than 

= Bice ordinary tubing transformer. ‘This transformer is 

; . Fed to the tube while it is on the pumps and is used to 

| ace a heavy glow discharge in the tube. It is thus the cen 

. * the bombarding setup. ‘The power should be supplied 

preferably from the 220-volt power circuit. The transformer is 

: supplied with an OFF-ON switch and with some means of pe 

q lating the voltage it supplies. Lead wires for Snes ei 

4 secondary terminals to the tube must be provided, and the 

entire installation must be insulated for the protection of the 

men 

{ 

7 operator. 7 | 

The Bombarding Transformer. The bombarding transformer 

‘ is in many respects similar to the transformer used in lighting 

the tube (see pages 70 to 81). That is, the bombarding trans- 

former has a definitely limited secondary current, even on short 

circuit. But the short-circuit current on the bombarding trans- 

former is often ten times as high as the short-circuit current of 

the usual tube transformer. Tube-lighting transformers are 

usually made to deliver 120 milliamperes or less on short elt; 

cuit; the bombarding transformer may deliver currents as high 

as 1,000 milliamperes on short cireuite:< : peat 

The open-circuit secondary voltage of the bombarding trans 

former is usually 10,000 to 25,000 volts. ‘The transformer, while 

similar in operation to the neon-sign type, 1s much larger, since 

it must supply much more current. Furthermore, the bombard- 



ing transformer is a dangerous piece of apparatus, much mo 1 
re so than the tube transformer, because it h 

current capacity. 
The extra current is used for heating purposes when the tube 

properly it is necessary to _ 
run through it many times the normal operating current, anq 
for this reason the bombarding transformer must be able toll 
supply a heavy secondary current. If the operator comes intg ™ 
contact with the terminals of the bombarding transformer ops 

is being bombarded. To heat the tube 

one terminal and ground, the full secondary current may pass 
through him; and this current is definitely dangerous to life. In | 
order to guard against this possibility, thorough insulation of 
the entire secondary circuit is necessary. y 

_ The bombarding transformer is rated in kilovol 
(abbreviation, kva). The rating is found by multiplying the 
primary voltage by the primary current and dividing by 1,000. 
For proper bombarding, a transformer rated at at least 7.5 
kilovolt-amperes is required. If a smaller transformer is used, 
the number of feet of tubing which can be handled at the 
proper bombarding temperature is limited. Under such condi- 
tions, even average lengths of tubing will not come up to the 
proper temperature, and the bombarding is not fully effective. 

Since bombarding transformers are relatively high-power 
devices, it is not economical to use them’ on 110-volt circuits. 
Usually, they are designed for 220 volts on the primary wind- 
ing, since this reduces the primary current to one-half and the 
line losses to one-fourth. In almost every business or every in- 
dustrial district, 220-volt circuits are available, and there is no 
reason why 220 volts should not be used for this purpose in 
almost every luminous-tubing plant. In the rare case where only — 
110 volts can be obtained, a bombarding transformer can be 
supplied for 110-volt operation. 

Bombarding Control. In order to control the bombarding 
current so the proper current will flow regardless of the length 
of the tube and of the pressure of the air in the tube, some sort 
of voltage control is necessary. There are three devices which 
can be used for this purpose. 
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frst type of control is the tapped reactor, or autotrans- 

a his device is a choke coil with an iron core. The coil 

ed at regular intervals, and these taps are connected : 

: h points, as shown in Fig. 9-1(a). The lever whic 

ith these taps is used to control the part of the 

h the primary of the transformer and hence to 

he power fed to it. This type of device wastes little 

a i d to the exclusion of the simpler resistance 

t in the more modern plant installations. ‘The 

ted the bombarding control should be mount 

Re aint use it without leaving 
nveniently.so that the operator may 

(a) | 
| 1 auto- 

Fic. 9-1. Bombarder regulators. (a) Rotary switch with taps on an id 

a Reactor with a movable iron core for regulating curre 

Complete bombarder with separate rheostat for con- 

trolling direct current through reactor. 

transformer. (0) 

to bombarder. (c) 

The second type of control is a choke coil in series with the 

primary of the transformer. It is provided with a movable iron 

‘core. Very smooth control can be obtained by moving the iron 

core in and out of the choke coil [see Fig. 9-1 (0) ]. 

The third type of control is known as the “d-c reactor” 

Pethod. In this method, shown in Fig. 9-1(c), a series react- 

ance is used as in the movable-core reactor. But the reactor in 

this case has an extra winding through which is passed oe. 

current, the direct current being obtained froma aver e 

rectifier not unlike the rectifier tubes used in radio receivers. 

The direct current changes the magnetization of the core and 

thus affects the passage of the alternating current through the 
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d-c reactor method of control has gained great popularity ; In 
recent years, especially where heavy bombardment schedules _ esa 
call for quick and accurate control. 

Switches for Bombarding Work. ‘The oNn-oFF switch is 
nected in series with the primary circuit of the bombardin 

iS 

Fic. 9-2(a). Magnetic switch operated by 4 push bution for bombanaa 
operation. 

transformer. The type of switch used varies widely, from a 
simple exposed knife switch or a knife switch enclosed in a 
metal box to a completely enclosed magnetic switch, with a 
remote-control push button. It is recommended that the bom- 

barding switch be carefully installed. An open knife switch is 

dangerous for two reasons: First, it exposes the 220-volt line, 

which can give a painful shock, or cause a short circuit in the 

line. Also, it must be pulled open to turn the transformer off. 

An enclosed knife switch has its metal box grounded and.is thus 

much safer. But the operator, leaning against a grounded box, 

may accidentally touch the high-voltage terminal at the same > 

time and receive a bad shock. A more desirable type of switch 

is the enclosed magnetic one shown in Fig. 9-2(a). This switch — 
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other winding on the core. A small direct current is capab] , 
controlling a very heavy alternating current in this vial og 

j : n J 

Consequently, the d-c rectifier and its controlling transfopiil “a 
cr 

may be of moderate size and hence convenient to adjust Thea ° e 

COn-~ — 
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. ; the transformer on when the button is pushed; when 
a ton ‘s released, the transformer goes off. If the operator 

r Be entally comes in contact with the high-voltage wiring, the 

ss sformer will be turned off as soon as he releases the button. 

a “lashing,” that is, turning the transformer on and off 
i dly, this switch cannot be equaled. It is completely enclosed 

cand sate. sli 
Often a foot switch is used, since this leaves the hands free. 

But free hands can get into trouble while bombarding is going 

on, and it is usually wisest to use a hand switch. 

pom 

Bombarding Magnetic switch 
transformer 

. : oe 

single puSI- 
t uth contol 8 

: 

5 
a 

Manual 
switch 

Movable iron 
core choke 

ji 220. 

Fic. 9-2(b). Wiring diagram for magnetic switch with push-button control. 

The most satisfactory switch for bombardment control is the 

push-button controlled magnetic switch. The push button is 

‘connected to the magnet coil of the main switch and may be 

either 110 volts or 220 volts. ‘The main switch is connected to 

| the 220-volt circuit. | 

| High-voltage Connections. Between the high-voltage termi 

nals of the transformer and the electrodes of the tube there 

must be two high-voltage connecting wires. Since these wires 

are the part of the secondary circuit with which the operator 

may come in contact, they must be thoroughly insulated. The 

wire itself should be 15,000-volt sign cable, the same as is used 

in the sign itself. The clips which connect the cable with the 

lead-in wires of the tube should be of the spring-jaw type (com- 
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monly called battery clips), and they should be covered 
rubber hoods, so that they can be attached without touc 
the metal of the clip. For convenience in moving these clips 

————————— 

x ush, until a flash of light occurs in the tube. When this 

@ bas the pump stopcock is closed immediately and the 

Be oder circuit kept closed. The bombarder current is 

i slowly by regulating the choke. If the tube glows 

SS with 

two 

zs ————— 

bare copper wires are often mounted on the ceiling of the sha | 4 

| with r idi se Pp - sncrease 
i] os erie riding on them. Each connecting cable is attached Se cily well and good; if not, the pump stopcock must be 

| 
n 

i 

; 
. 

e 

€ of these rollers and thus can easily be pulled around toa ed for a fraction of a second until a steady glow is 

a OP the proper part of the bench for connecting to the tube. 
Bombarding Layout. A convenient layout for the bombard} 

equipment is shown in Fig. 9-3. The transformer itself with an : 
magnetic switch is mounted to one side, out of the way wil 
provided with heavy leads which are covered with glass tubal 
These leads run directly to the ceiling where they connect vill | 
two insulated copper bars. The connecting cables hang from 
pulleys which ride on the bare copper. 

_ The bombarder regulator and push-button operating switch 
are mounted close together at the other end of the pumping 

d, keeping the stopcock closed. 

hould be kept on and the current increased SS S508 = : ae 
obtaine 

~The bombarder s 
= 

Pulle 4 roher 

: Ceiling, as era ane 

Bare wire” 
High voltage insulators’ 

High voltage 
15,000-v. cable 
covered with 

glass TUDINg. <M -- 
<-- High voltage 
[5000volt cable--- 

i _ SSS SS = ee 
= =e = a es 

Universal clips 

beneh, far enough away so that the operator is out of reach Single pushbutTon. f ee High voltage 
of the high voltage while the bombarder is turned on. These dl ze (AGVAF OTs. 

safety precautions should be rigidly observed. Men have been | : 

Fic. 9-3. A typical bombarder layout. The high-voltage leads are connected 
the system has been made vacuum tight, air is admitted to the 

: 

d to insulators that are secured 
manifold by opening the air-horse stopcock. This stopcock is 
then closed. 3 | 

, The high-voltage wires from the bombarder are conneaaa 
to the electrodes of the tube. Next, a temperature indicator 
described later is placed against the side of the glass tube 
so that it makes good contact. The main-pump stopcock is then 
opened (with both mechanical and diffusion pumps operating). 
The bombarder control is set at the minimum current. As the 
pressure goes down, as indicated by the U gauge, the bom- 
barder should be flashed, by giving the push button a momen- 

to rollers which run on the bare wire fastene 

to the ceiling. 
7 

until the tube gets thoroughly hot. This is indicated by the fl 

temperature indicator placed upon the glass tubing. The elec- 1 

trodes must be watched carefully and should not be allowed 

to get too hot before the glass has been thoroughly processed. | 

For proper bombarding, the glass should get hot first and then i 

the electrodes. Can | qf 

When the proper temperature of the glass has been reached, 

the pump stopcock is opened and bombarding continued with 

badly shocked from bombarding transformers; this would never "QQ00" i 

have happened if the installations had been safeguarded and if 990 4 

the equipment had been used with care. 
‘BX cable running hee oq 

Bombarding Proced Tune ; | ae eS QQ00 . 
é ng Procedure, Simple Case. In the simple case of 7 EU iben sei ee Cen i 

direct bombarding, the following is the correct procedure: The BS eo We yeeheres i 

1 
: 

iS { ‘ Tridte| () 2 | ii} 

tube is sealed to the pumps, and the entire system is tested for aS EE abe i | i 
° 5 : 

‘ 
OR 

leaks, in the manner outlined in the previous chapter. When hs | 
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the stop cock open. The tube will glow as before, but the elec. stem, especially for standard lengths and diameters of 

j ae units. In many cases where there are some un- 
ss 

Bing § 

a 

trodes will get much hotter. While the pumping is going on, the Juminous f tubes or where tubing of larger diameter and should be raised to a high red heat but not overheated. It jg usual il “a eat Pein interior lighting use, a second bom- | | 
: 

i m 1 i! especiaily important to get the electrodes to a high heat, not Only§ ee Parent is recommended. Any of the rare gases such i 1 
| 

to eliminate the impurities from the metal itself, but also to break 
down the electrode coatings. This is very important. Electrode 
coatings which have not been broken down may cause a Sreat 
deal of trouble by releasing impurities, causing contamination 
especially in fluorescent tubing. Ss 

Laying paper on the tubing for testing temperature by char. : 
ring the paper is a rough method for determining the degree 
of heat. A better method is to use a meter that will accurately | 
indicate the true temperature of the glass while bombarding, 
Figure 9-4 shows a temperature indicator that consists of a 
millivoltmeter calibrated in degrees centigrade, connected ‘to 
a pair of leads ending in a thermocouple that is clipped onto 
the glass tubing. The two wires are iron and nickel-iron alloy. 
A change in temperature of the glass produces a small change 
in voltage at the thermocouple and corresponding reading on 
the meter. For the average neon sign or cold-cathode tubing, a 
temperature of 200 to 225°C is required for good heating; the 
maximum amount of gases are released and eliminated at this 
temperature range that may effect the operation of the tubing 
later on. : 
When the bombarding is completed and after pumping has 

taken place for a short period, some pumpers test the vacuum 
in the tube by momentarily closing the bombarder circuit when 
the pressure is very low. If a discharge occurs, it is taken as 
an indication that there are still impurities in the tube. If no 
discharge occurs, it is taken as an indication that the vacuum 
has reached a fairly high degree. It is best to test for a vacuum 
with some approved gauge rather than with this method. 

When a high-voltage test is made, do not keep the bom- 
barder on if there is a low pressure in the tube. Otherwise, the 
electrodes may be seriously injured or the discharge may attack 
the electrode wires in the rear of the shell. Usually one good 
bombarding treatment is all that is necessary with a fast pump- 

as d argon can be used for the second bom- % ium, neon, an 

a 7... with special emphasis placed on thoroughly heating 
bar 

and degasifying the electrodes. | ————— 

—-_ 

———— 

Clio fo convenient @. 

point on tubing — 
being bombarded | ; | i 

| ) 

Temperature sg 
D indicator 

bombarder 
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70 
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\\ 
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Fic. 9-4. A temperature indicator connected to glass during the bombar | | 

ing process. 

Some manufacturers recommended what is known as eee 

stopcock pumping and bombarding. This means yet ae 

bombarding is carried on with the main stopcock open A ei 

time. Unless the electrodes are heavily coated, this met o 

is not too satisfactory because it prevents proper heating : 

the glass. The heating of the glass depends largely ae : : 

amount of impurities left in the tube and can be accomplis ¢ 

only with closed-stopcock bombarding. With open-stopcoc 

bombarding, the pumps will pull out gas faster than it 1s = 

erated from impurities released from either the glass. or - 

electrodes. No matter what method of bombarding 1s used, 
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after the operator is satisfied that the proper heat-treatment has 
been applied, the bombarder wires can be disconnected. The 
tube is then ready for filling. 

Bombarding Cold-cathode Fluorescent Tubing. Although the 
above procedure for bombarding can be followed with almost 
all types of tubing, it is necessary to take more precautions 
when bombarding cold-cathode tubing than ordinary sign tub- 
ing. Light output is the paramount quality required of cold- 
cathode tubing. This can be badly affected by improper bom- 
barding and improper processing. It becomes important to = 
take more care in processing such tubing so that the maximum 
light output will be obtained. | 

Sometimes when open fluorescent tubes have been lying 
around, they absorb a quantity of moisture. If a tube with 
traces of water vapor in it is bombarded, the fluorescent coating 
may be attacked. A good procedure when bombarding cold- 
cathode tubing is first to bombard and heat the tubing to a 
warm temperature. This should take about 10 seconds. Then 
allow the pump to pull out all the impurities, especially the 
water vapors released during the warming-up period. By doing 
this, the water vapor will not combine with the fluorescent 
powder when the final or intense heating is applied to the unit. 
After waiting a half minute for pulling out the water vapor, 
the tubing can be filled with either air or gas and the standard 
bombarding procedure applied, as indicated in previous 
paragraphs. 

Bombarding Current. Every bombarder should have a mil- 
liammeter in the secondary circuit connected in series with one 
of the bombarder leads. This milliammeter will indicate the 
secondary current which is flowing through the tube during 
the bombarding treatment. For all practical purposes, the mil- 
liammeter can be one reading from zero to 1,000 milliamperes. 
The bombarding current should start at approximately 200 
milliamperes for small tubing up to 12 millimeters in diameter. 

It should go up to approximately 400 milliamperes when the 
intense heat is applied. For 12- to 15-millimeter tubing, the 

intense heating current should be approximately 500 milliam- 
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F ‘For tubing 18 to 25 millimeters in diameter, the intense 

current should be 600 to 750 milliamperes. 

ons for the Bombarding Procedure. ‘I'he above bombard- 

-— cedure for the simple case is based on sound practice. 

re followed, it should give complete and satisfactory bombard- 

! it P is all conditions. The tube should be bombarded at the 

a a ossible pressure, that is, just after it begins to glow 

n orc the pumps have had a chance to reduce the pressure 

a w that point. The reason for bombarding at high pressure 

q 2 on the fact that the glass will be heated only if there is 

s of gas inside the tube to carry the heat to the glass wall. 

inc high-pressure glow discharge, most of the heat goes into 

the gas itself, and the gas transfers it directly to the walls of 

s tube. If the gas were at lower pressure, the electrodes would 

not become hot. To heat the glass, bombard at the highest 

pressure at which a steady glow will occur. To bombard the 

4 electrodes, a somewhat lower pressure should be used, but not 

foo low, or the electrodes will be heated excessively. 

4 Care must be taken not to leave the stopcock closed too 

| Jong when bombarding with the stopcock closed. If too much 

“gas is generated by the heat of bombardment and not  re- 

“moved, black rings may appear throughout the glass tubing. 

Discretion must be used, therefore, in momentarily opening 

the stopcock at appropriate intervals to allow the impure gas 

heating 

ing pro 

to escape. : 

When purchasing a bombarder transformer for the plant, 

care should be taken to obtain a unit large enough not only 

for the present output of the plant but also with allowance 

for future expansion. In the small plant, a bombarder rating 

_ of 7.5 kilovolt-amperes is large enough. But the growing popu- 

larity of large-diameter tubing, from 18 to 25 millimeters in 

_ diameter, may bring the need for larger bombarding units. 
Larger bombarding transformers are available in ratings from 

12.5 to 22.5 kilovolt-amperes. : Sasi 

Bombarding Gas. As explained previously, it is wise in many 

instances to bombard a second time by using a rare gas. Other 

gases are available, such as hydrogen or a mixture of hydrogen’ 
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and helium, which are furnished in containers like those fo, y 
gas. They may be used for bombarding purposes, especial ‘a 
bombarding dirty tubes which have been used on signs 1 
considerable length of time. These gases should be used 
discretion. 
3 In Many cases, the operator will insert a quantity of ordin 
illuminating gas for bombarding a particularly dirty moni 
tube. By warming the tubing in the usual way, especially ill q 
nerent) anor is present in the tube, and then inserting a alll 
quantity of illuminating gas before heating to a high temper a 
ture, the black or dirty sections of the tubes can be eliminat F 
A few fillings may be necessary to clean up a particu 
dirty tube. Extreme caution must be employed in the use ; 
illuminating gas for bombarding. ; 

Helium Electrodes. With certain types of electrodes special] | 
developed for helium gas, it is very important not to oxi : 
a certain current during bombardment. These electrodes have 
been specially processed and are usually kept moistureproof 
If too high a current is used, part of the electrode coating mal 
be knocked off and deposited on the glass, causing cracks. The _ 
manufacturer’s instructions which accompany ‘such electrodes ; 
usually give directions for properly bombarding these units. | 

External Bombarding. The method of internal bombarding _ 
by heavy current-glow discharge, described above, is in almost — 
universal use in luminous-sign work. But it is not the only 7 
method. For some special work, the process known as external 
or high-frequency bombarding is used. This type of bombard- 
ing is suited for heating the electrodes only; when this method | 
is used, the glass tube either must be baked in an oven at 850°F 

to eliminate the impurities from the glass or must first be 

bombarded by the internal bombarding method. The metal 

in the electrodes is then heated by a process of electrical induc- 

tion, similar to that used in the high-frequency electric furnace. 

A heavy coil of copper tubing is connected to a generator of 

high-frequency electric current, similar to that produced in 
radio transmission. The copper coil is held over the outside of 

the glass so that it surrounds the electrode. When the current 

Ss a high-frequency current is induced in the elec- 
L turned on, 

4 qe metal. As a result, the metal of the electrode becomes 

. hot; in fact, a white heat can be produced if the current 

cb and kept on too long. | | 

 Bombarding Tests. There are a few tests which may be applied 

x the tube before it is filled to determine whether the bombard- 

4 g is sufficient. They all involve measuring the pressure in the 

E be after it has been thoroughly pumped down. A high- 

vacuum gauge may be used to measure the vacuum, if one is 

attached to the system. If not, the spark-test coil may be used 

f Br 2 rough test. If the pressure has not been reduced to a low 

£ oint, it may be that there is a slight leak or that the pumps 

“are not capable of producing the required vacuum. But if the 

pumps are in good working order, high pressure will usually 

indicate improper or incomplete bombarding. Filling the tube 

with air or a rare gas and starting again from the beginning 

's often the only remedy. 

The degree of heat necessary to liberate the absorbed impuri- 

ties in the tube and electrodes depends upon the type of 

Be aierial and the kinds of impurities to which it has been 

exposed. The glass itself contains two different kinds of impuri- 

- ties, the surface particles and the absorbed gases (see Fig. 9-9, 

page 208). The surface particles can be either converted into— 

gas or entirely degasified by the heat of ordinary bombardment. 

The gas which is within the structure of the glass itself requires 

very high heat for elimination. Since these gases do not affect 

the operation of the tube, normally, they are not removed. 

__ Usually the proper heating-treatment as applied to the glass 

itself is satisfactory to eliminate all the impurities that may 

be within a fluorescent coating applied to the inside of a glass 

tube. | 

Caution Required. If the bombarder is used carelessly, it will | 

" cause a great many tubes to be ruined. This is particularly true 

when the tube is being bombarded at low pressure after the 

_ glass walls and electrodes have been thoroughly heated. If the 

- bombarder is kept on too long when the pressure is low, the 

electrodes may become very hot and may even melt. More 

for a : 

With | 
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often, however, the discharge reaches the lead-in wires behing. 
the electrode and either melts or weakens them or else heagl | 
them to such a degree that the seal of the tube is cracked. Alsal 
in many cases, the electrode glass jacket may be darkened byl 

a metal deposit coming off the shell or lead-in wire. The bom 

CHAPTER 10 

Filling, Testing, Aging 

Filling the Tube. When the tube has been bombarded and 
pumped to a pressure of 9 microns of less, it is ready for filling 

with the rare gas. Some mention has already been made of 

the flasks which contain this gas, how they are attached to the 

manifold system, and how the gas is allowed to flow into the 
tube until the proper filling pressure is reached. ‘This procedure 

js simple enough, since it involves only opening one or two 

stopcocks and keeping an eye on the pressure gauge at the 

same time. But if the tube is to be bright and of the proper 
color, great care must be taken to protect the rare gas inside 

‘the flask, so that it does not become mixed with air or other 

impurities. If the stopcocks are opened at the wrong time, for 

example, when the manifold is not pumped out, the impure 

gas from the manifold may mix with the rare gas. When this 

has happened, the gas in the container is ruined, and there is 

no way of repairing the damage except by installing a new 

flask. It is well to understand the containers, therefore, before 

using them to fill a tube. 

Rare-gas Containers. The standard gas container shown in 

Fig. 10-1 contains somewhat more than 1 liter (1.05 to 1.10 

liters) of rare gas at atmospheric pressure (760 millimeters). 

_ The container has two seals: one on the end of the round globe 

and one in the “neck.” The seal in the neck is broken after the 

"container is sealed to the system and after all air and impure 

_ gas between the seal and the stopcock have been pumped away. 

When the bottle is first bought from the manufacturer, it is 

common practice to test it to see whether it is full and whether 

the gas is pure. Although every precaution is taken by the 

209 
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Fic. 9-5. Curves showing gases released from lead glass heated to various _ 
degrees of temperature. The following symbols are used: H2O water vapor; 
CO: carbon dioxide; “gas” Nz nitrogen; O: oxygen; CO carbon monoxide. _ 
Note that above 400°C the released gas-comes from within the glass 

structure. (Curve due to Sherwood, Westinghouse Electric and Manufactur- 7 
ing Company.) : 

barder should be kept on only for a second or two at a time | 
except when the high pressure is still in the tube. Good practice 

in bombarding also requires safety precautions for the operator. 

A heavy rubber mat placed on the floor in front of the bom- — 

barding equipment will reduce the hazard of accidental shocks. _ 
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3 be manufacturer to ensure a full container of pure gas, the Poss) e free and contaminate the neon gas. Care should igs 
ey. . ° . “Ss a e = e€ 

bility of leaks developing in the flask during the shipment en to avoid puncturing the glass of the container w1 

makes it advisable to test the container before sealing it into the : P a -oill 

manifold. 
~ When testing a gas container with the test coil, it should 

applied to the neck of the container, or the internal 

be punctured. The puncture may be so small that 

and the leak may not show any visible effects 

For years it has been standard practice to test gas bottle, 
with the spark-coil tester. When the test coil is held againg an 
neon container, the bottle should show well-defined streaks, op 
streamers, of reddish color. If these streaks appear, the bottle 
is accepted as in good condition; if not, it is rejected. It has 4 

been shown that this test is by no means a sure indication of — 
the purity or quantity of the contents. In one test, two Separate _ 

never be 
Eeeal may 
+t is il 
a. ours. 

4 Bois the Flasks. The following method should be used 

a Falling the rare-gas bottle on the pumping system: ~~ 

a a container on the workbench, with the bulb in ie 

or other support so that the neck of the container is parallel to 

gy and several ‘nches above the surface of the bench, as shown 

j ‘n Fig. 10-2. Procure a glass stopcock of 2- to dmillimeter 

1 pore, preferably of the long-barrel type. It is essential that a 

e opcock be of the vacuum type, thoroughly ground, so t at 

both the cock and seat fit together without any microscopic 

~ leaks. The stopcock should be greased according to the instruc- 

5 tions given on page 164,.and particular care should be taken 

with the stopcock which is sealed directly to the rare-gas flask. 

Next prepare a small solid piece of glass or a piece of soft iron. 

If iron is used, heat it in a hot flame to remove any suriace 

impurities, and then allow it to cool. Slip the glass or iron 

piece into the neck of the gas flask, then seal the stopcock to 

the bottle. Be very careful not to break the delicate seal inside 

the neck. Seal the other end of the stopcock either to the 

vacuum system or to the other stopcock. Start the pumps, open 

the stopcock, and pump out the entire system up to the inside 

seal of the container to as good a vacuum as the pump will 

_ draw, that is, 5 microns or less. 

Close the stopcock and cut the container and stopcock off 

the system. Then lift the container and allow the piece of iron 

or glass to fall on the seal. Shake the container until the glass 

seal is broken. The gas will then flow out as far as the stopcock. 

The entire container with stopcock is then sealed back to the 

vacuum system and is ready for use. 

If it is not convenient to remove the container from the 

2 4 [i | Hl wv 
~ aA 
A\ys® 
py, 

mites 

Fic. 10-1. Ball-type rare-gas container. The fine tubulation in the neck is 

broken after the container is sealed to the manifold and the neck portion 

of the container has been thoroughly evacuated. 

liters of neon were checked by the spark-coil method. The first 

bottle showed streamers of red; the second, merely a red glow. j 

When both bottles were opened and checked in a laboratory, — 

it was found that they contained identical amounts of pure gas. — 

One of the reasons why the spark-coil test is not always accu- 

rate is the fact that the sparker has an adjusting rheostat which 

permits a different intensity and frequency of spark. Even small 

changes in intensity or frequency make a great difference in the 

character of the glow in the bottle. 

It has been found that the spark test can be used only for — 

testing color. A pure-red glow of any sort, whether streamers 

are present or not, indicates that the neon in the container 

is pure. If a bluish color appears, then it is certain that the 

neon has become contaminated with air or other impure gas. _ 

It has also been found that it is not wise to test a bottle with 

the sparker more than two or three times. Under the influence 

of the spark, gases in the glass wall of the container may be- 

— 
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, system in order to break the seal, the iron piece ma 
by a small hand permanent magnet or by an electri 
allowed to drop on the seal without moving the con 
its position in the system. Only an iron or steel p 
used with the magnet for this purpose. 

If two stopcocks are used on each container, as is the best 
practice, there should be about 4 to 6 inches of tubing beweenil 

them. They may be sealed in place before the pumping; 
single stopcock may be sealed on as outlined above a 
extra stopcock sealed on afterward. 

Fic. 10-2. Sealing a stopcock to the rare-gas container. The asbestos shield 
to the right of the torch is used to protect the stopcock from the heat of 
the flame. Care should be taken to prevent the iron pellet (see arrow) 
from breaking the seal of the container during the sealing operation. 

Purity of Gas. The important thing to remember in opening» 
and sealing on the gas bottles is to keep the gas inside the con- 
tainer pure. The seal should not be opened until the space on 
the manifold side of the seal is under a good vacuum, and the 
stopcock should never be opened after the seal is broken, unless 
the tubing beyond the stopcock is well pumped out. If air is 
admitted to the container under any condition, it will mix 
with the gas and ruin it for luminous-tube purposes. The gas 
will flow out if the pressure is higher inside the container than 
out. Air will flow in if the pressure in the container is lower 

C one, and 

Since th 
1lece Can be ; Men the purity 

; q 3-10 and © 
Or al eo together wit 
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than the air 
| ime. : : | : 

e performance of the ultimate luminous tube depends 

of the gas, every precaution should be taken to 

it 1 iner has been in use pressure, as It 1s after the container | 

for some 

amination. 

. sai he .. gas, reference should be made to Tables 

a" 5.1 which give the gas or mixture for various colors, 

; h the recommended pressures. 

System Using a Metai Gas Cylinder. Many shops that manu- 

re neon signs in large quantities may find ‘the constant 

i tion of single glass containers a hindrance in rapid pro- 

cn of glass tubing. For these quantity producers, a system 

j has been developed utilizing rare gas under pressure (approxi- 

mately 250 pounds per square inch) in a metal cylinder. The 

metal cylinder 1s connected to a single liter glass container s 

copper tubing and glass connections, as shown in Fig. 

A metal cylinder may contain 15 liters of rare gas and can be 

made to hold more if required, depending on the size of the 

nd the pressure used. 

Pn. ee of this type, it is essential to nave all the ace 

tions vacuumtight, such as the nut and nipple connection to 

fhe metal cylinder and the metal-to-glass (de Khotinsky) joint. 

With the valve on the metal cylinder firmly closed, evacuate 

the entire system with all the stopcocks open. The mercury in 

each of the two columns of the manometers will rise approx!- 

mately 29 to 30 inches. All glass stopcocks are then closed, and 

the system is tested for leaks. When the absence of leaks 

has been established, stopcock 1 is then opened and the valve 

on the cylinder is opened carefully. ‘The high pressure in the 

cylinder will force the rare gas into the glass container and 

cause the mercury columns to fall. A very small hole has been 

provided in the nipple of the cylinder valve to prevent a too 

rapid flow of gas into the glass container. When the mercury 

jn each of the tubes has fallen to equal level with the mercury 

in the large pool, then the glass container has been filled to |! 

liter at atmospheric pressure. The metal cylinder valve is 

tightly closed, and all the stopcocks are also closed. Stopcocks 
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2 and 3 can then be used for ladling in the ga 
as usual. The mercury manometer to the right will j 
when the filling procedure must be repeated. 

Filling the Tube. When the bombarding procedure, as 
in the last chapter, has been completed, the tube must 
oughly pumped out before filling. This 

2mm. 

fong bore 

stopcock */ 

2 mm. 
long bore 

Note: | 
This system not to be dp 
used on pressures over i 
250 pounds per square manifold 
inch 

-—8mm. glass 

Copper tubing fubing 

Valve | | | Ou "= IX 
Joint ; 

Metal-glass made | 
vacuum tight with 
De Khotinsky ce- 

a ment 

| eee : eae Se gS -5 i= 2h ay Ness Fate ‘ = Sits Ss eee 
| | Metal rare gas Bench \/ 102mm. 

constriction | Nt cylinder clamp 

Fic. 10-3. Typical system used when rare gas is furnished in a metal 
cylinder up to 250 pounds pressure. 

that time the pressure should be below 5 microns. If a vacuum 
gauge is available on the system, it should be used to test the 

vacuum before filling. If a gauge is not used, the test coil can 

be used on the tube while it is being pumped. If any continuous 
glow appears inside the luminous tube, the vacuum is not low » 
enough (see Table 10-1). 

In some cases it has been the practice to compensate for a 
poor vacuum system by filling the tubes to a lower rare-gas 
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S to the tubing: 

outlined 1 

be thor. 
pumping-out Process — 

should not take more than a few minutes, but at the end of 

sfopcocks "2 giz 

o——) — 
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: than that recommended in Table 6-1. ‘This practice 

c . duce tubes that age up quickly, but whose life is short, 

v ‘ll e one-tenth of what it might be if good pumps and a 

oe” y as pressure were used. This point cannot be stressed 

entre Spiib the tubes down until only a barely visible glow “too muc a the test coil is applied. If the pumps will not reach 

3 e of vacuum, or if they require too long a time to 

- this a here is something wrong with the system. It is false 

a o use a pumping system in poor condition, because 
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q # 10-1. Degree of Vacuum by Color, Using a Spark-coil Tester 

Table “he 

| Coil held against 
~ 

¥ 
Remarks 

_ Degree of vacuum Color at Electro ag 

wire 

—..
 

ee 1 ] 

ag snillimetets.... . Purple 
V Color visible cae . 

—e 
at edge of elec- 

trode shell 

V Faint glow in tube 
illimeters...-- Purple 

I he 

ED Ba cters Reps: Purple V ee sane in tube 

5 millimeters Bee Blue-purple Y ark g 

4 millimeters... .. Red-purple | é 

/ 2 millimeters..... Lavender 
. 

4 millimeter... .. Light lavender a 

fe 250 microns....... Dark blue vo 

| g@amicrons....... Light blue V 

mymicrons....... Very light blue J OS ce 

5 microns _...{| Blue disappears V g 

Be | blue haze near 

glass wall 

a ARS eee er ee a 

Brsiderable aging may be required for standard pressure tubes, 

or short-lived tubes may be produced, or excessive darking may 

occur in mercury-filled fluorescent tubes. : 

Measuring the Rare-gas Pressure. The filling pressure to be 

‘used in the tube may have been specified when the original 

layout was drawn up, according to the recommended pire 

Often, however, the pressure 1s left to the discretion of the 

pump man, who must know how much pressure to use to 

produce the desired operating current and tube life. 
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e Tube on the Manifold. In many cases, it is de- When the tube has been pumped out to the required dq q 
Ceree } of high vacuum (5 microns or less), the main-pum 

is closed. Be sure that the pump stopcock is closed : i 
ing; otherwise the rare gas will be pumped out of the : 
a very few seconds. The pressure gauge should aa 
mately 0 millimeters, since the pressure is at 5 micro 
0.005 millimeter). The stopcock of the bottle contain; 
gas used to fill the tube is then opened slowly. Wien 4a 
begins to flow into the tube, the pressure gauge will ri a 
zero, In succession, to 1, 3, 5, 8, 12 millimeters, indicatin | 
these pressures have been reached inside the tube Whe, ‘a 
desired pressure has been reached, the stopcock is iumed sal 

If too much gas has been admitted and the gauge eae 
the pump stopcock may be opened very slowly until the a 
has drawn out the surplus gas and the pressure has ba 
reduced to the desired value. This procedure is wasteful. of — 

3 

yr and should be avoided unless absolutely necessary, » 
€ use of two stopcocks on each gas container, besides 

being an added precaution against leaks, helps to ensure filling 
to the proper pressure without going over the mark. Wh 
two stopcocks are used, the lower. one (nearest the manifolal 
1s opened, so that the space between the two is thorou i 
pumped. The lower stopcock is then closed, and the pum he ’ 

_ turned off. ‘The upper stopcock (nearest the gas bottle) a a 
opened, admitting a small portion of gas to the space eliiaan 
the two stopcocks. The upper stopcock is then closed and the 
lower one opened, thus admitting the gas to the tube. The first 
portion of gas may not be enough; if so, a second suit le is 
taken by the same process. After a little practice the pe 
man will find that he can “ladle” gas into the abe ver : ; 
rately without wasting it. : i 
A more elaborate setup for admitting gas to the tubes uses 

three stopcocks between the gas container and the tube. The 
_ Stopcock next to the container is always kept open mere the 
other two are used for ladling the gas in the miatiotes outlined 
in the preceding paragraph. The third stopcock is closed onl 
when the other two are cleaned or regreased. : : 

"rable to test t 
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ystem jp 

approxi. 
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Se from 

gas filling, while it 

parder to the tub 

bombar 

to spoil 

current. 

any 
as follows: 

formly around the ent 

distance of about 4 inch from the tube. Care should be taken 

to heat the tubulation tube evenly and slowly until it begins to 

melt. When the glass is plastic and is being pulled in by the 

he tube while it is still on the manifold. ‘This will 

nether it is perfect or will require aging. If it is not up 

ard, it may be repumped and refilled while it is still on 

p. When the pump man Is thoroughly familiar with his 

h tests are rarely necessary, but occasionally they 

Jot of trouble and effort, especially if the pump man 

at all is not well with the tube. 

hod sometimes used for testing the tube after rare- 

is still on the pump, is to connect the bom- 

e and to flash it once or twice on a low 

der current. This test is simple to make, but it is likely 

the tube if the bombarder is left on too long at a high 

It should be flashed on and off quickly. 

Sealing Off the Tube. If the tube tests well, or if it is judged 

the pump man to be satisfactory, it is sealed off the system 

The tubulation glass near the tube is heated uni- 

ire diameter with the hand torch for a 

One met 

vacuum, quickly draw the tube away from the manifold, thus 

pulling out the melted glass and sealing the tube. When the 

glass has been pulled out about an inch, seal off the glass as 

close as possible to the tip of the tube. Do not leave sharp points 

on the tube or the manifold tubulation glass. 

It is wise to practice tipping off seals on the vacuum system 

before attempting to seal a completed tube, since the process 

is a delicate one. If the glass is heated too suddenly, it may 

crack. If it is heated too much in one spot, that one spot will 

melt first and suck in, causing a messy seal or possibly a 

puncture in the glass. If too heavy a seal is made, strains are 

set up in the excess glass causing the tip to break off afterward, 

often after considerable time has elapsed. 

Filling Mercury Tubes. The procedure which has been out- 

lined in the foregoing pages for pumping, bombarding, and 

filling applies to all tubes, regardless of the color or gases which 
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they contain. The mercury tube is filled with its Carri 
the manner described, but, in addition, it has to be f 
a small amount of mercury itself. As stated on page 
18, the mercury tube is in a class by itself, becau 

and will combine with the smallest amount of dirt or im 
present in the tube and form black spots, streaks. or 
inside the tube. In addition, the mercury vapor which rc 
the light of the tube is temperamental; it will not finatian 
nee bi These special characteristics of the mer 
ube make it necessary to f pr miata y to follow special precautionary mea 

Many factors must be followed in order to produce a cle 
mercury tube. The first requirement for a good mercury rule 
is clean glasswork. Clear glass should be thoroughly washel 
and cleaned before it is used or coated with fluorescent con 
The second requirement is that the glass, particularly finonl 
cent glass, should not be allowed to accumulate any dust dint 
or moisture. The third requirement is particularly thon Hy 
processing or bombardment with special emphasis placed of 
thoroughly breaking down the coating inside the electrode 
shell. This can be accomplished only by intense heating of the 
electrode to a high temperature. The fourth requirement is 

rings 

inserting absolutely clean mercury and keeping it pure and 
clean after it gets inside the tube. The fifth requirement is to | 
insert the correct amount of mercury. The sixth requirement 
is filling the tube with the -proper carrying gas to the proper 
pressure. 
The first, second, third, and sixth requirements oa be met 

with patience and careful work, but the fourth and fifth cannot 
be met without special mercury-inserting equipment. 

Methods Used for Mercury Insertion. Two or three methods 
are commonly used for inserting mercury into tubes. Some 
manufacturers use a mercury reservoir on the pump system 
fitted with a special stopcock. The hole in the plug is drilled one 
one-half of its diameter, leaving a small reservoir. When a tube 
is to be filled with mercury, the stopcock is turned 180 degrees, 
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w drops are allowed to flow by gravity into the tube. 

