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DISCUSSION SHEET - FOLD AND PLACE WITH LESSON 9FR 

There are several places in this lesson where the material is presented in a way that is a decided de— 

parture from the conventional manner. For example, we teach you that electromagnetic induction from 

the primary to the secondary of a transformer is the result of changing flux linkages. While engineers 

have been talking in terms of flux linkages for years, writers of text books in general have stuck to 

the old manner of speaking and they talk about conductors cutting lines of force. 

Of course we mention this too, but the idea we want you to have after studying this lesson is that 

changes in flux linkages are responsible for all induced e.m.f.'s. This is all brought out clearly in 

Figs. 2, 5, 4 and 5. You will notice that we can change the flux linkages in several ways — by moving 

one of the coils within ‘the other, by moving the larger coil, or by causing the current flowing through 

one coil to change in magnitude. In any case, there is motion. 

Now refer to Fig. 4c. There should of course be a battery in the buzzer circuit. When the switch is 

closed the buzzer will alternately close and open the circuit and cause the flux about the larger coil 

to increase and decrease. As the flux moves up and down, its linkages with the smaller coil change and 

an alternating voltage is induced in the smaller coil. 

On page 4 there is a misprint. In the sixth line starting with the last word, change to "The second 

coil has 100 magnetic lines of force threading through it when maximum current flows in the first coil." 

On page 6 in the tenth line, we speak of the plate of a tube as a source of e.m.f. You will often see 

a vacuum tube referred to as a generator of e.m.f. and as the output of the tube is considered as the 

plate current, the meaning of the sentence will be perfectly clear. 

ia tno seventh, tine Or pace 7, change to “lines 1,°2, 5S and 4." Of course, "A" in the next line should 

be omitted. 

Near the bottom of the same page we talk about a complete magnetic circuit. Figure 6b will make clear 

what is meant. The iron core on which the windings are placed, is closed and the flux can flow right 

around it, just as current flows in a complete circuit. 

In the fourth line of page 9, the statement is made that "The power must be the same." This is true 

only if there are no losses present in the core. However, there are always some losses so that the 

output power is always less than the input power. The important thing is that it can't be greater. 

On the next page, change 100 in the third and fifth lines to 110 and in the fourth line change 11.5 

To vo.6 turns. 

The letter L in the fourth line of page 12 refers to the total inductance, including the inductance 

Ll, L2 and the mutual inductance. 

On page 15, cross out the whole third sentence under the illustration. 

In the eighth line from the bottom of page 19, the printer left out part of the sentence. It should 

read, "But capacitive reactance shifts phase in a direction opposite to the shift caused by inductive 

reactance." 

On page 24 you will notice the abbreviation p»pf used twice. This is the same as mfd. In your general 

reading you will find microfarad abbreviated both ways. On page 28, line fifteen, Fig. C refers to 

fie. 2c. | 

J. A. Dowie, Chief Instructor, 

National Radio Institute. 
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AMENDMENT - 2 
MIL-R-1149A 

| & | | AMENDMENT - 2 

Page 7: Add the following new paragraph: 
9 June 1961 

SUPERSEDING 

Amendment - l 
"4.4 The supplier is responsible for the perfermance of all inspection ae 1958 

ivla. y 

requirements as specified herein. Except as otherwise specified, the sup- 

plier may utilize his own or any other inspection facilities and services ac- MILITARY SPECIFICAT 
ceptable to the Government. Inspection records of the examination and tests i ION 

shall be kept complete and available to the Gover nr rt as specified in the | RUBBER SHEETS, STRIPS, AND GASKETS, 

contract or order. The Government reserves the right to perform any of the 
; 

inspections set forth in the specification where such inspections are deemed 
SOLID, SYNTHETIC, MEDIUM AND MEDIUM HARD 

necessary to assure supplies and services conform to prescribed require- 

ments." This amendment, which forms a part of Military Specification MIL-R- 

1149A, 9 April 1956, has been approved by the Department of Defense and is 

mandatory for use by the Departments of the Army, the Navy and the Air 

Force. | 

Custodians: Preparing activity: 

Army - CE Navy - Ships 

Navy - Ships | (Project 5330-0072) 

Page 3, paragraph 3.6.1: Delete and substitute: 

"3.6.1 The hardness of the synthetic rubber shall have indentation 

values within the following ranges. The approximate shore "'A'' durometer 

values are included for convenient reference. 

® & | Hardness, all classes. 

Ty pe I . | Typ <A Il 

Thickness oars : | : : ——_—___—_— 
inal S matt , , mate 

oS pram Indentation ROFS Indentation Shore: | 
| durometer | | durometer | 

Inch | Millimeters | Millimeters 

1/4 Po? si aes P50, 66° = 0,96 bose 
5/16 1.14 644° 4 .68- .98 | 61 - 72 
3/8 f16 = abe. 68 ai Genre 64 =e 
7/16 1.18 -1.48 | | 10 E000 60 eee 
ee et. 20 21, 50 | Meee 

Page 3, paragraph 3.6.2.4: Delete. 

Page 3, paragraph 4.1.2, line 2: Delete "inspection" and substitute 

"examination'’, 

Page 3, paragraph 4:1.2.1, first sentence: Delete and substitute: ''For 

the examination specified in-4.2.1, respresentative samples shall be selected 
from different portions of each lot in accordance with table II." 
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AMENDMENT - 2 

Page 4, paragraph 4.1.2.2, first sentence: Delete and substitute: ''For 

examination specified in 4.2.1, representative samples shallbe selected 

from different portions of each lot in accordance with table IV."' 

Page 4, paragraph 4.1.3.1, first sentence: Delete and substitute: ''For 

the tests specified in 4.2.2, four samples shall be selected from each lot." 

Page 4, paragraphs 4.1.3.1 and 4.1.3.2.2, second sentence: Delete 

"which, in the opinion of the Government inspector, are'’ and substitute "are 

considered"; 

Page 4, paragraph 4.1.3.2.2, lines 5 and 6: Delete ''the Government 

inspector shall select 4 samples" and substitute ''four samples shall be 

selected". 

Page 4, paragraph 4.1.3.2.3: Delete and substitute: 

''4,1,.3.2.3 Sampling for compression tests.- When the size and shape 

of the material in the lot are such as to make proper compression set deter- 

mination possible on samples selected in accordance with 4.1.2.2, four 

samples shall be selected from the lot for the test specified in 4.2.2.4. The 

samples shall be chosen from those of the rolls of gaskets selected in accord- 

ance with 4.1.2.2 which are considered the poorest of the lot. When proper 

compression set determinations on the material comprising the lot are impos- 

sible, the contractor shall furnish 3 special sample pieces approximately 4 

inches long by 1-1/2 inch in thickness. These sample pieces shall be identical 

in composition and equivalent in cure; and prepared at the same time from 

material used in the lot of finished strips and gaskets offered for delivery. At 

the discretion of the Government, the same sample or samples may be used 

for the compression tests as were used for the hardness tests (see 4.1.3.2,2 

and 402: 208). | 

Page 5, paragraph 4,1.4, first sentence: Delete and substitute ''From the 

first lot of material of each class and type offered for delivery under a con- 

tract or order, 4 samples 10-inches long, l-inch wide, or wider, and not less 

than 1/4-inch thick shall be selected for the tests of 4.2.3," 

Page 5, paragraph 4.1.4, third sentence: Delete "inspection and test at 

the place of manufacture" and substitute "examination and test", 

MIL-R-1149A 

AMENDMENT - 2 

Page 5, paragraphs 4. 2 and 4.2.1: Delete and substitute: 

't4 2 Examination and tests, - 

''4.2.] Examination.- Each of the samples selected in accordance with 

4,1,2 shall be subjected to surface examination for workmanship, dimensions, 

and tolerances. Minor surface defects not affecting the serviceability of the | 

material shall not be cause for rejection. Uf any one of the samples is found 

to be not in conformance with the requirements of 3.3, 3.4, and 3,5, the 

entire lot which it represents shall be rejected," 

Page 5, paragraph 4.2.2.1: Delete. 

Page 5, paragraph 4.2.2.5: Delete and substitute; 

"4.2.2.5 Rejection.- If any one of the samples representing a lotis 

found to be not in conformance with this specification, the entire lot shall be 

rejected." 