This system has two disadvantages: the mercury in the reser- 

_. cannot be kept absolutely pure and clean; and, in passing 

i . h the stopcock, it is almost certain to pick up stopcock 

; .. and dirt. Furthermore, it is difficult to measure a small 

Fount of mercury by this method; usually the tubes so made 

Be nisin an excess of mercury, which, in fluorescent tubes, may 

a harmful. | | 

some tubing is made by simply pouring the proper amount 

of mercury into the tubing itself before it is sealed to the 

pumps. The mercury is rolled to the electrode farthest away 

~ from the tubulation. This practice can be followed only with 

special types of electrodes, and even then it is not an entirely 

method of processing. During the high and intense 

heat-treatment followed while bombarding, the mercury vapor 

will combine with the impurities released from the electrodes 

and the tubing and will cause darkening. It is not too satis- 

rocess although it is recommended by some manu- 

facturers. Such a method would be ideal if this blackening or 

darkening could be avoided, because the heat-treatment during 

bombardment will produce a more uniform distribution of 

than is possible with any other method of mercury 

and a fe 

mercury 

insertion. 

The two methods found most satisfactory for inserting 

mercury into a tube are the side-arm arrangement, or an in- 

jector method for which there are a number of devices on the 

market. — 

The Side-tube Method. In this method, a small side tube 1s 

sealed to the tubulation extending from the letter before the 

whole unit is attached to the manifold for pumping. ‘This 

mercury trap, illustrated in Fig. 10-4, contains a bulb for the 

mercury and a short length of tubulation glass which connects 

the bulb to the tube proper. The bulb is filled with the finest 

mercury available and sealed to the tube, bulb end down. It is 

important to keep the mercury out of the letter until the bom- 

bardment is over, so that no mercury is allowed to spill from 

the bulb into the tube. If it does so, and especially if the glass 
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is not absolutely clean, the mercury will form litt] 
on the side of the tube. Any mercury in the letter dy 
bardment may combine with impurities and form b 

darkening of fluorescent tubing. Also, if the mercury gets into 
the tubulation, it may cut off the tube from the pumps. There. 
fore it is necessary to keep the mercury in the bulb during aj] 
sealing, bombarding, and pumping operations. a 

With the side tube in place, the letter is sealed to the manj- 
fold in the usual manner. The bombarding operation is com. 
pleted, and the pumps are used to bring the pressure down, to 
the best vacuum obtainable. The main pumping stopcock must 

_be turned on slowly; otherwise a sudden intake may pull the 

Tubulation a 

To manitold 

Fic. 10-4, A mercury trap connected to a letter to be processed. 

mercury from the trap into the system. With the pumps still 
on, the mercury side tube may be heated gently with a soft 
flame to eliminate moisture. After the mercury trap has been 
heated, it is advisable to run the hand torch over the entire — 
tubulation and over the glass leading to the mercury cup. 
This releases any moisture that may have condensed on the 
walls of the glass during the bombardment of the tube. When. 
the proper vacuum has been obtained, and the tube is filled 
with rare gas to the proper pressure (see Table 6-1), it is then | i 
sealed off with the mercury arm attached. The whole letter is 
tipped in such manner so that the drop of mercury in the trap 
flows into the letter itself. The mercury trap is then sealed off 
from the letter. After the tubulation tip has cooled, the mercury © 
can be distributed throughout the letter. 

The Mercury-injector Method. Although many injector meth- 
ods are possible, the two described are most commonly used. 

~\ 
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0-5 illustrates a manually operated mercury injector. 
; ; j | ; . . ¥ aR of two glass parts—a lead-glass piece which seals 

% 4 En anifold itself and a pyrex piece which fits into the lead 
to the het 

by means of a ground-glass joint. ‘The mercury is inserted 
S 24 the ball on the end of the pyrex piece which is kept in a 

panto th | ij 
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Fic. 10-5. A manually operated mercury injector. 

down position while the letter is being processed. When the 

mercury is ready to be inserted into the letter, the pyrex piece 

is rotated 180 degrees to permit the clean mercury to ate 

directly into the tubing. era tikpein a ts eiica : 

The electric mercury injector is illustrated in Fig. 10-6. 

This injector is also a fixed part of the manifold system. On the 
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op 1s a reservoir of mercury which is kept under va 

the same time as the letter is being processed. 
To insert the correct amount of mercury into the |] 

push button closes an electrical 
placed on top of the injector. The force of the Magnet lifts ay 
iron plunger with the correct amount of mercury which na 
as into the tube when the magnetic circuit is Opened 4 

reservoir 

/ron plunger 

>> Jo manifold 

Fush button to 
operare magnet 

Fic. -10- inj 3 
10-6. An electric mercury injector operated by a magnet lifting an * 

iron plunger. 

Le size of the slot in the plunger determines the amount an 
seas to be inserted at one injection. Many dro s of 
mercury, if necessary, can be inserted by opening and loa 
the magnetic circuit the required number of times. : 

Quantity of Mercury Necessary. The quantity of mercury to 
be inserted into any luminous tube depends upon a aan 
of factors. However, it is to be noted that the minimum amount 
of mercury should be used. 

'CEa 

cuum at | 

; : Ctter, a 
circult~ through a magnet etal 
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: Mercury-filled tubes can be divided into two classes: tubing 

Ber signs and cold-catho
de tubing. 

: 

Tubing for signs can be subdivided as follows: 

% 

[7 Long units—more than 4 feet long 

9. Short units—less than 4 feet long 

3 Tubing to be used in warm climates 

4, Tubing to be used in cold climates 

The amount of mercury to be used should be the minimum 

required to produce the necessary mercury-vapor discharge. 

For long units and cold-weather conditions a little more 

mercury is used. For short units or warm-weather conditions 

Jess 1S used. 

The following list should be used only as a guide for the 

"quantity of mercury: » 

{, Long units—cold weather—600 milligrams 

] 9, Long units—warm weather—400 milligrams 

3 Short units—cold weather—400 milligrams 

4. Short units—warm weather—300 milligrams 

Cold-cathode tubing, irrespective of diameter, should con- 

tain only a minute quantity of mercury. The following list can 

be used as a guide for the quantity of mercury for cold-cathode 

tubing: 

4. 15-, 18-, or 20-millimeter tubing used on 30- or 60- milli- 

‘ampere transformers—200 milligrams : 

9. 20-, 22- or 25-millimeter tubing used on 100-, 120-, or 

- 200-milliampere transformers—90 to 100 milligrams 

| If the manufacturer can obtain complete vaporization through- 

out the tubing with smaller quantities of mercury than indicated 

above, then the smaller amounts should be used. It must be re- 

membered that the more mercury used in a tube, the greater the 

_ possibility of streaks, spots, blackening, and dirty rings developing 

during tube operation. On the other hand, too little mercury may 

not give complete vaporization throughout the tubing, especially 

in long tubes used in signs in cold climates. 

— ee se es = ia eat = ne res SSE eae —————————————— ———— 

—— 

=: ————— —- = = 

= ee Eee eee aS SS 

ss = = = ———— = ——— 



224 

In cold climates where temperatures go below 5205 (0°C) 
mercury-filled tube will lose brilliancy because the mercury wil] 
not vaporize. ‘he quantity of mercury used is not a factor at these 
extremely low temperatures. The manufacturer should design the 
sign to use higher current transformers or higher resistance rare 
gas, or he may shield the tubing by using channel letters encloseq 
in front with plastic. In extreme cases he should eliminate mercur 
tubing entirely from the sign and use tubing that operates on rare 
gasonly. _ 

2) 

Aging Methods. A tube properly heated, with clean glass and 
electrodes, and properly evacuated should not require aging, 
But there are several reasons why aging is almost a universal] 
process in the neon industry. One reason is that, in tipping off 
the tubulation, impurities are released from the glass. Another 
is that attempts to speed up production have sometimes shown 
that a shorter time on the pumps and a longer time on the 
aging table are the most economical way of doing things. In - 
the small plant, where high-speed operations are rarely possible 
or even desirable, this latter reason does not hold. But for many 
reasons even carefully made tubing does not immediately come 
up to color, and it must therefore be aged. | 

Aging is carried out by operating the tube at rated current 
for a period of several minutes to two or three hours, although 
a well-constructed, properly bombarded tube should age 
properly in not more than 5 minutes. During the aging process, 
the impure gas in the tube cleans up by chemical action, while 
the inert rare gas, which will not combine chemically with the 
electrodes, remains free in the tube. Generally speaking, this 
clean-up process, being a chemical reaction, can be speeded up 
by running the tube hot during the aging period. For this 
reason, often a current somewhat higher than the operating 
current is used for aging the tube (generally a 60-milliampere 
transformer is used for sign tubing). This extra current in- 
creases the temperature of the tube and speeds the clean-up 
reactions. But too high a current has the undesired effect of 
freeing other impurities which would otherwise remain dormant 
in the electrodes and the glass of the tube. So a happy medium 
is required to speed up the aging process without overheating 
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he point where new impurities are liberated. For 

ng systems, only rated current should be used 

because in this case the tube is not required to stand 

n the normal operating temperature, and the con- 

t using a standard transformer more than makes up 

| e required for aging. 

% a oe of Bh can be gauged roughly by watching the 

4 bs the tube. On the first application of aging current to 

a “filled tube, the tube will probably be blue throughout 

irety OF Biue only near the electrodes if it 1s unusually 

oe. This blue color almost immediately disappears 

(unless the tube is a mercury tube) and is followed by a bluish 

Then the ends of the tube nearest the electrodes begin 

i. me up to color, that is, to assume the characteristic bril- 

a red-orange glow of neon. The red. glow aE NPR 

electrodes then spreads toward the center of the tube, rapidly 

£ n more slowly. 3 

a ates 2 to age up 3 color or run too hot, there are sev- 

eral possible causes. The amount of impure gas may oe 

large that the electrodes cannot absorb the pies rapi % 

enough, while these impure gases are being released trom the 

glass or electrodes which are operating at a very hot tempera- 

ture. If the vacuum system is known to be im good oe 

| order, a very slow leak at the electrodes or in the glass sie S 

may be the cause. Or the gas in the gas bottles may have 4 

come contaminated, either with air or with other forms 

impure gas. This can usually be detected by applying — 

sparker to the rare-gas containers. Poor electrodes may be t 

trouble, especially if they are not made of the very purest a 

or have not been thoroughly processed, since they then wil 

proceed to liberate impurities at a slow but sure rate which 

will continually interfere with the operation of the tube. ae 

If a tube takes very long to age (more than 2 hours) , it is 

usually wisest to give it up as a bad job and begin agar. cin 

tubing may be opened, cleaned, and used again, provided that 

it contains no mercury and provided that the electrodes or 

electrode seals are not the cause of the trouble. 

Figure 10-7 shows a cutout relay and wiring diagram. 

for aging, 

its © 
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This device is very useful to prevent fires and shock. 
operator. It is connected in the primary circuit . 
tubing and particularly 
relay is designed for a definite narrow range of current. If the 
current falls in the primary circuit owing to a defective tube 
in the secondary circuit, then the magnet bar carrying the con. 
tacts 1s released and the primary circuit is opened. 

The Completed Tube. When the tube has been properly aged, 

Tubes 

Secondary 

(Os) Transformer 

|Primary 

N 
E:  ) = ss | Push 

Exess Mee button 

Cufour relay 

HOV. AC. 

Fic. 10-7. A cutout relay connected in series with the primary 
former. Either a push button can be used, as shown 
can be manually closed. : 

of a trans- 

, or the magnet bar 

it is ready for installation in the sign itself. The methods used 
for mounting the tube in the sign depend largely on the type 
of sign mounting, that is, whether the sign is a box sign, a skele- 
ton sign, a roof structure, a border sign, a window display, or 
a window border. Each of these types of signs (see Chap. 5) 
requires a different type of mounting and a different method 
for handling the completed tube. 

Painting Out Crossovers. Before the tubing sections can be — 
said to be complete, the crossover connections between letters 
must be blocked out so that they do not detract from the clear- 
cut appearance of the sign. This blocking can be accomplished 
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ef L j . ° : : e ° e L a is- 

j y in a variety of ways. Painting is the most sat 
fo ctoril eeiik ae 
"satisfac thod, but often a winding of tape is used to cover 

overs: ‘eat . 
Beene croe* iS ' i ment 1s perma- th Whatever method is used, the primary require p 

a. Nothing destroys the appearance of a sign more quickly 

‘ if-covered crossovers; and if a customer complains of 

4 than : before the guarantee is up, he has every right to serv-_ 

q this a lv the best materials should be used for this purpose. 

a 4 e. rule to observe if paint is used: Never use paint 

Be cnejallic base (lead paint, a copper-base paint, etc.). 

: 

y 
» 

| Metallic paints will conduct electricity. If they are used, partic- 
me VLC 

larly if they are used near the electrodes or near a sharp bend 
ula | x 

on the tube, they are bound to cause trouble. If a voltage i 
yuilt up between the paint and the LANDY box ae z 

ben happens, a corona discharge will be set up whic wil 

: k the glass and may eventually puncture the tube. This 

a discharge produces a gas known as ozone (Os), a form 

Sof oxygen molecule which has a very destructive effect on . 
: . 

Za aints. Block-out paints should have a resistance to this type of 
»  P 

attack. Metallic paint may also Pua considerable radio inter- 

n the voltage on it discharges. 7 

eesti shuts tae tube painting have been eed 

developed and can be obtained either from a neon-supply 

house or from a reputable paint manufacturer. ee paints 

should be thoroughly opaque when applied in a single coat. 

Sometimes two coats are given to ensure long wear. The paints 

should also have a high degree of adherence to a glass surface, 

a quality which all nonmetallic paints do not Poses, 

_ The paint generally accepted for this Use. 39 an Fach 

especially made to have high insulating properties as well as to 

resist the weather, heat, light, high voltage, and corona dis- 

charge. Any large paint manufacturer, especially one catering 

to the sign trade, will be able to supply such a paint at a 

ice. 

Bou Tobia. Another method used to block out the glass 

between letters is by the use of a new tubing called Blok-Out 

tubing. Blok-Out tubing is made of regular clear-glass sign tub- 
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ing which is specially treated by the manufacturer oll 4 
a black deposit that is near the surface but actually sal cues 
glass. Blok-Out tubing is black in color and, therefore a the 
preventing any light from coming through. | Pau 

The advantage of Blok-Out tubing is its 
out quality. It is not affected by weather c 
other hand, the cost of Blok-Out tubing is r 
also the cost of manufacturing the tubing is hi 
labor involved in inserting pieces of Blok 
method is ideal where cost is not a factor 
quality permanent job is essential. 

: = CHAPTER 11 
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E The Complete Luminous-tube Sign 

Bending the glass tubing, bombarding, pumping, and filling 

tube is only part of the process in the manufacture of 

nous-tube signs. The completed glass tubing must then be 

mounted and connected electrically to the various 

f 

the 
-jumi 
q properly 

; components. : 

Many methods are commonly used throughout the world in 

~ completing the finished luminous-tube installation. ‘The two 

q principal methods can be defined as follows: 

1, Sign completely assembled in the shop. 

9. Sign assembled on the job. 

4 In the first category the sign manufacturer makes the com- 

: plete box, properly painted, mounts the tubing on the face or 

faces of the sign with elevation posts, insulates the electrodes 

with electrode receptacles, places the transformers inside the 

4 box, and makes all the connections for low voltage and high 

4 voltage. The sign is then ready to be transported to its destina- 

tion and hung. The only work required besides hanging the 

sign is to make the necessary low-voltage connections from 

the primary switch in the building to the low-voltage wires of 

the sign. In most cases the sign is transported with all its tub- 

a ing attached, and very little breakage is encountered by ex- 

perienced installers. Where the sign is large and the tubing 

complicated, the sign can be installed without the tubing, 

which is then put in place after the sign is installed. 

Also in the category of signs assembled in the shop can be 

included many types of skeleton signs which are installed as 

one unit, that is, with the transformer and the tubing mounted 

229 
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and in place ready for installation. The skeleton tubing may hy 
| e tied together with frames of glass, or special aluminum frameon a 

that can be purchased especially for quantity production 
The second category, signs assembled at the job, inc 

both outdoor signs and skeleton or border signs hung indoors 
Most of the work of installing and fitting is done on the job 2 

itself rather than in the sign man’s factory. In many countries 
5] the only completed items taken to the job may be the tubing 

and cutout metal letters. All the other necessary work, such as 
the metalwork, soldering the metal letters in place, cutting y 
angle iron, making the necessary connections, and installing the 
transformer itself, is done by the workmen at the place where 
the sign is to be completed. This method involves working 
under poor conditions, with the result that labor expense js 
much higher than if a sign were completely finished in the _ 
sign man’s shop. 

In the case of border-outline tubing, either in windows or 
on outdoor installations, completion of the work at the job 
cannot be avoided. | | 

Shop-assembled Sign. The fundamental mounting part of the 
glass tubing is the elevation post or tube support. The eleva- 
tion post is correctly located and screwed down in place on 
the face of the sign box. This tube support usually comes in 
two parts, the metal to be fastened to the sign and the glass 

part fastened to the tubing. The tube support is adjustableé 
both in height and in location. When the glass is fastened to 
the tubing by means of fine tie wire, the support holds the tube 

in place, provides the pressure with which the electrode lead 

wire presses against the spring in the electrode housing, and 

in general maintains the tubing in its correct position. It is 

important to avoid straining the sign glass when mounting the 

tubing on elevation posts. A strain may cause the tubing to 

crack while it is being installed or afterward when the tubing 

is in position and operating. 

Many different types of tube supports are available, vary-- 

ing in height from 1 to 6 inches. 

A box sign may use either complete electrode receptacles, _ 
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usings, or ring bushings. An electrode housing 1s 

tructed with a compression spring which makes 

t with the electrode terminals when the tubing is in- 

he face of the sign. The electrode housing may use 

e instead of a spring. The pigtail lead is connected 

of the electrode before the tubing is put in position. 

pring arrangement is more popular because it permits the 

f tubing without extra work in making connec- 

Ring bushings can also be used instead of housings. The ring 

| hing merely insulates the glass electrode from the metal box. 

Necessary connections have to be made on the inside of the 

| j box from the electrode wires to the high-voltage cable. 

A box sign requires the use of cable supports placed on the 

inside of the sign in such locations that they will firmly hold 

: the high-voltage cable. With electrode housings, these cable 

supports can be located farther away from these receptacles 

because the housing itself acts as some support for the cable. 

‘With a ring bushing, the cable support must be close to, the’. 

bushing in order to support the cable and prevent the elec- 

trode connection to the electrode from touching the metal. 

Cable supports must be correctly spaced to give maximum 

support and insulation to the high-voltage cable that is con- 

nected to the transformer. | 

Installation of Transformers. Many transformer failures may 

‘be caused by water getting into the transformer casing and 

coming in contact with the windings. For this reason, the sign» 

box should be constructed carefully, with tight seams and with 

as close a fit as possible around the electrode housings. Drain 

holes should be drilled in the base of the metal sign box so that 

any water which collects may drain off. If the transformer has 

to be mounted on the bottom of the box, it should rest on chan- 

nel-iron runners so that drainage water will run under it. The 

transformer should also be mounted in that location which 

allows for short high-voltage leads from the tubing. 

Skeleton-type Signs and Mountings. The skeleton type of 

sign is usually self-supporting; that is, it is not solidly fastened 
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by means of elevation posts. A small sign of this type may han 
directly from its electrodes without further support, altho 
it is always advisable to have extra wire supports from the 
ing to the glasswork itself. Larger hanging skeletons ma 
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| (c) : 
Fic. 11-1.(a@) Hanging transformer and skeleton sign. The guy wires should 

be completely insulated when attached to the neon tubing. Note the method — 

of protecting electrodes and cable with glass tubing. (b) Detail of glass 
sleeve for protecting electrode and cable. (c) 

place of the one shown in (b). 

supported on several wires, as shown in Fig. 11-1, with the 

transformer mounted above, below, or to one side of the win- 

dows. In large skeleton signs, the tube is made up of several 

sections which must be connected together. The break in the 

Ugh — 
celjam 

Y be — 

Two pieces of tubing used in 
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i: fice is to slip a 

en two tube sections should come between letters, 

f it is a script-letter sign, no break at all should be 

his case, specially designed connections, shown in 

, are used to hide the break. 

te sections of a skeleton sign must be strongly 

electrically and mechanically. The usual prac- 

piece of glass tubing over the first electrode, 

Tie wire 

YL Neon tubing 

ne, 
0 or 14mm glass 
tubing tlared 
out atone end 

- “Glass 

s/eeve 

Front... _-- Tape 

id “Metal clamp 

| (c) 
Fic. 11-2, (a) Extension posts for window border signs. (b) Extension post 

made from glass tubing and mounted with metal clamp. (c) Method of 

‘connecting electrode of two tubing units in a window border. No break 1s 

(a) (b) 

i visible to the public. 

then connect the electrode wires together, and then slip the 

outer tube back so that it covers both electrodes. This style of 

connection is neat, electrically safe, and it harmonizes with the 

remainder of the sign tubing. With hanging transformers, a 

long glass tube is used to insulate both the cable and the elec- 

trode connection. Approved metal connectors bind the cable 

to the electrode wires. 



234 SHOP PRACT, 

Types of Transformer Mountings for Skeleton Signs, 
are three ways of mounting a transformer used with a sk 
sign in an inside location: | 

1. A transformer can be of the hanging transformer 
which is already provided with high-voltage leads, with h 
ing brackets, and also, in some cases, with a pull-chain sw 

2. In some cases, a hanging transformer is not desirah 
standard transformer can be used, mounted in a metal bo 
placed at the most convenient point either above the ske] 
sign itself or to one side. In all cases, the high-voltage |] 
must be protected. 

3. Some transformers for skeleton signs come equipped with _ 
porcelain housings. A transformer of this sort can be either | 
placed on a ceiling with the electrodes from the skeleton sign 
going into the transformer or placed on the window sill With 
the skeleton sign coming up from it. 

Skeleton signs can be classified as follows: 
‘* 

1. A simple skeleton sign of one color. 
2. A skeleton sign which has two or more colors and pos- 

sibly more than one line of reading matter. 
3. A skeleton sign which has one or two colors and a border. _ 

If a skeleton sign contains more than one line and more 
than one color, it becomes quite complicated, and it is very 
necessary that it be thoroughly laid out for the glass blower so 
that the points of connection between the two sections are as 
short as possible and not visible to spoil the appearance of the 
whole sign. 

Border Mountings. Tubes used for building outlines or for 
window borders are usually supported on elevation posts (Fig. 
11-2 (a) ) since this is the most permanent and foolproof mount- 
ing. But occasionally window borders are hung from wire sup- 
ports. If elevation posts are used, they are fastened either to 

the window trim or to a built-up metal or wood framework. 

Elevation posts for window borders may vary in height from 

2 to 6 inches. Special extensions may be used in conjunction 
with the standard post to give the necessary height. Hollow 
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™ 4, be made from tubing in any height desired (Fig. 
flares 4 The tube is then bound with wire to the posts, in the 

| 11-2(b) ag as in the box-type sign. The separate sections of 

u tubes must be fastened together in the same fash- 

skeleton signs, but in this case it is doubly important 

“same Se 

| allow a break in the sign to interfere with the continu- 

a f the sign. The bending back of the tubing so that 

“preak is offset, will prevent any break in the sign from being 
re ‘ 

"visible to the public. 

The glass sleeve which insulates and protects the connections 

petween sign sections should be used for border signs as well 
B pe 

as skeleton installations. 

High-voltage Wiring. General Practice. Regardless of 

whether the sign is a box type, skeleton, or border, there are a 

4 i general rules which should be followed in all high-voltage 

4 wiring. High-voltage wiring should be kept as straight and as 

short as possible. Sharp corners produce a mechanical strain 

4 that may affect the insulation. Furthermore, the high-voltage 

wiring should be kept at least 21% inches away from the nearby 

metal box of the sign or any other metal parts. 3 

‘Connections to the transformer should always be made with 

gy high-voltage cable especially designed for neon signs. Cable 

should never be used unless it is perfect mechanically cape 

electrically, and it should carry the approval of Underwriters 

Laboratories or-similar organization for the voltage used. When 

one cable crosses another, there should be ample spacing between 

the two, or glass tubing should be used over each cable to insulate 

one from the other. eee 

In summary, the requirements for the high-voltage circuit 

are (1)-a straight, continuous series circuit from one terminal 

to the other; (2) good metallic contact throughout the circuit, 

(3) well-insulated cable in perfect condition; (4) strong elec- 

trode connections, preferably with approved electrode hous- 

‘ings; (5) complete protection from the weather. In wiring the 

signs, all wires should be kept as short and as straight as pos- 

sible, and all metallic parts of the circuit should be protected 
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from the metal parts of the sign box and its fitt 

trical connections. 

The Low-voltage Circuit. The power available in the United q 
States is usually 110 volts or 220 volts, 60 cycles. In some loca. 
tions it may be either 25 or 50 cycles. In many other countries ; 
both the voltage and frequency may vary from standard prac. 
tice in this country. It is therefore very important to determine | 
both the voltage and frequency available at the place where the 
sign is to be installed. The transformer then can be ordered with ° 
the primary winding in accordance with the voltage and fre- A 
quency required. 

In a great many localities, the voltage at the sign may be 
low. Instead of 110 to 115, it may be as low as 100 volts. Under 
these conditions, if the transformers have been loaded with the 
maximum amount of tubing, the sign may flicker. For this 
reason, it is always advisable to test the voltage before design-_ 
ing the sign, using a standard alternating-current voltmeter, of 
0 to 250 volts range. If the voltage is below standard, allowance 
must be made in the layout of the tubing. In addition, the leads 
from the primary outlet to the transformer should be kept 
short and should be made of as large wire as possible, so that 
the voltage will not drop to any great extent between po 
source and sign. 

Transformers of 7,500 volts and over usually have the mid- 
point of the secondary winding grounded to the metal case or 
a separate lead brought out which can be connected to a~ 
ground. If a transformer is not installed in the metal box of the 
sign itself, but at some other point which insulates the case from 
the ground, then a wire should be connected from the metal 
case directly to the ground. Otherwise an electrical strain may | 
be produced between the tubing and the metal sign, which may 
cause punctures, buzzing, or interference in radio sets nearby. 

It is always important to make sure t 

tion to the transformer is made. | | 

Whenever possible, the sign should be connected to the 

electric mains through a separate circuit, not connected to 
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Ings. Never ysge _ Ny 
any other material but brass or copper for high-voltage elecoal 

ie 

hat a good ground connec- _ 
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: her appliance or electrical device. If other loads are 

from the sign-supply circuit, the voltage may drop 
: flicker point when the other loads are switched on. 
— to en a metal box-type sign is installed outdoors, usually a 

- ecial metal outlet box on the outside of the building is placed 

i convenient point near the sign. Approved BX cable con- 
; 3 % this outlet box. to a similar outlet box on the sign itself. 

Dan low-voltage wiring should be made in accordance with 

the regulations existing in the locality. The type of wire, con- 

nections, and outlet boxes should conform to both Under- 
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Frc. 11-3. Multitransformer connection diagram, showing three transformers 

with a low-voltage flasher in the primary circuit. 

_ writers’ Laboratories specifications and any other requirements 

_ which the local authorities specify. 

Multitransformer Installation. The wiring diagram of a three- 

transformer sign is given in Fig. 11-3. It will be seen that the 

high-voltage circuits are kept isolated from one another, elec- 

‘trically at least, each one being connected to its own load of 

tubing. The primary circuits and switching devices, if there 

are any, are connected together at the power or low-voltage 

side. For this reason, a single master switch, which connects all 

the primaries to the power line, is used. If there are many trans- 

~ formers in the circuit, the power consumed may be quite high. 

It is important to determine whether the low-voltage lines avail-_ 

ss 

7 1 = = 
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able will be able to carry the necessary power for a large insta] 1 
lation. In a large installation it may be better to use a thre a 
wire power line to the sign with the distribution equally divideg 
between the two circuits. 

Correct Loading of Transformers. When the transformer fori 
a sign is selected, it is assumed that the sign will be correctly 
loaded. The transformer is chosen by reference to the dali 

given in Table 6-2, according to the number of feet of tubing, 

the diameter of the tubing, and the gas to be used. When the 

sign is actually built, it is assumed that the transformer wj]j g 

operate as it should without further attention. F ortunately, ip q 

the great majority of cases, this procedure is a safe one to fo]- 
low. But in some cases, the transformer may be badly un. — 

balanced. If it is underloaded, the transformer is not being used 

efficiently. If, on the other hand, it is being overloaded, two 

difficulties may arise. The transformer will run hot; this may 

eventually cause trouble. ‘The most likely trouble is flickering, 
When a transformer is used to light a tube longer than it can ~ 
safely handle, a radio-frequency voltage is set up in its wind- — 

ings. This voltage may help to cause a transformer burnout. It 4 

may cause radio interference. It will cause the sign to flicker, — 
especially in wet weather. All these results are undesirable. To — 

avoid them it is necessary to load the transformer correctly. | 

When flashing signs of the high-voltage type are used, the © 

lengths of tubing connected to the transformer are not always : 

equal; usually the length of tubing actually connected is increased 

as the spelling actions proceed. ‘There is no sure way to avoid 

difficulties in this case, except to make sure that the transformer 

will safely carry the maximum amount of tubing to be con- 

nected at any time. The voltage drop across the flasher must 

also be considered. 
All the possibilities above may be taken as sufficient reason 

for testing the loading of the transformer when it is actually in 

the sign. Although the transformer-loading test is not carried 

out by the majority of neon manufacturers, it is well worth 

while. There are a number of methods for testing transformer- 
loading conditions, such as, the use of a milliammeter in series 

with the secondary, the use of an ammeter in the primary cir- 

.. PLETE LUMINOUS-TUBE SIGN “ah 
i 1. the use of a wattmeter indicating wattage which is plotted 

ct it, + tube loading, and the flicker voltage test. Because of the 

. a. Psat standard complete units of the variable-voltage auto- 

fact ; rmer type are available (Fig. 11-4), the flicker-voltage 

as been adopted by practically all neon-sign people for 
a Joading conditions. The test is carried out by reducing 
* 4 tage applied to the primary of the transformer in gradual 

| ‘1 the neon tubing begins to flicker. At this stage the 
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Fic. 11-4. Tester for obtaining correct tubing load on a neon transformer. 

This device is inserted between the primary circuit and the transformer. 

3 voltage is noted. If the transformer is for 110-volt operation, it 

‘should be possible to reduce the primary voltage to 85 or 90 

-yolts before flickering occurs. If this can be done, the transformer 

is being operated with a sufficient margin of safety. 

_ These rules for testing the loading of transformers are given 

not only to check the size of the transformer as chosen by the 

use of Table 6-1, page 109, but also to allow the proper size of 

transformer to be chosen when the conditions given in the table 

are not actually met. Differences in gas pressures used and in 

the diameters of tubing will produce tubing which requires 
transformers of larger or smaller size than that indicated by 

the table. In this case, the only safe way to proceed is to meas- 

ure several different types of transformers on the actual com- 

a 
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qwo switches are usually employed, one for connecting the 

“a:-ect current to the converter, which is always turned on first, 

a ne for connecting the transformer and sign to the output 

: converter after it has had a chance to get up to speed. 
a the switch to the sign is closed first, the machine will start 

5 lowly, since it is then under load, and it may not come up to 

+ ad for a long time. During this time, the sign will flicker 
© ay, and the transformer or rotary converter or both may be 
. injured. It is possible to combine both switches into a single 
unit, so that the alternating-current switch cannot be closed 

' yntil after the direct-current switch is on, Full operating in- 

tions and directions for oiling the converter should be left 

SHOP PRACTICE 
pleted sign and to choose for permanent installation the 6 q 
which suits the job best. In the great majority of CASES, the 
transformer can be chosen by reference to the table, but ai 
special case requires that the above tests be made. ) " 

In many locations where transformers may be Placed at al 
distance from the tubing, long cable leads may be required for — 
connecting the end electrodes to the transformer. In some localj. 
ties exposed high-voltage cable is not permitted. In this Case the 
cable must be enclosed in grounded metal conduit. This may 
give rise to corona difficulties, especially when transformers of — 
7,900 volts or more are used. Corona has the effect of Causing — 
a chemical decomposition of the insulation of the cable, with — 
the result that in time the cable conductor may cause a short _ 
circuit to the conduit. Long lengths of high-voltage cable ing 
conduit should be avoided. _ 

Besides cable damage, burnouts of the transformer windings — 
may result. Gable in a metal casing builds up an electrostatic 
capacity to ground, which partly neutralizes the high flux leak- 
age of the transformer (see page 73). As a result, the termina] _ 
voltage of the transformer, even under load, rises to values 
much higher than normal. High voltage of abnormal values 
may puncture the insulation between the secondary windings, _ 
Although metallic sheathing may be required by local authori- — 
ties and is satisfactory from a mechanical point of view, it _ 
should be employed only with short lengths. If possible, it transformer may be burned SUS result. : should be entirely avoided. High-voltage cable using poly- Rotary converters built for neon signs are rated in volt- . 

ethelene insulation shows great promise in overcoming  break- _ amperes. It is very important to match the volt-ampere reading 
down in conduit. of the converter with the transformer or transformers used. 

Installing Rotary Converters. When a sign is to be installed Converters rated in watts will arc at the brushes and eventually 

on a direct-current power system, a rotary converter is used, a _ burn out if used with a transformer which, although rated the 

as explained in Chap. 4 page 82). The installation of these Same as or lower than the converter in watts, has a higher volt- 

machines is fairly simple. The machine should be mounted 

preferably in the basement or in some other out-of-the-way 

jocation. ‘This will deaden the slight noise which these machines a © able to use transformers of the high-power-factor type, that is, 
; of 90 per cent power factor. In this case, a 15,000-volt, 30-milli- 

ampere transformer which has a 450-volt-ampere rating at 50 

per cent power factor will have only a 250-volt-ampere rating 

struc 
! 

with the owner of the sign. 

Before installing, the direct-current supply voltage should 

pe tested with a test lamp or voltmeter to make sure that it 1s 

the proper value for the converter. A test of the alternating- 

current voltage on the output side of the converter may also be 

| made, but usually, if the direct-current voltage is correct, the 

speed of the converter will be correct, and this will ensure the 

proper value of frequency and alternating-current voltage on 

the output side. Both the correct alternating-current voltage 

and correct frequency are of great importance. If the converter 

runs slow, even though the direct-current voltage is correct, the 

frequency will be below the standard 60-cycle value, and the 

ampere rating. 

To get the maximum economy from converters, it is advis- 

produce when operating. The machine should be solidly 

mounted, but a layer of rubber under the wooden or metal 

base may be used to lessen the noise from vibration. 
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at 90 per cent power factor. With a standard transformey 7 

500-volt-ampere converter must be used; with a high-powll 

factor transformer, a 2950-volt-ampere converter can be used 

Packing of Luminous Tubing. With the widespread use a 
luminous tubing for advertising and interior lighting, the m anil 

facturers have been faced with serious problems pertainin a7 

efficient shipment of the tubing. | 

The manufacturer must produce an article which can bal 

shipped economically and safely. Therefore, in designing: the 

sign, reasonable care must be taken to see that the sign may a 

safely shipped with a reasonable amount of packing. The layout 
man should consult with the shipping department as to the 

practicability of shipping the sign which he is designing, Jy _ 

practically all cases, the slight design changes necessary to en. | 

sure safe and economical packing of the sign will in no way 

detract from the beauty or effectiveness of the finished article. . 

Reinforcement of Tubing. The Freight Container Bureau of 

the Association of American Railroads recommends that al] 

skeleton neon signs should be reinforced by glass tubing, wired — 

and varnished to the sign itself, particularly at joints or where _ 

there are long, unsupported spans of lettering. a 

On large outdoor signs consisting of tubing mounted upon — 

a rigid steel framework, it is recommended that the tubing be ~ 

shipped separate from the steel background to lessen the hazard d 
of breakage due to sudden jars or shocks. ; 

When separate shipment is impractical, the tubing must b 

& toy 

securely wired to the background. Where elevation posts are q 

used, these must be secured to the background by steel clips. — 

The posts must be positioned exactly so that no strains are set — 

up in the glass, even when the tubing is tightly wired to the ~ 

background. 

It is likewise important that the terminal hole be of sufficient | 

diameter so that the tubing will not come in contact with the 

sides of the hole. A live rubber bushing should be used between 

glass and either metal or porcelain surfaces to retain the posi- 

tioning and absorb vibrations. 
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PT bing coated on the inside. with fluorescent powder must 

eed and shaped with great care by the glass blower. During 

be J°” ent of a sign, the powder may break away from the glass of 

Be clessly processed tube or the glass may crack at a joint or at 

i veak bend. cies 5 
; Crating the Neon Sign. The glass tubing comprising the 

jetters and border of the sign must be rigidly fastened to either 

. background of the sign itself or to a rigid wooden frame; 

Bien either the frame or the whole sign must be cushioned in 

the crate against vertical and horizontal 
shocks. 

- The use of sponge rubber for cushioning neon signs 1s eco- 

nomical and effective and may be used with practically any 

} shipping container. Cushioning pads should be of 14 -inch-thick 

sponge rubber placed between the tubing and the wooden frame 

members. Soft copper wires should be used to tie the tubing in 

r place, and the spacing of the pads should be such that there are 

no unsupported spans greater than 12 inches in length. A pad 

: should be placed between the glass and frame at every place 

where the tubing crosses a wooden member. 

The rigid suspension frames carrying the glass tubing must 

 jikewise be cushioned in the shipping container. If sponge- 

q rubber pads are used for this purpose, they. must be at least 1 

3 inch thick when placed at the bottom of the container and at 

4 least %4 inch thick when used to cushion the top or ends of the 

frame. | 

Commercially manufactured rubber bands may be used for 

this purpose, but rubber bands cut from automobile inner tubes 

should never be considered. ‘The bands must be fresh and made 

from live rubber. The bands must be kept in place under slight 

tension, and at least 3 inches clearance must be allowed on all 

sides between frame and container. This method of cushioning 

& the frame is particularly well suited for. use by the small 

manufacturer. 

Large outdoor signs must be cushioned by the use of steel 

compression springs. The use of steel springs requires a fairly 

4 good matching of spring tensions and the use of well-made 



springs. As in the case of rubber-band suspension, the 3 

springs should be maintained under slight tension and a 3 

clearance allowed. 
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Types of Shipping Containers. In the design of nailed woul 

crates, the three-way corner type is recommended. At least oa 

face of the crate should be secured with screws or double. 

headed nails to permit the customer to open the crate without. 

damage to the sign. If double-headed nails are used, Provision 

must be made to prevent damage from the protruding heads 

Reusable crates are often used to ship signs between factories 

and distribution points and for shipments in which the sign i 

is to be repacked for storage or shipment. It is essential here _ 

that opening and closing be done without damage to either the ; 

container or its interior blocking. | | 

Wire-wound and other prefabricated crates make satisfactory j 

shipping containers for neon signs. When adequate cushioning 4 
is provided to keep the slgn in position, the strength and light ; 

weight of these crates are exceptionally advantageous. 3 

Corrugated fiberboard boxes have been used successfully to ship 

neon signs of the small indoor variety. ‘Uhe corrugated boxes offer 

some cushioning in themselves, but this is not adequate, and in- ' 

terior cushioning is necessary as in the case of the wooden box. In | 

this connection, excelsior and corrugated fiberboard pads should 4 

never be considered adequate cushioning. : 

One outstanding disadvantage in the use. of the corrugated | L 

fiberboard box is the fact that the freight handlers are unable to 3 

see the contents of the box and consequently will be unaware of 

its fragile nature. For this reason, a standard shipping label has ) 

been adopted throughout the luminous-tube industry. 

Large outdoor signs may be packed and shipped using the 

methods described above. In the case of these large displays, — q 

open wooden crates are universally used as shipping containers. 7 
. 

“petter by ey 
‘of the sign in some attention-compelling: sequence. Even the 

simplest unit can be made more effective if tt flashed an and 

off. More elaborate signs gain if the sign is “spelled out” or if 

"mits in the design are 

~ subject of sign flashing 1s 

CHAPTER 12 

Flashers and Time Switches 

| tt ‘s an axiom in the sign business that a good sign can be made 

the addition of animation, that is, by flashing sections 

lighted in sequence. For this reason the 

a most important one, one which the 

sign builder should understand thoroughly if he is to offer his 

customers a well-rounded service. 