Page 6, paragraphs 4.2.3 through 4.2.3.3: Delete and substitute: 

"4 2.3 Production check test.- Each of the samples selected in accord- 

ance with 4. 1.4 shall be subjected individually to the flexibility, 

and specific gravity tests specified in 4.3.5, 4. 3. Gland 4, 3.7. 

extraction, 

"4.2.3.1 Action in case of failure.- Acceptance of the first lot offered 

for delivery shall be withheld pending receipt of a satisfactory test report on 

the samples representing the lot. Thenceforth, except as hereinaiter speci- 

fied, acceptance and rejection of lots shall normally be on the basis of the 

sampling, examination and tests of 4. l. 2, 4.1.3, 4.2.1 and 4.2.2, and ac- 

ceptance shall not be withheld pending receipt of test reports on production 

check test samples. upon receipt of an unsatisfactory report on 

any sample chosen for production check test, additional samples shall be 

selected from every subsequent lot of the same type, class and thickness of- 

fered for delivery. These samples shall be subjected to the tests wherein 

failure was observed. Lots shall then be accepted only upon receipt of a 

satisfactory test report on the samples so selected. This additional testing 

shall be discontinued and lot acceptance returned to the normal basis when 

four successive lots have been accepted." 

However, 

Page 6, 

"4,.3,2 Hardness test.— me hardness shall be determined by ee 3031 

of Test Method Std. No. 601. 

paragraph 4.3.2: Delete and substitute: 
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MILITARY SPECIFICATION 

RUBBER SHEETS, STRIPS, AND GASKETS; SOLID, 
SYNTHETIC, MEDIUM AND MEDIUM HARD > 

This specification has been approved by the Department of Defense and is man- 
datory for use by the Departments of the Army, the Navy, and the Air Force. 

1. SCOPE 

1.1 Scope.—tThis specification covers syn- 
thetic rubber compounds for medium and 
medium hard synthetic rubber gaskets ex- 
cept for hatches, airports, and watertight 
and airtight doors for shipboard use. 

1.2 Classification.—Synthetic rubber shall 
be of the following types and classes as speci- 
fied (see 6.1): 

Type I—Medium. 

Class 1—Compound utilizing polymer- 
ized chloroprene as the basic 
material. 

Class 2—Compound utilizing a copoly- 
mer product of butadiene and 
styrene as the basic material. 

Class 3—Compound utilizing a copoly- 
mer product of isobutylene 
and isoprene. 

Class 5—Compound utilizing a copoly- 
mer product of butadiene and 
acrylonitrile nitrile of the 
basic material. 

Type II—Medium Hard. 

Class 1—Compound utilizing polymer- 
ized chloroprene as the basic 
material. 

Class 2—-Compound utilizing a copoly- 
mer product of butadiene and 
styrene as the basic material. 

Class 3—Compound utilizing a copoly- 

mer product of isobutylene 

and isoprene. 

Class 5—Compound utilizing a copoly- 

mer product of butadiene and 

acrylonitrile nitrile of the 

basic material. 

2. APPLICABLE DOCUMENTS 

2.1 The following specifications and stand- 

ards, of the issue in effect on date of invita- 

tion for bids, forma part of this specification: 

SPECIFICATIONS 

FEDERAL 

. NN-B-591 —Boxes, Fiberboard, 
| Wood-Cleated (for 

Domestic Shipment). 

NN-—B-621 —Boxes, Wood, Nailed 

and Lock Corner. 

LLL—B-631 —Boxes; Fiber, Corru- 

gated (for Domestic 
Shipment). 

LLL-B-636 —Boxes, Fiber, Solid (for 

Domestic Shipment). 

PPP-B-601 —Boxes, Wood-Cleated- 

Plywood. 

PPP-B-585 —Boxes; Wood, Wire- 

bound. 

| FED. SUP. CLASS. | 
5330, 9320 
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MILITARY 

JAN-P-105 —Packaging and Packing 
for Overseas Ship- 
ment—Boxes; Wood 
Cleated ; Solid Fiber- 
board. 