Primary vs. Secondary Flashing. ‘here are two general types 

of flashing applicable to luminous-tube lighting. Low-voltage 

flashing is accomplished in the primary circuit of the high-voltage 

‘transformer. This system has the advantage of operating at low 

- yoltage; so the switching mechanism can be rugged and of simple 

construction. Moreover, the flasher may be located remotely 

from the sign, where it is easily accessible and readily maintained 

and serviced. This is the type of flasher universally employed 

Se ior simple “on-and-off” flashing of a sign as a whole, or for 

flashing sections of a large sign. The disadvantage is that a 

separate transformer is required for each flashing section of the 

sien. The secondary flasher, on the other hand, is used to switch 

a single transformer to two or more sections of a sign. Therefore, 

one transformer can be used to animate many sections of tubing. 

The disadvantages of the secondary type of switching are the 

necessity of running long high-voltage cables from the flasher to 

each section of tubing and the difficulty of maintaining a high- 

voltage flasher in good repair because of the high-voltage arcing 
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at the contacts. Several satisfactory types of high-volta 
ary switches have been developed. 

The type of flasher to be used depends on the size of t 
the number of sections to be flashed, and the over-all] 
installation. Each installation must be analyzed indiy 
fore designing the switching circuits. 

Thermostatic Primary Switches. The simplest ty 
switch is the thermostatic blinker used for simple on-a 
switching of a complete sign. The connections of this 
switch are shown in Fig. 12-1. In series with the transformer 
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primary is connected a coil of resistance wire, wound around a 

[ee SCreW Transformer 

Baa Terminal 
=) 

| LY | 
=. y-aanen 

| ©O | Sp oe IP. ees = \ = ie Thermal coil Terminal | = | Sign 
AVe QDRANANAADR AAA DAAAAAD i. | 

roa ————— : 
ey, = Lost eee J 

Thermal bar ed 

Contacrs 

Line 
Fic. 12-1. A thermostatic type of flasher. 

bimetallic strip. As the current passes through the heater coil, 
the coil heats the bimetallic strip. This causes the metal to bend 4 
and snap, opening a pair of contacts in series with the heater 
coil. This breaks the circuit, turns off the sign, and allows the _ 
bimetallic strip to cool. When the strip has cooled sufficiently, 
the metal snaps back to its original form and the contacts are 
again closed, the sign lights, and the heating begins anew. There- 
after the cycle of operations repeats itself, and the sign flashes on 
and off at a more or less regular rate. 

The thermal type of flasher is simple and inexpensive, but it 
has several distinct limitations. The contacts are not large enough 
to carry heavy loads. Thus the transformer load connected to 
a typical thermostatic flasher must not exceed 100 volt-amperes. 

The thermal type of switch is made in a variety of forms, from 

a small unit which may be fitted directly into a lamp socket, 

ge Second. Bo a large 

he sign, tw 

idually bal : sign people. 

pe of Primary Erie 

nd-off 

type of. 
& used 

type: In 

{ uers AND TIME SWITCHES ane 

a structure resembling a relay. The latter type of unit 

ap with more than one contact and may throw in 

E ral type of flasher has not been adopted by the neon- 

aa It was used for small incandescent-lamp display signs 

4. windows. The timing of the flasher is apt to be very 

P is: and varies widely with the temperature as well as with 

3 “a of load connected in series with its heating coil. 
Be ctor-driven Primary Flashers. The type of primary flasher 

whenever precise timing is sequired is the motor-driven 

one form, much used for incandescent signs, the motor 

is geared or belted to a rotating drum. Brushes make contact 
is ge 

; ‘th metal segments on the drum. A more modern form consists 
wl 

whi irs of contacts. 
motor-driven camshaft: which actuates pairs ol 

3 fic drum-and-brush flasher is capable of handling loads up 

gl Q00 watts per brush. Highly elaborate units may be built 

up Poin combinations of, drums, with as many as 50 brushes. 

The drum is made up of metallic segments, so arranged that se 

travel under the brushes, making contact during a portion 0 

each revolution. When special animation effects are desired, it 

ss customary to have the drum manufactured for the particular 

job. At one end of the drum is a continuous segment, called the 

collector ring, which makes continuous contact with its associated 

brush. This establishes the connection to the other sca ems 

The camshaft type of rotary flasher is illustrated in Fig. 12-2. 

Riding on each cam is a set of silver contacts which are opened 

and closed by the pressure of the cam as it rotates. Loads up to 

3.000 volt-amperes per contact may be handled with this type 

of flasher, and for this reason it is used for practically all neon- 

sign applications. oo 

For standard flashers carrying a small number of circuits, a 

shaded-pole induction motor is used. This type of motor operates 

normally at a low speed, so that a simple gearing-down mech- 

anism suffices. For a large number of circuits, a wound-rotor 

type of induction motor may be used. This type of motor 

has the necessary power to handle a large number of cams. : 

The cams in a flasher may be adjusted to give a wide variety 



248 

of timing cycles. Asa rule, the type of flasher re 
provided with the desired sequence of flashing. 
already cut at the factory to give the effect. The installatio 

his required timing cycle. 

8 Movob/e Sam = Stationary 
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Connector 
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Section A-A 

Showing simple on and off” cam 
Fic. 12-2. Typical flasher of the speller type, showing a four-circuit flasher 
operated by a shaded-pole induction motor. A separate transformer is re- 
quired for each contact. (Time-O-Matic Company.) 

The standard types of flashers that are produced for low- 
voltage operation are known as (1) on and off, or alternate; (2) 
speller type; (3) high-speed border chaser. Any of these types can 
be combined with each other to give the desired flashing effect. 
The on-and-off, or alternate, type can be provided with either 

quired Comes | 

e ° 
% Man : may elect to make an adjustment himself by cutting the cam for 
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- free d-off flashin i or multiple contacts to give simple on-and-off fla ing 

single or an alternate flashing effect. The alternating flashing 

effects is obtained by two circuits alternating with each other. 

effect eller-type flasher produces a spelling action as one circuit 
1 S : E 

: : Bier is lit in sequence. The high-speed border-chaser 
a rer 

| her (Fig 12-3) is usually used with incandescent lamps and 
» flas 

, 

cS oOo ® @ 6) 
Ne odie C 

Fic. 12-3. Four-circuit high-speed border-chaser flasher. Cam revolving in 

center opens one circuit at a time. This flasher is used to obtain running 

border or scintillating effects. 

can be made to produce either a running border ret or a 

twinkling effect, depending upon the wiring of the circuits. ine 

high-speed border-chaser type can also be used with neon tubing. 

Either the on-and-off, or alternate, flasher, or the speller-type 

flasher can be obtained in a variety of flashing speeds. The simple 

on-and-off flasher usually operates at a speed of 15 to 30 flashes 

per minute. By changing the gearing arrangement at the factory, 
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or by cutting the cams differently, the speed can be varied fro 
the standard. Standard speller flashers can be obtained jy q 
variety of flashing speeds, from a fast speed of 2 to 10 SECO 
per cycle, to slower speeds of 4 to 20 seconds, or even 2 to 40 
seconds per cycle. The two numbers such as 4 to 20 mean that 
the sign man can adjust the speed of the flasher so that it takegam 
anywhere from 4 to 20 seconds to complete a cycle. The high 
speed border chaser can be adjusted to give 150 to 430 q 
per minute. | ae | 

_ When applying a flasher to a particular job, it is necessary to 
operate the contacts so that they carry no more than the rated 

ashes 

load in watts or volt-amperes, as specified by the manufacturer. : 

Failure to follow the ratings may lead to short contact life and 
consequently increased maintenance costs. It also may result in 
faulty flashing as evidenced by the irregular operation of the 
flasher and may be accompanied by heavy arcing and radio 
interference. | 

Secondary Flashers. The Rotating-gap Type. The primary 
flashers just described are not applicable to the vast majority of 
signs in which the cost of a separate transformer for each section 
cannot be justified.: The need for a reliable secondary circuit 
flasher is thus apparent. One type of secondary flasher which has 
proved satisfactory for long trouble-free service is the rotating- 
gap type. One form of this type is shown in F ig. 12-4. The sep- 
arate contacts are arranged in a circle at the top of the device, 
‘usually four to eight in number. The common contact rotates 
directly underneath, driven by a shaded-pole induction motor 
and a simple gear-down drive. The rotating element does not 
make direct metal-to-metal contact with the fixed elements, 
but rather passes beneath them, leaving a small air gap between. 
The high voltage from the transformer secondary is sufficient to 
break this gap, and a small spark is formed which carries the 
transformer secondary current to each of the terminals in suc- 
cession. ‘The lack of direct metallic contact between the operat- 
ing surfaces increases the life of the device, without introducing 
any serious loss in the secondary circuit. 

The speed of rotation of the motor may be controlled over 

ICE ::. 

‘jo jimits, wide 
drives a0. 

n fi 

ds | pr 

the trans 

q voltage up to 15,000 v 

30 milliam 

251 
HERS AND TIME SWITCHES 

As | 
5 to 35 revolutions per minute in the slow-speed 

d 35 to 300 in the higher speed units. 

porcelain insulation must be used in this type of flasher 
Ws 

f 

. e e 

‘a Ee leakage to ground and consequent short-circuiting of 
ev 

former secondary. The contacts may be used at any 

olts. The current capacity is limited to 

peres in most commercial units of this type. : 

Since the rotating-gap type of flasher operates in the high- 

voltage side of the transformer, special care must be taken to 
yo 3 

Fic. 12-4. High-voltage or rotating-gap flasher. This type of flasher operates 5 : 

a number of luminous-tube circuits from one transformer. 

protect the transformer from severe changes in loading, that 1s, 

to avoid overload or underload as the sections of the flasher are 

connected in succession. The first rule is that the load should 

never be taken off the transformer secondary at any time by the 

switch. This means that none of the contacts may be left open, 

but all must be connected to a load, even if this means that two 

adjacent contacts must be connected to the same piece of tubing. 

Moreover, the flasher must be so constructed that the rotating 

element does not pass completely from under one stationary con- 

tact until it has passed under the next adjacent contact. 
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When designing a circuit to carry a high-voltage flasher 
necessary to take into consideration the maximum num 
feet of tubing that will be employed in order to determ} 
transformer size. For example, if a high-voltage flasher 
nected to a series of arrow lines of tubing to give the e 
a contracting and expanding arrow and is operating at a 
rate of speed, the transformer should be designed to Carry the 
total number of feet of tubing in the arrow, even though 
sequence of flashing it may only carry one small section, 

The use of high-voltage or secondary-circuit flashers results 
in a Saving in tubing life. This is because the tubing is lit only 
for a comparatively short period of time compared with an 

ber of 
ne the 

installation where the tubing burns continuously. 
When a high-voltage flasher is used, some loss of the trans- 

_ former voltage must be expected in breaking down and main- 
taining the spark between the rotating arm and the contact. It 
is estimated that the value of voltage required to break down 
this gap is approximately 1,000 volts. This should be taken into 
consideration when designing the transformer load. The high- 
tension sparks present in this type of animater produce ozone 
from the oxygen in the air. Ozone is active chemically and may 
combine with the nitrogen and moisture in the air to form dilute 
nitric acid, which may injure metal and rubber parts nearby. 
Protection of such exposed parts with a coating of asphalt paint 
will usually prevent this trouble. Z 

Animation Diagrams. The types of animation possible with 
primary- or secondary-circuit flashers are virtually without limit. 
So many ingenious flashing sequences have been devised by sign 
manufactures to suit the requirements of particular installations 
that it is impossible to describe even a small fraction of them. 
_ There are several basic animation diagrams which are so 
widely used that they should be familiar to every sign manufac- 
turer. These are on-and-off, alternate, simple speller action, and 
other standard flashing patterns. To determine the necessary 
sequence of a flasher for ordinary purposes, standard charts are 
used which show the number of contacts or sections desired 
and the flashing sequence for one complete cycle. Figure 12-5 
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number of different charts of flashing sequences that can 

a ed for a speller-type flasher. Every manufacturer can 

a a 1% chart to show the length of time, the number of con- 

. a the flashing sequence for the type of flasher that has 
Clsy 
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by the Time-O-Matic Company as a guide. 

Ee to be designed for his particular job. In Fig. 12-95 Chart A ifs 

dicates a speller flasher that has five contacts or sections. Section 

1 goes on first, then 1% seconds later section 2 goes on, then 

1% seconds later section 3, then 4, then 5. As each section goes 
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time in hours and minutes. 

on, it continues burning. One and one-half seconds. before the 

completion of the cycle all circuits go off, until the end of the 

cycle, when the flashing sequence is repeated. On the other hand, 

in Chart C, section 1 goes on for 2 seconds, but then goes off 

when section 2 goes on, and this goes off when section 3 goes 

on, etc., until the end of the cycle, when the spelling action 1s 

repeated. 
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Fic. 12-8. A spectacular 
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5 12-6, 12-7, and 12-8 are large signs indicating var- 

of animation that can be obtained with flashers. By 

ening a sign to employ flashers of any of the types 

most endless variety of effects may be obtained. 

An important type of primary switch is the 

e switch (Fig. 12-9), which is used to turn signs on and off at 

Figure 

scribed, atl al 

luminous-tube sign. Two rows of tubing running 

vertically and alternating by rapid flasher action produce the effect of 

coffee pouring into the cup. Smoke from the cup is produced by a special 

smoke generator. 

predetermined times. Essentially, the time switch is an electric 

clock fitted with contacts which control the load, or which may 

actuate an auxiliary contactor which in turn controls the primary 

circuit of the sign. The electric switch ‘operates on a 24-hour 

cycle. A dial connected to the clock shaft 1s marked with two 
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12-hour scales, one representing day, the other nj ht : 
is fitted with two pointers, one of which is set op pit . Th dia 
at which the sign is to be turned on, the other Ba. a ne 
of turnoff. The load contacts are capable of hate | . u ne 

ad ae per pole, depending on their size and uA 1 : 25 

Auxiliary contactors are available for any load up to 500 

per pole. Most time switches are arranged so that th 
operated manually at any time without interfering a 

the 

.* 

’ . 

Fic. 12-9. A time switch which can be set for turning a sign on and off ia a 

normal automatic operation. Special types of switches are avail 
able which automatically advance the turnoff time vith ail 
season, as the days grow longer. These are expensive units nol 3 
ever, and are not worth while unless the sien must ‘ erate 
entirely without attention for long periods of time. , 

The photoelectric switch uses a phototube (electric eye) to 
control the sign directly in terms of the amount of davli he res- 
ent. Such switches automatically follow the change in tea th 
of the day and, in addition, may be relied on to turn on the ol 
whenever the daylight fails, during storms, and on particularly 
dark, cloudy days. | 

dat 
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CHAPTER 13 

Radio and Television Interference 

Ban many locations neon signs or even interior-lighting instal- 

‘ons may cause interference in nearby radio sets and television 

The elimination of radio or television interference may 

e most perplexing problems facing the neon-sign 

The reason for this is that interference from high-voltage 

signs OF lighting circuits may be due to many different factors. 

4 In order to eliminate interference, it is necessary to understand 

a why the ‘nterference is caused and to take the proper steps to 

In general, interference may be caused by certain defects 

inherent in the sign itself or by its position in relation to the 

set. If the sign has flashing units, the interference may be directly 

due to the flasher mechanism. On the other hand, it may be due 

to a combination of factors, and it is for this reason that it may 

be necessary to follow a certain organized procedure to deter- 

mine how the interference is caused. ; 

The order in which the steps are listed is very important. 

It is based on taking the easiest and most effective measures: 

first and then going on to the more difficult steps that may some- 

times be necessary. Practical experience in the field shows that 

a great deal of time is usually saved by following the sequence 

recommended here. | 

The first step is to make sure that the sign is actually causing 

the interference. Second, try to move the aerial and line cord 

of the receiving set away from the sign. If this does not help, 

the third step is to ascertain whether or not a flasher is causing 

the trouble. If it is, proceed directly to step 17, which deals with 

flashers. 
257 
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faulty. The transformer itself is tested for defects in step 7, The 
next step is a test to determine whether the transformer js oval ; 

loaded, and if so, why. In step 9 the high-voltage circuit is 
checked for loose connections. | 

Step 10 checks the grounding of metal parts of the sign which 
should be grounded, while step 11 ensures that metal Parts — 
which should never be grounded are actually not in contact 
with grounded objects. In step 12 the spacing and insulation 
of adjacent pieces of glass tubing .are inspected and corrected, 
We make sure that dirt is not causing the trouble in step 13, and 
the same is done for paint in step 14. Next, porcelain housings, if 
they are used, are examined for defects. Step 16 is to install q_ 
filter in case the sign is located in such an inaccessible position — 
that it is impossible to get close enough to take any of the pre- 
ceding steps. 

Steps 17 to 20 deal with interference caused by flashers. After 
each step it is necessary to return to the receiver to observe 
whether the interference has stopped. As soon as it stops it is 
unnecessary to proceed any further. In most cases this will occur 
before half the steps have been taken. 

Step 1. Whose Sign Is at Fault. Turn off the sign and see if 
the interference stops. Frequently much time is wasted before 
discovering that a sign in another locality is at fault. 

Step 2. Moving the Aerial. The location of the aerial in re- 
lation to the sign may cause a greater pickup of interference. 
If the aerial is moved, or rotated to a different, position, the 
interference may be eliminated or greatly reduced. In the case of 
roof signs interfering with television reception, the aritenna, may 
be aimed directly at the sign. It may be possible to change the 
orientation of the antenna so that it is not directed at the sign. 

In some cases the receiver plug-in cord may be acting as an 

antenna and picking up the interference because it is too close 
to the sign. This type of interference is encountered with skeleton 
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If the interference is not caused by flashers, go on to step 4. 
_ which will show which section of the sign is at fault, Step 5% tol 
check the grounding connection of the transformer. Step 6 shows 4 

whether the low-voltage circuit leading to the transformer j,_ cy Be of 
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" distinct clic 
oe. cnow or , 

‘ a Bist type may be located and remedied by steps 4 to 16, and 
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R | I ‘ 
; ° . ° 

sy ; outline borders, where the neon-sign installation may Bs 0 ) ? 
; Be uite close to the recelver. 

be 
3 3 Determining the Type of Interference. There are two 

. jnterference: interference caused by arcing and glow 

e and interference caused by flashers. The first shows 

q continuous buzz in radios and as continuous snow on 

4 screens. The second type, flasher interference, causes 

.. ks synchronized with the flasher action in radios and 

distortion synchronized with the flasher in television. 

he second type by steps 17 to 20. If both types of interference 
t 

4 ur together, it is advisable to eliminate the flasher interference 
B occ 

Step 4. Picking Out the Bad Circuit. If a sign contains a single 

| transformer, there is no difficulty in determining the circuit at 
r 

fault. But if a sign contains several transtormers, then it is ae 

sary to locate the transformer circuit that is defective. In this 

h transformer circuit must be turned on separately. 

Step 5. Checking the Transformer Ground. When the ma 

fering circuit has been found, it is necessary to make sure tha 

the transformer has its mid-point securely grounded. Most trans- 

formers of 7,500 volts and over have the mid-point of the paral 

ary grounded to the metal case. If the transformer is securely 

fastened to the metal sign, the transformer should be auto- 

matically grounded. However, some transtormers may have a 

separate post brought out for grounding purposes, and this 

should be securely fastened to a good ground. Also, some trans- 

formers may be placed away from the sign on insulated material. 

In this case, a separate wire should be connected between the 

transformer case or terminal and a good ground. 7 

Step 6. Checking the Low-voltage Circut. Disconnect the 

primary leads from the transformer in the defective circuit and 

connect them to an incandescent lamp. If the interference con- 

tinues, it means that the trouble is in the line leading to the 

transformer primary. This can be caused by a loose connection 1n 

a panel box, a loose fuse, a break or faulty splice in the line, or 

_ bad or wet insulation. If water has run into the conduit in which. 
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unit because if it is left on the sign it will continue to 

resistance will continue to rise. The sign inevitably 

+ cause more trouble and go out altogether, making it neces- 

=” return and. perform another servicing job. Moreover, if a 

yigh-resistance unit remains on a sign for some time, it may 

BD ause the transformer insulation to fail. | 

® Insufficient rare-gas pressure can be detected after the con- 

| SHOP PRa 
the line is located, interference can result. After this 
nect the line securely to the transformer terminals. 

Step 7. Checking the Transformer. A defective transforp ii 
may cause interference. The transformer may be checkalll 
operating it in both open-circuit condition and short- ie 
condition. To operate on an open circuit, disconnect th 
leads at the high-voltage terminals of the transformer a 

Beleaky U 
jeak and its 

Chg 
Step, CO n- 

Clrcuit 

Cable | 

. } : | turn s I = : on the primary voltage. To short-circuit the transformer, conn “dition has existed for a few hundred hours by noticing whether 

a piece of wire across the high-voltage terminals, and then turn 3 the glass near the electrodes has blackened inside the tube. The 
on the primary voltage. If interference occurs in either e “plackening results from a deposit of metal sputtered off the elec- 
circuit or short-circuit condition, it indicates that the transfon ll : on Low pressure greatly accelerates electrode sputtering, and 
is defective and should be replaced. | q ... sputtering itself, if it becomes severe, can cause radio inter- 

Step 8. Checking for Overload. Short out one or two units of ; ‘ ence. Electrodes with a ceramic collar on the shell, however, 
tubing carried by the transformer. If the interference stops a a 
transformer is overloaded. An overload can be Caused in fo 
ways. (1) The length of tubing may be too great. (2) The a : 
sure in one or more units may be excessive, either bedanea aa | 
much gas was originally inserted or because air has entered the 
tube. (3) The pressure may be too low because not enough rare ! 
gas was inserted when the tube was pumped or because the sign 
has been operating for many thousands of hours and the rare gas ; 
has been “cleaned up.” (4) The length of high-voltage cab 
in the circuit may be too long. | 

4 resist sputtering under even the worst condition. 

Fic. 13-1. Diffuse discharge in top illustration shows correct pressure in 

tubing. Concentrated discharge in bottom illustration indicates a tube with 

high gas pressure. 

| Too long a length of high-voltage cable can cause interference. 

When long high-tension leads must be used, extra-long cable 

supports should be employed to get the cable as far from grounded 

metal as possible. In cases where long returns are used, that 1S, 

over 20 feet of high-tension wire, or over 10 feet of high-tension 

§ ‘wire in a metal shield, such as Greenfield or pipe, make the 

following test: Disconnect the long length of cable from the 

tubing and connect it to the transformer so that the cable forms 

a short circuit across the transformer. Then, if the interference 

continues, despite the fact that the tubing is no longer in circult, 

and there was no interference in step 7 when the transformer 

was short-circuited by a short piece of cable, the trouble is 

obviously caused by the long leads. In that case, it may be advis- 
able to divide the load and use two smaller transformers of 

3 If there is too much tubing on a transformer, it is necessary 
either to distribute the load properly, or to install an additional 
transformer. Excessive pressure is sometimes difficult to detect. 

_ If it is high enough, it will cause the discharge column to become 
a thin line in the center of the tube instead of a diffused line _ 
occupying almost the entire tube width, as shown in Fig. 131mm 
This can be observed through a piece of clear tubing near an 
electrode or at a splice. In addition, a high-pressure tube runs 
hotter than 6ne at correct pressure. When air enters:a mercury- 
filled tube, it produces a reddish glow in place of the blue mer- 
cury glow until it diffuses sufficiently or is cleaned up. In the 
case of neon tubes containing no mercury, air causes a bluish 
glow in place of the red neon glow. A tube containing several 
millimeters of air runs very hot. It is extremely important to detect 
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lower voltage. With long high-tension returns, extra-lon 3 
supports should be employed to get the cable as 
grounded metal as possible. When cable must be pl 
sheath or conduit, every effort must be made-to make 
as short as possible. 

far froy . 

the leadg 

Step 9. Inspection for Loose Connections. Inspect for loa 
connections in the high-voltage circuit. Loose connections pro 
duce arcing and are caused by corrosion, vibration, or faulty in- 
stallation. Corrosion occurs frequently in regions near the ocean 
or near factories and mills that give off corrosive smoke or fumes, 
Copper wire is very susceptible to corrosion: Sometimes 
connection occurs inside a housing because the electrode d 
make contact with the housing spring. This will cause 
which will become worse in time. 

O0€s not 

Step 10. Grounding Metal Parts Securely. Make sure that all 
metal parts of the.sign. which do not touch luminous tubin 
high-tension cable, such as boxes, channels, or frames, 

prevent the wire from making contact under the screw. Such 
grounding points should be soldered, as well as screwed tight, to 
ensure permanently good contact. 

Nearby metal objects can also cause interference even though 
they are in no way connected to the sign. An electric charge can 
be induced in a nearby structural beam, rain gutter, metal yene- 
tian blinds, decorative metal strip, etc. Sometimes so much | 
electricity is induced in neighboring objects that it is possible — 
to get a shock by touching them. The only solution is to ground 
such objects or move them away. | 

Step 11. Keeping Tie Wire away from Ground. Metal parts 
which are in contact with tubing or cable must be well insulated 
from ground. Tie wire used to fasten tubing and cable-to-cable q 
supports must be secured to prevent it from getting near grounded 
metal. When window signs are hung from chains, the chain — 
should not contact tubing or cable. When this rule has been vio- 
lated and it is too difficult to move the chain, it may be possible — 
to reduce the interference by insulating the chain from ground 

§ Ca ble 

aced in : 

a loose 

an arc” 

g or. 

are 
grounded solidly. If parts are grounded by screwing down a 
grounded wire, it is important that rust, dirt, or corrosion does not 

ig 
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AplO . bing or cable at a a hain which touches the tubing ! any other c : 
and pom 
sfferent P 

Step 12. 
at least hal 

int. : Bek 

PF alewiig Adjacent Pieces of Tubing. In.bend backs 

¢ an inch of air space should be left between adjacent 

a... This is especially important with letters larger than a 

tu bins: nd less important with smaller letters. When an 1m- 

foot his® Bee icied sign has insufficient space at bend backs, 

p? open'y a of several thin-sheets of mica will reduce interfer- 

t] -. e adjacent tubing is tied together for strength, as in 

a awe fish line or string: should be used instead of tie. wire, 
edna 
Gace wire could cause arcing. 

: q 

! : ; 

) 
| Fishline or string — 

| Fic. 13-2. Tubes should be insulated from each other when connected to- 

3 gether to strengthen the unit. | 

| Step 13. Removing Insects and Dirt. An accumulation of dirt 

and insects inside housing can cause very severe interference. 

Also, clean the dirt off cable and tube supports, tubing and 

cables, since dirt greatly lowers surface resistance and promotes 

; interference. | | 

Step 14. Checking Paint. Painting housings with. the same 

paint as the rest of the sign is a bad practice because it substan- 

tially reduces the surface resistance. On tubing only high-quality 

block-out paint should be used because low-resistance paint can 

cause trouble. If it is possible to get a shock. by touching the 

paint, it is a sure sign that the paint has low resistance,:and bet- 

ter paint must be used. : 

Step 15. Checking Porcelain Housings. Old or defective por- 

celain housings sometimes cause trouble because water may seep 
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through a small crack in the glazed surface and permeate ; 
terior. This reduces the housing resistance so much that le 
currents are conducted through the porcelain and gener 
terference. Pyrex housings are not susceptible to this defect. 

Step 16. Filter May Be Necessary. The measures recommende 
in steps 5 to 15 will remedy or suppress interference caused by 
inherent defects in the neon-sign circuit, that is, interference du a ; e y 

to arcing or glow discharge. However, in some cases 

Sign 

High tension 

Line 

Fic. 13-3. Filter circuit to eliminate interference caused by mild arcing or 
glow discharge (step 16). 

is mild, it may be suppressed by the use of filters which are 
placed in the circuit indicated in Fig. 13-3. Severe interference. 
cannot in all cases be completely suppressed by the use of filters — 
alone, and it is necessary to find the source of trouble and rem- 
edy it at that point. ‘ : 

The following steps deal with interference caused by flashing 
or switching mechanisms, | : 

Step 17. Flasher Must Be Enclosed in Metal Box. Some flash- 
ers are built in a metal box and are provided as a complete unit. 
Most of the high-voltage flashers are supplied in this manner, 
However, many of the low-voltage or primary flashers do not 
come in metal boxes. Every flasher, whether a primary or sec- 
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Bust be replace 
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, # or He the sign may be located in such a position that it is difficult to check aga 
cording to the procedure recommended. Also, if the interference | 
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4g dary unit, should be completely enclosed in a grounded meta 
on 

q ee, 18. Inspection of Flasher Contacts. Inspect the flasher 

to see if they are severely burned or pitted. If so, they 

d. Make sure that the contacts on a low-voltage 

are closing tightly and making a good contact with each 

Poor contact on oxidized surfaces may cause arcing when 

BiG GI 

Condenser Motor leads 
fo line 

Line. Line | re 

Fic. 13-4. Filter circuit across the line as used with a flasher. A condenser 

is also connected across each set. of flasher contacts. 

the two contacts are supposedly closed. This may cause not only 

radio interference, but a flickering sign. High-voltage rotary- 

flasher contacts are not designed to close fully, but should have 

a space of approximately 142 inch between them. _ 

Step 19. Installation of Condensers. In the case of low-voltage 

flashers, place a condenser across each set of flasher contacts. 

This tends to prevent the arc from radiating interference each 

NS 

. : 
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time the contact opens. The condenser is connected ACTOss call 
set of contacts of the flasher as shown in Fig. 13-4, “ 

Step 20. Installation of a Filter Circuit. Even after all 
described above*have been taken to eliminate or corre 
interference, it may be necessary to employ a filter cir 
filter circuit consists of a combination of condensers and choke 
coils. A filter for a low-voltage flasher is shown in Fig. 13.4 a 
filter for use in a high-voltage flasher circuit is shown in Fig, ] 3.5. 

cuit, The 

Animated sign 

High fension : 
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en 
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High | Transformer 
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Motor leads 
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choke wee 

; ‘cl Condenser 
Line 

Fic. 13-5. High-voltage-flasher interference may be eliminated by using j 

chokes and condensers as shown.’ 

The measures recommended in this chapter are thorough — 
enough to eliminate or suppress interference in almost any situa- 
tion. After a certain amount of practice with the procedure out-am 
lined, it will be found that the time required to stop interference 
is much less than that needed when haphazard methods are 
used. It is well to bear in mind the contents of this chapter while 
in the process. of constructing the sign itself, so that causes of 
trouble can be avoided in advance. 

a set of rules. Each type of sign and each location offers its 
x 
wn particular problem. Sign hanging is a dangerous business 

0 
~ unless ca 

7 publ 

q tion given will be of considerable help to installers. 

best possible use of sign-hanging material, Table 14-1 eae 

4 prepared indicating the safe working loads for various \ e 

a used in hanging signs. ‘The values given include a safety. actor 

. “which takes into consideration recent engineering ‘standards. It is 

CHAPTER 14° 

Installation and Maintenance 

3 

sign Installation. The problem of installing the completed 

9 the desired location can rarely be solved by following a 
n 

refully done, and in busy districts the hazard to the 

‘c is considerable unless the work is done ‘by competent 

Bit is not the purpose of this chapter to provide all the in- 

formation necessary to hang or to install signs. But the informa- 

Safe Working Loads for Sign Hardware. Io promote the 

important to emphasize that the safe working load ane not 

only on the hardware used but also on good avorkmans es 

Recently the American Standards Association in cooperation 

with the American Municipal Association and the Outdoor 

Advertising Association of America pregaged a pamphlet, 

“Siens and Outdoor Display Structures, which covers ae 

struction, erection, and maintenance requirements lor signs an 

outdoor display structures with respect to safety, size, ane at- 

tachment or anchorage. These American standard building re- 

quirements are shown in Appendix 2. 3 oe 

Sign Maintenance. The service problem in the neon industry 

has never received the attention that it deserves. It has been 

assumed that the major problem was that of producing and 

| 
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Table 14-1. Safe Working Loads for Sign Hardware 
(Sizes in inches, loads in pounds) 

To promote the best possible use of sign-hanging material, the followin 
can be used for safe working loads. The values given include a safet 
which is made with recent-date engineering standards. All safe workj ‘ : P . ys loads epend not only on the item itself, but also on the other materials used 
article, and also on careful workmanship. 

Stranded Cable 

\ Diameter Safe Load 

46 1,150 
vA 1,900 
6 3,200 

Stgn Chain 

S7ze Safe Load 

3-0 1,280 

4-0 1,500 

Stgn-hanging Bolts 

(Iron bolts with square nuts) 

S2ze Safe Load per Bolt 

3g x1 820 
3x 1% 820 
gx1 1,520 
4x1 1,520 

Wire Rope Clips 

S2ze Safe Load 

4 6 179 
\y 511 
3¢ 1,306 

Nut-eye Bolts 

’ Size Safe Load 

38 Xx 214 820 
lex 3 1,520 

Long standard sizes" 

Expansion Shields t 
———eerooOoosss 

Size Safe load 

36 X 234 225 
X34 375 

ms / 
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table 14- 1. Safe 
Working Loads for Sign Hardware (Continued) 

Stove Bolts 

8 tables Size Safe load ‘Size Safe load | - Size Safe load 

. F os 112 36 X 114 112 VP ee 320 

ue ny ; % 112 346 X16 112 wx 114 320 
Turnbuckl ; 6 % 3% 112 yxhk 320 yxik 320 

Size Be n6 ¥ 1 112 ly x 5 320 3x I 820 

4x4 ee : as. 12 | wx % 320 | % X14 820 
46 X 414 540 @ yx 320 

? ; ¥ 
r . 

sa : 1 ne Bs The same considerations apply to wall hooks as expansion shields, and wall 

£ ust be located at least 4 inches apart. 

S2ze - a I 2. controlling factor in safe loadin of expansion shields is the strength 

36 X 214% tt f the brick or concrete. For this reason, holes for expansion shields should not be 

yy, RD 1 a q 5 cated closer than within 6 inches of each other. Otherwise a large load might 

? Ss O - . . 
. 

lex 4 1,520 ; be concentrated on a small region of brick or concrete and cause failure. 

Wall Hi installing the signs and that, if they were properly made, the 
a ooks* . * : . 

| self. If the reputation Size Safe Load maintenance problem would take care of it | Pp ; 

: 100 of the sign manufacturer with his customers 1s to be preserved, 

° 150 a proper reserves both of equipment and of capital must be made 

to take care of servicing signs. Accidents will happen to even 

Scieaspin Anchor Shackles a perfectly made signs. When they do, the manufacturer must be 

ee Be ready to repair the damage quickly and well. Service is para- 

- a mount, since a defective sign has lost its advertising value. 

7% 1,306 The problem of maintenance can be attacked from two 

pac a . | points of view. The first is to produce and install the signs with 

vk v4 | ae an eye to the future so that the calls for service will be reduced. 

The second is to familiarize oneself thoroughly with the major 

causes of failure so that when a sign breaks down the nature 

Short standard sizes of the trouble can be analyzed at once and corrected with the 

| least delay and expense. The sign manufacturer should keep 

Sale legs both of these points of view in mind. 

? Causes of Service Calls. Tubing Failures. ‘There are two 

os places where a sign may fail: in the transformer and its sets 

400 nections, including switches and fuses, and in the tube itself. 

Tubing failures may arise from breakage of the glass, from 

sputtering and cleanup of gas due to improper gas pressure, 

from leaks either at the electrode seals or elsewhere in the tube, 

from broken connections between tubes, and from blackening of 
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causes of trouble can be found by simple inspection 
the application of a testing coil. They can be prevented 

failure have been emphasized, and if the directions given 
followed, tubing should stand up for its full life. 

At the end of the useful life of the tubing, it must of Course — 
be replaced. But before the tubing unit is taken out and re. 
pumped, the precaution should be taken to determine whether — 
the tube is really going bad or if poor connections or other — 
electrical causes are at the root of the trouble. It is wise to take | 
a spark coil to the job, fitted with a long extension cord. The 
coil can be used to test the tubing while it is still in the sign, 
If the tubing unit shows no sign of life when the sparker is ap- 
plied to it, then that unit is defective and must be replaced, If 
it glows and shows signs of being normal, then the trouble must _ 
be sought elsewhere. A defective tube may be caused by poor 
electrical connections at the electrodes. This cause of tube fare 
ure should be rectified before the repaired tubing is replaced. 

Electrical Failures. The second class of trouble lies in the 
transformer and its connections. In a recent survey of sign- 
transformer troubles, made by one of the largest manufacturers 
of this type of equipment, it was found that 95 per cent of all 
the trouble with transformers could be traced to four causes: 
insufficient protection from the weather; transformer operated 
at incorrect frequency, as when operated from a converter 
running below normal speed or with excessive output voltage; 
improper transformer loading; and operation on too high a 

primary voltage. 3 

To determine whether or not the transformer is in working 

order, an alternating-current milliammeter (see Fig. 14-1) may 

be connected directly across the secondary terminals. If the 

rated short-circuit current flows, the transformer is in good. 

condition. If no current or less than the rated short-circuit 

current flows, the transformer is out of order and should be 

replaced. | 

; | eg nstA the glass (especially in fluorescent mercury tubes). Al] thea y 
Se 

or else Byit 

~ trouble can to a 

| flasher termi
nals. 

large extent by the proper manufacture and installation of the 
tubing. Throughout the previous chapters, precautions against BP ech is : wis 

-° f the many different varieties of flashers which are used, it 1s 

ficult to give any general rules for testing them, other than 

. the above. When the cause of the sign failure has been deter- 

| mined, the defective part must be removed, repaired if possible, 
’ 

are | 
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Occasionally when a high-voltage. flasher is used in series 

h the tube, this device will cause considerable trouble. The 

be found almost immediately by short-circuiting the 

If the tube glows to the proper brilliance, the 

at fault, and it should be repaired or replaced. Because 

d replaced. 
Se 

Bes pairs and Replacements. Tubing. When tubing is at fault, 

the tubing section which has failed must be removed, as a 

Mil hommerer 

Line 
vo/tage 

Fic. 14-1. Test to determine if transformer produces rated secondary current. 

whole, and replaced. But if the sign has already reached its life 

limit, and especially if the still-operating tube sections show 

signs of age, it is often wise to take down the entire tubing and 

replace it. Tubing sections must eventually fail, and it will often 

save money to replace them all at once rather than one at a 

time. Special precautions must be taken in repairing fluorescent 

tubing, to ensure a good color match and equal brilliance in the 

old and new sections. This subject is treated at length in the 

chapter on cold-cathode fluorescent tubing. 

The tubing section can be removed from a box-type sign 

when electrode housings are used, simply by removing the tie 

wires which fasten it to the elevation posts and then pulling the 

tube out of the housing. If electrode bushings are used, the con- 

nector between lead wires and the cable section must be 

disconnected. : 
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Once removed, the tubing section is taken to the sho 
glass is not broken, the tubing may be used again. 
cases, it may be advisable to replace the tubing, but usual] 
old tubing is still suitable for use. The first step 
the electrodes, which should not be used again. 

Removing the electrodes is accomplished simply by 
the glass with a file cut in the usual manner, at the JOint be. 

‘'Y the 

tween electrode jacket and the tube proper. It should be re. 
membered when making this break that the new. electrode 
when spliced to the tube, must fit accurately in the position 
occupied by the original electrode before removal and also have 
the same height. This necessitates care in leaving neither too 
little nor too much glass on the tube where the splice wil] be 
made. ‘he outside of the glass should be wiped clean to prevent — 
the possibility of dirt collecting inside the tube. 

Resealing Electrodes. New electrodes of the type used in the 
sign originally should be used. One electrode is spliced on in the 
usual manner. In this work, the original layout sheet, used for 
the glasswork when the sign was first made, should be used to 
ensure the correct position of the electrode with respect to the — 
rest of the tube. When the first electrode is on, a new tubulation 
glass must be spliced on in the usual manner, and finally the 
other electrode is sealed on. 

_ Special electrodes can be obtained for repumping all mercury 
tubes. ‘These electrodes contain an extra stud wire coated with a 
chemical that releases a quantity of hydrogen during the bom- 
barding process, which attacks the dirty mercury or mercury spots 
and prevents mercury stains. The intense heat will cause the — 
hydrogen to combine with the impurities and the two are pulled 
out by the pumping system, leaving clean mercury in the tubing. 

Except for a decrease in light output due to age, the tube should 

operate like new. 