MIL—-B-107 —Boxes, Wood, Wire- 
bound (Overseas 
Type). 

JAN-P-108 —Packaging and Packing 
for Overseas Ship- 

ment—Boxes, Fiber- 

board (V-Board and 

W-Board), Exterior 

and Interior. | 
MIL-—P-116  —Preservation, Methods 

of. 

MIL-I--10547 _Tiners) Case, Water- 
proof. 

STANDARDS 

FEDERAL 

FED. STD. No. 601—Rubber, Sampling. 

and Testing. 

MILITARY 

MIL-STD-129—Marking for Shipment 

and Storage. 

(Copies of specifications, standards, drawings, and 
publications required by contractors in connection 

with specific procmrement functions should be ob- 

tained from the procuring agency or as directed by 

the contracting officer.) 

2.2 Other publications.—The following 
document forms a part of this specification. 

Unless otherwise indicated the issue in effect 

on date of invitation for bids shall apply. 

CONSOLIDATED CLASSIFICATION COMMITTEE 

Consolidated Freight Classification 

Rules. 

(Application for copies should be addressed to the 

Consolidated Classification Committee, 202 Chicago 
Union Station, Chicago 6, Ill.) 

3. REQUIREMENTS 

3.1 Material.—The synthetic rubber ma- 

terial shall be as specified hereinafter. The 

material shall be free from all defects and 

imperfections that might affect the service- 

ability of the finished product. 

2 

3.2 Synthetic rubber shall be furnished in 
the form of sheets, strips, or cut or molded 
gaskets as specified (see 6.1). 

3.3 Sheet rubber.—Sheét rubber shall be 
of uniform thickness; shall have a smooth or 
fine fabric impression surface as specified 
(see 6.1); and shall be furnished in rolls 
36 inches +1 inch wide and within the 
thickness tolerances specified in 3.5. 

3.4 Gaskets.—When gaskets are required, 
they shall be molded, stamped, or cut from 
sheets or tubing, as specified (see 6.1); and 
Shall be of the shape and dimensions speci- 
fied in the contract or order and within the 
tolerances specified in 3.5. 

3.5 Tolerances.— 

3.9.1 Tolerances in width.—For strip syn- 
thetic rubber, unless otherwise specified in 
the contract or order, tolerances in width 
will be permitted as shown in table I. 

TABLE I.—Tolerance in width. 
snes 

nnSSnnaSncnseees 

Width ‘toler oe 
minus) 

Inches : Inch 

Less-than 4716 inen.,:-..).:..0005.00.005....., 0.010 
Over 1/16 to 1/8, inclusive.................... 1/64 

Over 1/8 to 1/2, inclusive..............00.00... 1/32 

Over 1/2. 101, inclusive: :.2-2.2.3..22...2..: 3/64 

3 CEE SR nh EST se see ae eS 1/16 

OL ic OBRELIN RE cS ae a 3 percent 

3.5.2 Tolerance in thickness.—For sheet, 

and strip synthetic rubber, tolerances in 
thickness will be permitted as shown in 
tabie IT. 

TABLE I].—Tolerance in thickness. 

Tolerance 
Thickness (plus or 

minus) 

Inch Inch 

Afee sD $0-4716.:... 38a 1/128 

Over 1/16 to 1/8, inclusive.................... 1/64 

Over 1/8 to 1/2, inclusive...................... 1/32 

Over 1/2 to 1, inclusive.......................... | 3/64 

We ann on ee es pe oe 1/16 

3.9.0 Tolerances for cut, molded and ex- 

truded parts.—Tolerances for cut, molded 

and extruded parts shall be as specified 
(see 6.1). 

a Ey 

3.6 Physical requirements.—The synthetic 

rubber shall conform to the following phy- 
sical requirements : 

3.6.1 Before aging.— 

Type I Type il 

Tensile strength minimum, 

pounds per square inch...... 1000 1000 

Ultimate elongation, mini- 
mum, percent: :2....2.55- 300 250 

Hardness, all classes 
Thickness, Type I Type Il 

nominal! Indentation, Approx. Indentation, Approx. 
minimum shore A minimum shore A 

ee Millimeters durometer Millimeters durometer 

1/4 1.12 . 06 0.66 70 

0/16 1.14 55D .68 69 

3/8 1.16 54° 68 69 

7/16 1.18 54 10 68 

iff 1.20 53 70 68 

3.6.2 After oven aging.—The synthetic 

rubber, after being subjected to the oven 

aging test specified in 4.3.4, shall meet the 
following requirements: 

3.6.2.1 Tensile strength.— The tensile 

strength shall be not less than 80 percent of 
the tensile strength of unaged specimens. | 

3.6.2.2 Elongation.—The ultimate elonga- 

tion shall be not less than 65 percent of the 

elongation of the unaged specimens. 