Repumping, Bombarding, etc. From this point on, the pump- 

ing, bombarding, and filling of the tube are exactly the same as 

they were when the tube was first made. Although the job is a | 

repair, it should be done with the same thoroughness and care 

used on the original tube. If the tube has failed before its ex- 

P. If the | 

In SOMme 7 q take 

the 
tube in the approved manner. 

br caking a 
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cted life length was reached, special precautions should be 
€ ee : po 

P n to see that it is repumped carefully, since the original 

ocedure may have been faulty. To prevent a recurrence of 
r . . 

failure, extra precautions should be taken to make the 

Tube Breakage. Tubes often crack under the influence of the 

4 high heat which follows gas cleanup. Also, they may break be- 

cause of accidents to the tube, while it is in the sign. In these 

cases, it may be necessary to bend an entirely new tube from 
>) E 

fresh glass, although, when the glass is broken between letters 

| } or near the electrodes, it may be necessary to replace only part 

of the glass. In this latter case, all good parts of the tube are 

. spliced onto the new tube in the usual manner, the broken parts 

being replaced with new tubing. 

When new glass is used, it is necessary to match that of the 

original tube to the new glass. Usually this is not a difficult 

procedure, but occasionally the glass in the original tube itself 

has a somewhat different texture from the new glass to be 

spliced onto it. In these cases, the entire tubing section should 

be bent anew. Different diameters of tubing in the same tubing 

section are very conspicuous, although they may not be notice- 

able if the difference in diameter is small. The glass diameter of 

the tubing in the sign should always be matched as closely as 

possible ; otherwise the tubing sections remaining in the sign will 

not blend well with the repaired section. 

_ Matching glass is often one of the most difficult problems in 

repairing tube sections, especially if colored or fluorescent glass 

is used. The properties of the original glass may have become 

changed from being exposed to heat and to the weather. If the 

new glass does not fuse readily to it, the splice will be weak and 

subject to breakage. 

Experience is the best guide in deciding whether to repair 

a tube section in whole or in part. Money can be saved by fol- 

lowing whichever of these two possibilities consumes the lesser 

amount of material and labor and presents the lesser possibility 

of subsequent failure. 

Electrical Repairs. Occasionally the wiring of a sign goes bad, 
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particularly if the high-voltage cable has been exposed to thal 

weather. In this case, it should be replaced throughout vill 

new cable. But if the transformer or flasher is the cause of thal 

trouble, the repair usually cannot be made except by the mani q 

facturer of the equipment. In the case of transformers, the iobll 

is too expensive to be attempted even by the manufacturer , 

When a transformer or other piece of electrical equipment comm q 

bad, the only remedy is replacement with a new unit. 4 

Every progressive sign shop should carry on hand a quan. 

tity of different sizes and types of transformers capable of 

duplicating any transformer installed in any of the signs many. _ 
factured by the shop. A burned-out transformer should eventy- 

ally be replaced by one of the same rating, provided, of course, 

that the original transformer was properly chosen in the first 

place. Often it is wise in replacing transformers to apply the 

loading tests and flicker-voltage tests outlined on page 238 

to make sure whether or not the new transformer is properly — 

loaded. ye | : 
Flasher Failures. When the flashing devices of a sign fail, as 

can be tested by short-circuiting their terminals, there is usually 

no remedy but the installation of a new flasher. If the flasher is 

a simple ON-OFF type, its replacement may be quickly made. 

But if it is of a more complicated variety, involving many differ- 

ent effects, repairs are difficult and usually may have to be 

made at the factory. While the flasher is being repaired, or 

while a new one is being ordered, everything should be done to 

place the sign in service at least temporarily until the new part 

arrives. The best method is to short-circuit the switch in such 

a way that the whole sign will be lighted continuously as an 

emergency measure until a new flasher can be procured or the 

old one repaired. When this step is taken, the owner of the | 

sign should be consulted, and the possible increase in operating 

cost explained to him. Usually he will want his sign on, even 

though it will cost him more money for the short period. 

When a time switch goes bad, a conventional hand-operated 

OFF-ON switch may be substituted and proper explanations and 

instructions made to the sign owner so that he can arrange to 

have the sign turned on and off manually. 

:. 2. hs 

ere? ’ 

ing, eve 

 pusiness 4 

Sand 

. ihe 
‘the sign, far from being useful for advertising purposes, actually 
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The Importance of Continuous Service. In the above para- 

great stress has been laid upon keeping the sign operat- 

n by temporary measures, when interruption of service 

Many neon manufacturers find that they can keep their 

nd grow steadily without resorting to such extreme 

measures of service. But it is certain that customer satistaction 

and the public reaction to the sign are greatly impaired when 

the sign fails and remains dark any appreciable length of time. 

; Usually the customer will appreciate the effort that the neon 

man makes in keeping the sign lighted in the face of difficulties, 

this appreciation will lead to increased business. 

Neon signs are attractive only as long as they are fully | 

g lighted. A sign with several sections dead or, worse, with one or 

more sections weak and flickering is worse than no sign at all. 

public reaction to such a display is always negative, and 

does harm. It should be left completely dark, although a 

double-face sign, connected on the same transformer, may have 

one piece of tubing dead on one side only, while the other side 

still has advertising value. | 

In the interest of the neon business, each neon manufacturer 

should make this fact clear to each of his customers when he 

first installs his sign. He should request the sign owner to report 

at once any damage, flickering, or dead sections in the sign. 

The neon man stands to lose nothing by this procedure. Since 

he will have to attend to a damaged sign sooner or later, he 

might as well do it before any great amount of harm has been 

done. If the damage occurs before the guarantee is up, the 

service is costly to the manufacturer. But, on the other hand, if 

the damage occurs after the guarantee period, the result is busi- 

ness for him. All in all, it is a wise policy to inform the buyer 

that a broken sign may do harm and advise him to have any 

trouble corrected at once. | 

Maintenance Guarantees. The average luminous-tube sign, 

regardless of the kind of gas used or the complexity of the sign, 

is guaranteed for a period of time, as a rule, for 1 year. In ex- 

‘treme cases of competition, this limit is sometimes extended to 2 
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and even 3 years. Experience has proved that Many signs wi) _ E | give 3 years of life and more, but the l-year guarantee ma a | é 
the only sensible arrangement to make. The guarantee - 4 ’ ; C 
takes the form of complete service during the guarantee nea 5 S| § 
which includes replacement of all weak, flickering, or sail 3 : he 

tubes and of any defective electrical equipment. Time a ‘ é : oe . 
include repainting of the sign box and crossovers if either be . ; cE 
to shed the paint. In other words, the sign manufacturer unde 3 : = 
takes to keep the sign operating as well and looking as well] fod te : ce 

‘ a period of 1 year as when it was first installed. After the guar- Ms E : i ee 
i antec period is up, repairs are charged on a regular basis, which 5s Rees c 
i includes the cost of the materials and labor and a reasonable $ : é 
i profit. ; < . LS E a 
i The Service Contract. Another form of service arrangement is & : 2 5 z 3 
| 3 finding considerable favor. It is the service contract. Under this : : E : gs E 

agreement, service contracts are sold either to a man whose a\¢ : 43 g 

| i guarantee has expired or to a man who buys a new sign which 5 ee ee é., 128 
| | is guaranteed for a year, at the end of which the service begins. : E 5 
i In exchange for the service, he agrees to pay a contract price E 3 2 5 

of so much per month for complete service to the sign, whether Z E : |e 
| oF not any repairs are necessary. This contract basis may con- : E 8 : ¢ 
| tinue for as long as the buyer wants the service, but since the E E : : 3 

sign will begin to wear out rapidly after 2 or 3 years of service 3 Eels z |S 
: the contract rate increases as the sign grows older. In othe Z E E : 2 
{ words, in the service contract, the sign manufacturer agrees to 3 2 

keep the sign in constant repair at a definite sum per year, pay- 
: | able monthly. This amount depends on the size of the sign, the a c 

number of feet of tubing, the age of the sign, whether or not it aa g , 
is to be painted, and also whether or not it has a rotary c ; ‘| : 
converter. as cules E 

| Hae SABA se z 
The service contract is very desirable. After a sign manu-. ee dee | d 

facturer has been in business for some time, he may accumulate ges | | a 3 
a great many service contracts which bring in a steady monthly 3g eee Le : 
income. By constructing the original sign so that it is sturdy 38 S ae g a Z 
and the tubing and materials of highest quality, actual servicing ae Tete Z 

may be cut down to a minimum. Then the service contract is a 328 | 
| very profitable item. 

|| 

| 



sign may feel disgruntled at paying out a monthly rate for ¢ 

be carefully arrived at by every progressive sign manufacturer. q 

J 
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Since the contract rate calls for complete service, whether ’ 
be a simple tube section or the replacement of a whole batten 
of transformers, the manufacturer usually finds that it is bel 
to install a well-made sign. Then, if it stands up, he gets 
contract rate but has no material cost or labor cost for repairs 
In this way, the contract repair rate puts a premium on coum 

workmanship in the first place. Although the man who buys He 

Crvaa 
ice which his sign may not need, he has always the comfort of 
knowing that if trouble does arise it will be taken care of With. 
out further cost. 

Estimating Repair Costs. Before the retail price can be put on 
a complete sign, some estimate of the probable repair costs must _ 
be made, so that the extra amount can be added to the cost or — 
the contract repair rate established. It is not the function of this _ 
book to establish business or atcounting methods of figuring | 
plant and material costs or to prescribe a fair rate of profit on 
the owner’s investment. But the problem should be dealt with | 
by each manufacturer. | 3 

Where competition is heavy, the price situation will take care _ 
of itself; it is simply necessary to meet the quality and price of - 
competitors and if possible to surpass their workmanship. But | 
a fair price for sign manufacture, installation, and repair should _ 

As an aid to this work, a complete record of equipment, ma- 
terials, and labor cost should be kept, ari inventory of stock 
taken regularly, and the cost attributable to each job estimated 
against the actual amount paid for materials, equipment, and 

labor. The use of the original layout in this work has been 
described on page 106. In Fig. 14-2 is shown a “‘maintenance | 
card,” which is also useful in handling repair estimates. 

PART Ill 

Fluorescent Lighting 



CHAPTER 15 

Fundamentals and Production of 

Fluorescent Tubes for Lighting 

The importance of fluorescent lighting, for general illumina- 

¥ tion purposes, is so widely appreciated that additional emphasis 

_ is hardly needed. Fluorescent forms of light have within recent 

years assumed a commanding position. The fluorescent lamp. 

~ competes directly with the incandescent forms of light in the 

feld of general illumination, offering a vastly more flexible 

2 light at considerably lower upkeep cost which, after a year’s 

operation, makes up for the slightly higher cost of installation. 

_ There are two forms of fluorescent lighting used: low-voltage 

or hot-cathode fluorescent lamps, and cold-cathode fluorescent 

lighting. 
: 

The hot-cathode form of fluorescent lamp is not manufac- 

tured by the sign man or luminous-tube specialist. The ad- 

vanced techniques of manufacturing used by the larger com- 

panies allow them to produce the low-voltage fluorescent lamp 

at prices which would be impossible to meet with the technique 

of a small luminous-tube shop. However, the cold-cathode fluo- 

rescent tube for lighting is a logical extension of the luminous- 

tube practices of the neon-sign man. Its application as a source 

of interior lighting opens up a virtually new field to the sign 

specialist. 3 3 

The Principle of Fluorescent Light. This chapter is devoted to _ 

the design, processing, installation, and maintenance of fluo- 

rescent tubes, particularly cold-cathode fluorescent tubes. Be- 

fore going into detail on these subjects, it is desirable to discuss 

the basic principles of fluorescent light. ‘These basic principles 

281 
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an be reproduced with luminous tubing. Many shades 

F 2 can be produced from commercially available powders, 

7° a 4 ne shade which is indistinguishable from daylight. 

at as this color flexibility is, it is outweighed, for 

q a ‘Jlumination purposes at least, by the fact that the 

a t tube is the most efficient source of light commer-— 

a BE available. The incandescent lamp, in the usual com- 
cia 

FLUORESCENT LIGHT 
apply equally well to the hot-cathode and cold-catho 
of tube. : 

Fluorescent light is produced by means of a coating on y : 

inside of a luminous tube. The coating, known technical] a 
a phosphor, is a mixture of chemical compounds which hay 

the property of emitting visible light when subjected to y 
ultraviolet light. The phosphor is usually produced by 

de type Balette © 

AYS of 

ae ; , com.~ inous efficiency of bining one of the light metals such as zinc, calcium, Magnesium, mercial wattage sizes, operates at a lumino : a 
: = a enc” ube opera or cadmium with a compound such as silica or tungstic acids Moughly 8 per cent, whereas the fluorescent t Pp 

Typical fluorescent powders are zinc orthosilicate, calcium 
tungstate, magnesium tungstate, calcium silicate, and zines 
beryllium silicate. Many other compounds and blends of several 
powders have been developed. Recently the hot-cathode flugaa 
rescent lamp manufacturers have substituted halophosphates, { 
essentially calcium-fluoro-chloro-phosphates, for the zinc beryl- 
lium silicates that were once used for white fluorescent tubes, 
To eliminate the beryllium from cold-cathode and neon-sign _ 
manufacture, calcium silicates and calcium alumino-silicates. 
have been substituted for the zinc beryllium silicates in the pro- | 
duction of white tubes. 3 q 

A fluorescent compound must be carefully prepared if the — 
light is to have a smooth even color, reproducible from lot to _ 
lot. Very minute amounts of certain foreign substances, /such — 

as lead or manganese, are used to activate the phosphor! The — 
smallest change in these activating compounds will change the 
color. Even mechanical changes in the milling of the powder or — 
the manner of application to the glass tube have a marked — 
effect on the color, brilliance, and stability of the fluorescent 

light. For these reasons, the manufacture of fluorescent powders 

is a specialized business, based on carefully guarded formulas 

and procedures. | 

carly double this efficiency, above 15 per cent. This not only 

; es the amount of light produced per dollar for electricity, 

- Stinbes proportionately the amount of heat generated by 

i “eg Beco. The three advantages, wide color flexibility, more 

: E 5, er dollar, and less heat per lamp, explain the popularity 

Ree scént lighting for general illumination, and: they-are: : 

2 ajiy important for display purposes. 

| BM ick efficiency : rie. Huse lamp is explained. by 

j he fact that the phosphor efficiently converts the invisible a 

, an present in the gas discharge into visible light. The gaseous 

4 discharge, whether it is neon or mercury In oan cee be 

a argon, produces only a small amount of light visible to the ie 

By far the larger percentage of the energy fed to the lamp is 

converted into invisible ultraviolet radiation. This is particu- 

a Jarly true of the pure argon discharge which emits such a small 

amount of visible light that it is used only in conjunction with 

a other gases or vapors. The mercury discharge is particularly 

rich in ultraviolet light. | oF 

‘The ultraviolet light serves no visual purpose because It 1s 

invisible. Most of this energy is ultimately converted into heat 

(see Fig. 15-1). When the inner surface of the luminous tube is 

coated with a fluorescent powder, however, a considerable por- 

‘tion of the ultraviolet light is absorbed by the powder, which 

stores the energy for an extremely brief time (less than a mil- 

lionth of a second) and then reradiates the energy at longer 

wave lengths which lie within the visible spectrum (see Fig. 

; 15-2). Thus the invisible ultraviolet light is converted into useful 

visible light. 

One obvious advantage of fluorescent light is the wide range 

of colors which can be obtained by employing different blends 
of powder. To this wide variety, further choice is added by the © 

use of colored glass and by employing different gases as the 

exciting agents. With this wide range to choose from, it is no 

exaggeration to state that all colors possible on the artist’s 
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| The more efficient the phosphor, the more ener 
within the visible spectrum. A white-light bee 
light more or less uniformly over the a 
colored phosphor radiates light most strongly in | 
region of the spectrum. Unfortunately, since the fe Scent 

Electrical input (40 watts)’ 

| | 
0.5 watts 26.5 watts 

Conversion 
of energy ULTRAVIOLET 66% HEAT 339 — 

Ithin the 
ae CONCENTRATED AT 2537A LINE oe ae HEATING 

BULB WARMTH 

Fluorescent powders c O 
8.5 watts | Sa 

phony to heat 13 ve 
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nature of ~ RADIATED HEA 
energy 17.5 WATTS ‘ Sorvec en ON 
Output 43.5% 56 WAS 43 

FIGs Osh. : eke ee tah wes EuOre sent lamp will develop 66 per cent ultraviol 
eae tubes. nly 22.5 per cent is converted into visible ligh E 

ance into heat. (General Electric Company.) ght and. 

140 

pat +H SN w= 60 8 
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See € curve on the left is spectral sensitivity 
; angstroms. The curve at the right is the visual 

ultraviolet light. (General Electric Company.) HO 

with its peak at 

rocess i : sy — sain one, great precautions must be taken in 
nutacture of the fluorescent : powder andnin it li 

tion to the tube, if it i intai 6 eae ‘ is to maintain its efficien ncy and its color 
O 

e e 
$ ver long periods of operation. With reasonable care in manu 
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_. dev 

: in 

useful pur 

carefully the principles under 

‘are discussed in Chap. 16. 

“give a distinctive color. In this 

_ shade of blue can be slightly va 

| cathode lamps. 

rum produced by . to produce white tubes. 
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facture and processing, a phosphor can be depended upon to 

maintain about 70 per cent of its initial brilliance after 5,000 or 

more hours of operation. 
| 

While the fluorescent tube is intrinsically a high-efficiency 

ice, compared with other forms of lighting, this advantage 

may not be fully realized unless the fluorescent lamp is mounted 

a proper fixture, designed to conserve all the light emitted 

the lamp and to direct it to the space where it will serve a 

pose. For this reason, the reader is urged to consider 

lying illumination design which 

“Characteristics of Fluorescent Powders. The primary char- 

acteristic of a fluorescent powder is the color it produces when 

‘rradiated by the ultraviolet light of the gaseous discharge. ‘The 

phosphors of fluorescent powders can be grouped, as far as 

color is concerned, into two classes: basic powders and pre- 

blends. The basic powders are those which, by themselves, will 

group can be classed the green 

silicate, which gives a brilliant green. This 

d for sign work only and rarely for lighting 

It has a luminous intensity about 30 

lable from any other fluorescent 

phosphor, zinc ortho 

color is generally use 

except for color effects. 

per cent greater than that avai 

material. 

Calcium tungstate powder gives a distinctive blue, and the 

ried by the amount of the lead 

activator used. Magnesium tungstate will produce white and 

d mixed with other powders for white in hot- 

Calcium silicate produces a pink to reddish 

color and ig now used in conjunction with other basic powders 

It has been developed to a very high 

degree in order to eliminate the zinc beryllium silicates also 

used as basic powders.’ Cadmiiim borate gives a reddish color 

and is primarily used to produce red tubes of the hot-cathode 

type only... 

1The use of this zinc berylliu 

eliminated for all types of fluorescent tubes. 

has been use 

m silicate basic powder is being gradually 
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The preblends consist of basic phosphors mixed to 
the proper proportions to produce various colors. Al 
kind of color could be produced by blending the basic 
It has been necessary, however, to limit the colors to 
that would be standard for practical purposes. Ever 
facturer has tried to produce a similar line of. colors. 

POWders, 
a Tange 

¥ Many- 

This has 
been especially true in the range of whites. The standards for _ 
fluorescent lighting are generally limited to 3500 white, 4500 
white, 6500 white or Daylight, and Soft White. Many other 
white tubes are available that can be used for special interior 
effects or for display or sign work, but for all practical pur- 
poses, the four 
used. 

Although not generally employed, colored glass can be coated 
with basic phosphors to give a soft or subdued lighting effect, 
For example, noviol glass, coated with one of the shades of zinc 
beryllium silicate or with calcium silicate, can be used to give 
a subdued gold effect. Dark-blue or soft-red colored glass can 
also be coated with these powders to give either dark-blue or 
dark-red subdued lighting effects. 

Other basic fluorescent powders which are used primarily for 
fluorescent lamps are the halophosphates. They have approxi- 
mately the same characteristic light output as the zinc beryl- 
lium silicates, emitting in the yellow-white and orange-white 
portions of the spectrum. Sign tubing coated with these chemi- 
cals may darken very badly at the bends because the phosphor 
may become damaged at the bent portion of the glass. Also ex- 
treme care must be taken when processing this type of coated 
tubing by internal bombarding because extreme heat may 
damage this type of phosphor. These powders are used exten- 
sively in mass-produced hot-cathode lamps where tubing is. 
never bent and is oven baked, rather than bombarded or 
heated internally. Experiments are being continually conducted 
concerning the use of halophosphates in cold-cathode tubing 
because of the high lumen output of this class of powders. It is 
possible that the difficulties encountered in bending and proc- 
essing by internal bombardment may be eventually overcome. 

whites indicated above are almost universally 

gether in. . 

Most any — 
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Recently there has been a tendency to use “black oo a 

‘uminating both interior decorative walls and outdoor ulleti 

i hich are painted with fluorescent paints. Fluorescen 

, shich respond to the black-light or ultraviolet radiation, 

Baia hiens of sulfides, of which the most important are zinc 

Be ie ae zinc cadmium sulfide, activated with copper. ‘The 
su 
aints are excited most effectively by radiation of 3650 A. This 

4 @ diation is abundantly produced by mercury-filled tubes 
ra 

ated with the 360 BL phosphor, cerium-activated calcium 
coa 

RE Beneonnn someone EX NCSI 
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Fic. 15-3. A bulletin board painted with special paints and using black- 

light lamps and spotlights. The black-light lamps are lit all the cae 

File the spotlights flash on and off, producing dist changes in ap 

pearance and wording. 

phosphate. However, visible light as well as Dacian is 

radiated by this phosphor, and for the many applications ee 

visible light is undesirable, it is necessary to use either a a 

or tubing that passes only ultraviolet light. ee am 

nary lead-glass tubing cannot be used for Paes ona = 

because it does not transmit ultraviolet light. Black Light ue 

glass tubing, manufactured by the Corning Glass See is 

well suited for these lamps since it passes ultraviolet light, does 

not pass visible light, and seals easily to lead-glass electrodes. 

/ i lass. This glass also can be bent like lead g : : 

ae phosphate, barium aluminate, and barium alu 

min silicate emit light in the ultraviolet and near-visible por- 

fous of the spectrum. Good unitts can be made of nickel cobalt 

er 2 — sd a 

i a 
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or light-blue tubing coated with any of these 
made of clear ultraviolet transmitting glass in c 
blue filters are also employed. 

powders. Units 
onjunction With 

Zinc aluminate coated on ultraviolet transmittin 
duces radiation in the erythemal region used for 
“sun” lamps. 

8 glass pro- 
: “health” and 

Phosphorescent sulfides absorb both visible and ultraviolet a 
radiation and later emit visible light when the activating source 
is removed. The afterglow of some of these substances can be 
seen in darkness for some time. Zinc sulfide has a high initia] 

Black light source Transformers 
360 BL lamps Reflectors Freflectors 

Black light Black light : abiing Transformer tubing 

Incandescent 
/ncanadescent sport light Incandescent : : spot light SPeh ight Painted 

:. bulletin 
0, Painted 

: bulletin 
Painted reflectors 
bulletin 

Black light bulletin Black light bulletin using 
using 360 BL lamps black blue tubing and transformer 

on top only . 

Black. light bulletin using 
black blue tubing and 

- transformers on top and 

bottom 

(a) (b) (c) 
Fic. 15-4. Cross sections of the bulletin shown in Bigs 15-3; “(@) 
hot-cathode lamp units. (b)° Using cold-cathode 
Using cold-cathode tubing on top and bottom. 

oe 

Using 
tubing on top only. (c) 

phosphorescence but loses its glow after an hour or so. Calcium 
and strontium sulfide have a weaker initial phosphorescence but 
can be seen in total darkness as long as 8 to 12 hours. | 

Although not in general use, the various “black-light” or 
ultraviolet powders, briefly described above, may become a big 
factor eventually in lighting displays (see Figs. 15-3 and 15-4). 

Luminous Efficiency of Phosphors. The second important 
characteristic of phosphors is their luminous efficiency. In gen- 
eral, the amount of light produced by a fluorescent lamp in- 
creases with the current through the lamp. In the attempt to 
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obtain maximum ncy, some cathe e manufacturers 
in maximu brilliancy, some cold- athod an fa 

‘ use high-current transformers with ratings higher than 

may 
1 tubin is used the 

20 milliamperes. Unless the proper SIZE 1 2 5 

h d 1 i | ly as the current 1s ncreased. 

ig t oes not increase indefinite 
ne 

problems especially of electrode heating and disintegration, 

; e€ b) 

which accompany high currents must be considered in great 

Bornes ‘the color characteristic and luminous ae ia 

h hor have been specified, it might be thought t a 7a 

4 Habit of the material could be judged without furt er 

sion But this is far from the truth. A very important 

sic of any fluorescent powder is a hard-to-measure prop- 

wr as stability A stable fluorescent material will main- 

a ES ols output nearly constant after several hundred hours 

ee: ie whereas an unstable compound will lose brilliance 

By. The dtability of a phosphor is difficult to measure di- 
Ta : b 
rectly since the gradual loss of light may be hard to measure Dy 

i n 
the eye. If a photographic exposure meter is set a Peas, 

distance from a section of tubing, the re a mete 

the first hundred hours may be readily note - . 

of a fluorescent tube is se RES SS 
See 

ecially noticeable, so much so In fact t | 

Beth wethat other sections in order to pecan an
ne ous 

The stability of a phosphor 1s tied up with its 

tion to the glass tube. It depends on the genes wie 

; d the powders and those who coat the glass vee 

Be Reputable manufacturers can be depended on - : 8 

‘materials. The stability may be injured by prea pone .
 

especially by rough handling in bending, and by 

sy on iis spebatant those offered to the trade in the 

ei ee . 50 per cent loss in brilliance in the first 

re : “is woe As manufacture 
has improved, thie loss in ee 

Face ee been reduced to about 25 per cent ails pase 

hours, with occasional losses running as low saa Lt cpap 

1,000 hours. All phosphors display this loss im bri ; 
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ate It is important to minimize the effect by th 
: e ; nage quality materials and by employing 
es sng ete coating throughout the processing of ; 

ally better to choose a stable usu et | phosphor, 
Initial brilliance may not be so high re that ue 
competing material. : 

LIGHTing 

Purchase of 

n though 

a aos : of Fluorescent Coatings. In Chap. 3 the yan 4 

ceitmeides Ss ve the interior 
of glass tubing with a in 

Salt ee ical a . escribed. When using fluorescent ee a | 

shisha saay His ms, it becomes necessary to produce ¢ 4 Or 

ot only uniformly and evenly coated but also has hist 
1g stabili ; 7 Zi and light output comparable to other types of light; 

pi order to produce coated tubes of high luna p 
cane es lighting, the method of using nitrocelh ileal _ 

etate, or a similar lacquer, in inati ¢ pall 
F , In combination with th 
— should be employed. The tubes are then baked in i a 

perature oven which eliminates the organic material | le _ » leaving 
a uniform coating of phosphor on the inside walls of the gl q ass. am 

os en ae HIEKSr pr OCs of coating, which omits the 

fluorescent Se pee sabia: alcohol combined with the 

der to the glass is possible only if ie > firm adherence of the pow- 

fin caps € powder is ball-milled 

ie fra ea a Ixing with the alcohol binder. The excel | 
Spices oe, # € uorescent powder in this milling process is 
a, eke a crystalline structure of the powder and hence 

son, the baked es SHIGE GY and its stability. For this rea- 

ered superior to SN eee eee more expensive, is consid- 

er ee tubing for iene process, especially for 

of-c 
| 

is novel vege si ae Construction. A hot-cathode electrode 
(5bi the eatin eee diagram of a fluorescent lamp in Fig. — 

wire coated with ; aint patie of a double-coiled tungsten 
icles tice ne a stance intended to reduce the electrode 
aa lesen cond or two before the hot-cathode lamp goes 
saan ae ee through the coil, causing it to 

the coated t Peete aa 1s required to boil electrons out of 
ungsten coil. Since the surface area of the cojl js 

plu 
F smal 

j tro 
4 Et the cat 

of the dela 

Bender W4Y t 

coil at operating temp 

he tube. It ia 

its. 
a less stable 

severe stral 

mot starts, th 
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l, a high temperature is required to supply sufficient elec- 

ns for the discharge column and to reduce the voltage drop 

hode. Hot-cathode lamps flicker as they go on because 

y involved in heating the coil. Once the lamp gets 

he normal tube current is sufficient to keep the 

erature. The starting operation puts a 

n on the coated tungsten coil, and after a number 

e coil disintegrates, thereby terminating the life of 

the lamp. | eee 

While the electrode has a negative polarity, the hot coil emits 

positive ions rush toward the elec- 
electrons. At the same time, 

trode with tremendous momentum. If the coil. were bom- 

parded by all these high-velocity ions, the disintegration would 

Cathode coated with Anode Stem press 

active moterial 

- ——_ Base 
FS cement 

Tube filled with Argon 

gas and mercury vapor 

Ca 

f Z 
(7 4 

/ J 

Inside of tube coated with 

fluorescent material 

Fic. 15-5. Cutaway diagram of standard preheat lamp. (General Electric 

Company.) 

become very rapid and the lamp would fail. For this reason two 

heavy wires or anodes are placed on either side of the coil to act 

as targets for most of the ions, thereby reducing the number of 

‘ons that collide with the coil itself. When the electrode has 

ive polarity, it is bombarded by high-velocity electrons. 
posit 

lso protect the coil from eXCeSslVve 
The same two heavy wires a 

electron bombardment by serving as targets for the electrons. 

To overcome the delayed-starting characteristic of the pre- 

heated hot-cathode lamp, the Slimline lamp and its electrode 

were developed. The coil of this electrode consists of heavier 

wire which stands more abuse during starting. As a result, the 

Slimline lamp is started by a high-voltage kick, eliminating 

the need for preheating the tungsten coil and the consequent 

time delay in starting. When the circuit of a Slimline lamp is 

closed and the current begins to flow through the tube, the 



292 FLUORESCENT {i¢ 
coil immediately develops a red-hot spot from which 
are emitted. Figure 15-6 shows the difference between 
heat and Slimline electrodes. Although the Slim]; 
trode is sturdier, it also suffers during the starting o 
and burnouts may occur if the number of starts an 
excessive. 3 gees 

The Slimline and preheated electrodes are both called 
cathodes” since during operation they develop a hot spot ha 
a temperature of approximately 950°C. Virtuall 
are emitted from the hot spot. Currents as hi 
may be obtained from the preheated electrode and as high as 
300 milliamperes from the Slimline electrode. The Voltage 
drop of both cathode and anode varies between 14 and 20 volts. 
A limitation inherent in the design of these types of electrodes 

Bipin type Slimline 

Hot cathodes 
Fic. 15-6. The Slimline cathode has a heavier filament than the preheat 
type on the left. 

is the severe sputtering and disintegration of the coil during the 
Starting operation which may cause the electrode, and con- 
sequently the lamp, to fail after 1,000 starts or less. For this 
reason, hot cathodes are unsuitable for any application requir- 
ing flashing or frequent starting. Under the most favorable 
practical conditions a burning life of 6,000 hours may be ex- 
pected from some types of hot-cathode lamps, while under 
average conditions a useful life of 2,000 to 4,000 hours should 
be obtained. : 

Cold-cathode Electrodes. Cold-cathode electrodes depend on 
a large emission surface area, rather than high temperature, for 
their operation. The emitting area in the hot spot of a hot 
cathode may be only a few thousandths of a square inch, while 
the emitting area of a cold-cathode electrode carrying the same 

J eal 

HTIN . | pLuoRESC ENT 

clectrong : 

the pr oll . 

ne ¢leaim 

Peration. 

d Stops ist 

Bedimercnce 
_ __the cons 
A typical 

4 -rul 

Sefor neon signs exce 
“hot | ; 

Ving | 
y all electrons 

gh as 1.5 amperes 

ma y+cer size to Cc e 

F wa of iron, with total impurities less than O.1 per cent. ‘The 
mad 

q Pe aled quite successfully to either lead or lime glass. Elec- 
le : 

tungsten coil. 
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be approximately 3 square inches. This is the main 

between hot-cathode lamps and cold-cathode lamps 

truction of the electrodes. 

cold-cathode electrode is shown in Fig. 15-7. As a 

es are similar in construction to those used 

pt that they are made with metal shells of 

arry higher currents. The metal shell 1s usually 

e, these electrod 

most commonly used for electrodes is lead glass, which can 
S 

Activated coating on the 
inside of shell 

rrrz7 CTL TALI ILIA ITAA AAAI TAT AIT AT 

<a een e mee lam Sates aw eee wee 

Seal — Glass Insulating 
Jacket collar 

Fic. 15-7. Typical cold-cathode electrode. 

trodes can be made using either nonex or pyrex for use hae 

hard-glass lamps. The inside of the shell is usually coated wit 

an active emissive material which reduces the voltage drop at 

the electrode. The same coating material is used to coat the in- 

side of a cold-cathode shell as is used to coat the hot-cathode 

While hot-cathode electrode operate on the principle of 

thermicnic emission from the hot spot on the coil, cold-cathode 

electrodes depend upon the electric field near the shell to emit 

electrons from the entire inner surface. The temperature of a 

shell reaches approximately 150°C under normal operation. 

The voltage drop at the electrode depends upon many factors, 

such as whether the shell is coated or uncoated, the size of the 



to 200 milliamperes, have been also made by companies 

. cold-cathode tube must be replaced because of deterioration of 
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shell, the design of the shell, and the current through th _ 
For an electrode operating at 120 milliamperes, and had aa 
large surface area and coated with a good emissive conti 4 
the inside of the shell, the voltage drop should vary ee 
and 100 volts. Smaller coated electrodes, operating on 
currents, may have a voltage drop that will vary UP to 199° 
volts. Uncoated electrode shells will have an electrode dro a . 
proximately 80 per cent higher than that of the coated z é | 

Most of the cold-cathode lamp installations that have & “4 
successfully made up to date use 100 to 120 milliamperes a 

ondary current through the tube. Good installations, usin a 

1S On 

lower 

§ up | 

; 
Using — 

high-quality production methods. ea 

Although the hot-cathode lamp has been universally accepted — 
as the standard for the fluorescent-lamp industry, it can be | 
truthfully said that the cold-cathode lamp offers many ad. 
vantages. ‘he cold-cathode electrode is very rugged because of ; 
the use of a sturdy metal shell instead of a filament. Therefore — 
it does not suffer during the starting process as does the hot 
cathode coil, and it can be flashed on and off without fear of 4 
damage. The life of a cold-cathode tube is several times that of 
a hot-cathode lamp because it is virtually impossible to burn 4 
out a properly processed cold-cathode electrode. Generally a 

the fluorescent powder rather than any defect in the electrode 

itself. In hot-cathode lamps, nearly all replacements are neces- 

sitated by failure of the hot-cathode coils. A life of 8,000 to 

10,000 hours may be expected from cold-cathode lamps under 

average conditions, and 15,000 hours may be obtained under 

the best conditions. Even at this longer burning period, the only 

reason for replacing the tube may be that the light output of 4 

the fluorescent powder has fallen off to the point where the light 

output is below the requirement. But the old tube is still capa- 

ble of burning. It is generally considered that the point at which ~ 

it is economical to replace a lamp is when its light output drops — q 

to 65 or 70 per cent of the 100-hour value. In many cases where 

the quantity of light value is not very important, such as instal- 

lations in bars, grillrooms, hallways, and auditoriums, the light 

+ 

- 

i 

‘: 

ne 
Menlacing 4 

45-8. Thi 

tubing; whic 

sightly. The tubulated electrode is especially useful for cold- _ 

cathode lamps used for lighting, since it helps produce a much 

' more att 
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} r below the 65 per cent value without Byatput can drop fa 

‘re Jacement. 

Tubulated Electrodes, Several years ago manufacturers of the 

on-sign or press type of seal electrodes perfected a method for 

tubulation on the end of the seal, as shown in Fig. 

5 eliminates the need for sealing a tubulation on the 

ch is both time-consuming to fabricate and un- 

ractive finished lamp. 

- Ring-seal Electrodes. Another means of improving the ap- 

earance of tubing is the use of ring-seal electrodes. The ring- 

g seal stem has been used for a good many years in the manufac- 

ture of lamps and radio tubes. It is the type of seal that is now 

“used in the manufacture of hot-cathode lamps. Ring-seal stems 

Fic. 15-8. Tubulated caldzeathode electrode. 

come in pairs, one unit without a tubulation and the other unit 

with a tubulation sealed into electrode, as shown in Fig. 15-9. 

In the modern method of making stems for lamps, tubulation 

glass is used on both ends for ease in handling. However, one 

stem has the hole blown through for pumping, and the other 

stem has a tubulation without the hole blown through the 

stem. This can be cut off as soon as it has served the purpose of 

3 _ .ease in handling. 

Recently some manufacturers of cold-cathode lamps have 

= adapted ring-seal stems for their fluorescent tubes. Figure 

15-9 (c) shows a stem and cold-cathode electrode in a cutaway 

section of a fluorescent lamp. One advantage of this type of a 

seal is that the fluorescent powder completely hides the elec- 

trode, giving the tube a very neat appearance. 

- Fluorescent Lamps. The three types of fluorescent lamps, cold- 

cathode, preheat hot-cathode, and Slimline hot-cathode, are 

basically the same. They operate on the principle that a mer- 

cury discharge, emitting ultraviolet radiation, causes phosphors 
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to produce visible light. Until recently, the same phospho. "a 
mercury-vapor pressure were used in all three ‘senda and 

The principal differences between the three lie in the : amps, 
the length and diameter of the glass tub aa 
and the intensity of current employed. 

| Preheat Hot-cathode Lamp. This lamp, developed a 
1937, was the first popular fluorescent lamp. hae ne 
advantages of short life and delayed starting action, its cape 

? Cris 

Odes, 
Cc, the voltage required _ 

bs 

Without 

tubulation 

With tubulation 
i 

5s! 

~Fluorescent tube 

(c) 

F - : iG. 15-9. Three types of ring seals. (a) Electrode without tubulation. 
(b) Electrode with tubulation. (c) Tubulated . a ‘aided Sao ae ubulated stem and shell sealed directly © 4 

ory over the incandescent lamp and other commercial forms 
of lighting at that time was immediately recognized. With the: q 
oe improvements that have been made, it is widely used 
today. It is available in many si : a Lote y sizes, the most l | 
is the 40-watt size. | 2 eRe a 

The £0-watt (I-12) preheat hot-cathode lamp is 48 inches 
long and 1.5 inches in diameter. The rated lamp current is 420 
milliamperes, at which current the 4500 white lamp produces 
525 lumens per foot when new. The operating voltage is 106 
volts. The characteristics of preheat hot-cathode lamps are 
shown in Table 15-1. SM as, | 
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Table 15-1. Some Characteristics of Fluorescent Lamps* 

| : Lu- | Bright- | Bulb : as 
; Pap Color of | Lu- | mens ness, diam- Length, | Lamp ats 

J watts t lamp mens per foot- Bae inches f{ | volts Bote 

watt lumens | inches 
Be 

peres 

| ee 330°|. 44. |. 25950 
3 as | 0.6 12 BF 10.16 

310 | 39 2,770 
white 

one 615 | 41 2,080 : : 

15 a 1.0 18 55 | 0.31 
600 | 40 2,030 

. white 

i ie. 920 | 46 | 1,450 | 
20 my 1.5 24 59 | 0.36 

Be 860 | 43 1,360 
ot white 

: ae 1470 | 49 2,260 | 

DOV ae00.. 1.0 36 98 | 0.35 
1380.17 46. = 1c 25120 

: white 

| oe 2300 | 58 1:750 
white 

4500 re 

3 7 Wie oleae a3 ; 1,010 eG 48 106 | 0.42 

Daylight | 1920 | 48 1,470 

Soft m 
3 1 Angie bktee 4 5310 

, ae : 4200 | 42.7|° 1,850 |).° | 

BOR pea 2.1 60 7150 

, ere, 4000 | 40 1,750 
white : 

* General Electric Company. 

+ Add auxiliary watts for total. 

{ Length includes bulb and two standard lamp sockets. 