3.6.2.3 Compression set—The compres- 

sion set, determined by the method described 

in 4.3.3, shall be not more than 75 percent. 

3.6.2.4 Hardness.—The hardness deter- 

mined by the method specified in 4.3.2 shall 

be not less than 1.00 millimeter indentation 

(60 max. Shore A durometer) for type I and 

0.60 millimeter indentation (75 max. Shore 

A durometer) for type II. 

3.7 Flexibility (at minus 20° + 2°F.).—A 
strip of synthetic rubber, 1/4 inch thick by 

1 inch wide, shall require not more than the 

fcllowing loads to deflect the distances indi- 
cated from the horizontal, when subjected to 
the test specified in 4.3.5. 

Load required 
Deflection (in eparns). at . 
(in inches) minus 20° + 2°F, 

1 20 max. 

2 70 max. 

MIL—R-1149A 

3.8 Extraction in distilled water.—When 

tested as specified in 4.3.6, synthetic rubber 

shall show not more than 0.5 percent extrac- © 

tion by weight. 

3.9 Specific gravity.—The specific gravity 
of the rubber compound shal! be not greater 

than the following: 

Type I Type Ii 

Clang- Fusic5 coe ee 1.65 1.75 

Class 2:53.23. ..< 3 1.55 1.65 

Claes '9.. c.f 2) 1.55 1.63 

Class lS. tetaaieteew 1.55 1.65 

3.10 Workmanship.—The workmanship 

shall be first class in every respect. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Sampling.— 

4.1.1 Lot.—For purposes of sampling, a 

_lot shall be defined by the following condi- 

tions: 

(a) It shall consist of not more than 
2500 pounds of material of one 
type and class, produced in one 
plant under essentially the same 
conditions. 

(b) It-shall consist entirely of sheets or 
of strips 1-1/2 inches ‘vide or 

wider, or of strips less than 1-1/2 

inches wide, or of gaskets 1-1/2 

inches wide or wider, or of gas- 
kets less than 1-1/2 inches wide. 

(c) All material in the lot shall be of the 
same thickness. ; 

4.1.2 Sampling procedure for lot accept- 

ance inspection.— 

4.1.2.1 Sheets and strips 1-1/2 inches 

wide or wider, and gaskets 1-1/2 inches wide 

or wider.—For the inspection specified in 

4.2.1, the Government inspector shall select 

representative samples from different por- 
tions of each lot in accordance with table ITT. 

The samples from each lot shall be chosen so 

that a representative selection of sizes and 

shapes will be obtained. 
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TABLE III—Sheets and strips 1-1/2 inches wide or 

wider, and gaskets 1-1/2 inches wide or wider. 

Number of rolls of sheets or | 
strips or number of gaskets | Number of sample rolls or 

gaskets to be selected in the lot 

1-44 ! All 
12-50 | 11 

Over 50 | 14 

4.1.2.2 Strips less than 1-1/2 inches wide, 

and gaskets less than 1-1/2 inches wide.— 

For inspection specified in 4.2.1, the Govern- 

ment inspector shall select representative 

samples from different portions of each lot 

in accordance with table IV. The samples 

from each lot shall be chosen so that a rep- 
resentative selection of sizes and shapes will 

be obtained. | 

TABLE 1V—Strips less than 1-1/2 inches wide, and 

gaskets less than 1-1/2 inches wide. 

Number of rolls of strip or | Number of rolis or gaskets 
number of gaskets in lot to be selec ted 

1225: set ethey _ All 
OREO... | 22 

~ 51-100 27 
101-400 ae 

Over 400 aes 

4.1.3 Sampling procedure for lot accep- 

tance tests.— Tbe 

4.1.3.1 Sheets and strips 1-1/2 inches wide 

or wider, and gaskets 1-1/2 inches wide or 

wider.—For the tests specified in 4.2.2, the 

Government inspector shall select 4 samples 

from each lot. Each sample shall consist of a 

quantity of material sufficient to perform all 

tests specified in 4.2.2. The samples shail be 

chosen from those of the rolls or gaskets se- 

lected in accordance with 4.1.2.1 which, in 

the opinion of the Government inspector, are 

the poorest of the lot. Samples of sheets or 

strips shall each be of the size indicated in 

table V, and, if possible, ne two samples shall 

be selected from the same roll. 

TABLE V—Sheets and strips 1-1/2 inches wide or 
wider, and gaskets 1-1/2 inches wide or wider. 

| | Square feet 

Sheet Thicknesses less than 1/2 inch.... 1 

IThicknesses 1/4 up to 3/4 inch.. 1/2 

'Thicknesses 38/4 to 1-1/4 inches, | 

HA AROL ASI VE cots otf ch waster eA 1/4 
| | | Linear feet 

Strip — pul’ 

4.1.3.2 Strips less than 1-1/2 inches wide 

and gaskets less than 1-1/2 inches wide.— 

1.1.3.2.1 Sampling for tension and elonga- 
tion tests.—For the tests specified in 4.2.2.2, 
the contractor shall furnish 2 sample pieces 
6 inches long by 6 inches wide by 0.080 
+ 0.010 inch thick. These pieces shall be 
identical in composition and equivalent in 
cure; and prepared at the same time from 
material used in the lot of finished strips 
offered for delivery, 

4.1.3.2.2 Sampling for hardness tests.—. 
When the size and shape of the material in 
the lot are such as to make proper hardness 
determinations possible on samples selected 
in accordance with 4.1.2.2, the Government 
inspector shall select 4 samples from the lot 
for the test specified in 4.2.2.3. The samples 
shall be chosen from those of the rolls or 
gaskets selected in accordance with 4.1.2.2 
which, in the opinion of the Government in- 
Spector, are the poorest of the lot. When 
proper hardness determinations of the mate- 
rial comprising the lot are impossible, the 
contractor shall furnish 1 sample piece ap- 
proximately 4 inches long by 1-1/2 inches 
wide and 1/2 inch in thickness. This sample 
piece shall be identical in composition and 
equivalent in cure; and prepared at the same 

time from material used in the lot of finished 
strips offered for delivery. 

4.1.3.2.3 Sampling for compression tests. 

-—When the size and shape of the material in 

the lot are such as to make proper compres- 

sion set determination possible on samples 
selected in accordance with 4.1.2.2 the Gov- 

ernment inspector shall select 4 samples from 

the lot for the test specified in 4.2.2.4. The 

samples shall be chosen from those of the 

rolls or gaskets selected in accordance with 

4.1.2.2 which, in the opinion of the Govern- 
ment inspector, are the poorest of the lot. 

When proper compression set determinations 
on the material comprising the lot are impos- 

sible, the contractor shall furnish 3 special 

sample pieces approximately 4 inches long by 

1-1/2 inches wide and 1/2 inch in thickness. 

These sample pieces shall be identical in com- 

position and equivalent in cure; and prepared 

at the same time from material used in the lot 
of finished strips and gaskets offered for de- 

livery. At the discretion of the Government 
inspector, the same sample or samples may 

be used for the compressure tests as were 

used for the hardness tests (see 4.1.3.2.2 and 
4.2.2.3). 

4.1.4 Sampling for production check tests. 
—F rom the first lot of material of each class 
and type offered for delivery under a contract 

or order, the Government inspector shall 

select 4 samples 10 inches long, 1 inch wide, 

or wider, and not less than 1/4 inch thick for 
the tests of 4.2.3. If the sizes of materia] in 

the lot are too small to permit selection of 

samples from the lot, the contractor shall 

furnish 4 samples of the required size which 

shail be identical in composition and equiva- 
lent in cure with the packing or gaskets of 

the lot and to have been prepared at the same 

time as the lot from materials used in prep- 

aration of the lot. Thenceforth 4 such sam- 

ples shall be furnished for every 10 lots 
which have passed inspection and test at the 

place of manufacture. These samples shall be 
chosen so that a representative selection of 

sizes, shapes, and thicknesses will be obtained 
during the course of the contract or order. 