Slimline Hot-cathode Lamp. The Slimline lamp is a recent 

development. It was developed to overcome the disadvantage of 

‘a preheat starter and to increase the efficiency of the lamp by 

increasing its length. Slimline lamps are 42 to 96 inches long, 

the most popular being the longer lamp which can be con- 

trasted with 100-watt preheat lamps having a maximum length 
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of only 60 inches. The 96-inch (I-8) Slimline ] 
ae of 1 inch requires a starting voltage of ep 
newly installed 4500 white lamp produces 260 lume a 
operating with a current of 120 milliamperes; and sane ‘cag 
ie ae operating with a current of 200 milliamperes iil a 
ae ee are being anameustcd with diameters larger aa ; 

Cold-cathode Lamp. The cold-cathode lamp contains 
trodes having a large surface area which makes it ar — 
durable fluorescent lamp. Its life is independent of fo “a 
of starts and is much longer than that of ‘hot-cathode Sill | 
‘This characteristic is particularly useful where fre von 
replacement is difficult. An important advantage ‘ ey ae q 

cathode tubes made by the average shop can be a —_ 
required shape, size, or length, whereas the hot-cathod t _ 
are mass-produced in standard sizes and shapes ee oe 
popular cold-cathode lamp is the 93-inch coke 1 : a . : 
diameter, used with an operating current of 100 ie 129 a . { 
amperes. Installations have been made using this lam a a | 
200 milliamperes, and many manufacturers of lea a 
installations are working with currents of higher value. A 45 _ ; 
white cold-cathode fluorescent lamp operating on 100 a 
amperes produces approximately 250 lumens. per foot a e | 
neW. Table 16-5 in Chap. 16 shows the light output, u a 3 
ca colors, diameters, and operating currents. — 

Circuits and Installations. The characteristics of fluorescent 
lamps necessitate electrical circuits inherently more complex : 
than those employed with incandescent lamps. In onic t 
realize fully the advantage of fluorescent lighting, the nea 
design and materials must be used in the auxiliary cial ment 
F aulty ballasts, housings or sockets, wiring, ov inetallaeae cal 
easily nullify the high qualilty obtainable in fuer cent lamps 

Preheat Hot-cathode Circuit. Every preheat hot-cathode a 
cult must perform three functions. (1) It must cause current to __ 
a through the electrodes for a short time before voltage is 
si rs co. . This is necessary in order to bring the 

} e2 g temperature. (2) It must produce 

P With . 

pLvore 
| sufficient 

_ may 
_ yol 

rovide impedance 1 

5 current to 

The circuit s 

S The starters 

+g closed so th 

& coil electrodes 
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voltage to start the discharge through the lamp. This 

pe accomplished by transformer action if the breakdown 

d is higher than the line voltage. (3) It must 

n series with the tubing to limit the lamp 

the operating or safe value. | 

hown in Fig. 15-10 meets these requirements. 

bridge the lamps for a short time after the switch 

at the ballast current flows through the tungsten- 

but not through the tube itself. When the coils 

tage require 

. Compensating condenser 

Ballast~. and resistor 
c---- 

Phase adjustment 
condenser and resistor 

A-C line 

Fic. 15-10. Typical two-lamp hot-cathode circuit using a single ballast. 

are hot, the starters open, causing an inductive kick in the 

ballast to ignite the lamps. All the current must now flow 

through the tubes. The line voltage 1s boosted by the autotrans- 

former which is a part of the ballast itself and shown in the 

left-hand part of the unit. The two windings shown in the cen- 

ter of the ballast provide the necessary impedance to limit the 

current. In addition to performing these minimum functions, 

the ballast shown contains circuits which adjust the phase of 

the two lamps to eliminate. stroboscopic effect. The power fac- 

tor is also maintained at better than 90 per cent. 
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Slimline Hot-cathode Circuit. A Slimline circuit ( 
is simpler than a preheat circuit because no pr 
is needed. The only requirements are that suffic; 
voltage be produced by transformer action and that 
impedance be placed in series with the lamps to rest 
lamp current to a safe value. Slimline lamps are 
operated from ballasts, having open-circuit secondary y 
between 700 and 1,000 volts. These ballasts can Car 
lamps each 96 inches long and are corrected for powe 
better than 90 per cent and for stroboscopic effect. The 
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White | ene? | 

Wa ee ale ais fas 

2 Slimline lamps 

ES 
ov 5 

A-C line ie 

~TWO LAMPS 

‘Fic. 15-11. Slimline lamp circuits. 

used for Slimline lamps are designed so that the primary cir- 
cuit is broken if a lamp is removed from the sockets. Because no 
preheat is necessary, Slimline lamps can -also be used with 
high-voltage transformers for series operation. 

Cold-cathode Circuit. The requirements of a cold-cathode 
circuit are the same as those of a Slimline circuit. Sufficient 
starting voltage must be available, and the operating current 
through the lamp must be limited by impedance in series with 
the tube. Cold-cathode circuits have been developed into two. 
distinct types, low-voltage and high-voltage, and each has its 
own particular advantages and disadvantages. This division 
resulted partially from the desire to adhere to the National 
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Pa jode and other regulations. Only low-voltage circuits 

ied in residences, according to the 1946 Code. In 

Be fiotions, such as schools, stores, mills, churches, and 

this limitation does not apply. 

ltage Circuits. Circuits having a voltage under a thou- 

lassified as low-voltage circuits, while those 

tage is higher than a thousand volts are called high- 

Low-voltage circuits are generally operated 

------ 

| 
| 

| 
| 
| 
| 
| 
| 

7 4 C. line ; 

Fic. 15-13. A cold-cathode circuit using a single ballast for two lamps. 

from ballasts, although some special low-voltage circuits may 

employ transformers. 

A cold-cathode ballast is similar in many respects to the hot- 

cathode ballast (Fig. 15-12). An autotransformer boosts the 

voltage to 950 volts in order to break down the gas column 

within the tube. After a 93-inch tube lights, the voltage falls to 

approximately 450 volts. The ballast has the correct impedance 
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to limit the current from 100 to 120 milliamperes, A t 7 = 

ballast circuit, shown in Fig. 15-13, adjusts the phasing cpl 
tubes to eliminate stroboscopic effect. In addition ne o the 

POWer factor is maintained at better than 90 per cent. 

LYORESCE 
| 

3 uit of the ballast. This prevents the possibility of anyone 

a hock by placing his finger in the empty socket. It is 

2? ortant that ballasts. be mounted or fixed in position in an 

P allation ‘+n such manner that sufficient ventilation is pro- 

4 Bed by air circulation. If ballasts or transformers get too hot, 
the potting compound within the unit melts or may expand, 

“causing the ballasts to become defective. 3 

 High-voltage Circuits. A high-voltage circuit contains several 

8 de tubes in series, powered by a high-voltage trans- 
cold-catho 

Progressive : Progressive 
socket socket 

A.C. 
/ine 

:. “Fic. 15-15. A two-lamp cold-cathode schematic circuit using a ballast and 

__ Progressive-type housings. When a lamp is taken out of its socket, the 

primary circuit is automatically opened. 

former, as shown in Fig. 15-16. If standard 93-inch tubes, 25 

millimeters (1 inch) in diameter, are used, the transformer 

__ will be properly loaded when it carries one tube for each thou- 

sand volts of secondary voltage. For these types of tubes, an 

operating current of 100 milliamperes is generally employed, 

although lower currents are used with excellent results if a 

lower light value is desired. Many special installations have 

been made using higher operating currents. But, in general, the 

majority of cold-cathode jobs installed use currents up to 120 

- milliamperes. The cold-cathode high-voltage transformers are 

(d) 
Fic. 15-14. Cold-cathode Progressive housings for low voltage (less than 
1,000 volts). (a) Housing for four lamps with cover. (b) Same housing 
without cover. (¢) Method of mounting housings on Royalux boxes. (d) a 
Typical eight-tube installation. | 

Numerous housings and sockets are available for low-voltage 

cold-cathode circuits. A popular housing is shown in Fig. 15-14. - i 

The wiring diagram for this type of housing appears in Fig. 

15-15. An important feature is that when the tube is removed 
from the housing a spring is released, which opens the primary 
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available in standard sizes from 9,000 to 15,000 volts secondail 
and up to 120 milliamperes secondary current. [py | cone 
practice it has been found that a 12,000-volt, 120-milliampeng 
transformer is the maximum secondary-voltage transform a 

that should be used for best results. These transformers cantil 
obtained with power factor corrected better than 90 per con 
There are available 120-milliampere transformers which al 
not power-factor corrected. These uncorrected-power-fagiam 
transformers can be used if the local regulations Permit or ip 
they can be power-factor corrected by the separate addition of 
the necessary capacitors connected to the primary side of thes 

IG HTIN, 

transformer. 

7 

1 e- Protector 
=| 

YY 
A-C line 

Fic. 15-16. A high-voltage cold-cathode lamp circuit. 

| Regulations require that the mid-point of all high-voltage _ 
transformers for cold-cathode illumination be grounded. 
When high-voltage is employed, there is a great tendency for 

arcs to occur to either ground or other points at the electrodes 
and housings. The higher the secondary voltage of the -trans- 
former, the more careful one must be in making proper con- 
nections and in the use of the insulators employed. Only the 
best housings and approved cable with proper insulation should 
be installed in a high-voltage cold-cathode lamp circuit. Per- 
manent connections must be absolutely tight. Removable con- 
nections, such as the contact between an electrode cap and a 

arcing 

Bthe Und 

to th 

., ts of al ticles that may be req uired for high-voltage C : 
— tes 
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3 should be firm so that there is no tendency for any 

a between two such contacts. Service organizations such as 

nderwriters’ Laboratories and the Canadian Standards ! 

n test and approve the materials and finished nents as 

e kind of material used, the insulation qualities of a high- 

lator, the suitability of certain cable, and any other 

sprit 

Tubes in series 

Profector 

AC line — ‘b) 
Luminous tubes in series 

(CCC COE ae 

White 

(d) 
; Fic. 15-17. The protector (a) can be used by itself as in wiring diagram 

(b), or together with relay (c) as in wiring diagram (d). 

___ But in the final analysis the greatest factor in the proper insu- 

lation of a high-voltage circuit is the method by which these 

materials are used and the method for connecting together all 

the units comprising a high-voltage circuit, so that inaximnm 

insulation is provided against fire hazards and against human 

contact with live parts. : : ae 

_ For example, a typical high-voltage cold-cathode circuit, using 

a 12,000-volt, 120-milliampere transformer, should be con- 
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nected so that approved insulators are used, the high-voltage ‘ 

cable suitably protected, and the transformer mounted in a 
metal case. This case should have a removable cover connecteq _ 
to the low-voltage primary switch so that the primary circuit 4 
is broken if the cover is opened. The circuit should also have a 
suitable circuit breaker or protector to open the primary ciy. _ 
cuit if any trouble should occur in the secondary circuit, such 
as may be due to a defective tube. 7 
There are a number of protectors on the market which can 

be used either for neon signs or for cold-cathode ‘lighting insta]. 

Transtormer 

| | “a> 
AC cs oe To cold 
line >) = sf rast ——- cathode lamps 

Ss = i} SECTICS. 

Hook up fo one side of 
secondary leads trom 

transformer 
7 Protector 

Micro switch» | 
heen Gare Sa ‘ uae ~ 0 | 

Neon - oO | —fuse wire holds spring 
pilot | | contacts of primary 
light Oo | = until blown by lamp 

| failure. Lamp remov- 
4 ; /{ | al or circuit trouble 
5 eee ar ates —\-——- fuses removable and 

Insulated replaceable. 

Fic. 15-18. Fuse-type protector. 

lations. Figure 15-17 (a) and (b) shows one type of protector 
which can be used by itself for neon signs; for cold-cathode 
installations, it is used together with a relay, as in Fig. 15-17 (c) 
and(d). When a break occurs in the secondary circuit, a bi- 
metallic or thermal switch is activated which in turn causes 
the relay to operate and open the primary circuit. When the 
trouble has been rectified, the protector will go back to normal 
position. Figure 15-18 shows another type of protector which 
operates on a fuse principle. Upon the opening or break of the 
secondary circuit, an arc occurs inside of the relay, across the 
fuse opening a microswitch in the primary circuit. The fuse is 

‘| 
| 
a 
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removable and replaceable, and as soon as the trouble has been | 

B cified and a new fuse put in place, the circuit can be turned 

once again. Bes ; | 

a number of groups of housings are used for high-voltage 

circuits for cold cathode. Figure 15-19(a) and (6) shows two 

types of housings that have wide popularity. One type is used 

to connect two tubes in series. A tube is inserted on each side 

(e) 
Fic. 15-19. In-line housings for cold-cathode lamps. Diagram (¢ 

the use of housings (a) and (b). 

) shows 

ing position so that both electrodes ma 

of this housing, and the electrical connection is made maine! 

through a heavy phosphor-bronze spring. The spring, oe es 

being the electrical connector between two tubes, also ia 

the tube to be pushed in so that it will fit easily into a similar 

the other end. This places the tube in correct operat- | ing at housing ke firm contact with the 
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NG 
respective springs. The internal construction of this 
shown in Fig. 15-19(c). For connection to the iin 

housing of slightly different design is used show ae 4 

15-19(d). One end of the housing has a F shies a i 

electrical connection to the high-voltage cable. After a for 

connection is made, the Fahnestock clip and cable are nail 
into the porcelain bushing. " Pushed 

Another group of housings for high voltage is shown jn P: | 

15-20. These housings are made in two parts. The tube 4 "ig 

nected to a porcelain insulator that has a metal jack a ae 

. pee into place in the other porcelain socket which fl 
alrea een el ili neni | fixed to either the ceiling or other permanent _ 

Sing is 

- Fluorescent 
tube 

Fic. 15-20. Jack and base receptacles for cold-cathode lamps. 

Tube Jack receptacle 

One disadvantage of the two groups of insulators describaa 

above is that there will be a certain amount of dark space be- 

tween lamps. This is true of any fluorescent-lighting installa- 

tions where straight lamps are used because the connecting q 

sockets take up a certain amount of space when tubes are used 

in line. When an uninterrupted line of light is desired, the : 

housings shown in Fig. 15-21(a) and (6) can be used. How: 

ever, these housings have been designed for lamps that have the 

electrodes placed at right angles on each end of the tube, as 

shown in Fig. 15-21(c). The end housing employs a Fahnestock ail 
clip for connecting the high-voltage cable to the transformer. 

Caps and Terminals. In order to protect the electrode from 

breakage when it is placed into a housing, it is necessary to use 

a cap or terminal, as shown in Fig. 15-22. The cap or terminal 

is placed on the end of the electrode and firmly fixed to the glass 

by a basing cement. Wires from the electrode are soldered to 

i 
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the 
a caps use 

trode end. 

a tubulate 

part ’ 
when the finis 

Baris. 15-21. Housings fo 
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metal terminal. There are two types of standard all-metal 

d. One is a short unit to be placed on a standard elec- 

The other is a longer all-metal cap which is used for 

d electrode. The extra length of the cap protects that 

of the tubulation which remained on the electrode end — 

hed lamp had been sealed off from the pump. 

Flexible lead with 
Fahnestock connector 
for cable 

Cable to 
transformer 

Tubes in 
series 

(c) 

r cold-cathode lamps to produce an uninterrupted 

line of light. 

Fic. 15-22. Electrode. with metal cap. Wires are removed after tube is 

processed. 

Processing Lamps. In Chaps. 8, 9, and 10 full details were 

given for pumping, bombarding, and filling luminous tubing 

for neon signs. In general, the same precautions and care must 

be taken for the processing of cold-cathode fluorescent tubing. 

As a matter of fact, because of the higher currents used in cold- 

cathode lamps, this tubing should be made under more exacting 

conditions. The processing consists of vaporizing all impurities 

in the tube, removing them in gaseous form, inserting the proper 

amount of rare gas and mercury, and sealing the tube off from 

the manifold. In order to vaporize impurities, it is necessary to 

=« SSS remem Sa ea a 9 ee 

————— 
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heat all the glass to at least 200°C and all m 
1000°C in a high vacuum. There are two gener 
accomplishing this. 

Mass Production of Hot-cathode Lamps. Hot-cathode lampg 
manufactured in mass production, are usually 

upright position in the machine with the t 
down into a clamping device. The filament connections are 
then made, and the exhaust lever is opened. T 
in this machine through an oven which heats them to the proper _ 
temperature. At the same time, the filaments or electrode Coils 
are heated to approximately 1000°C. The heating of the glass 
and the electrodes releases all impurities which are automati- 
cally pumped out by a group of pumping systems consisting of 
mechanical and condensation pumps in series. After the impuri- 
ties have been thoroughly eliminated, a few millimeters of argon 
gas and several milligrams of mercury are inserted into the 
lamp and then it is sealed off. The caps are attached to each 
end and the wires from each electrode soldered to the meta] 
pins. | 

The Production of Cold-cathode Lamps. Production of cold- 
cathode lamps may be accomplished in one of two ways. They | 
may be made in the average neon shop, using the same system 
that is used to process neon signs. This method uses internal 
bombarding by a high-voltage transformer for heating both the 

glass and the electrodes. Because of the large volume of gases 
or impurities that must be eliminated from a cold-cathode tube 
such as the standard 93-inch lamp, the pumping system must 
evacuate the tube to a high degree of vacuum in a minimum 
amount of time. This is of prime importance. This differs from 
the method employed in hot-cathode lamps because human 
observation and control take the place of automatic machinery. 
It is therefore important that adequate instruments and a 
careful routine be employed by the man in the shop to ensure 
good results. A good pumping plant is shown in Fig. 8-1. A 
good mechanical vacuum pump should be used in series with a 

condensation pump. It should be possible to achieve a vacuum 

HTIN 

etal Parts toe 

al Methods off D 4cuum 

processed in an 
automatic rotary exhaust machine. The lamps are placed in a 

ubulatiog Soing q  Jeaks 

‘le 

. in size. Fo amperes 1n 

particular requirements. 
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{ micron in 3 minutes with no load on the system. 

can be measured by any one of the gauges describe @ 

‘ous chapter; of these the most popular are the ee 

he Pirani gauge. The Pirani gauge 1s more suita e 

a0 as indicated in Fig. 8-18, it not 

serves as an indicator of any 

d have a 

FLUORES 

a pr 
auge an 

for this type of plant because, 

: asures a vacuum but also 

a oe may occur in a system. The system shoul 

inute. 
of no more than 0.5 micron per Mm 3 

Be pecabarding transformer should be at least 7.9 kilovolt 

a r best results, a 12.5 kilovolt-ampere bom- 

parder is recommended. ‘The open secondary voltage should be 
ar 
approximately 15,000 volts. 

thod employed in 

Be ciatiy ak NOES is the use of ovens and 

i hod 
ternal bombarding methods. There is no a. - aie 

4 
d develope has been designed an 

a eeauieanes In some systems the lamps are placed. 

3 d heated to the proper temperature for eliminating 
in an oven an | cee 

all impurities from the glass tubing. This temperature w 

400 to 425°C. After the tubes have been Sgt 

the external bombarder coil 1s placed over each ee ee 

the electrode is heated to the high temperature required. sa
ge 

ther system the cold-cathode tubes are inserted ina ove ; ; 

% the ae time, every electrode 1s encircled bed - i agate 
a ; 

i the system. en 
barding coil fixed in place on 

e. Neen itestad to the proper temperature, a very large se 

al bombarder is turned on, which supplies the jena 

Bent to the copper bombarding coils to heat all the e 
C 

he same time. : a 

7. seakea, Seth system 1S employed, necessary Spee 
on | 

: 

must be made for inserting the proper amount of gas an 

uantity of mercury. 
| 

Tot Rete Gas Used. Fluorescent lamps may be filled — 

N 50 (B 10) argon krypton, or a mixture of krypton ~ 

A “gine : i ount o 
i i be inserted and the am 

son. The kind of gas that 1s to 

ccc used depends entirely upon the type of ee eareos 

“= with which it is to be employed. On high-voltage 

processing cold-cathode 

lamps, especially in large 

approximately 
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lations wi 2 prions v2, cold-cathode tubes in series, No 50. 
ee ae This gas has a small quantity f 4 

light ouput. The in and tends to give a slightly more b ie, ain art es utter of resistance due to the ada 4 
se great importance wh a 

er, when cold-cathode tubes are 
on ballasts or low-voltage transformers 
the tube becomes an important facto ) 
of the gas column must be kept toa sain 
pure argon is used b ecause it has a lo 
No. 50 mixture. "ae 

1S, 
On 

anti 

en used in this oval a 
‘manufactured for al 1 

then the resistance Se 

nd the total resista ll ; 

mum. In this case onl | 

t voltage drop than the _ 

Recently, hot-cathode lam . | p manufacturers hay ; 
See many of their lamps. Krypton haat oll 
bie ies _ the other rare gases, with the resul Ai 
mA fe “ amp has been increased. Also there a 
nant nc a work done by using a combination a eae i - Krypton by itself has the disadvantage i 
as < Laie: for starting than is required wid 
tee ae : ee of a lamp with krypton may ofl 
ena sab He bulb-wall temperatures. This has be a 7 iit at by the addition of argon, giving a mixt a 
. Ss approximately 50 per cent each of both k aa 
i 

rypton and 

The use Bots at Dates gas or krypton-argon mixture in cold- 
aay tus s been limited. A great deal of work is bein 
isa ine whether there is a krypton-argon mixt f 

per proportions that can be applied under the vane a n- 

of gas j a4 date : nen the quantity to be used should be low 
sare : ve the lowest possible voltage drop across the tube 

; , ave time, prevent the disintegration of the tual 

. F 
a erodes OF the too r 

Jong; the 0 

shan 4 millimeters. It is understood t 

 nillim 

facto 

__-_ vaporized throughout the tu 
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apid absorption of the gas because of too low 

_millimeter tubing 93 inches 
ure. For example, in 29 

4 to 6 millimeters of rare Bgas pressure. © 

ptimum pressure range 1s 

ll factors into consideration. 

de lamps where larger diameters are used, the 

nserted in a tube may be slightly less 

hat pressures as low as 3 

r a krypton- 

gas, taking a 

For hot-catho 

quantity of argon gas 1 

eters of gas are used when either a krypton o 

argon mixture is inserted. 

Mercury. When mercury 1s used for fluorescent lamps in 

which the light output of a tube is of major importance, it is 

necessary to use only the highest quality and purity that 1s 

‘lable. As a matter of fact, only a minute quantity is in- 
ava 

the relative cost between 
serted in a tube, and, therefore, 

mediocre and high-quality mercury is slight. 

The actual quantity to be ‘nserted into a lamp is a difficult 

r to determine. In the hot-cathode lamps manufactured in 

mass production, the mercury ‘s inserted sometime during the 

e mercury becomes immediately 

be. Also, as a rule, because of 

d, the ambient temperature of a hot-cathode 

of the same diameter cold- 

heating process so that th 

higher currents use 

lamp is much higher than that 

cathode lamp. Therefore, the principal factor governing the 

quantity of mercury to be used is that there should be complete 

_ vaporization throughout the entire lamp length. ‘This should be 

done using the smallest amount of mercury possible. The more 

mercury used, the greater the possibility of causing decrease of 

-jHumination after a length of burning time. The mercury tends 

to combine with any free oxygen that may be released, forming 

c oxide which collects as rings near the electrodes and 

toward the center of the tube. Also, excess 

form streaks throughout the 

-mercuri 

spreads inwardly 

mercury in the tube itself may 

lamp. 
For approxi mate quantities of mercury to be used in tubing see 

page 223. The important factor is that the ambient temperature 

of the lamp should be such that any mercury within the tube 1s 

fully vaporized throughout its entire length. In many cases a cold- 
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cathode tubing installation may be placed in sections are fans blowing on the tubes or other cooled areas 
the wall temperature of the lamp to reach the pro 
tion temperature. This may cause the tubes to burn dimly pe cause of the fact that the mercury may not become fully va 

cold-cathode lighting. During operation, the bulb 
ture should be between 90 and 130°F for best results. 

Processing Routine. The following processing routine recommended as a general procedure to obtain good results f manufacturing cold-cathode tubes, using internal bombardj for heating up the glass and the electrodes. 

is 

Or 

1. Evacuate the tube until a discharge occurs when the bom. — barder switch is closed. When the discharge through the tube strikes, close the main pump stopcock immediately, If the discharge fades out, give the main pump stopcock one or two quick turns so that the discharge resumes, 2. Bombard until the glass temperature reaches [90°qs Some sort of precision device should be employed to in- | | dicate accurately the temperature of the glass while bom- barding. A temperature indicator, as shown in Fig. 9-4, is suitable. If no good means of measuring temperature are available, a piece of paper may be used as a very rough indication. Paper begins to get brown, on the aver- age, at approximately 150°C’ and starts to turn black at 200°C. Of course, a lightweight paper will char faster than heavy paper. These figures apply to an average piece of newsprint. _ 
3. When the glass reaches a temperature of 190°C, open the pump stopcock and continue bombarding until the elec- trodes are a bright-red color. The entire surface of the electrode must get a bright red, because if any part of the 

electrode remains unheated, the electrode coating within 
the shell at that point will not be completely broken down. 
(Any electrode coating that does not break down com- 

4 rLUORESCEN 

pietely on the 

slow rate whi 

gases liberated by 

and cause darkening. ) 

ciently heate 
ari. 

ee as are thoroughly heated, stop bom- 
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Where there 

Bin allowing | 
Per Vaporiza. 

| 
Porized 4q throughout the tube. It is important that this factor Should pe _ taken into consideration when an installation is designed fou 

“wall tempera- q 

When the tube has cooled t 
ng . 
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e bombarding table will later decompose a8 

ing in the installation. Lhe 
the tube is burning in t | 

ri decomposition then collect in the tube 

By the time the electrodes are suffi- 

d, the glass temperature will have risen to 
B) 

1 1 
| 

in 3 

ly. : 
the system pumps too ects O approximately 80°C and the 

amount of mercury. 
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CHAPTER 16 _ | 
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& 

Illumination Design for Fluorescent — 
Installations | 

& 

The term ‘illumination design” mean 

Hehting instalation so tht i wil provide adeghste ann 
saa? ia intended use. Logically, such planning shoul a 
Re i ae Sus Sas of the tubing in a cold-catiil 

aeigalientathois and it should precede the installation of the 
ares te eee CE high-voltage or low-voltage tubing is sal 
aie sears pee design demands knowledge of the tot I 

nice ee: a om a given footage of tubing plus knowledge E, 
Canuen, - Ree es and absorption in attenuating or con- 

ei dees is chapter presents the basic procedure on 

POOR Feat celia cies eae | 
ela aa : Hplaes The basic unit of light quantity is the | 

luminous peri aie fees ue: been used in connection with 

Sie aeaten iy which is measured in lumens per watt. In 
ea ubing, the light output is given in lumens per foot. 

saeeaeee aureteetd a lumens produced by a given length A 

dud Be toon y multiplying ae lumens per foot by the 

paces on OF illumination at a given surface, which is a 

Feisenanieee eee, of the lighting system, is measured in 

is defined as a :: é : aH meter (see Fig. LGD ya foot-candle 

vee a € illumination resulting from one lumen falling 

the loa ae square foot of surface. Thus, if we know - 
eae ér 6 lumens provided by the light source and 

al area on which it falls, we can compute the inten 
of the illumination simpl ee 
sik ply by dividing the lumens by the square 

a 

g . jjuminated ; 

j appr 
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r, this process is possible only if the light falls uni- 

he surface. In nearly all practical cases this con- 

dition is not met. Rather, some of the light is intercepted by the 

d is lost unless reflected back onto the surface to be 

Moreover, most fixtures do not distribute the light 

Finally, the walls of a room reflect different amounts 

ding to their color and light-absorption properties. 

Thus it 1s evident that calculation of illumination, based on the 

output in lumens and the area illuminated, must be 

less very elaborate measurements and computa- 

ch approximate calcula- 

iLLUMIN 
eet, Howeve 

formly ovet t 

fxture an 

evenly. 
of light, accor 

jight-source 

oximate un 

tions are undertaken. Fortunately su 
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Fic. 16-1. Meter for measuring light in foot-candles. 

lighting system, especially 
tions suffice for general planning on a 

de- 
since supplementary fixtures may be used to correct any 

ficiencies which may appear after the system is installed. 

When the general level of illumination has been decided 

upon, and the number of feet of tubing or lamps required to 

produce the required level has been computed, the lighting 

design is only half complete. Thereafter it is necessary to lay out 

the position of the fixtures so that the light is properly directed 

to the “work area,” that is, the surface in which the illumina- . 

tion is actually used. Moreover, the fixtures must be placed so 

as to avoid glare and to minimize sharp shadows. Fortunately, | 

the fluorescent type of light is spread over a much larger area 

than that of an equivalent incandescent bulb, so it does not 

appear as bright to the eye, and objectionable glare is thereby 
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rendered less likely. Moreover, the extended nat 
a a or lamp makes it possible to dicted 

ge area of the ceiling or walls of a 
shadows cannot be cast. a 

It cannot be too strongly emphasized tha 
. . . ° 

: Piptbad eciieustea depends not only on the nin i. 
seiveal Gh ibis ut also on the care with which the light a 
peridinchees be aie esieian: fixtures and directed to ne 
pes hail - i of use. This fact is taken into acco ne 3 

Obl Hieahenice Py ations mt terms of the so-called ‘coetal 4 ee — Ww Pe cee the degree to which the availa 
Winer e he Ee to the work area. The cocthcia _ 
Seti wee . 0 per cent (90 per cent of the light 

bt pete : in high-ceilinged rooms with dark a 
ieee ore to as high as 60 per cent in a a 

coe > rapa walls and well-designed fixtures “a 
Piece th cedure in Lighting Design. The procedur ' 

3 3 ghting system involves nine steps, _ 

IGHTING 
e of the flu. 

ute the light 

So that Sharp _ 

S Con. 

as follows: 

I. Determine the amount of illuminati | 
; oe to be performed in the lighted nk. ~_ "J 
4 es the type of lamp fixtures to be Wee 

; e e ° - . oe the light-reflecting or light-absorbin 
ou in walls and ceiling of the room eS 

- Make an allowance for the : d 
due to dust on the lamps yh e 
of lamps, etc. 

a yar @ nepeen ei total amount of light ( lumens) which must u 
ee ners fe ms re to provide the necessary illumi 

: selected fixtures, in vi , In view of th 
; Mee ue a the expected loss of iIluiminstion am 
6. € color, diameter, and , 

sae , ‘ operating current of - 
uminous tubing to be used. From these data the ] : 7 

: SHEE in lumens per foot can be found Bebe. 
te 2 8 

| 
vie a i lumens a foot provided and the lumens re 

, compute the number of f ie of leet of tubin 
esign the layout of the tubing and Pe gear oe Fea 

illumination 
and fixtures, loss of light output 

; paragraphs. 

- ysually obtained with 

may consist of extra lamps or 

LUMINATION SIGNS 
si 

so as to conserv 

ments of the installation. © 

g, Design the electrical layo 

length of each tubing secti 

and the transformers, ballasts, and 

e light, while meeting the over-all require- 

ut and connections, including 

on, the number of multiple or 

series circuits, 
switch- 

ing devices. 

Each of the above steps is described in detail in the following 

Step 1. IMumination Requirements. The amount of light re- 

quired for given tasks is given in Table 16-1." 

The range of ‘Humination from 10 to 100 foot-candles 1s 

general lighting fixtures, whereas supple- 

Per cent of light distributed upward 

7 40 

Lele) 
40 60 ! 

Per cent of light distributed downward 

(Sylvania Electric 

Fic. 16-2. Light-distribution chart of lighting fixtures. 

Products, Inc.) 

ser to the work area, 1s used to cover the 
mentary lighting, clo 

dles. Supplementary lighting 
range from 50 to 1,000 foot-can 

spotlights. 

Fixtures. There are five classifications of 

semi-indirect, general diffuse, semidirect, 

the relative percentage of light 

directed upward and downward for these five types of fixtures. 

Experience has shown that offices, banks, schools, and other 

public buildings are best lighted by indirect or ‘semi-indirect 

fixtures. Industrial areas are usually lighted by the direct 

method, since the high dark ceilings of most factory buildings 

make the indirect method impractical. In merchandising, all 

“Step 2. Selection of 

light fixtures: indirect, 

and direct. Figure 16-2 shows 

Data in this chapter are compiled from Cold Cathode Light Design, 

Bulletin EN-167, Sylvania Electric Products, Inc. : . 
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Table 16-1. Recommended Illumination L evels for Seein T 4 Ta (May include supplementary lighting) 9 hasksé 
Required Offices, foot-candles fadistial schools, etc, Stores ie NST ape yaa Be a Spee tee I 

10 (rough work)... . Loading Auditoriums Stockroomg Packing Cafeterias 
Shipping Conference rooms 
Washrooms Passageways 

Reception rooms 

20 (casual tasks)... .| F oundry work Casual desk work 
Processing Classrooms 
Pressing-shearing Filing 
Woodworking Libraries 

50 (constant tasks)... Automatic machin- | Accounting General 
ery Bookkeeping 
General assembly 
Fabrication 
Sewing 
Typesetting 

Critical desk 

work 

Stenographic 

100 (critical tasks). ..| Fine assembly 
Fine machining 

Inspection 

Proofreading 

Drafting 

Business Showcases 
machines 

Wall cases 

200 (specialized Color inspection 
applications) Extra-fine assembly 

Fine inspection 

Color work Display work 
Show windows 

500 (specialized). . . .} Color identification | Color work Display work 
Show windows 

1,000. "(Specialized) “| Pe Ss Hospital . Display work 
operating Show windows 

* For complete data, 
is recommended. 

“Tlluminating Engineering Society Handbook,” 1951) 

five types of fixtures may be used, de 
work or display to be illuminated. 

If tubing is mounted on ceilin 
as described in the previous cha 
can be applied as with fixtures. 

pending on the type of 

gs and connected to housings 
pter, the same factors in lighting 
In this case tubing can be classi- 

FLUORESCENT LIGHT 

merchandising 

Counter displays 

Show windows 

Circulation areas 

or coves. 
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‘+her direct or indirect. With direct lighting the en 

cdc the ceiling, which acts as a reflector. In indir A 

De cokinic sash mounted behind special troughs 

fighting 

i , ine fixtures, care should be taken to 

9 ode uate requirements: ‘The fixture ae 

a a a ee as possible with its surroundings. 7 _ ) 

Be shox id be avoided. The distribution of light in t : 

el ad ertical plane should be suitable. Intense re 

es fi it such as glare and reflected high lights, shou : 

a a in i the fixtures chosen should be easily cleane 

3 oe: he ee a poor fixture in this respect encourages 

a Oe enatice with consequent excessive loss of light during 
oor main 

q the life of the installation. 

do 

thould be studied in choosing the fixture type. eee toi 
oS cient of Utilization. The effect of the r in the ‘‘co- Step 3. Sing all and ceiling coatings is expressed in t . 

ae A é ee This is the ratio of the num ue " 
efficient ahae the working surface to the total number 
lumens Ir : ; : t take into This coefficient mus d by the lamps. In lumens generate 

e e e e 
e 

its light-distribution curve, 
i of the fixture, its 

account the efficiency 

ties of the walls and ceiling. All these Oey 

ow pie Table of Coefficients of Illumination (‘Table 

hes as divided into sections according, im ih 

i” ous illustrated at the left. The Ae i é 

i? ne ture is shown, and the relative Rep 

hight : aaa one and downward is shown. Below the is- 

- a. as each case are shown representative values 

I Gaicnce factors for good, average, a
nd bad maintenance 

of mai 

a a : beckts aN of utilization for a given fixture, it 1s 
To fin 

( 

: d location s of the room an ; ometric proportion into account the ge 
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NG. of the fix . tures, and the reflection factors of the 

gs, expressed in per cent. The latter figu walls and ceil. He res mu | 
om the color and brightness or darkness — estimated _ 

Material 

= © 2. O28 a wee: o ee 
4. 6 Oe only tar & ie 16 v o . 

. 8 «ein sare 2 eb Le eae ot 
ane Tak fe: se Comit —"s . 

Monel metal... .. 

Litnestone  ) oO 

Polished marble. . , ee 
Tracing cloth... , % ae 
Impregnated marble ie 
Colored alabaster... . 
Light oak finish ae 
Gray cement... .. 
Granige (eo ee 

ef) 2. Sie 6." 56 . Bi hiew le mie )8) ee te, ee o 16. oxo . 

White blotting paper. . . 
White cartridge paper. . * 
Oxidized or etched Sintat nets 
Mirrors, silvered..... | 
Highly polished brass. 
Ordinary foolscap...... . 
Glazed white porcelain snarngh 
Mat white porcelain enamel. . 
Chromium. . . Polite talaga Eh Gai lane Sa Cae 
Terra ca white and cream Ttehnes Sant 

smoot ; ak finish... . 

Specular. os eas va eee Mahogany finish. . . | : ae 

heme polished copper. ..... Bee. ee PISA. . 8 5E'4 ASG 

uminum paint 
paper WHS fe ke au ee 

Paints eet CORB a eitianiite te ac. eee 

paid: polished steely... oy", 60 ee Hee 7 ores 
aen stone. .. “black paint. . 
gee 55-65 || Black Beat TG Bs os Soa 

gee Ole of se Ler > woth einveree 

steel . SY envoy Lente ae bee uw 
otet Ge 

+k ; 
American Architect. N 

No. 31-F). » November, 1934 (American Institute of Architects, Fil , File 

and for walls 10, 30, a , IV, and 50 per cent 
hk are used. Actual : 

Trace + oe surfaces, and painted surfaces es hoa 
“4 an -3. As a general “oe 

of 75 
al rule, use a reflecti 

ne ee i a nema ceilings and 50 per ee eo: 
; walls use 90 per cent for li é . ght colors, 3 3 

medium colors, and 10 per cent for dark aise: Maiti... 

LLUMINATION SIGNS 

Aine dt aheetoene of the w 
through J; 

P or simplicity in calculations of lighting ad Paper and | ‘he latter 

m, typical] 7 reflection factors f ili 

: 
i 

r ceilings of 50 and 75 per cent’ ar I a C used 
D>] 

ceiling height 
able 16-2. Reflecti : tion Factors of Variou | 
I 

s Materials and Su Y. q rfacesk 

AREA
 Sei ea io 
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‘dentified in the table by the letters A 

he table of room indexes, Table 16-8. In 

table, the width and length of the room are first 

d at the left, and the room index is found under the 

(semi-indirect and indirect lighting) or mounting 

d semidirect lighting). 

he room dimensions, it should be noted that 

ndex goes from A to J and that, 

the more efficient the lighting 

The room index, 

is given in t 

height (direct an 

In considering t 

the efficiency decreases as the 1 

% general, the larger the room, 

Table 16-3. Reflection from Pain
ted Surfaces* 

Reflec- 
Reflec- 

Color tion, Color tion, 

per cent 
per cent 

Se 
ppetag et SO ER Se Se dt: 

35-40 
75-85 | Spanish or bright orange... - 

75-80 || Medium brown....-------> 

65-75 | Dark gray...-- Shine Rae ares 

60-70 | Cardinal or dark red....--- 

60-65 | Willow or medium green... 

52—56 || Olive green... hy 

45-55 -| Dark browms) Oreck ge ss 

40—55 | Spanish or bright bine ser c 

35-50 

25 a0 

20=25 

20-29 

be ave 

12-15 

8-10 

5-10 

Brite... Sele 

Gloss white. .....--+>: Tries 

Bright yellow....----++-
°° oF 

Aluminum paint...------->- 

Very light blue....------+ +> 

Apple or pale green... His Gre 

Light tay [ee eae | nes 

£ Architects, File No. 31-F). 

depending on the way they are prepared. A gray 

with white paint has a low coefficient of reflection. 

paint with a white base has a relatively 

-* American Architect (American Institute o 

+ Grays vary remarkably, 

made by mixing lampblack 

A gray made by mixing red and green 

high coefficient of reflection and is known as a warm gray. 

at in a large room the 
design. This follows from the fact th 

ling has relatively small 
absorption of light by the walls and cei 

errect. 