4.2 Inspection and -tests.— 

4.2.1 Lot acceptance inspection at place of 

manufacture.—Each of the samples selected 

in accordance with 4.1.2 shall be subjected by 

the Government inspector to surface inspec- 

tion for workmanship, dimensions, and toler- 

ances. Minor surface defects not affecting 
the serviceability of the material shall not be 

cause for rejection. If any one of the samples 

is found to be not in conformance with the 
requirements of 3.3, 3.4, and 3.5, the entire 

lot which it represents shall be rejected. A 

rejected lot may be resubmitted for Govern- 

ment inspection, but only after the manufac- 

turer, subsequent to the first Government in- 

spection, has inspected the lot 100 percent for 

the deficiency noted and has removed all non- 
conforming packing or gaskets. 

4.2.2 Lot acceptance tests.— 

4.2.2.1 Place of test.—Lot acceptance tests 
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shall be made at the place of manufacture if 
facilities are available. Otherwise, lot accept- 
ance tests shall be made at the Material 
Laboratory, New York Naval Shipyard, 
Naval Base Station, Brooklyn i, N. Y. 

: 4.2.2.2 Tensile strength and elongation.— 
The samples selected in accordance with 
4.1.3.1 or 4.1.3.2.1 (as applicable) shall be 
subjected to the following tests: 

(a) Initial tensile strength (see 4.3.1). 

(b>) Initial ultimate elongation (see 
4.3.1). 

(c) Tensile strength after oven aging 
(see 4.3.1 and 4.3.4). 

(d) Ultimate elongation after oven 
aging (see 4.3.1 and 4.3.4). 

Where 4 samples are chosen to represent a lot 
in accordance with 4.1.3.1 each of the 4 sam- 
ples shall be evaluated separately. 

4.2.2.3 Hardness test.—The hardness of 
the samples (or sample) selected in accord- 
ance with 4.1.3.1 or 4.1.3.2.2, as applicable, 
shall be determined by the method described 
in 4.3.2. Where 4 samples are selected to rep- 
resent a lot, the hardness of each of the 4 
samples shall be evaluated separately. 

4.2.2.4 Compression set.—The samples (or 
sample) selected in accordance with 4.1.3.1 
or 4.1.3.2.3, as applicable, shall be subjected 
to the test described in 4.3.3. Where 4 sam- 
ples are chosen to represent a lot, each of the 
4 samples shall be evaluated separately. The 
compression set value for each sample shall 
be the average of 2 determinations. | 

4.2.2.5 Rejection.—If any one of the sam- 
ples representing a lot is found to be not in 
conformance with this specification, the en- 
tire lot shallebe rejected. At the option of the 
manufacturer, a rejected lot may be recured 
or otherwise reworked to remove the defi- 
ciencies which caused rejection, and may then 
be resubmitted for Government inspection. 
In this case, the lot shall be resampled by the 
Government inspector in accordance with 
4.1.2 and 4.1.3 and shall be subjected to all 
inspection and tests specified in 4.2.1 and 
4.2.2.2 to 4.2.2.4, inclusive. 
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4.2.3 Production check tests.— 

4.2.3.1 Place of test—Production check 

tests shall be made at the Material Labora- 

tory, New York Naval Shipyard, Naval Base 

Station, Brooklyn 1, N. Y., and samples there- 

for shall be forwarded by the Government 

Inspector. 

4.2.3.2 Test procedure.—Each of the sam- 

ples selected in accordance with 4.1.4 shall be 

subjected individually to the flexibility, ex- 

traction, and specific gravity tests specified 

in 4.3.5, 4.3.6 and 4.3.7. 