Step 4. M aintenance Factor. It is not sufficient to design a 

lighting system on the basis of the light produced when the 

installation is new, since a number of factors conspire to reduce 

the useful illumination as time goes on. Primary among these Is 

‘the accumulation of dirt and dust on the lamp and the fixture 

ed in computa- 
itself. Of equal importance, but often neglect 

s and ceiling of 
tions, is the effect of dirt and dust on the wall 



324 FLUORESCENT LIGHTING 
the room, Finally, every lamp, cold-cathode, hot-cathode a a 
candescent, has a definite loss of output with life, — 

Maintenance is particularly important in cold-cath 
lations, since this type of lamp has long life and the 
mulation of grime during the life of the lamp is corre 
great. The manufacturer should accordingly instru 
tomer in the paramount importance of regular c 
lamps, fixtures, and walls, F igure 16-3 shows the 

Ode insta]. 

tota] accyam 

“Ponding}y | 

ct the cuss 
leansing of : 
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m umber 
he maintenance factor in step 4, we compute the total n 
€ 3 a 

¢ required lumens by the following equation: 
O 

ired lumens = | | 

a foot-candles < area in square feet 
Ra ee ek eet ey LG ° or 

coefficient of utilization X maintenance fact 

Step 6. Choice of Tubing. The available colors in cold-cathode 

bing Have been discussed in earlier sections of this book. From 
tu 

———— 
Progressiveum | ‘shtine design. the color chosen should be co- 

| loss of light output from 100 to 10,000 hours in typical instay. — the standpoint tin ratte t ie lit required and the length of 
| | iI) 

, q ordinated with the amoun Mata’ “Palle Ged: il 
as ich is permissible under the cost limit. 

i 00 
subine which is p i 
tubing : ecifications with particular reference to 

it 
summarizes the color sp 1 ait 80 Dirt and +nterior illumination. 

ae me q diameter of the tubing depends on the type of fixture = 
wal/s . The : apetete foot. Large-diameter tubing © 60 and the required illumination per loot. : rein eae £ 

| er foot and higher efficien 
a 

: lower lumen output p A See g O a Tite .. ll-diameter tubing. Where the tubing is exposed ss = 
Sa 

on fixture small- ‘ : Id be used to 
ic 

| ; 3 t tubing shou 
= 

Lamp large-diameter low-curren ; ; Z ed a +e wie the tubing is in a fixture which shields it 
: 

avol 2 are. 
; 3 . sed. ig Oobore from the eye, small-diameter high-current tubing may be ie ) 

r 

; 
ight Step 7. Computation of Length of Tubing. When the ae 

oe diameter, and current have been chosen, the light outpu 2 
Pee: z foot can be determined by reference to Table 16-5. Fic. 16-3. Chart showing that loss of light is due principally to dust and — lumens per dirt. (Sylvania Electric Products, Inc.) 

lation. The final light output is only 26 per cent of the initial 
value, and two-thirds of the lost light is accounted for by dirt 
and dust on the lamps and on the walls and ceiling of the room. 

The letters G, A, and B in the Table of Coefficients of Utiliza- 
tion (Table 16-7) show, respectively, the average loss of light 
due to the above causes when the maintenance schedule is G or 
good (frequent cleaning of luminaires and replacement of lamps 
as required), A or average ( lamps replaced only in case of fail- 
ure), or B or bad (luminaires never cleaned ). 

Step 5. Computation of Lumens Required. From the number 
of foot-candles specified in step 1, the area to be illuminated 
(usually floor area), the coefficient of utilization in step 3, and 

This table shows the lumens per foot output for ae eee 

ing currents and diameters of sae widely used white g 

(Daylight, 4500 white, 3500 white, and Solt eae oe 

To find the footage required, we divide the tota : ey 

quired (step 5) by the lumens per foot of the selected tubing. 

total lumens required 

esckes cain lumens per foot of tubing 

Step 8. Layout of Tubing. The layout of the tubing ore 

the spacing of the fixtures or single rows ot tubing. Table ei 

gives the suggested mounting heights, eae and peu 5 

f direct and indirect fixtures. heights for various types of ! | 

Faoald be noted that these are the maximum spacings and oe 

in any event the spacing should not exceed the mounting height. 
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A fixture next to a wall should be mounted at a Spacing e ; 

to one-third of the distance between fixtures. : ‘Ws 
The recommended spacings should be laid out on a py) 7 

showing the position of each fixture and the total] numba 5. i 

Table 16-4. Colors Available for Fluorescent Tubing 

Resultant color 

when pumped with— 
Color name Suggested color use 

Argon and 

Mercury ee 

Coated tubing using clear glass 

Davliatena es 7 ae Wayliote'’ 7 PaO ley Daylight—cold effect 
Coral Decorative 

4500 white... .-:. ABU waite ®. raat 7S Sad. Sunlight—cool effect 
3500 white....... S500 white s[2 "Shc eet Good interior color—warm _ 

tone 
Warm White.... Warm Wohitel iced ee oe Blends well with incandescent 

‘Soft White... ... Sere hiter EAP aye High red component—em. _ 
phasizes warm colors a 

Pink-white.. . i Pink@white : Nevis! yf Applicable where definite pinks 
color needed = 

Blue, Sh ose Ke iO a en Se (a High brightness; pure blye _ 
color a 

Rose-pink Decorative 
Green: y26ii..0p ba Green* NS al tere Highest brilliancy color 

Amber-gold | Good neon gold color 
PRR RO ee eee a eer Coated tubing using colored glass ee 

Noviol glass, green 

coating .3,..(-i7.2/ Beep wreen ic} Se Approaches pure green color 
Noviol glass, white 

COATING Viacsigi54-%.. Mellow-=wolel 13. pivce. Suwa ey Bright canary yellow 
Ruby glass, white 
COMUNE. cnr 5 Soft red Ruby rose Signal red; high-brightness 

red; bright ruby red 7 

* These colors will match standard fluorescent lamps when properly processed _ 
by introducing appropriate argon gas pressure and when operated at correct 
current density. 

fixtures required. The number of fixtures times the number of 
feet per fixture should be equal to the total footage computed q 
in step 7. 

Step 9. Electrical Design. The electrical design starts with the 
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-" f length of tubing sections. Cold-cathode tubing 1s 

po a : made up in 93-inch lengths, although shorter a 

ee in many cases. In general, the longer the length, the 

Bre Use 
the efficiency. However, too long sections of tubing 

Table 16-5. Light Output of Fluorescent Tubing* 

(Lumens per foot) 

1 f tubin 
Diameter Operating 

Color o g 

Di at Gece te i ne 

fr current 
: 

: 
Soft white 

ae milliamperes | Daylight 3500.~ 4500 O 

mi 
Mei We WE as 

ek ee 

aan 25 : t23 140 135 fa 

a 50 230 250 240 20 

PAs 100 130 120 

4 50 185 250i: 220 ES 

, 120 110 80 
25 90 

4 50 160 ya he) 195 be 

100 285 360 340 

2105 100 75 
25 85 

. 50 150 185 170 130 

100 260 320 310 sis 

120 305 370 350 Z 

85 80 60 
25 75 

‘4 5O: 3 120 150 130 of 

100 ISS 265 250 oe 

120 270 310 285 2 

; in facture of tubing, the table gives 
4 f many variables in the manu cay pete honor 

eae. Bis wad can serve only as a guide in designing eee ote © 

Bons. The variables may be (1) type of phosphors used, (2) a cts ieee 

= Piiclness of wall in glass tubing, (3) kind of rare gas and pr 

"finished tube. 
ee iving the 

All manufacturers of cold-cathode tubing should work out a : cee 

i j surements a 
heir tubing. Accurate mea 

lumens per foot output of t 
See hee 

2 Penighed by service organizations such as the Electrical ‘Testing 

of New York City or similar testing laboratories. 

fiould be avoided since they are difficult to install and 

maintain. 

When the length of tubing section has been decided, the 

| age 
number of tubing sections is computed from the total footag 



on the Clectricg] q 
ections. Twa .) 

or Shunt) 

required. It is then necessary to decide 
nections to handle the given number of S 
are in general use, the multiple (parallel 
and the series connection. Connect; 

ghting js Similar 
Te needed fone 
fon, shown is 

r and is similar to y 

In the multiple-circuit, cold-cathode li 
hot-cathode lighting. Separate ballasts a 
lamp or two-lamp section. Series opera 
16-4, requires a higher voltage transforme 

electrical layout of a Juminous-tube signs. When using the ser. connection, allowance for electrodes must be made on the has 
that each pair of electrodes consumes the equivalent of 1 fon of tubing. | 4 

High voltage 
franstormer 

(PF corrected) _ eer —— —_ 

Primary 

A-C sine 
Fic. 16-4. Cold-cathode tubing in series operation. 

When the number of sections to be operated from one trans-_ former is decided, reference to ‘Table 6-2 in 
the choice of the required transformers. 

Example of Calculation of a Cold- 
tion. 

Chap. 6 will permit 

cathode Tubing Installa- 
Uluminate an office Space requiring critical desk work, — 90 by 100 feet with a 12-foot ceiling height, light walls | tion factor = 50 per cent), light ceiling (reflection factor = 75 _ 

per cent), light desks, and average cleaning maintenance — 
schedule. Make recommendation on the basis 

( reflec- | 

of series-type ~ 
installation. | 

Step 1. Prescription of Lighting Requirements. From. Table — 16-1, this office space requires 50 foot-candles for very bright : 
illumination. 

LuMINAT 
. Step iB 

Bguite cm ) in Table 16-7 
sau gxture such as that shown as Aemre ee) YL 
me Avrect . | 

b e 3 

Mounting diffuse lighting 

_ above floor 
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k 
Select Type of Lighting System to Be Used. Since wor 

d a semi- 
‘tical and eye comfort important, recommen 

downward. A fixture of this type is built for use with 
nt do ; le, “it of calculating this example, 

1 tc However, for the purpose 
pallasts. 

e e * 

Table 16-6 Suggested Spacings for Luminatires, Feet 
a 

Type of luminaire 
Det wr, aks ln em Ne cers a 

Direct, semidirect, and general Indirect and semi-indirect 

tera gts Oh eS oe aay I he 
heights i a 

inal i Suspension res Spacing Spacing between luminal Sees Rees i 

Diffused Concentrating | luminaires luminaires 
iffuse : 

q 
1-3 

— 
9 

a 4 ae 10 2-3 
: 8 3 ts 

10 
2-4 10 

‘ 

, 10 4 - 

2 
14 

% : 14 3—4 

; ‘ 15 3-4 

: * 18 3—4 

: ; 20 3-4 

: f : 20 4—6 

: x ; 20 4—6 

: _ ae 4—6 
2 20 10 sy 

4 Riek 10 24 ie 

| % 25 10 26 ee 

, 3 30 10 3 ie 

30 and up 30 15 

ee ee a camera rs ml A arene a DU ACs Tae oc A 
. Sylvania Electric Products, Inc. 

igh- tubes 
is assumed that this: fixture is designed for high-voltage 

ation. ang | 

3 Ba, Determine the Room Index. From ‘Table ie =! isch 

63/ a 5 room that 5 50 feet wide X 100 feet ey * — 

Piling % mounting height of fixture from 10 to L2fee 

i A. ‘indirect or indirect) has a room index of 

Step 3b. Determine the Coefficient of Utilization. From ‘Table 
d 

16-7 page 336, with ceiling reflection factor of 75 per cent an 
a’) ) index of A, 
wall reflection factor of 50 per cent, with a room in 



330 FLUORESCENT 

the coefficient of utilization is determined to be 
fixture (7) that has been selected. 

Step 4. Estimate Maintenance Factor. From Table 16-7 ond 
average conditions A the maintenance factor for fixture ny 

0.65. : . 
Step 5. Calculate the Total Lumens Required. q 

Lic HT 

foot-candles «& area 
utilization coefficient « maintenance fa 

50x 50 x 100 
Ts 054-52-0:65 

= 712,000 lumens 

Number lumens = 

cto: 
- : 

Step 6a. Select the Color of Tubing to Be Used. Since this 
is an office application where color is not an important factor 
as long as it is white, we will use tubing of greatest lumen 
output. Specify 3500 white tubing. | 
Step 6b. Select the Diameter and Operating Current of the 

Tubing to Be Used. Since this is a shielded application, we can 
“use high-brightness tubing. However, economics dictate that 
we also obtain high lumen output per unit of tubing with good 
life characteristics. So we will standardize on 93-inch? nominal- 
length sections of tubing which have a luminous length of 7 
feet 5 inches, the remainder of the tubing being opaque owing 
to the presence of the electrode shell and the lamp holder. The. 
chart below shows the tubing choices available from Table 16-5, 
when the 3500 white tubing is operating at 100 milliamperes. 
(Transformers are rated by their short-circuit current which 
is 20 per cent higher in value than the operating current. To 
give 100 milliamperes, the transformer should be rated at 120 _ 
milliamperes. ) ? . " 

Chk 

Lumens per Foot 
Tubing Size, Millimeters at 100 Milliamperes 

18 360 
20 320 
25 265 

“To simplify calculations later on, the unit of 8 feet may be.used instead — 
of 93 inches. 

LLU 

oo. 

gmail in di 
? 95-millimeter tu 

to justif 

i or} 

‘Area per foot tubing = 
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discard the 18-millimeter tubing because this size 1s 

ameter for standard 100-milliampere operation. The 

bing does not give high enough lumen output 

y its use In a shielded application. Therefore the choice 

limeter tubes operated at 100 milliamperes. ve 

Step 7. Determine the Number of Feet of Tubing Required. 

total lumens required 
* i eee ON Fak en re 

Feet tubing required = lumens per foot of tubing 

__ 112,000 _ 5 990 feet 
ee 0) 

n the 93-inch section (7 foot 5 inch luminous length ) 

2,220 _ 300 
Number tubes required = 7 feet, 5 inches 

q Step 8. Lay Out the Tubing. Applying the data in Table 16-10 
: 
as follows: 

age 329), we can see that the tubing distribution should be. 
“4 ; 

total area 
RPS Teeter e aera sets eee 
feet tubing required 

__ 50 K 100 __ 9 95 square feet 
2,220 | 

or 

: LOL TE aes eee 
__ Area per unit length. (8 feet.) = aaienber lacios pecuived 

UU G7 square feet 
300 

Tf we construct four lamp fixtures, the area per fixture will 

become 16.7 4 = 66.4 square feet, or 75 fixtures will be 

required for 300 tubes. 

In an area 50 & 100 feet, we can place 12 of the 8-foot 

fixtures so as to form a continuous row 96 feet long. In order 

to obtain approximately 75 fixtures, six rows will be required. 

Therefore the recommendation becomes 72 fixtures run in con- 

~ tinuous rows of 12 fixtures each and these continuous rows 

spaced 8 feet 4 inches apart. The other three fixtures can be 

ee SaaS SSS = 

= ————— 

—— a 
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mounted in the most convenient space available. The fn 
should be suspended at least 2 feet 6 inches below a 
since we have a 12-foot ceiling height, the bright 
the ceiling will be improved if we suspend them 3 feet below tha 

ceiling. | - 

332 

Step 9. Electrical Specification. The following electrica] “oi 

fications are also required: 
¥ 

1. The number and type of transformers that wil 
for the job. 

2. The amount of power to be consumed in ord 

Transformers. Having determined the number of lamps and 
layout of these lamps in the room, the number of tran 

-peres will carry 70 feet of 20-millimeter mercury tubing. 
Summing up all the available information that we have so ; 

far, we obtain the following: 

- Diameter of lamp = 20 millimeters 
. Length of each lamp = 93 inches 

. Number of lamps = 300 
- Total length of tubing — approximately 2,220 feet 
- Type of transformer to be used — 12,000 volt, 120 
milliamperes (short-circuited current) 

6. Number of feet per transformer — 70. feet 
7. Number of 8-foot lamps per transformer = 8 (Allowance 

of 6 feet is made for the electrode drop of the lamps.) 
8. Number of transformers required = 38 (Actually only 

37 of the 12,000-volt transformers and one 6,000-volt 
transformer are required. The 6,000-volt transformer will 
light 32 feet, or four of the 8-foot lamps. ) 

OH OW prop ee 

the ceiling, and 
ness Pattern on 

transf 

fighting» 
a tion is high. A 

B for ; . 

q I aripere power-factor transformer will require approxi- 
a 1 - : 

— ee. atel 

es | ers €r to caley. ae late the size of the wiring, distribution of the Power, and_ 
the necessary switches, fuses, and other electrical] units, 

sformers required can be determined readily. NESA (National Electric — Sign Association) has recommended that a transformer for cold- : cathode lighting should be limited up to and including 12,099 
volts. Therefore we will use the largest permissible size, which js _ 
a 12,000-volt transformer. From Table 6-2, in Chap. 6, we dem q . 5 may be complete units wh 
termine that a 12,000-volt transformer operating at 100 milliam- | 

g itable supports at any height desired from the ceiling. With the 
su 
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ired. It is the custom to use only power-tactor 

came to better than 90 per cent, for interior 

I sielations and especially when the power consump- 

a 12.000-volt, 120-milliampere power-factor trans- 

will ee approximately 595 volt-amperes. It will re- 

a” amperes and will consume 590 watts. A 6,000-volt, 

P 

310 volt-amperes. It will require 2.2 amperes and will 

ume 240 watts. Therefore, 37 of the 12,000-volt trans- 

a and one 6,000-volt transformer will require: 

Approximately 22,325 volt-amperes 

Approximately 195 amperes 

Approximately 20,590 watts 

Conclusion. Any space can be properly illuminated by follow- 

.. g, step by step all the factors illustrated in the example. 
ing, 

Most cold-cathode installations will use fixtures of type (d), 

a ‘Ilustrated in ‘Table 16-7. These fixtures may consist of sockets 
oe lu 

| he ceiling, or they be mounted directly onto t 

BM cocnnlcse ich are designed to be suspended by 

cold-cathode lamps completely exposed, practically all the light 

| | is concentrated downward toward the worktables. 

To those who are interested in all phases of lighting — 
Spe : 

tions, the author recommends “Tluminating Engineering Society 
ions, -- 

: ete. ~ Handbook,” which is comprehensive and compl 
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Table 16-7. Coefficients of Utilization* (Continued) 
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ING. 
Table ‘16-7. Coefficients of Utilization* 

50 igus 
' Ceiling reflection factor, per cent .. Ceiling reflection factor, per cent . 
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Table 16-8. Room Index A tion* (Continued) ients of Utiliza icien Table bee Coe 

75 Ceiling reflection factor, per cent... . 
. 
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\_ 

Wall reflection factor, per cent .... . 
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Table 16-8. Room Index (Continued) 
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200 and up 

60-90 

90-140 60 

200 and up 
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140—200 90 or more 

200 and up 



APPENDIX 1 

Underwriters’ Laboratories’ Require- 

ments for Electric Signs 

Scope 

1. These Requirements cover incandescent-lamp signs, gas- 

tube signs, and combinations of both, to be employed in accord- 

ance with the National Electrical Code. They do not cover 

outline lighting requiring field assembly. 
Be 

2, These Requirements are based upon records of tests and 

field experience and are subject to revision as further experience 

and investigation may show to be necessary or desirable. 

3. Devices or products which comply: with these Require- 

ments will not necessarily be acceptable if they have other 

features which, when examined and tested, are found to impair 

the result contemplated by these 
Requirements. 

4. A device or product having materials or forms of con- 

struction differing from those detailed in these Requirements — 

may be examined and tested according to the intent of the Re- 

quirements, and if found to be substantially equivalent may be 

given recognition. 
| 

5. Requirements are given and are supplemented by explana- 

‘tory notes and descriptions of test apparatus and methods. 

6. Attachment plugs and receptacles, circuit-breakers, cords, 

electrode receptacles, fuses, fuse-holders, lamp-holders, motor 

controllers, rheostats, sign-flashers, switches, transformers, 

wires, wire connectors, €tc., which are provided as a part of 

an electric sign, are judged under the Requirements of Under- 

writers’ Laboratories, Inc., for such devices and also with 

respect to their suitability for the particular application. 

‘Fourth edition, March, 1940, with revisions and additions up to 

August, 1948. | 
: ‘ 

| 
341 hile 
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Enclosure 

7. An electric sign shall have an enclosure 
metal or other material sufficiently noncombusti 
pose, and shall have ample strength and rigidity. 

8. Wood, or material of no 
used for external decoration if 
kept at least two inches from the nearest lam 
current-carrying part, and if not subjected 
higher than 90°C. In a portable sign, letters 
bustible material such as wood or cellulose ac 
if located not less than two inches 
electrode receptacle, or other likely 
and if not in contact with gas tubes. 

9 

carrying parts other than lamp-holder screw-shells shall be enclosed in metal or other noncombustible material except plain glass. If the operation of a sign is likely to produce high tem- 
peratures on combustible material, the sign shall be made the subject of special investigation. 

ctate may be use 

source of heat or arcing 
3 

10. Plain glass of the thickness indicated in paragraph 39 
may be used as a part of the enclosure if its breakage or re- 
moval will not give access to uninsulated, hi 
Wired glass or safety glass of the thickness i 
graph 39 may be used as a part of any sign enclosure. 

11. All sheet steel and other mechanical parts of iron or steel 
shall be galvanized or otherwise suitably protected against cor- 
rosion. Structural iron or steel parts shall be galvanized, enam- 
eled, painted, or provided with equivalent protection against 
corrosion on all surfaces, prior to assembly. 

gh-voltage parts. 

ndicated in para- 

12. Painting alone of sheet steel is not considered to be | 
suitable protection for an outdoor sign. Copper, stainless steel 
which has been found to have a reasonable degree of resistance 
to corrosion, and similar materials having inherent resistance - 
to atmospheric corrosion, need not be additionally protected. 

13. Vitreous enamel may be used as the only protective 
coating for No. 20 U.S.S. gauge and heavier sheet steel. 
“14. In sheets formed in channels or otherwise suitably rein- 

Boating for sheets lighter than No. 
me ¢ 

Constructed of 

ble for the pura 

greater combustibility, may be 3 
not in contact with tubes, if q for a ga 

P-holder or other am 
to a temperature — 
or panels of com. 

; | Pcient to give strength equivalent to t 

from any lamp-holder or 

‘not less than four corrugati 

. If combustible material is utilized, all wiring and current- 4 
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a 
so be used as the only protective 

20 U.S.S. gauge if tested 
i al 

fenced, vitreous enamel may 

d to be acceptable. ~ os | 

Be sheet steel shall be not less than No. 28 U.S.S. gauge 

017 inch) 1 descent-lamp sign and 
0 ‘nch) in thickness for an incan 

: | ce ad No. 24 U.S.S. gauge (0.025 inch) in thickness 

not corru- 
s-tube or combination-type sign, unless ribbed, 

a | 

be of 

; 0.020 inch). 
No. 26 USS. enn ( 4 mbossing shall be suffi- 

16. The ribbing, corrugation, or © Ss ej No. 24 SS. 

ge flat sheet. This can be accomplished usually by providing 
au 

4 ons per inch, at least 0.011 inch 

5 cs for enclosing ‘an incandescent-lamp sign ar 

be at lighter than 16 ounce (0.020 inch) and for a gas-tu 

-lamp sign 
type sign or a combination gas-tube and incandescent-lamp sig 

typ 
| 

025 inch). 
t lighter than 20 ounce (0 = 

BE ctcrninumn and copper alloys shall be not ee ae 

fic S imun specified for copper. Other materials sha 

biect of special investigation. 
ie 

Fis fet a ee 
of a sheet shall be nae 

five Pricromete? readings spaced equally across the . = - - 

f the full sheet as rolled. (It will usually be foun 
O 

hort edge of full sheets ‘s the width edge as rolled.) Readings 

4 

e e 

shall be taken at least an inch in from edges. 

90. Thickness of sheet meta |. allowing for mill variations. 

Sheet copper 

+ ta See 
Sheet steel 

ee eee 
Se 

Minimum average thickness 
Weight in Minimum 

ee cat Since per thickness 

es ts ane a
 ee ee square foot in inches 

ee Sause Uncoated Coated | 

0.013 0.017 16 7 Ha 

- 0.016 0.020 18 | ee 

5 0.021 0.025 20 Lo 

a 0.027 0.030 24 3 : 
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al. A portable sign shall have an enclosure of 
equivalent to that required for a permanently in 
Sent that if the open type of transformer is a 
shall be not less than No. 22 U.S.S. gauge for sh 
not less than 24 ounce (0.030 inch) for sheet co ae 

22. A raised or channel metal letter to hick 
attached shall be not less than No. a 
ness; and not less than No. 26 U.S.S. 
dimension of the letter exceeds re ce ee a 
- Here any electrical parts other than the tubing Pate 
ry y with the thickness requirements for the main ae z 

fees ae Sat gt in sheet metal shall be fastened 

to forma rensble Re ie ene: 
24. In the ordinary box type of sign this will n 

spacing at intervals not exceeding: | 

a thickness 

talled sien: 

d, the meta] 

ecessitate 

8 inches—for metal less than No. 20 U.S.S. gauge in thick 
ness and not reinforced by a stracturlil 
framework, and where less than three thickness : 

| of metal are engaged. : 
te inches—where sheet metal is at least N es 20 U.S.S 

in thickness or is mounted on ee 
ar ay eee or where a hook seam is used. 

es—where the sheet-metal joints are locked and the 
sheet metal is mounted on a. structural-iron 
framework, and two rows of rivets or bolts are 
staggered. | 

oe Peet actin sign having special removable sections to 
: rvicing, the rivet spacing specified in : Gass the precedin 

paragraph need not a f ae pepEly if equivalent support is provided 

i a Well-made, tight-fitting joints, as shown in the following 
ches, will likewise be accepted in place of other fastenings 

APPEN
DIx 

i 

28 U.S.S. gauge in thick. 
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ay. 

CONTINUOUS SOLDER 

en ite st 3a 

! ! nee 
1 

; \ 

98. If sheet-metal screws are used in sign construction in 

place of rivets or bolts, they shall be so located or protected 

‘that the points of the screws will be unable to cause injury to 

the insulation of any conductors. 

99, Sheet-metal screws are not considered to be acceptable 

for the fastening of sign accessories other than tube supports. 

30. For the fastening of letters, continuous soldering at joints 

may be used in place of other fastenings if the design is such 

that release of the solder will not permit the letters to fall out- 

ward. For the sign body proper, steel surfaces having a length 

or width less than ten inches and copper surfaces having a 

length or width less than 36 inches may also be secured solely 

by being soldered continuously at joints for their entire length 

and width. 

31. Sheet-metal channels or other reinforcing members shall 

not depend solely upon solder for securing them in place. 

39. The enclosure for an outdoor sign shall, as far as prac- 

ticable, be raintight. Doors shall effectively exclude rain. Seams 

need not be soldered or otherwise treated, but shall be reason- 

ably tight and, where practicable, shall be so formed as to shed 

- water. Openings in tops to accommodate electrodes, bushings, 

or tubing shall not be permitted unless made raintight. 

33. It is strongly recommended that the sheet metal at the 

cut edges of hand holes and the like be folded back flat 

(through 180 degrees) for approximately 1% inch to provide 

rounded edges. | | 

34. Each compartment of a sign intended for outdoor use 
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shall be provided with at least two holes not | ne 
in diameter nor more than % inch in diamete Aan 
plete drainage. These holes shall be free f be: 
stoppage will be unlikely. a 

Provision for Mounting. 

®% 

i 
: 

LPS —_ 
74 Inches ' 

ure, other than the portable type, shall be provided with | Means ee peroiee 4 e 4p a apa wall or to a support or hanging yj 
ne Behe oy i na sign with the requirement of the a 

inal ahi wi usually necessitate channel iron be 3 

| reinforcement where attachm a 
the sign. a 

Glass Panels and Letters 

37. Glass panels and letters, if of adequat 3 & Stre 
plcig gaehin may be used in incandescent lata 
al panels of Satety glass or wired glass may be Asem 
a. a or combination gas-tube and incandescent- 
pee ? . ari and panels of plain glass may be used in 
gions com ination gas-tube and incandescent-lamp Si 

: ge will not permit contact from the exteri a 
uninsulated, high-voltage parts. aan 

Thickness of Glass. 

38. ee egies Bee used for panels and individually 

indicated in the following abe ee ete... 
59. | 

Maximum size of 

exposed glass panel Maximum dimensions of 

individually molded 
letters in inches 

Minimum thickness 
of glass in inches Any dimension Area in 

in inches square inches 

30 500 30 
45 700 se 78 

144 3600 ae : 346 

Over 144 Over 3600 Over 30 S a pecial 

investigation ste ie, TOE eee Si eo gts ee 

fie 

UITS so thapaas 

gEQUIREMENTS FOR ELECTRIC SIGNS 

40. Glass panels with curved surfaces may 

Bin | 
the particular application. 

Support of Glass. 

in signs shall overlap 

noted in paragraph 47, an 

given in the following table. 

in 

than 3 inch for a panel 500 square inches 

not less than % inch for a larger panel. 

Maximum area Maximum dimension 

347 

be recognized 

esser thickness if investigated and found to be suitable for 

41. Clips or troughs for securing glass panels or letters 

the glass not less than 7% inch, except as 

d shall be of a thickness not less than 

Clips shall be not less than % inch 

ll overlap the glass not less 
width. Continuous troughs sha 

or less in area; and 

42. 

Minimum thickness in inches of 

galvanized steel and steel alloys 

t ARE gots Set eee
 

of panel in of letters in 

mee ances: pod oa . Clips Continuous troughs 

i ve ges ae 

500 30 QHOT?: . 0.017 

0.036 0.025 
— 

Over 500 

0 on a ee eee oe 

Minimum thickness in inches of 

copper, aluminum, and alloys 

fal aS a8 ri eT 
Maximum area Maximum dimension 

of letters in of panel in 

square inches inches Clips Continuous troughs 

see ON eta 

500 . 30 0.022 0-022. 

| 0.045 0.035 
— 

Over 500 

RSS pectin ec lentes Mec ss PB ere OSS 
eae ciate a 

43. Clips of materials other than steel, copper, aluminum, 

or alloys of these metals may be used, if investigated and found 

to be acceptable. 

44. Continuous troughs or glazing angles shall be used where 

Q square inches. 
the exposed glass area is in excess of 100 

45. Horizontal troughs for supporting glass panels or letters. 

shall be provided with drain holes if such troughs are so ar- 

ranged, formed, or located that water pockets may be formed. 

46. For a glass panel, except as noted in paragraph 49, there 

shall be at least one clip on each side for every six inches of 



~ 
’ 

a 
~ 
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a or fraction thereof, and clips shall be 
stati less than one and one-half aro 

-. for a raised-glass letter which i once ; | é is de 
ne an opening cut in the sheet-metal face ae : 
Q a we be increased so that one clip is provided 
: sabe es of glass edge or fraction thereof: 
bt on oe edges which do not exceed Pe: 

; one clip may be used on a si . 3 : side ed 
ree ten inches in length; and one clip pare es e 
ab oe i a bottom edge which does not eee 
eee ngth, if each side edge is provided with a 

: . = inches of glass edge or fraction thereof —— 
= A ‘aised glass letters of the six-inch trade a 
ee signed to fit closely into openings cut in th b sc: mall 
ay be held by clips having only 4 hon 

provided on each edge. 

O fit Closely 

May be 
nches jpn 

sed on a 

t meta] 

49. Individual sheet-metal secti ae als ctlons supporting glass 
Moe ci foe as are used In signs with inttechan get cn 
Lh Rs e are not feasible, shall be supported at to al 
ie 2a | se troughs in the sign body. Each letter é., ; 
pitt ee offset not less than % inch wide extendi \ 

) ne vertical edge so as to form a closel nae 
with the adjacent panel. a 

aU: 

y fitting overlap 

TOP VIEW OF 

PANEL OVERLAP 
END VIEW OF 

LETTER 

7 PANEL ies | 

Ege N |— 
SIGN BODY 

S1. Features such a S sectionalized-g] glass panels and - 
g py ote shall be made the subject of special aeatcal a 
- ass panels or letters need not be mounted in sj : a 

o shipment but shall be available for inspection a 

Y 

d hot More ’ 

a Corners. 7 

thee acing between 7 

does not 7 

inch overlap if one clip is 

be acceptable connecting means. An 

REQUIREMENTS FOR ELECTRIC SIGNS 
349 

Wiring 

Primary Wiring and Connections (600 Volts or Less). 

53, A sign for permanent ‘nstallation shall have provision. 

for connection to the supply circuit. If boxes or fittings are 

supplied on the outside of the sign enclosure for this purpose, 

they shall be reasonably raintight. 

- 54, Outlet boxes, box connectors, cable connectors, or suit- 

able insulating bushings (for open wiring) are considered to 

opening to accommodate 

connectors or boxes 1s likewise acceptable if the interior of the 

-sign’is accessible at that point. 

55. The wiring of a fixed (stationary) sign shall employ ‘Type 

R rubber-covered wire or the equivalent. Fixture wire or flexi- 

ble cord may be used for the wiring of a portable sign, but the 

conductors shall be rubber-covered except where heat-resistant 

wire of other types is necessary because of the temperature. 

56. The supply conductor to a portable sign shall be rubber- 

‘nsulated flexible cord of a type heavier than ‘Type PO-64. 

It shall be so arranged that stresses will not be transmitted to 

the terminal connections. In a gas-tube sign, the cord, in addi- 

tion, shall be prevented from displacement in the sign enclosure 

so as to lower the spacings to high-voltage parts. 

57. A knot in the cord inside the sign at the point of entrance
 

will usually prevent stress on the terminal connections. 

58. If one of the conductors of a flexible cord is intended to 

be used as a grounding conductor (see paragraph 150), it shall 

have the green identification required by the National Elec- 

trical Code for a grounding conductor in a flexible cord. 

59. Wires shall be neatly run and fastened so as to be 

mechanically secure and not subject to abrasion. 

60. Wires passing through . partitions shall pass through 

smooth bushings firmly fixed in place. The bushing for a cord 

lighter than ‘l'ype P-64 shall be made of an acceptable insulat- 

ing material. 
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61. Metal bushings or grommets may be used j ‘ : in conjunc. tion with Type P-64 or heavier cord and Type R wire ill 
Cm 

© COnsidereg — 
1S considere aa 

S of Standard | 

if Securely 

Porcelain and phenolic composition bushings ar 
to be acceptable in indoor or outdoor signs. Fiber 
to be acceptable in indoor signs only. Short length 
flexible nonmetallic tubing or porcelain tubes, 
fastened in place, may be used in place of bushings. 

62. It is recommended that the wiring be 
to clear the bottom of the sign by not less than 

63. Circuits shall be so arranged that the nu 
lamps, and transformers connected to them 
cause a branch circuit to be loaded at more t 

64. If one of the conductors of a lamp 
designed to be connected to a grounded cond 
circuit, the grounded circuit wire shall be 
screw-shell terminals of lamp-holders and shall be identified by 
means of a white or natural gray finish; and the wire or wires (ungrounded) connected to the center-contact terminals of lamp-holders shall be finished to show a readily distinguishable 
contrasting color or colors. * 

% inch. 

mber of outlets, 

will in no calm 

han’ 1 amperes, 
-holder circuit is 

uctor of the supply 

connected to the 

| 69. If a switch or circuit-breaker js employed in the primary 
wiring to a transformer, where one conductor is designed to be 
connected to a grounded conductor of the supply circuit, the — 
primary-circuit wiring shall be identified as described in the 
preceding paragraph. ? | 

66. Wires shall be so spliced or joined as to be both mechan- 
ally and electrically secure and shall, in addition, be soldered 

except where changeable connections are necessary, in which 
case solderless connectors may be used. The joints shall then 
be covered with both rubber and friction tape to a thickness at 
least equivalent in insulating value to the insulation on the 
joined conductors. | 
~ 67. Solderless connectors of brass shall not be used in an 
outdoor sign unless the copper content is at least 80 per cent, 
or unless the results of season-cracking tests show the connec 
tors to be properly annealed. RS 

1c 

| with an insulating compoun 

Supported ‘so ag F 

the metal of the sign itsel 

351 

QUIREMENTS FOR ELECTRIC SIGNS 
RE 3 

inals so as * fastened to lamp-holder termina a 
68. Wires shall be electrically secure, and with oe 

ders of other than the pin type shall, in addition, be soldered. 
hol ers ; nae 

- arts shall then be well covere 

ating c psa? ne as 
asphaltic paint or sealing 

to be mechanically and 

sion. | byl oe 
nd, to prevent corro 7 ne 

“a 8 Oke sign need not comply with the prov 

- terminals with an insulating compound, nor soldering 

Bec. f flexible-cord connections to terminals. : 

ee The | lation on the wires at terminals shall not be 

7 |e far that the bare wire will overhang the edges 

s 
: 

= «pga at or gas-tube-type sign built in ee 

| on , : a number of individual letters is supplied sti 

ee htace d wires which must be connected up after insta 

a re 1 box or enclosure not lighter in gauge than 

the sigs f shall be provided in each section or 

nlices: unless the arrangement of the con- 

Te nach th pues ead os oe 
of the spacing 4 ae at th ‘ | ahs ductors is such th voltage wires as required elsewhere in 

‘between high- and low 

a 3 | 
i am Wiring and Connections (above 600 volts). 

ec mplete 
79. The high-voltage wiring of each sign shall s ea fi 

E ciore it leaves the factory, except as noted in the 

. an indivi or a sign 
ee the hi ‘ring of an individual letter 

_ The high-voltage wiring an ee 

a cae for which is to be located a rete 

a e. need not be complete before it leaves t ce se 

BP nec . ings, fittings, etc., are in 
inals, bushings, fittings, ; | 

necessary terminals, : tl 

. rt of the sign and are so arranged that the necessary z 
as par . - 

Be tions can be made readily upon Seca Sarre 

74. Gas-tube-sign cable of the proper voltage ees 

b aad except in portable signs where the high-vo * — 

: i art of so- e not more than six inches in length and are : ei shee 

call d “open-type” transformers, or 1N SIgns wire : a. 

i : b : conductors, or in connections to electrodes _ whi 
with bare : 

, 
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APPENDIX , bare wire not more than six inches in length ma 
properly spaced and supported. Sharp bends in th 
shall be avoided. 

75. If lead-sheathed gas- 
tion and fibrous covering 

tube-sign cable is used, the insula. on the conductor shall extend not less than four inches beyond the end of the lea 
nection is made to a transformer, electrode rec 
terminal. The insulation and fibrous coverin 

Injured where the lead is removed or where it terminates. 
76. A sign wired with uninsulated high-voltage conductors shall employ solid wires not smaller than No. 10 Awg; 

that a sign wired with No. 12 or 14 Aw 
be made the subject of special investig 

-Sidered to be acceptable if the wires 
are judged to be suitable for the particular application. 

77. Bare conductors shall be mounted on insulators. Other 
conductors shall be mounted on insulators or run in metal races 
ways such as conduit or electrical] metallic tubing, or com- 
pletely enclosed metal channels of a thickness not less than that of the sign enclosure itself except as noted below. The conduc- 
tors shall substantially fill the raceways in which enclosed; and shall extend at least four inches beyond before the insulation is removed for connections. | 

78. If the operating potential between the high-voltage con- 
ductors and the sign enclosure does not exceed 600 volts under 
any condition of operation, the conductors may be run in direct 
contact with the sign enclosure without being in a raceway, 
provided standard gas-tube-sign cable is used and is so routed 
that sharp edges or other parts likely to injure the cable are 
avoided. Leaded or otherwise acceptably shielded cable may 
be run in contact with the sign enclosure if the lead or other 
metallic shield terminates at least four inches from the end of 
the insulation and the unshielded portion of the cable is per- 
manently spaced from grounded metal. Mounting on insulators 
1s considered to be preferable to the use of metal raceways. 
~ 79. A conductor support shall be made of noncombustible, 
nonabsorptive insulating material: 

8 shall not be 

except 
g solid conductors may 
ation and will be con- 
and their arrangement 

shall have provision for 

d wherever con- 
eptacle, or other 

¢/ 

- 

y be useg if 

means for mounting the hi 

| such that the conductor wl 

is dependent to some extent on th 
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R 

VI liable ion body; shall provide a re 

amenity ee
 conductor; and shall be 

ill comply with the spacing require- 

136-138. If porcelain 1s used, it 

se 

ments given in paragraphs 

| d surfaces. 
ura 

. e glazed on exposed 
sini 

= sae supports shall be located not i SI Tee 

rx 
i ee 

the tube terminal connections, unless electrode r . Ue ed 

. d. and at sufficient intervals thereafter to . pastion 
use 

ee 

a Goh of spacings below those specified under t 
reduc 

| 

of “Spacings.’”” 

81. Eighteen in | 3 

to be a reasonable spacing for insu 

53. 4 

nches. under most conditions, has been foun | 

| lators, although this spacing 

e strength of the insulators. 

m gas-tube 
99. A conductor or conductors may be oe oa ed 

: | - ry-midp | 
i he grounded-seconda | 

e terminals to t } aoe 

ae terminals of a gas-tube-sign transformer Ee sa 

a 
ions betw 

designed for the purpose, provided the ane fea 

th “high voltage terminals of the transformer sacar aE 

i hort as pos ; 
} als are as shor 7 

ded electrode termin . | atone 

Picts nnected to the grounded-secondary-midpo
int — 

o— ade rmer need not be mounted on mee a 
translo 

} ii 

q F if lead-sheathed or run in a metal raceway, ne a
 

a hott inch extension of the conductor une ao : >a 

* i the lead or raceway as mentioned in paragraph 
end of the 

78. ; 

83. Splices are acceptab 

Ge Se Reece Splices shall be made elec- 
‘ . d found suitable. investigated an 

ani soldering, then soldered, 

Bc ze ee aaa inate at ae that Ot the 

Ena wc = onductors, and then covered with friction 

me ee a ing compound shall be applied carefully 

oe eee and built up until the caine 
Su 

ag = a least equals the factory insulation ot the = 

fe mee . also recommend
ed that splices be painted wit 

- ductors. 

heavy, waterproof, insulating paint. 

1 Paragraph 80 revised March, 1947. 

mina 

e only in open wiring at transformer 

here the construction has been 

— tape. 
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84. Conductors in an outdoor sign shall be 
O ia ace the entrance of moisture where the 

; stm a conductor mounted on ireitane § 
etal partition or wall, a no | ; | . ncombustibl 

Insulating bushing or tubing shall be used. It a 
te to the metal and shall be eeuneky 

6. High-voitage conductors in a portab 
pletely enclosed by the sien body 
hang freely in air away | 
materials, 

: 87. eR aie gas-tube-sign cable in a 
rain re ties lef and shall not be used to su 

emerge, 

nonabsorptive 

) 

fastened in placa 

portable sign shal] have 
pport other parts of the 

88. | : The insulation on conductors at electrode 
€ continuous to within 314 inches of the i 

the connecting means. | terminals, inclusive of 

89. The wire | e between tube termi | | 
; | erminals gs 
inches a paced not o 
ay part need not be insulated if so supported a i: j - 

‘the required spacing to grounded metal ) a 
° 

GG 

trodeJé chen e Pa oe be soldered or made with wire connector 
iene : particular use. Strands shall be soldered a 
cas a nnection to terminals, unless. grommets 

y enclosing the strands are used. For sold a 
see paragraph 67. Hen an 

91. There shall be 
devices in the Highoeiie ae apanetly 

ctors, 

-Interrupting 

~ Lamp-Holders 

92. Standard, ke ) yless, porcelain 
lamp- 

or molded- a 
ze aaa shall be used, except that tube-ty oe 

pecial types may be used if submitted and tt ee 
acceptable. and found to be 

93. Pin-type lamp-holders are acce hae ptable only with stranded — 

94. Miniatur e-base lamp-holder 
| 

Ss are n ; 

acceptable for use in outdoor signs PL cone a a 

c 

O arranged aan 

Passes through 

all Provide full | 

le sign shall be com ‘the lamp-holder engaging a 

except where designe a 
from combusti S 

t 
- 

r 
e . 

tible and conducting gasket, etc., with a sign 

termi
nals 

shall
 a 
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95. Lamp-holders shall be so installed as to afford perma- 

nent and reliable means to prevent possible turning. 

96. The more common methods of securing lamp-holders to 

a sign face to prevent them from turning relative to the sign 

face are: two screws; a lug on the lamp-holder engaging a 

notch or ‘ndentation at the hole in the sign face; or a notch in 

tongue or the equivalent at the hole 

‘n the sign face. ‘The mere frictional contact of a screw ring, 

face is not considered to be acceptable 

as a means to prevent turning; although with the screw-ring 

type, a gasket ‘s desirable in order to avoid breakage. 

Gas Tubing 

97. Gas tubing connected to a circuit operating at a poten- 

tial higher than 7500 volts shall be supported on noncom- 

pustible, nonabsorptive insulators which provide a separation 

from grounded metal of at least 14 inch. This spacing shall be 

maintained where the tubing passes through or is adjacent to 

metal prior to entering the bushing or receptacle in the sign 

proper. Tubing shall not be in contact with combustible 

material. 

98. Tubing supports shall provide a reliable means for 

mounting the tubing and shall have provision for secure attach- 

ment to the sign face. They shall not be mounted on doors or 

covers of signs. 

99. If electrode receptacles having openings likely to reduce 

spacings to ground are used, the tubing shall be mounted on 

the sign and the spacing between live parts and grounded metal 

determined; or if the tubing 1s not made at the plant where the 

sign 18 manufactured, other means shall be taken to assure the 

provision of proper spacings. 

Electrode Receptacles 

100. Where an electrode enters the enclosure of an outdoor 

sign or the enclosure of an indoor sign operating at a potential 

higher than 7500 volts, a bushing shall be used unless a recep- 

tacle is provided or unless the sign is wired with bare con- 
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ductors mot a q ae Sunted on acceptable supports of nonco 4 " 
See Orptive insulating material. Electrode rece vn ustibli 

of. | ni an acceptable type. If the electrodes do not _ he. “nal 
y, their enclosure shall be made the subject S 

erat " pa 
. If the operatin } i | 

/ g voltage of a sign is mo 
volts and if a bushing is used in place of a recente be : > It shal] — provide a spacing of not less than 14 inch be 
ing and grounded metal when the tubin 
with the bushing. | 

102. A gasket of rubber cork, or simila 9 

g 1S making con 

used i i apy aig Oy the mounting of an electrode rece eee reakage, and around the gas tube in Fi " 
3 eceptacle to prevent the entrance of dust “a 

provided that. the gasket is not depended Hie 
tio n of | the tubing and is not in contact w 
conducting material. 

, Insects, etc <3 
or the insula- 

ith grounded 

103. R eo eee bushings, or other openings for the accom 
of tubing shall not be | ! permitted in 

door sign unless made raintight he 
104. Receptacles shall be reliably mounted in such a 

as . prevent the accumulation of water — 
“105. sf . PE ra oe metal Screws are not considered to be a reliabl 
o mounting receptacles or bushings 4 
a ach electrode receptacle shall be so installed that the 

Pp cings mentioned elsewhere in these requireme aah q ents will be 

Transformers | 
ie ara transformers designed for use in gas-tube signs 

e used, and shal it ai 
pick shall be Be for the particular appli- 

I . ne ea shea cas shall be secured in place in a reliable 
, but shall not be mounted on a d - | 7 } oor nor hung so that 

; : suites weight Is suspended from a single ene. side 
i or top unless the metal is No. 22 U.S.S. gauge or heave 
. is reinforced at the mounting points, or one dimensi 
of the side, face, or top is less than nine inches | a 

‘tween the J . ; ; 

he Sas tub- accessible, except 1 

tact - 
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It is recommended that a transformer be supported 

amework rather than the sheet metal of 

strap-iron bracket or sheet-metal channel, 

24 U.S.S. gauge in thickness, may be used 

secured by at least two rivets 

REQ 

109. 

by the angle-iron fr 

the sign. However, a 

not lighter than No. 

as a support for a transformer, if 

or bolts to each face of the sign. 

110. A transformer shall be so installed that it will be readily 

n a small indoor or portable sign which is 

to prevent access to uninsulated high-voltage parts. 

type transformer shall not be used except in a 

indoor type of gas-tube sign and then not 

If two are used, each shall be in a 

given 

sealed 

111. An open- 

small, portable, 

more than two in a sign. 

‘separate compartment complying with the requirements 

under the heading “Enclosure.” 

112. Compliance of a sign with the preceding paragraph 

“may be accomplished by the provision of a metal barrier not 

jess than No. 22 U.S.S. gauge in thickness and completely 

s and the wires connected to 

s may be run through a small 

her, and a single secondary 

d in a suitable heat- 

separating the two transformer 

them. One pair of primary wire 

hole from one compartment to the ot 

conductor may also be so run if it is encase 

resistant-glass tube. 

113. The high-voltage windings of two or more trans- 

formers shall not be connected in series or parallel. 

114. A transformer for an outdoor-type sign shall be installed 

in the sign enclosure or in a separate box of no lesser thickness 

on the outside of the sign enclosure, or shall be of the weather- 

proof type. | 

115. Each sign of the gas-tube type shall be so wired that 

not more than one transformer will be dependent upon a 

single automatic, overload-protective device, unless the com- 

bined load is less than 1650 volt-amperes. 

Fuse-Holders, Panelboards, Switches, etc. 

116. Fuse-holders, panelboards, flashers, switches, etc., shall 

be standard devices or specially investigated for the application. 

If on or within the body of the sign, they shall be mounted in 
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APPEND 1x a ie | 

Inner than tha : 
» Such enclosyae | 

Screws shall igs ba 

a Bcpabate, accessible enclosure of metal n 
of the sign itself. If installed in an outdo < cs 
shall be reasonably raintight. sfeccn a 
an ba i hare such devices in place ; 

- Wiring devices, including me -hol 
asi yey etc, shall be so noua the a 
Mahara wee turning by means other than ie - Me 

) Ss, except that suitable lock wash - 
plied are considered to be acceptable ( o a 
9 - 

see also 
th Wiring devices shall not be mounted on a ae 95am 

removable door or cover or other removable BE. Sliding — 
ria 

if the ee of the door or cover or the removal of 
. ° 

. part wil result in the internal wiring being disturb i : ed, 

a sign, 

Aue 
Y Other _ 

; switch, flasher, or simi 
_— 

, or similar device co ntrolling a trans- f ormer shall be of a type recognized as suitable for us 
tube-si beat 

: ; 

gn transformers or shall have a current ratin With gas. 

& not less © 
than twic Be Sas current rating of the transformer and a ‘ 

) ; 
a 

g ess than the potential of the circuit i Voltage 

used. 
. rcuit in which it is _ 

119. No aa 
pare sa or circuit-breaker shall disconnect 

ONES : tte uctor of a circuit unless the switch or ci the | 

ultaneously disconnect 
rcuit- 

s the un 

or condu 
ig grounded condu . 

ers See or unless the switch or circuit-breaker 1cuas 4 

| § at the grounded conductor cannot be disconn a . 

ected | 
until the unground unded conductor 
pe aaa ates: or conductors have first been 

Clocks 

: chanism is not of 
| 

c 
: 

| a tvpe r : 

Sul able for the particular application, it ee ea as 

requirements of paragraphs 121—134. | ply with the 

121. Clock windin | 
7 | hall : | | 

prea gs shall be impregnated to exclude 

-4 
ia 

122. Uninsulated li | ve or current-carryl . ying parts of 
ed * 125 volts or less shall be spaced at st Vp ‘inch hall 
y other conducting parts, grounded or otherwise. F on 
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‘having a rating no less than 500 volt-ampe 

Jikelihood of breakage. 

on suitable insulating 
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clock having a voltage rating in excess of 125 volts, this spac- 

ing shall be at least 1 inch. | 

123. Splices in a clock shall be made mechanically secure 

and then soldered and covered with rubber and friction tape, 

or yarnished-cloth tubing and friction tape. 

124. The mechanism shall be subjected to and successfully 

withstand an alternating potential of 900 volts applied for one 

minute between current-carrying parts and non-current-carry- 

yng metal parts. — 

125. A power transformer or special testing transformer 

res shall be used in 

making the dielectric test. 

496. The terminals shall be strong enough to minimize the 

127. Uninsulated current-carrying parts shall be mounted 

material of a nonabsorptive character. 

Untreated fiber is not considered to be acceptable. 

128. A clock shall be mounted in a reliable manner, and if 

the movement is secured to a dial made of glass, porcelain, or 

other fragile material, all live terminals or uninsulated parts 

shall be enclosed separately or so located that they will not 

come in contact with the sien enclosure Or other uninsulated 

parts in the event the dial becomes broken and the movement 

fails. 
129. A clock movement shall be housed in a separate, ac- 

cessible enclosure which, if of sheet steel, shall be at least No. 

98 U.S.S. gauge in thickness and galvanized. ‘The enclosure 

shall be reasonably weatherproof if the clock is installed in an 

outdoor sign, and shall be provided with a hole or holes for 

drainage. : | 

130. If the face of a clock is of glass and is the final outer 

enclosure of the clock movement, the glass shall be in com- 

pliance with the requirements for glass panels. 

131. If a dial consists of sheet metal and is so placed and 

to be a part of the sign enclosure, no particular 
fastened as 

d be paid to the outer glass mounted over the 
attention nee 
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. a 

ent strength 4 8 

g formal Servic 

uninsulated high, 
Contac nen q 
: hole Provided a 

ay trae €asonab] i 

sheet-metal dial except that it shall have suffic; 
rigidity so that it is not likely to break a — 

132. “A clock shall We“so’iméitited a 
voltage parts of the sign are not exposed t 
working on any part of the clock. A ibe 
so the clock mechanism accessible ee 
anes re from any high-voltage parts with which 
vihaps en reaching in to work on the clock. 6 . 

prevent such contact shall be provided e 
7 ay A clock installed in a sign intended fo}: 
: a ot wired with Type R rubber-covered wire 0 
ie - Lhe wiring from the clock to the supply- 
et cai pad bra aris at the factory and the te 

e made mechani 
pe yes with rubber and Sete aac = 
sacs ar shave is operated from a low-voltage circuit (less 
ie Rasen ta eweurt having current characteristics a ] 
praia : sign circuit, the clock circuit shall enter tHe q aac ns ah aria fitting and be isolated from the oth ie 4 

bavi Patti Bas y means of barriers, metal enclosur i 
ote from the other wiring as to mak dental 

contact between the systems impossible _ ann 

else bapa 

ae the equiva. 

Ircuit’ Connégaam™ 

d then soldered : 

Spacings 

135. The spacings between uni he 
low-voltage circuit and ates agp sis i a 
ee metal shall be not less than % inch a 
ae oe through air or over surface between high- 
pre i. =. A be not less than those given in the indicated 
eect tollowing table for the voltage corresponding to 

pen-circuit potential of the transformer employed The 
spacings from insulated conductors 
nearest outer surface. shall be measured fromiiggy 

parts and 

137. The spaci pacings in accessory equi 

formers and flashers which are fixed . eee ne oe 

me . 
n of the equip-- 

nt are not judged under these Bb Sty a 
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138. 

Spacing in inches 

Location 
5,000 volts 10,000 volts | 15,000 volts 

Uninsulated parts—opposite polarity 

[nsulated secondary transformers 

uninsulated parts to ground 

Uninsulated parts—different second- 

ary circuits 

Uninsulated parts—primar
y to second- 

ary 

1% 

Midpoint-grounded transformers—un- 

_ insulated parts to ground 

Uninsulated parts—insulated primary 

\w BN 1% 
conductors 

3 

Uninsulated to insulated parts oppo 

site polarity (of the same or different 

circuits) 

Insulated conductors—oppos
ite polarity 

Insulated conductors—groun
d 

Insulated conductors—different sec- \ 
2 

ondary circuits 

Insulated conductors—prima
ry to sec- 

ondary 

139. In the secondary tube circuit, parts which are not con- 

nected by a metallic conductor shall be considered as parts of 

opposite polarity. | 

140. In an open transformer (core and coils only) the spac- 

ing between the coils and the sign enclosure shall be not less 

than % inch unless protective metal guards, No. 22 U.S.S. 

gauge or heavier, are provided as a part of the transformer. 

The leads of such a transformer, if not provided with ‘Type 

GTO cable, shall be considered the same as bare conductors. 

141. In lieu of air spacings, barriers of noncombustible, 

nonabsorptive insulating material may be provided. These 

barriers shall be effectively secured in place. If glass tubing 1s 

used in lieu of air spacing, it shall be taped in place at both 
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ends or otherwise acceptably secured, and shall be 
“double thickness” glass approximately 0.1 inch thick. 

142. Barriers involving insulation. 

Outdoor sign 
Minimum es sign 
thickness “< 
in inches BoP pene Lamp Tube type | type’ | type =) a ee ele Oy A ay eee re es a 

LSRGRS PSR ee ee Nee ee lo xX xX OK NR * Phenolic composition... . lZo dae 1 xX OK OK * 
Cold-molded composition 349 OK x OK OK * Porcelain-plazed iy 2 >. l¢ OK OK OK OK Porcelain unglazed...... Ye NR Si OK OK * 
Misa oo Pk:, EN AT Poke . Yo OK OK OK OK 
RASS th te thao ah TENG kK OK OK OK Gee | : 

Unacceptable. 
* Acceptable only when not in contact with live parts. 
t Unglazed porcelain tubes are acce ptable on insulated wires. 
NR Not recommended. . 

Guarding of Live Parts and Grounding 

143. A combination gas-tube and incandescent-lamp sign 
shall be so constructed that uninsulated high-voltage parts will 
not be exposed to contact by persons relamping the sign. 

144. A door or cover giving access to uninsulated high- 
voltage parts (above 600 volts) of an indoor sign or outline 
lighting accessible to other than qualified persons shall be so 
fastened that it cannot be opened with an ordinary tool, or 
shall be provided with an interlock switch which will discon. 
nect the primary circuit when the door or cover js opened. 

145. Uninsulated high-voltage parts within a sign body are 
considered to be inaccessible if at least two screws fastening 
each removable section are soldered to the enclosure, ground 
off, or similarly treated so that they cannot be removed with 
ordinary tools such as pliers or a screw driver. Other means for - 
accomplishing this result may be accepted if inve 
found to be suitable for the particular application. 

146. A portable sign or an indoor sign which is intended to 

stigated and 

4 

the So-calleg 

ei, 
q 

\F " 
"y 

‘ 

RE 
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he tubes replaceable without opening the ani bi 

constructed that no live parts or live connectio ies 

Fo d to accidental contact when tubes are being replac | 

ar ia electric sion other than a portable sign employing 

; os lamps only or having a a ea of se 

Bice material shall have provision for grounding all expo 

a non-current-carrying metal parts. 

4 148 Isolated non-current-carrying metal parts 3 paca 

Si hall be bonded to the grounded metal 6 the sign - 

ie A No. 18 Awg stranded fixture wire or a No. g 

. . ire 1s pejcicered to be acceptable for this bonding. : 

60. A portable gas-tube sign shall be sata ag oma 

} 
o the metal of the s 

i. aS 
scape ead attachment-plu g 

ae denies recognized for the purpose, unless it has a 
c 

ing material. 
complete enclosure of insulating 

have t 

of a gas-tube 

Form-1 Signs’ 

: ‘-ements under this heading are supple- 

Ey prnages: requirements of this Standard and Hee 

. s for indoor use which employ incandescent an / : 

. al mps only, and not more than four lamps. An aa 
fluorescent eae men or without lamps, May be used if a 

es Lee ti pe shows that it is suitable for rhe erp eas 

or Lee el sign shall not involve a potential of more 

Sic ce between any two conductors, or between any 

conductor and ground. raph will 
uirement of the preceding parag 

art rescent lamps to the 99-watt and smaller 

capitan ien de the 13-watt lamp which operates at more 
sizes and will exclu 

es De Form-1! sign shall be provided with 2 
ic-1 d flexible cord, not 

_ or thermoplastic-insulate 
, 

co: ee 18 Awg, with or without a grounding fe 
smaller 

| ay 

ductor. 

150E. Fluorescent-lamp_ ballasts shall be spaced not | less 

| 
August, 1948. 

1 Paragraphs 150A—150K added Augu 

eee 

——= 

Se ee 
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than one inch apart when arranged end-to-end 
than four inches apart when arranged otherwise Be 

IS50F. Other than the leads furnished with Aue 
ballasts, the wiring of a Form-1! sign employin “has 
lamps or a combination of fluorescent and sacanai “i 
shall employ Type AF or CF fixture wire; exce te 
R, RH, RF, T or TF wire may be employed if it i: 
spaced not less than three inches from the enclosur , 
ballast. If the leads furnished with a ballast are hey _ r= Of 

NOt legs 

-lamp 

escent 
lamps 

Type 

APPEND
Ix 

1 

] ° 1 1 e 1 1 e I 

O 7 

braid, they sh : ey shall be secured not less than 145 inch away from. 
the ballast except at the point of entry. 
baigiad Soldered splices and splices made with uninsulated 

solderless connectors shall be covered with asbestos or ae 
tape held in place by friction tape, or with thermoplasti ’ 
or a standard combination tape. ee 

150H. Fixture-t ici . ype splicing connecto 
be covered with insulating tape. ee 
: 1501. A switch controlling a fluorescent-lamp ballast shall 
i one which is recognized as suitable for the purpose or shall 
have a current rating not less than twice the total current rat 
ing of the ballasts which it controls, and shall be conn i 
in the line side of the lamp controls. “_ 
Baia Rares shall be a spacing of not less than three inches 
as ini enclosure of a fluorescent-lamp ballast and any 

conductor of the suppl ana upply are other than a grounding con- 

zi rae There shall be a spacing of not less than %4 inch 
) Ge air and Ys inch over the surface of insulating mate- 
ie ‘between uninsulated live parts of opposite polarity and 
etween uninsulated live parts and metal which may be 

- grounded. 

Dielectric Strength of Accessories 

aie rene such as cable supports, electrode recep- 
i etc., used in signs to insulate bare, high-voltage parts 

shall be capable of withstanding for one minute without break- 

' Sa 
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down the application of an alternating potential of twice 

maximum voltage plus 1000 volts. 

Marking | 

152. Each sign shall be marked where it will be plainly 

e after installation with the manufacturer’s name, trade- 

suitable means of identification. : 

p sign shall be marked with the 

number of lamp-holders, and a gas-tube sign shall be marked 

with the input rating in volts and volt-amperes. A combination 

gas-tube and incandescent-lamp sign shall be marked with 

poth the input rating and the number of lamp-holders. A gas- 

tube sign designed for operation at other than 60 cycles shall 

‘be marked with its rated frequency. 

153A. A sign employing fluorescent 

of fluorescent and incandescent lamps s 

me manner as a gas-tube or combination gas-tube 

visibl 

mark, or other 

153. An incandescent-lam 

lamps or a combination 

hail be marked in the 

and in- 

candescent-lamp sign.” 

1 Paragraph 153A added January, 1947. 

i Wi 
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APPENDIX 2 

American Standard Building Code ' 
Requirements for Signs and 
Outdoor Display Structures’ 

Section 1. Scope and Definitions 

T Ts -1. Scope. This standard covers construction, erection and — 

tur : - with respect to safety, size, and attachment or anchorage _ : 
not with respect to appearance and geographical location a 

Ti ' 

1-2. Definitions. 

(a) Building official means the officer or other person charged | 
Wik the administration and enforcement of the building c d 
or his duly authorized representative. - 

(b) Chief fiscal officer means the officer dul 
redeiy call aio wiee hewn: ecened, uly authorized to 

(c) Outdoor advertising display sign, hereinafter referred j 
to as a sign, means any fabricated sign, including its structur 
consisting OL any letter, figure, character, mark, point, olan 
ae sign, design, poster, pictorial picture, stroke, ane 

, trademark, reading matter, or illuminating device, co 
structed, attached, erected, fastened, or manufactured a 4 
manner whatsoever so that the same shall be used for the sitll 
see of the public to any place, subject, person, firm, corporation, 
public performance, article, machine, or niachantiae ah t , 
ever, and displayed in any manner whatsoever out of F of 
for recognized advertising purposes, i, 

Association of America. A i z rT d : idly “Aseatitice: as pproved April 6, 1949, by the American Stand- 
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than | 
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(d) Ground sign means a sign which 1s supported by one or 

more uprights or braces in or upon the ground. 

(e) Roof sign means a sign erected, constructed, and main- 

ned above the roof of any building. 
tal 

| 

(f) Wall sign means a sign which is affixed to an exterior 

wall of any building, when such sign shall project not more 

5 inches from the building wall or parts thereof. 

(g) Projecting sign means a sign which is affixed to any 

building wall or structure and extends beyond the building wall 

or parts thereof, structure, building line, or property line more 

than 15 inches. 

(h) Marquise sign means a sign attached to, or hung from, 

4 marquise. Marquise means a canopy OF covered structure 

projecting from and supported by a building, when such canopy 

or covered structure extends beyond the building, building line, 

or property line. 

(i) Location means a lot, premise, building, wall, or any 

place whatsoever upon which a sign is erected, constructed, 

and maintained. 
| 

(j) Structure means the supports, uprights, bracing, and 

framework of the sign or outdoor display. 

(k) Structural trim means the molding, battens, cappings, 

nailing strips, latticing, and platforms which are attached to the 

sign structure. 

(1) Display surface means the surface made available by the 

structure, either for the direct mounting of letters and decoration, 

or for the mounting of facing material intended to carry the 

entire advertising message. 

(m) Facing means the surface of the sign upon, against, or 

through which the message of the sign is exhibited. 

(n) Letters and decorations means the letters, illustrations, 

symbols, figures, insignia, and other devices employed to express 

and illustrate the message of the sign. 

(0) Approved combusiible plastics means only those com- 

bustible plastic materials which, when tested in accordance 

_ with American Society for Testing Materials Standard Method 

for Test for Flammability of Plastics over 0.050 inch in ‘Thick- 
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praces, ZUYS; and anchors shall be kept in repair and in a proper 

state of preservation. The building official may order the removal 

of any signs that are not maintained in accordance with the pro- 

ness (D 635-44), burn no faster é 3 than 25 4 

In sheets of 0.060 inch thickness. mee minute} 

Section 2. General | yisions of this section. 

9-6. Location. No sign shall be erected, constructed, and 

maintained so as to obstruct any fire escape, or any window, or 

door, or opening used as a means of egress or for fire-fighting 

"purposes, or so as to prevent free passage from one part of a 

roof to any other part thereof. No sign shall be attached in any 

form, shape, or manner to a fire escape or be so placed as to 

‘nterfere with any opening required for legal ventilation. 

9.7, Use of approved combustible plastics. Notwithstanding 

2-1. Permit required. 
a ; ; 

; ( ') Except as otherwise provided in Section 2-2 Exempu 

OS 
) o 

ign shall hereafter be erected, constructed, and ma; a 
exce VI] : : Inta] 

pt as provided in these requirements and until a ner ained 7% 

the same has been issued b ildi : sie ed by the building official. (See Appendix 

(6) An application for a permit shall be submdien in h q Such — f 
° . 

. 1 orm as the building official may prescribe and shall include include such information as may be required by 
understanding of the proposed work. 

(c) No permit shall be ; 
been filed. € issued until a bond, if required, has 

him for a complete 

2-2. Exemptions. 

(a) No permit will be required for the following: 

2} fs wall sign not more than 10 Square feet in area: 
projecting sign not exceeding 21 3 
ene ceeding 2/4 square feet of 

(3) ones sign, advertising either the sale or rental of 
ue premises upon which it is maintained when such 

sign does not exceed 25 square feet of display surface 
(b) The exemptions permitted in Section 2-2(a) 

only to the requirement of a permit and shall not b 
as relieving the owner of the sign from responsibilit 
i ip alate in a good and safe ee ‘ 
init dere O sign erected before the adoption of these 
dag e rebuilt or relocated without conforming 

equirements. 

2-4. Inspection. It shall b ; e the duty of t “ha ia 

Inspect every sign for which a es Se 
such signs at least once every two years 

2-5. i ce Maintenance. All signs together with all their supports. 

shall apply 

e construed 

for its erec- 

required, and reinspect 

any other provisions of this code, approved combustible plastics 

may be used as facing material and as letters and decorations 

‘on signs and outdoor display structures as provided in Section 

10, Limitations on Use of Approved Combustible Plastics. ‘The 

building official may permit an increase in the area occupied or 

~ covered by plastics, provided the construction or location of the 

sign is such that the use of a greater amount of plastic than is 

authorized in Section 10 is consistent with public safety. 

Section 3. Loads, Allowable Stresses, and Materials 

3-1. Intensity of wind pressure. 

(a) For the purpose of determining wind pressure, all signs 

shall be classified as either open or solid. Signs in which the 

projected area exposed to wind consists of 70 per cent or more 

of the gross area as determined by the overall dimensions shall 

be classified as solid signs; those in which the projected exposed 

area is derived from open letters, figures, strips, and structural 

framing members, the aggregate total area of which is less than 

70 per cent of the gross area so determined, shall be classed as 

open signs. 

(b) All signs shall be designed and constructed to withstand 

wind pressure of not less than the following intensities applied 

to the projected exposed area: 
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. 
y 

; Wind pressure, pounds — 

Height in feet per square foot 3 

from ground to | 

top of sign Solid signs, | Open signs 
b] 

all types all types 

Less than 50 25 * : 35+ 

50 to 99 30 42 

100 to 199 35 a 
200 to 299 38 Ms 
300 to 399 40 ie 
400 to 499 42 a 
500-165-5907 0 - ree 60 

600 to 799 44 be 
800 to 999 45 me 

1000 to 1199 | ~~ 46 oe 
1200 to 1399 Pere Bah 
1400 to 1599 49 Pe 
1600 and over 50 710 

* . . 

Solid ground signs less than 40 feet in height shall be designed to resi | Sist a : 
wind pressure of 15 pounds per square foot. 

t Open ground si : 
ens less than 40 feet in height : 

wind pressure of 25 pounds per square foot. ight shall be designed to resist a 

3-2. Projected exposed area. The exposed area subjected t 
wind pressure shall be the total area of all parts of the sign, i ! 
cluding structural framing projected on a plane per te iad 
to the direction of the wind. In determining the ee in eS 
member, the wind shall be assumed to blow from that horiz f : 
direction and from that inclination from the vertical aad nol 
to exceed 20 degrees above or below the horizontal) which a 
duces the maximum stress in that member. No shieldin le 

* a nese: by another shall be considered where the tea 

Ww | z oe senegube times the smaller projected dimension 

3-3. Earthquakes. 

( a) Signs adequately designed to withstand wind ressures 

specitied in Section 3-1, Intensity of Wind Pressure con- i 

sidered capable of withstanding earthquake shock es t in areas 

subject to high-intensity shocks where all signs ‘spel be den ned 

in accordance with local requirements to resist earthquake shod 
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(b) Wind loads and earthquake loads need not be co 

determine the maximum horizontal loads acting on a sign. 

the larger of the two loads need be used for design. 

materials, and details of design. 

materials, and details 

mbined 

to 

Only 

3-4. Allowable stresses, 

(a) In all signs, the allowable stresses, 

of design shall, in the absence of specific requirements, conform | 

to the following latest approved specifications: 

(1) For Steel: American Standard Building Code Re- 

quirements for Structural Steel, A57.1-1943, approved by the 

American Standards Association except that: 

(A) Members in ground signs may be less than 14 inch thick 

if they conform to the provisions of Section 4, Paragraph 4-4 

(h), and | | 

(B) Secondary. members in contact with, or directly sup- 

porting, the facing may, in all types of signs, be formed of 

light gage steel, provided such members are designed in accord- 

ance with the Specifications for the Design of Light Gage 

Steel Structural Members of the American Iron and Steel 

Institute, April, 1946, and are galvanized to comply with the 

American Standard Specifications for Zinc-Coated (Galva- 

_ nized) Iron or Steel Sheets (ASTM A93-46; ASA G8.2-1947): 

Although no minimum thickness for the facing of a sign 1s 

facing members when formed integrally 

with the facing shall be not less than 24 gage in thickness 

(0.024 inch) ; when not formed integrally with the facing, the 

minimum thickness of secondary members shall be 12 gage 

(0.105 inch). 
: 

(2) For Wood: National Design Specification for. Stress- 

Grade Lumber and its Fastenings, 1944, recommended by Na- 

tional Lumber Manufacturers 
Association. 

specified, secondary 

(b) The working stress of chains, wire ropes, and steel guy 

rods and their fastenings shall not exceed one-quarter of their 

ultimate strength. 
| | ' 

(c) Applications for permits to erect signs in. which plastic 

materials will be employed. shall set forth either the manufac- 

-name for, or the common name of, the plastic 
turer’s trade 
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tested by a recognized. testing laboratory and rated as an « 

proved combustible plastic’ as defined in Section 1-]. an 

this code. 
: (0 ) of 

(d) If plastics are employed in any part of a sign, the finished 
plastic unit shall be identified either with the manufacturer S 
trade-name for the plastic material or with the common nam q . 

of the plastic material. 

Section 4. Ground Signs 

4-1. Materials. 

(a) Within the inner or first fire zone, no ground sign for 

which a permit is required shall be erected of combustible ma- 
terials, unless the face is constructed of sheet metal or other 

approved facing materials. 

(6) ‘The bottom of the facing of every ground sign shall be 
at least 30 inches above the ground, which space may be filled 
with platform or decorative trim of light wood or metal con- 
struction. 

4-2. Height. No ground sign shall be erected to a height 

exceeding 100 feet above the ground, except by permission of | 

the building official. Lighting reflectors may project beyond the 

top or face of the sign. (See Appendix, A2. ) 

4-3. Projection. No ground sign shall be required to be set ] | 
back from the property line farther than the building line as 
established. | 

4-4. Supports and anchorage. 

(a) Ground signs shall be adequately supported to resist dead 

load and the wind load specified in Section 3, Loads, Allowable 

Stresses, and Materials, acting in any direction on the sign. 

(6) Signs which do not exceed 40 feet in height may have 

vertical cantilever supports driven into or set in the soil, or rigidly 

attached to bases embedded in the soil. There shall be two or 

more such vertical supports except that a sign which does not 

exceed 90 square feet in area per face and which does not exceed 

25 feet in height may be supported by a single member. | 

| APPEND Ix 9 q 

material to be used; and shall certify either that the plastic a 

terial is noncombustible or that the plastic material has nail a | cena 
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(c) All signs over 40 feet in height shall be braced by ade- 

quately supported inclined braces or trussed frames placed in 

vertical planes. At least two such braces shall be provided. 

(d) ‘The members (or bases for rigidly attached members ) 

supporting unbraced signs shall be so proportioned that the 

bearing loads imposed upon the soil in either a horizontal or 

vertical direction shall not exceed safe values. Braced signs shall 

be anchored to resist the specified wind load acting in any direc- 

tion. Anchors and supports shall be designed for safe bearing 

loads on the soil and for an effective resistance to pullout amount- 

ing to a force 25 per cent greater than the required resistance 

to overturning. 

(e¢) The soil used for back-fill for the dug-in type of anchor 

‘or cantilever support shall be carefully placed and thoroughly 

compacted. The anchors and supports shall penetrate to a depth 

below ground greater than that of the frost line. 3 

(f) Portable signs supported by frames or posts rigidly at- 

tached to bases shall be so proportioned that the weight and 

size of the base is adequate to resist the wind pressure specified 

‘n Section 3, Loads, Allowable Stresses, and Materials. Such 

signs shall not exceed 6 feet in height. 

(g) -Whenever anchors or supports consist of wood embedded 

in the soil, the wood shall be treated under pressure with creosote 

or other approved preservative before erection. This requirement 

shall not apply to temporary signs which will not remain in place 

for more than six months. 

(h) The minimum thickness of hot-rolled, structural steel 

members furnishing structural support for signs shall be 14 inch, 

provided that, if galvanized, such members may be not less than 

1% inch thick if the galvanizing complies with the American 

Standard Specifications for Zinc (Hot-Galvanized) Coatings 

on Structural Steel Shapes, Plates and Bars, and their Products 

(ASTM A123-47; ASA G8.1-1947) and provided, further, 

that the galvanizing shall be applied after fabrication. : 

Members formed of light gage steel may be used for support 

of ground signs, provided that they are designed in accordance 

with the Specifications for the Design of Light Gage Steel Struc- 
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tural Members of the American Iron and Steel Institute 
1946; and provided that the thickness, exclusive of the { 
shall be not less than 12 gage (0.105 inch) 
vanized to comply with American Standard Specifications 

ASA G8.2-1947). 

Steel members may be connected by one galvanized bolt, pre 
vided the connection is adequate to transfer the stresses to Which 
the members are subjected. 

4-5. Maintenance. Any person or persons, partnership, firm : 
e ok 

S : q or corporation occupying any vacant lot or premises by means 
of a ground sign shall be subject to the same duties and respon- 
sibilities as the owner of the lot and premises with respect to 
keeping the same clean, sanitary, inoffensive, and free and clear 
of all obnoxious substances and unsightly conditions on the 
ground in the vicinity of such ground sign or said premises for 
which they may be responsible. 

Section 5. Roof Signs 

5-1. Materials. Within the first or inner fire zone, every roof 
sign shall be constructed of noncombustible materials, including 
the uprights, supports, and braces, except that the ornamental 
molding, battens, cappings, and nailing strips, platforms, and 

_the decorative trimmings may be constructed of combustible 
materials. Outside the first or inner fire zone, roof signs con- 
structed of combustible materials will be permitted, provided 
that the maximum height above grade shall not exceed the 
limits of height set forth in the building code for noncom- 
bustible buildings in the particular zone in which the sign is 
located, and provided further that the height of such sign 
above the roof shall not exceed 30 feet. 

5-2. Projection. 

(a) No roof sign shall project beyond the exterior wall org a 
walls except by permission of the building official, but, if illu- 
minated, lighting reflectors may project beyond the face of the 

sign. | | 

(b) When necessary for fire protection, roof signs shall be 

APPENDIx a 

April, 
acing, q 

and’ they ama gal. 
for 4 

Zinc-Coated (Galvanized) Iron or Steel Sheets (ASTM A93-4¢6. 
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sO constructed as to leave a clear space, except for the structure 

- supporting said sign, not less than 4 feet between the roof and 

the lowest part of such a 

-3, Supports and anchorage. 

- wager shall be thoroughly secured and oe ie 

the building over which they are constructed and erected. = 

dead and wind loads from the signs shall be distributed to the 

structural elements of the building in such a manner that no 

element shall be overstressed. (See Appendix, wD E) 

(b) Uplift due to overturning of root signs shall be adequately 

resisted by proper anchorage to the building ies or structure, 

or by sufficient concrete counterweights to resist uplift. Proper 

&g anchorage to the building walls or structure shall include such 

‘alterations to the building as may be needed to integrate on 

adequately interconnect sufficient dead load to equal not less 

than 10 per cent in excess of the computed uplift applied to 

the building by the sign. Where uplift is resisted by counter- 

weights, their weight shall exceed the amount of the uplift by 

10 per cent. | : 

Section 6. Wall Signs 

6-1. Supports and attachment. Wall signs attached to s 

terior walls of solid masonry or concrete shall be safely a 

securely attached to the same by means of metal anchors, Hite 

or expansion screws of not less than 4 inch in diameter whic 

shall be embedded at least 5 inches. No wooden blocks ce anchor- 

age with wood used in connection with screws or nails shall be 

considered proper anchorage, except in the case of wall Se 

attached to buildings with walls of wood. No wall sign shal 

be entirely supported by an unbraced parapet wall. 

Section 7. Projecting Signs 

7-1. Materials. All projecting signs for which aunecay is re- 

quired shall be constructed of noncombustible materials approved 

by the building official for this purpose. bs. 

7-2. Projection. Signs projecting from a building or structure 

shall not project beyond a point within * feet of a line drawn 

perpendicularly upward from the curb line, and no projecting 
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or ground level. 

7-3. Supports and attachment. | 

(a) Projecting signs shall be securely attached to a buildi 
1 

or structure by metal bolts, anchors, supports, chains, wire rop 
eg) 

or steel rods. No staples or nails shall be used to secure any n 
projecting sign to any building or structure. y 

(b) The dead load of projecting signs, not parallel to 
building or structure, and the load due to wind pressure a 
be supported by structural shapes, chains, wire ropes, or ee “f 
rods. When chains, wire ropes, or steel guy rods are used a 
supports shall be erected and maintained preferably at ana ; : 
of 45 degrees or more with the horizontal to resist the acl 
load, and at an angle of 45 degrees or more with the face a 
the sign in an approximately horizontal plane to resist wa 
pressure. The lateral supports shall be spaced not more than 8 
feet apart and shall be secured to a bolt or expansion screw 
capable of developing the strength of the supporting chain wil 
rope, or steel rod. The expansive device and details of the anche 
age shall be subject to the approval of the building official. Turn 
buckles or other approved means of adjustment shall be placa” 
in all chains, wire ropes, or steel rods supporting or bracin 
projecting signs. | 1 

: (¢) Chains, wire ropes, or steel rods used to support the dead 
or wind load of projecting signs may be fastened to solid masonr 
walls with expansion bolts or other devices approved by ite 
building official, but no such support shall be attached to an 
unbraced parapet wall. Where the supports must be fastened 
to walls made of wood, the supporting device must be fastened 
securely in a manner approved by the building official. 

(d) All chains, wire ropes, and their attachments shall be 
galvanized or of corrosive-resistant material. Other metal supports 
and braces shall be painted. | 

Section 8. Marquise Signs 

Marquise signs constructed of noncombustible material may 
be attached to the sides and front of a marquise, and such signs 

' APPENDIx 4 
sign shall at the lowest point be less than 9 feet above side . 

| Walk — 

ng q 
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may extend the entire length and width of said marquise, pro- 

vided such signs shall be at least 9 feet at their lowest level above 

the sidewalk level. Such marquise signs may also be attached to, 

or hung from, a marquise and when hung from a marquise 

shall be at least 9 feet at their lowest level above the sidewalk 

evel, and, further, no such sign shall extend outside the line 

~ of such marquise. 

Section 9. Electrical Equipment 

All electrical equipment used in connection with outdoor 

advertising display signs shall, in the absence of specific require- 

‘ments, be installed in accordance with the National Electrical 

Code, American Standard C1-1946, or the latest edition thereof 

approved by the American Standards Association, Incorporated. 

Section 10. Limitations on Use of Approved 

Combustible Plastics | 

10-1. Letters and decorations. 

(a) If all parts of the sign other than the letters and decora- 

tions are made from noncombustible material, the area of the 

display surface or facing which may be occupied or covered by 

letters and decorations made from, or faced with, approved 

combustible plastics shall not exceed an approved total area 

calculated on the following basis [see tables (1) and (2)]: 

(1) Ground Signs and Wall Signs 
ne
 

Area of facing or display surface Area occupied or covered by plastics 

100 square feet or less 100 per cent of display surface area 

Over 100 square feet but not over 2000 100 square feet plus 50 per cent of the 

difference between 100 square feet 

and the area of the display surface 

Examples: 300 square feet— 200 square feet 

500 square feet— 300 square feet 

1000 square feet— 550 square feet 

1500 square feet— 850 square feet 

2000 square feet—1050 square feet 

Not over 1050 square feet without per- 

mission of the building official 

square feet 

Over 2000 square feet 

ee = = == = ——— = = 
> ; = = _ ea 7 =* % a Pal 
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(2) Roof Signs, Projecting Signs, and Marquise Signs 

Area of facing or displ play surface Area occupi pied or covered b 
2) Plastics 

Over 100 square feet but not over 2000 | 100 square feet plus 25 per ce 
square fi i quare feet difference between 100 sq 

| and the area of the disp] 
Examples: 300 square feet—150 square feet ae 

500 square feet—200 square feet 
1000 square feet—325 square feet 
1500 square feet—450 square feet "t 
2000 square feet—575 square feet. 

Not mone than 575 square feet with 
| 

permission of the building official i 

| 

(3) Ground Signs and Wall Signs 

urface 

Over 2000 square feet 

A . . y 

rea of facing or display surface Area occupied or covered by plastic: astics 
ak Se 

50 per cent of displ 
Over 300 square feet but not o Pp isplay surface area 

; ver 2000 | 1 
square feet 00 square feet plus 25 per cent of the 

300 square feet or less 

difference between 100 square feet and 
the total area of the displ 

Examples: 500 square feet—200 square feet 2 ae 

1000 square feet—325 square feet 

1500 square feet—450 square feet 

2000 square feet—575 square feet 
Not Over 575 square feet without per- 
mission of the building official 

vn ee eee 

Over 2000 square feet 

(4) Roof Signs 
ee 

Area of facing or display surface Area occupied or covered by plastics 

1000 square feet or less | 25 per cent of display surface area 
Examples: 100 square feet— 25 square feet 

500 square feet—125 square feet 
1000 square feet—250 Asis: square feet 

Cae ee feet but not over | 250 square feet plus 10 per cent of the 
quare feet difference between 1000 square feet 

and the total area of the display | 

surface 
Examples: 1500 square feet—300 square feet 

2000 square feet—350 square feet 

Not more than 350 square feet without 

special permission of the building 
official | 

a 
a 

Over 2000 square feet 

nt of the — 
uare feet — 
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—(b) If combustible material is employed in the structure or 

structural trim, the area of the display surface or facing which 

may be occupied or covered by letters and decorations made 

from, or faced with, approved combustible plastic shall not 

exceed an approved total calculated on the basis given in the 

above tables [see tables (3) and (4) ]. 

10-2. Facings. The facings of ground signs, roof signs, wall 

signs, marquise signs, and projecting signs for which a permit is 

required may be made of approved combustible plastics pro- 

vided that the structure and structural trim of the sign is made 

from noncombustible material and provided that the surface 

area of each face is not in excess of 100 square feet. The letters 

and decorations mounted upon such plastic facings may be 

made of plastics. 

Section 11. Bond 

(See Appendix A4.) 

Appendix 

This Appendix consists of explanatory material referring to 

various parts of the standard. It is not a part of the American 

Standard Building Code Requirements for Signs and Outdoor 

Display Structures, A60.1-1949, but is presented as background 

material. 

Al. Permit and license fees. It appears to be general practice 

in building codes to require that a permit be obtained before a 

sign is erected. As with other types of permits, this furnishes 

the building department with advance information as to what 

work is contemplated and allows the necessary inspection to 

be arranged. Certain types of signs are frequently exempted 

from this requirement as, for example, signs painted on walls 

of buildings, railroad crossing signs, danger signs, and other 

nonadvertising signs, and signs of less than a given size or weight. 

Much greater variation is noted in local practice regarding fees, 

both in policy as to fees in general and the basis for such fees. 

Because of this variation no recommendations are made con- 

cerning fees, leaving the question to be determined in accord- 

ance with local policy. However, it 1s recommended that where 
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fees are charged, the sch : 5 edule should provid 
to mae adequate inspections of signs ie 

2. Height of i : ground signs. The hei imi i it signs. eight limit su : 
Sy aan for ground signs 1s more liberal than usual 

nicipal building codes; as a practical matter cae a “ Signs usuall a ee not need to exceed 40 feet in height. How | 
e . 

, © . lity communities, Kansas City, San Francisco. a is 2 
2) Nn itts- 1 

nd 

sig ns 1 

- PEATE conditions that the allowable height has 
uber in the present provision. From an engine 
apt ; imit 1s reasonable since structures of this inc 

ght can also be made safe, provided due attention js 

been 

ering 

eased 

given to 

t } 

advantage is taken of slopi 
Wet beicine ig Rone ips Bee precautions 

So soannede details for the deca 6s signs 

cee ane nei support sign frames, guys, or anchorages 
“ngecatiiacl equate to resist any bending about the vertical 

Speevesthes Ei ue to ae sum of the horizontal wind loads ap- 

See ei am, in addition to bending about the horizontal 
satiate aca or inclined loads caused by dead weight 

Berths: . a stresses should not exceed those recom- 

irae aoe , Loads, Allowable Stresses, and Materials | 

or inclined ae a applying a horizoutm 

of the web, due ‘ es ees Jppr lange of a beam, and buckling 
sdaiad x 2 application of a concentrated load, should b 

ey and the web stiffened where necessary. e 

ae: wee mi 98 of intersecting frame members 

iat Wee should be sagas ay hake ae 
C 

| 

pe aro inentpersewhich support letters or other 

face nected to the frame posts between panel points of 

ered, in ddi ete a ie P osts due to bending should be consid- 
. ition to the axial stresses in the posts. 

“hes ae ee 
which support letters or other dis- 

y> een supporting sign frames, should be designed as sim- 

revenue a 

by 
eda ‘- 
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Letters or other display should be adequately secured 

to the sign framework to resist the maximum wind loads. 

(¢) Longitudinal wind bracing should be provided to resist 

wind applied at a small angle of inclination to the front or rear 

faces of the sign, without any shielding of similar exposed sign 

frames. The bracing may be ‘nstalled in the front and rear faces 

of the sign, or only in the front face if two or more horizontal 

ple beams. 

trusses are provided. 
| 

(f) All connections between wire-rope guys and eyebolts and 

shackles should be made by the guy bent around a standard 

thimble of proper size. Guys should not be ‘bent over the sharp 

edge of structuralshapes or masonry. Fastenings should be made 

by drop-forged U-bolt clips as follows: 

QAR Bei Ie Ys ee Ee 

Diameter fot : 
ae Number | Minimum spacing, 

of wire rope, / sore 
; of clips inches 
inches 

%% 2 244. 

V4 3 3 
54 4 334 

The U bolt of the clip should bear on the loose or short end of the 

guy. The clips should be tightened occasionally. 

(g) Drop-forged turnbuckles should have eye, shackle, or jaw 

hooks should not be permitted. ‘The pins in 

e screw or bolt fastenings; cotter pins 

The ultimate strength of turn- 

end connections; 

shackles or jaws should hav 

alone should not be permitted. 

buckles, including end connections, should at least equal the ulti- 

mate strength of the chain or wire rope containing the turnbuckle. 

(h) When roof signs are attached to roof construction they 
Sg : 

e attached to roof planks. ‘They should be attached 
by 

should not b 

throughbolts well flashed with asphalt, to building framework or 

ection 5-3, Supports and Anchorage. Very 

e roofs should be anchored directly to 

rather than to concrete slabs alone. 

ry or with 

to walls as specified in S 

large signs on concret 

column tops, beams, or walls, 

(i) Steelwork, in direct contact with exposed mason 

» roofs, should be flashed with asphalt. 
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(7) Ladders should be adequately secured in position. Wel]. 
anchored metal walkways are preferred, but, if wooden planks are 
used, they should be well bolted to the framework and 
given preservation treatment to resist decay. 

A4. Bonds and liability insurance. Although not included in 

pref erably 

the present standard by decision of the committee, requirements | 
for the posting of a bond in connection with sign erection are 
quite common in building codes. The purpose of the bond, as 
usually stated in codes, is to indemnify and save harmless the city 
from any expenses, judgments, or damages which the city may 
incur or suffer by reason of the granting of the permit. However, 
in some codes the faithful observance of all laws and ordinances 
relating to signs is also made a condition of the bond. A few codes 
also stipulate, in addition to the requirement for the bond, that 
the owner of the sign shall pay all judgments and damages that 
result from, or arise out of, the collision with or falling of such 
signs. ) 

Considerable variation is noted in code requirements with re- 
spect to the person designated to post the bond, the types of signs 
for which a bond is required, and the amount of the bond. In a 
number of cities permits to erect signs are issued only to licensed 
sign erectors who are required to post bonds. A variation of this 
requirement provides that no person shall engage in the business 
of erecting or maintaining any signs without first procuring a 
license and filing a bond. A further variation provides that the 
sign erector shall be licensed and shall file a bond and that pro- 
jecting signs shall be erected only by licensed sign erectors. In 
still other codes, the applicant for permit to erect a sign is re- 
quired to give bond before the permit is issued. In some cities 
a bond is required only if the sign projects beyond the strect 
line or building line, the amount of projection beyond which | 
a bond is required varying in different cities. In at least one 
city projecting signs are licensed by the city council and the 
licensee must agree to save harmless the city against loss, 
sureties being required at the discretion of the city council. In 
15 codes selected at random the amount of the bond ranged 

383 
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from $1,000 to $2,500, the latter amount being required from 

persons applying for a sign erector’s license. Be = 

In some codes alternative means of indemnifying the city by 

posting a bond or filing evidence of liability insurance are accept- 

able. The liability policy may be written for such limits per ac- 

cident and per injury as may be desired by the city. ‘The owner 

of the sign may take out such a liability policy in his own pat 

and have it extended by his insurer to include the antetesE of t e 

city, or the city can take out a blanket policy covering its gE 

for all signs within its confines. ‘The code usually provides ae € 

policy shall not be cancelled without notice to the city and that 

notice of renewals shall be filed with the city. Sone codes also 

provide that if the policy is terminated, the permit for the main- 

tenance of the sign shall automatically terminate. In at least one 

city in which the sign erector is required to file a bond or evidence 

of liability insurance, it is also mandatory under the code that the 

department carry a public liability policy on every sign or a 

jection extending out over the public thoroughfare. 
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Index 

A 

Aerials, interference pickup of, 258 

Aging of tubes, 25, 224-226 

Air, composition of, 28 — 

liquefaction of, 30 

pressure measurements, 158-159 | 

pressure within tubes, 14—15 

rare-gas extraction from, 30 

‘Air blowers, 125-126 
American Standard Building Code, 

“Requirements for Signs and 

Outdoor Display Structures,” 

366-383 

Amoil, 172 
Animation of signs, 245-254 

diagrams for, 252-254 

flashers, high-voltage, 250-252 

flashers, low-voltage, 247-250 

flashing, primary vs. secondary, 

245-246 

thermostatic switches, 246—247 

Annealing of glass, 50, 52-53, 152- 

153 

Antenna, interference pickup of, 

258-259 

Arcing, radio and television inter- 

ference, 259, 262—264 

Argon, 28, 35-36, 311-312 

Asbestos, use of, in glass bending, 

133-135 

Aspirator pumps, 177 

Assembly of signs, 229-244 
in the shop vs. on the job, 229— 

230 in 
transformer installation, 231-238 

transformer loading, 238-240 

transportation problems, 242—244 

Atmospheric pressure, definition of, 

«14 
Autotransformers, 197, 239 

B 

B-10 rare-gas mixture, 36 

B-17 rare-gas mixture, 36 

Backgrounds of signs, 85-101 

hanging of, 98-101 

indoor types, 91—93 

letters for, 93-96 

metalwork, 96—98 

outdoor types, 86-91 

summary, 26 
Ballasts for fluorescent lamps, 299-- 

303 « } 
Barium alumin silicates, 287 

Barium aluminates, 287 

Barium strontium carbonate, 44—45 

Barometers, 158 

Barriers, electrical, 361-362 

Bends, glass, 137-144 

Beryllium, 282, 285n. 

“Black light,” 287-288 

Blinkers, 247—252 
Blok-Out tubing, 55-56, 227-228 

Blowers, air, 125-126 

Bombarding, 194—208 

of cold-cathode tubing, 204 

current for, 196-198, 204—205 

of fluorescent tubes, 310-311, 

314-315 

gases for, 205-206 

gases released during, 207—208 

high-frequency procedure, 206— 

207 
layout for, 200 
precautions during, 207—208 

pressure considerations, 205 

purpose of, 19, 194-195 

summary, 19, 25 
switches, 198—199 

transformers, 195-196 
voltage regulators, 196—198 

385 



Capacitors, 80-82 
Caps for electrodes, 308-309 
Carbonizing of glass, 152-153 
Cathode fall, 40-41 
Cathode-voltage drop, 40-41 
Cavendish, Henry, argon research 

386 

Bonds, posting of, for sign erection 
3 

382-383 
Border-chaser flashers, 249 
er epenieb rae 92-93, 230,.233+235 
ee. glasses (Pyrex type), 

Box signs, 230-231 
Boyle, Robert, air analysis, 28 
Burners, glass bending, 126-133 

cannon fire, 130-131 

cross fire, 126—128 

gas consumption, 133 

hand torches, 129-131 

mixers for, 132-133 
: ee 128-129, 142-144 
ushings, 68, 231 - ie 4°349-350,-365— 

Butyl acetate, 290 
Butyl phthalate, 172, 179-181 

C 

Cables, high-volta ~ i g ge, i 70, 261-— 

metal sheathings, dangers of, 240 
supports for, 231 
Underwriters’ Laboratories’ 

quirements for, 351-352 
Cadmium borates, 285 
Calcium phosphate, cerium-acti- 

vated, 287 
Calcium silicates, 285-286 
Calcium sulfides, 288 
Calcium tungstate, 149, 285 
CGannon-fire burners, 130-131 
Cantilever signs, 86-87, 99 

£e- 

ap ; 
Ceilings, light reflection from, 318— 

323, 334-336 
Cenco pumps, 167, 169-171 
Cerium-activated calcium 

phate, 287 

INDEx 
Claude, Georges, electrode: insu] an 

tion, 47 
electrode patent, 40 
luminous tubes, 3 
neon signs, 6—7 
rare-gas extraction, 30 

Clocks combined with signs 
3 358-360 “oe 

Coefficient, of | 
50-5153. 

of utilization of light 
329-330, 334-338 

Coils, test, 188-190, 210-211 

5) 321-323, 

discoloration of 

bending, 154 
for fluorescent li ght, 57-63 = 

288, 325-326 ore 
reflection of light by, 323 
transmission of, as functi ’ t : 

weather, 32 a 
visibility of, 31-32 

glass during 

Combustible materials, Underwrit- 
3 ers’ Laboratories’ requirements 

for, 342 
Condensation pumps, 177. 
Condensers, for flashers, 265-266 

for transformers, 80-81 
Co i nductors, Underwriters’ Labora- Bur, 

tories requirements for, 349— 
354 

Construction of luminous tubes 93_ : p) : 
244. 

aging, 224-2296 
bombarding, 194-208 
designing, 105-119. 
equipment for, 2 39 4, 65-84 
filling with gas, 209-224 
glass bending, 120-155 

materials for, 28-64 

pumping, 156-194 

summary, 23-27 
phos- Converters, rotary, 82-83, 240-242 

Copper, sign enclosures of, 343 

INDEX 

Corks for tubing, 121-122 

Corning code for glass, 52-53 

Corning Glass Works Bulletin, ex- 

cerpt on glass, 49-51 _ 

Corona discharge, 69, 227, 240 

Corrosion, 262 

Costs, of original sign, 117, 119 

of repair, 278 

Crating of signs, 243-244 

Cross-fire burners, 126-128, 148 

Crossovers, blacking out Oly 220= 

228 | 

Current, alternating vs. direct, 2 

for bombarding, 196-198, 204— 

205 

for fluorescent lamps, 330-331, 

FO: 

and gas pressure, 14—19 

in luminous tubes, 11-15 

transformer requirements, 70-71, 

82-84 

D 

d-c reactors, 197-198 

deKhotinsky joint, 213 

Design, of fluorescent lighting in- 

stallations, 316-338 

of signs, 105-119 

Diffusion pumps, 171-177 

Dirt, effect on light output of 

lamps, 323-324, 334-336 

as radio interference cause, 263 

Display signs, 93 

Dumet wire, 22, 41 

Dust, effect on light output of 

- lamps, 323-324, 334336 

E 

Earthquakes, sign construction to 

withstand, 370-371 

Eastman Kodak Laboratories, de- 

velopment of organic liquids, 

I? 

Electrical equipment for signs, 695— 

84 

American Standard Building 

Code requirements for, 377 

387 

Electrical equipment for signs, 

cables, 68—70 

designing of, 110-113, 115, Lh? 

filters for interference elimina- 

tion, 264—266 

installation of, 235-242 

insulators, 67—68 

listed, 65-66 

specifications for sample sign, 

115 

supports and mountings, 66—67 

switches, 245-256 

transformers, 70-84 

Underwriters’ Laboratories’ re- 

quirements for, 341-365 

Electrodes, 38-49, 290-296 , 

bushings for, 68, 231, 355-356 

caps and terminals for, 308—309 

cold-cathode vs. hot-cathode, 38—- 

39, 292-295 

for fluorescent tubes, 290-295 

functions of, 11-14, 19 

helium, 206 — 

hot-cathode, 38-39, 48-49, 290- 

203 ek 

housings for, 67-68, 231 

insulation of, 42-43, 47-48, 399—- 

O00 

lead-in wires to, 22, 41-42 

polarity of, 291 
preheat, 291-292 

replacement after sign installa- 

tion, 272 

requirements for, 39-41 

ring-seal, 295-296 

sealing to glass letters, 150-152 

seals for, 45-47 | 

shells for, 43—45 

Slimline, 291-292 : 

sputtering of, 19-21, 40-41, 44- 

45, 261 

tubulated, 295-296 

types of, 46 

voltage drop of, 40-41 

Electrons, ionization within tube, 

10-12 | 

Elevation posts, 67, 230, 234-235 
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INDEX 

Glass, Corning Glass Works Bulletin hot-cathode vs. — cold-cathode 
Helium, amount of, in air, 28 

By) characteristics of, 33-34 
Equipment, electrical, (see Electri- 

cal equipment for signs) 
ere value of phosphors, 59 
xpansion coefficient of gl 3° 50- ae glass; 50 

E-Z Read gauges, 180 

F 

Fahnestock clip, 308 
Filling of tubes, 209-224 

mercury insertion, 218—224 
pumping process, 214—215 

_Tare-gas containers, 209-212 
saree ce elimination, 

F ire-table equipment, 122—123 
Fixtures, fluorescent (see Lamps 

fluorescent ) ae 
Flashers, 245-256 

animation diagrams, 252—254 
filters for interference elimina- 

__ ton, 265-266 
high-voltage, rotating-gap, mo- 

tor-driven, 250-252 
interference with radio and tele- 

vision, 259, 264-266 
low-voltage, cam-type, motor- 

driven, 247—250 
primary vs. secondary, 245-246 

| repairs after sign installation, 274 
testing of, 271 | 
thermostatic switches, 246—247 
Underwriters’ Laboratories’ re- 

quirements for, 357—358 
Flasks for rare gas, 209-213 
Flickering, 238—239 
Fluorescent lamps (see Lamps, fluo- 

rescent ) 

Fluorescent lighting, 56-64, 281— 
338 

advantages of, 5-6, 282-283 
circuits for, 298—309 

coating of tubes for, 57—62 
colors produced by, 5, 62-63 

282-288, 325-326 
electrodes for, 290-295 
fixtures for, 319-321, 334-336 

. 281, 292-295, 298 
- illumination design, 316-338 
installations, plannin 

338 ae 
lamps, 5-6, 295-298, 309-315 
operating principles, 281-285 
Phosphor coatings for 

285-290 
rare gas for, 311-314 
Slimline lamp, 297—298 
tubing for, 56—64, 136, 325-398 

330-332 
ultraviolet light, convers; ; ersio 

58-59, 283-284 4 
Foot-candles, 316 
Form-1 signs, 363-364 
Freight Container Bureau. on sig ’ n 

packing, 242 

G 

Gases, for bombarding, 205-206 
illuminating, for glass-bendine 

use, 123-125, 132-133. 206 
rare (see Gases, rare) bi 
removal from tu 

156-193 * 
Gases, rare, 28-38 

argon, 28, 35-36, 311-312 
in atmosphere, 28 
characteristics of, 17, 28-29 
containers for, 165, 209-214 
filling into tubes, 209-214 
for fluorescent lamps, 311—314 
helium, 33-35 
krypton, 37, 311-312 

mixtures of, 17, 36-37 
neon, 30—33 

pressure in tubes, 14—15, 20, 109 
159-160, 260-261 

Gauges, gas-pressure, 160 

vacuum (see Vacuum gauges) 

Glass, annealing point, 50, 52—53, 

152-153 

bending, 120-155 

blowing, 120—121 

clear vs. colored, 54—56 

31629 

57-59, 

by, 

excerpt on, 49-51. 

cutting, 144-147 

expansion coefficient, 50-51,:53 

soft vs. hard, 51 

softening point, 52-53 

splicing, 147-149 

strain point, 52—54 

Underwriters’ Laboratories’ re- 

quirements for, 346-348 

Glass letters, 93-96, 226-228, 346— 

348 

Glad tubing 4one4, 120-195),825-- 

B32 

attachment to glass letters, 149- 

151 

breakage after sign installation, 

213 

colored, 325-326, 330 

designing of, 108-110, 325-326, 

329-332 : 

discoloration of, 154 

failures in, 269-271 

- for fluorescent lights, 56—64, w20, 

332 

replacement of, 271-272 

requirements for, 21-22 

sealing to pumping system, 190 

sizes of, 16, 110, 325 

supports for, 230 

(See also Glass) 

Glow discharge, 9-11, 259, 264 

Ground signs, definition of, 367 

height of, 380 

requirements for, 372-374, 377- 

378, 380 
Grounding of sign parts, 262-263, 

362—363 

H 

Halophosphates, 286 

Hanging of signs, 98-101, 267-269 

Health lamps, 288 : 

Heat-treatment of tubing (see Bom- 

barding ) 

electrodes for use with, 206 

uses of, 18, 35 

History of luminous tubes, 5, 6-8 

Hot-cathode electrodes, 38-39, 48- 

49, 281, 290-295 

Housings, for cold-cathode circuits, 

302-308 

for electrodes, 67-68, 231 

Hypervac 23 pump, 170-171 

Hyvac pumps, 170-171 

I 

Illuminating gas, use of, in bom- 

barding, 206 

Illumination, fluorescent (see Fluo- 

rescent lighting) 

Illumination design, 316-338 

coefficient of utilization, 318, 

391-323, 334-338 

electrical design, 326-328, 332- 

333 

example of, 328-333 

light fixtures, selection of; 334— 

336 

light requirements for given task, 

319-320 

lumen requirements, computation 

of, 324—325 

maintenance -: fabter,. (323-924; 

334—336 

reflection factors, 322-323 

room index, 321-323, 337-338 

transformer selection, 332—333 

tubing considerations, 325-327 . 

Impurities in tubes, effect of, 18-19 

removal of, by bombarding and 

pumping, 19, 29, 156-193, 

194-208, 309-311 

Incandescent lamps, compared with 

luminous-tube lamps, 4, 32-33, 

283 

Injectors, mercury, 220-222 

Insects as interference cause, 263 

Installation of signs, 229-244 

electrical considerations, 235-242 
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Installation of signs, hanging, 98, 
101, 267-269 

safety measures, 267—269 
shop vs. on-the-job assembly, 

229-230 
transformer installation, 231—238 
transformer loading, 238-240 
transportation problems, 242—244 

Insulation, of cables, 240 
of cold-cathode circuits, 304—306 
corona effect on, 69 
dielectric strength of insulators, 

364-365 ) 
of electrodes, 42-43, 47-48, 355— 

356 
of metalwork from ground, 262— 

263 | 

reasons for, 22—23 
of signs, Underwriters’ Labora- 

tories’ requirements for, 
342-365 

of transformers, 357 
of tube mountings, 67 
of tubing, 263, 355 

_ of wiring, 23, 349-354 
Insurance, liability, for sign erec- 

tion, 382-383 
Interference, “radio and television, 

257-266 
International pumps, 169 
Inverter transformers, 83-84 
Ionization process within luminous 

tubes, 10-11 
Ionization vacuum gauges, 183-184 

J 

Janssen, Pierre J. C., helium dis- 
covery, 34 

Joints, metal, requirements for, 
344—345 

K 

Kilovolt-amperes (kva), defined, 
PSG ET 

Kovar metal, 42, 47 
Krypton, amount of, in air, 28 

characteristics of, 37 

INDEX 
use of, in fluorescent lamps, 31 4_ 

312 : 
kva —_ (kilovolt-amperes ), define 

196 4 

L 

Lamps, fluorescent, 295-338 
circuits for, 298-309 
cold-cathode, 292-295, 298, 300 
effect of dust and dirt on light 

output, 323-324, 334 336 
fixtures for, 319-321, 334-336 
hot-cathode, 281, 290-292 
installation of, 316—338 
maintenance of, 323-324. 
preheat, 292, 296, 298-299 
production of, 309-315 
Slimline, 291-292, 297-298, 300 
(See also Fluorescent lighting ) 

Lamps, health, 288 

Lead glass, 51—52 
Lead-in wires, 22, 41-42 
Legibility of neon signs, 33-34 
Leigh, Douglas, signs by, 85, 254 
Letters, blocking out of crossovers, 
226-228 | 
glass, 137-147, 346-348 
insulation of adjacent, 263 
metal, 344 

plastic, 377-379 
size of, 110 
supports for, 347-348 
types of, 93—96 
Underwriters’ Laboratories’ re- 

quirements for, 346-348 
Licenses for sign erection, 379-380 
Lighting, fluorescent (see Fluores 

cent lighting) 
ultraviolet, 58-59, 283-288 

Lighting installation (see Illumina- 
tion design) 

Lightning, compared to luminous 
tubes, 9-10 7 | 

Lime glass, 51-52 
Linde; Karl, rare-gas extraction, 30 
Liquids in vacuums, 160 
Lumens, 316, 324—325 

391 

INDEX 

b] 

4 
cent vs. fluorescent light, 283 naa 

of phosphors, 288-289 p measurements __ with, 

: 1(58=1 59% inous-tube signs (see Signs) 177-179, 181- eee Nh advantages of, 4—6 in vacuum gauges, 
Luminous tubes, 188 

aging of, 224-226 

bombarding of, 194-208 

construction, summary of, 23-27 

esign of, i05—119 

aes equipment for, 65—84 

electrical principles of, 9-16 

electrodes for, 38-49 

Mercury traps, 150, 152, 220 

Mercury tubes, bombarding of, 206 

characteristics of, 218 

current flow through, 17-18 

darkening of, 45 

effect of cold weather on, 229 

‘ing with mercury, 218-224 

eee one oe Lae 37-38, 313-314 

Sas 28-38, 209-216 requirements for, 218 

seed tubi boi 49-64, 120-155, types of, 223° ie 

Bsn 
Metalwork, designing OF, 

hares 
grounding of, 262 : 

pein thed ee 229-244 
insulation i Aa 262-26 

mounting Ol, rs 
ey 

ee eee Sed eda adits for sample sign, 

pumping, 156-194 
- er 

rwriters’ Laboratories - 

suienieicieer ae 342-346 

rs, light, 316-31 | 

we een use, 42, 48, 263 

Micron, defined, 159 

Milliammeters, a-c, 270-271. 

Milliamperes, defined, les 

“mm He,” defined, 159 

Molecular pumps, 168, 170 . 

Molecules, behavior of, in luminous 

tubes, 10—11 

Moore, D. McFarlan, tubes, 6, 29 

Mounting of signs, 230-242 

border mountings, 234—235 

summary, 25-27 . 

transformer mountings, 234, 

237-240 

tube supports, 66-67, 230 ae 

Underwriters’ Laboratories re- 

quirements for, 346 

wiring, 235-237 

M 

McLeod gauge, 181-183 

Magnesium tungstate, 285 

Magnetic shunt, 72-13 meet 

Mainteance of fluorescent-lighting 

systems, 323-324 

Maintenance of signs, 267-278 

American Standard Building 

Code requirements for, 382— 

383 

of ground signs, 374 

guarantees, 275-276 

liability insurance, 382-383 

_record cards, 277-278 

| repair costs,. estimating of, 278 

service calls, causes of, 269-271 

service contracts, 267-268 

summary, 27 

Manufacture of luminous tubes: (see 

Construction of luminous 

tubes ) 
ue 

Map-measuring wheel, 111 
, 

Marking of signs, 365 es See ues 

| —378 eon, 28, 1% 

ee ee 6 
Neon signs (see Signs) 

Megavac pumps, 
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Nickel cobalt, 287~288 
Nitrocellulose, 290 
Nitrogen, 28—29 
Noviol glass, 55, 286 
No. 20 gas mixture, 37 

3 3 3 

O 

Octoil, 172 

On-and-off flashers, 248 
_ Organic liquids, 172, 174-175 
Outdoor signs, 4—5, 86-91 
Oxygen, amount of, in air, 28 
Ozone, produced by corona dis- 

charge, 227 

Pp 

fas tubes for shipment, 

Paints, to block out letter connec- 
tions, 226—228 

low-resistance, 263 
reflection of light by, 322-323 

Patterns for sign making, 106—119 
Pedestal signs, 89-90 
Permits for sign a gn erection, 368, 379— 

Phosphors for fluorescent tubes. 57— 
62, 281-290 

“black light,” 287—288 
coatings of, 59-62 
colors produced by, 58, 285-287 
conversion of ultraviolet into vis- 

ible light, 58—59 
halophosphates, 286 
luminous efficiency of, 288—289 
operating life of, 284-285 
ee basic vs. preblend, 285— 

stability of, 289-290 
Photoelectric switches, 256 
eas gauges, 186-188, 311 

astics, combustib 
Wiancayeays Scan 

5 

| 
INDEx 

Insulation of Cable 
S, 

Polyethylene 

240 
Power factor of t 

79-82,118 
Preheat lamps, 291-292, 296-297 - 
Pressure, measurements of, 158-15 

relation to vacuums, 158-159 : 
within tubes, 14-15 99 

260-261 ‘Se 
Progressive housings, 302-303 
Projecting signs, definition of 367 design, 86-87, 99 
: requirements for, 375-376. 378 
umping systems, 156-193 
effect on tube life, 214-215 
exhaust time, 192-193 
functions of, 156—157 
hints on running of, 191-192 
leak testing, 188-190 
manifold system, 162—163 
plant layout, 160-162 
pressure considerations, 159-160 
requirements of, 157-158 
sealing of tubes to, 190-191 
stopcocks for, 164—165 
vacuum considerations, 158—159 
vacuum gauges, 177-188 

Pumps, 166-177 
diffusion-type, 171-177 
ie : a temperature on, 174— 

mechanical-type, 161-171 - 
operation rinci aus - ple, 166-167, 

pumping speeds, 171, 192-193 
vapor traps, 174-175 

ransformers, 75 
3 

109, 

Pyrex glass, bending of, 153-154 
in diffusion pumps, 176 
properties of, 52 
uses of, 47, 51 

R 

Radio interference of tubes, 257— 
266 . | 

Ramsay, Sir William, rare-gas -re- 
search, 29, 35 

—_ ( 3 ) 

INDEX 

Rayleigh, J. W. S., Baron, rare-gas 

research, 29 

Reactors for bombarding regula- 

tion, 197-198 

Readability of signs, 85 

Reflection of light, 322-323 

Rentschler, H., sputtering theory, JAC 

Repairs to signs, 271-274, 204 

Requirements for Electric Signs, 

Underwriters’ Laboratories’, 

341-365 

Ribbon burners, 128-129, 142-144 

Ring seals, 295-296 

Roof signs, definition of, 367 

design of, 88-89 

requirements for, 374-375, 378 

supports for, 99 | 

Rooms, lighting of, S197 918 321> 

323, 337-338 

Rotary converters, 82-83, 240-242 

Rotating high-voltage flashers, 250- 

251 : 

Royalux boxes, 302 

Ruby glass, 55-56 

Ss 

Sample signs, 106 

Seals, for electrodes, 45-47 

for tubes, 217 

Servicing of signs (see Mainte- 

nance of signs) 

Sheet steel, Underwriters’ Labora- 

tories’ requirements for, 342- 

346 

Shipping of signs, 242244 

Shop practices in sign making, 105— 

278 

aging of tubes, 224-226 

apparatus for, 23-24 

bombarding of tubes, 194-208 

designing, 105-119 

filling of tubes, 209-224 

glass bending, 120-155 

installation, 229-244 

maintenance, 267-278 

pumping of tubes, 156-193 

“Short-circuit condition,” 72 
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Shunt, magnetic, 72—73 

Signs, American Standard Building 

Code requirements for, 366—- 

383 

backgrounds of, 85-101 

costs, 116-117 

design of, 105-119, 380-382 

electrical equipment for, 65-84 

flashers for, 245—256 

hanging of, 98-101 

indoor, 91-93 

fastallation “of, 98-101, 229-244, 

— 267-269 

letters for, 93-96 

luminous tubes for, 9-84, 120- 

228 

Inaintenancell-of Cosy. 267-248; 

368-369, 374, 382-383 

metalwork for, 96-98, 110-111, 

LiF 

mounting of, 25-27, 230-242 

outdoor, 86—91 

radio and television interference 

by, 257—266 

spectacular, 85 

types of, 85-101 

Underwriters’ Laboratories’ re- 

quirements for, 341-365 

Silica glass, 53-54 

Silicone fluids, 173-174 

Skeleton signs, Classification of, 234 

connectors for, 233 

design of, 91—93 

mounting of, 232—234 

outline-type, 87—88 

Slimline lamps, 5, 291-292, 297- 

298, 300 

“Snow” on television screens, 259 

Soda-lime glass, 53-54 

Spacings, electrical, 360-362 

for fluorescent lights, 325-326, 

329 

Spark tests, 210-211 

Spectacular signs, 89, 254-255 

Speller-type signs, 948-250, 7295= 

254 

Splicing of glass, 147-149 

Sponge rubber, shipping use, 243 
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Sputtering, 19-21 
and cathode-voltage drop, 40 
causes of, 20, 261 
reduction methods, 21, 40-41, 

44—45 
Steel, American Standard Building 

Code requirements for, 371 
Underwriters’ Laboratories’ re- 

quirements for, 342-346 
Stopcocks, 164-165, 211-216 
Strontium sulfide, 288 
Sulfides, phosphorescent, 288 
Sun lamps, 288 
Sunlight, reproduction of, 5 
Supports for signs, 66-67, 99-101, 

230 

Swing signs, 86-87, 99 
Switches, magnetic, 198-199 

photoelectric, 256 
for sign animation, 245—256 

(See also Flashers) 

thermostatic, 246—247 

time, 255-256, 274 
Underwriters’ Laboratories’ re- 

quirements for, 357-358 

Ty 

Television interference, elimination 
of, 257-266 

Tests, coils for, 188-190, 210-211 
of gas bottles, 210-211 
of pumping systems, 188-190 
of sign failures after installation, 

270-271 
of transformer loadings, 238-240 
of tubes on manifold, 217 

Theater display signs, 90-92 
Thermocouple gauges, 184—186 
Thermostatic switches, 246—247 
360 BL phosphor, 287 

3605A radiation, 287 
Tie wire, 262-263 
Time switches, 255-256, 274 
Torches for glass bending, 129-131 
Torricelli, Evangelista; vacuum ex- 

periments, 158 

Transformers, 70-84 
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Transformers, for bombarding, 195_ 

196, 205 
choice of, for specific sign, 110- 

112115018. 2302045 
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converters for, 82-84 
failures in, after sign installatio 

— 270-271, 273-274 
for fluorescent lighting, 332-333 
grounding of, 259 
“high-leakage reactance” type, 12 
interference with radio and tele- 

vision, 259-262 
inverters, 83-84 
loading of, 76—77, 238-240, 260— 

262 
mounting of, 231-234 
power factor, 75, 79-82 
ratings of, 75—77 
regulation, good vs. poor, 71—72 
requirements for, 356-357, 361 
voltage considerations, 70-75 
water damage to, 231 

Transportation of signs, 242-244 
Tricalcium phosphate, 287 
Tube supports, 67, 230, 234-235 
Tubelite pumps, 169, 170 
Tubes, luminous (see Luminous 

tubes ) 
Tubing, glass (see Glass tubing ) 
Tubulated electrodes, 295 

n, 

U 

U gauges, 178-181 
Ultraviolet light in fluorescent tubes, 

58-59, 283-288 
Underwriters’ Laboratories, Inc., 

requirements for electric signs, 
341-365 

safety precautions evolved by, 23. 
68, 305 

Upright signs, 86-87, 99 

V 

Vacuum, liquids for, 160 
measurement of, 158-159, 177. 

188 

INDEX 

Vacuum, nature of, 158 

in tubes, 214-215, 310-311 

Vacuum gauges, 177-181 

butyl U, 179-181 
discharge, 185—186 

ionization, 183 

McLeod, 181-183 

millimeter and micron, 178 

Pirani, 186—188 
straight, 177-178 

thermocouple, 184—186 

U, 178-179 

- Vapor, compared with gas, 17 

given off in vacuum, 160 

Vapor traps for diffusion pumps, 

174 
Vestibule signs, 90 

Vinyl-polyethelene, 69 

Visibility of colors, 31—32 

Voltage, for bombarding, 196-198 

within luminous tubes, 11-15 

at sign location, testing of, 236 

Voltage drop of electrodes, 40—41, 

292-294 

Ww 

Wall signs, definition of, 367 

design of, 87-88 

requirements for, 375, 377-378 
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Walls, light reflection from, 317- 

324, 334-336 
nsmission as func- Weather, color tra 

tion of, 32 

effect. of, on mercury tubes, 18, 

224 7 ite 

sign construction to withstand, 

369-371 
signs which indicate, 254 

Wheel, map-measuring, 111 . 

Wind, sign construction to with- 

stand, 369-370 

Window border signs, design of, 

92-93 
mounting of, 233-235 i 

Wiring, copper, susceptibility to 

corrosion, 262 

diagram of sign layout, 113 

high-voltage, 235—236 

lead-in wires, 41—42 ae 

Underwriters’ Laboratories re- 

quirements for, 349-354 

Wood signs, 371 

xX 

Xenon, 28 

Z, 

Zinc phosphor powders, 285-288 
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