4.2.3.3 Action in case of failure—Accept- 

ance of the first lot offered for delivery shall 

be withheld pending receipt of a satisfactory 

test report on the samples representing the 

lot. Thenceforth, except as hereinafter speci- 

fied, acceptance and rejection of lots shall 

normally be on the basis of the sampling, in- 

spection and tests of 4.1.2, 4.1.8, 4.2.1 and 

4.2.2, and acceptance shall not be withheld 

pending receipt of test reports on production 

check test samples. However, upon receipt of 

an unsatisfactory test report on a production — 

check test sample, the Government inspector 

shall select additional samples from every 

subsequent lot of the same type, class and 

thickness offered for delivery. The samples 

so selected shall be submitted to the Govern- 

ment laboratory, and shall there be subjected 

to the tests wherein failure occurred. Lots 

shall then be accepted only upon receipt of a 

satisfactory test report on the samples so 

selected. This additional testing shall be dis- 

continued and lot acceptance returned to. the 

normal basis of 4.1.2, 4.1.8, 4.2.1 and 4.2.2 

when 4 successive lots have been accepted. 

4.3 Method of tests.— 

4.3.1 Tension tests.—Methods of test and 

type III test specimens for tensile strength 

and elongation of methods 4111 and 4121 of 

Test Method Standard No. 601 shall be used. 

4.3.2. Hardness test.—The hardness shall 

be determined by methods 3021 and 3031 of 

Test Method Standard No. 601. 

4.3.3 Compression set.— 

4.3.3.1 Apparatus.—The compression de- 

vice shall consist of 2 or more flat steel plates 

between the parallel faces of which the speci- 

mens may be compressed. Steel spacers 0.150 

inch thick shall be placed on each side of the 

rubber specimens to control their thickness 

to a compression of 40 percent. Four bolts 

shall pass through holes at the corners of the 

plates for compressing and holding the speci- 

mens. 

4.3.3.2 Test specimens.—The test speci- 

mens shall be 1.129 inches in diameter by 

1/2 inch thick, cut and buffed to within a 

permissible variation of plus or minus 0.005 

inch in any dimension. 

4.3.3.3 Measurements.—The thickness, be- 

fore and after the compression-set test, shall 

be measured to the nearest 0.001 inch at the 

center of each specimen on a dial gage grad- 

uated in thousandths of an inch, having a 

spherical foot 1/4 inch in diameter, exerting 

a, total pressure of 3 ounces + 0.1 ounce. 

4.3.3.4 Procedure.—The test specimen, 

clamped to the specified 40 percent compres- 

sion, shall be subjected to the oven aging 

test at 158° + 2°F. specified in 4.3.4. 

4.3.3.5 Computation. — The compression 

set shall be computed in accordance with the 

following formula: 

tate ty 
Compression set (percent) = eee" x 100 

Where: ete 

t, =the original thickness of the test 

specimen. 

t, =the thickness of the test specimen 

80 minutes after removal from 

the clamp. 

t. = the thickness of the steel spacers. 

4.3.4. Aging test.—Specimens for tension, 

ultimate elongation, and compression set 

tests shall be given an accelerated aging test 

by subjecting them to dry circulating air at 

a temperature of 158° + 2°F. for 94 hours. 

Final determination of aged tension-test and 

ultimate elongation specimens shall be made 

not less than 20 hours after removal from 
the 

s 

oven. Tension and ultimate elongation tests 
on unaged specimens shall be made imme- 

diately prior to, and on the same machine as 

the tests on the aged specimens. 

4.3.5 Flexibility test.—The flexibility test 

shall be in accordance with method 5211 of 

Test Method Standard No. 601 except that 

each sample shail be tested at minus 20° 
+ 2°F. and no correction shall be made for 
specific gravity. 

4.3.6 Extraction in distilled water.—The 

percent extraction shall be determined by the 
method descrived in method 6621 of Test 
Method Standard No. 601 except that an 
electric hot plate shall not be used in the 

evaporation to dryness. 

! 4.3.7 Specific gravity.—The specific grav- 

ity shall be determined by method 14011 of 

Test Method Standard No. 601. 

5. PREPARATION FOR DELIVERY 

5.1 Packaging.— 

5.1.1 Level A.— 

5.1.1.1 Sheets and strips.—Rubber sheets 

and strips, in rolls, shall be wrapped in 30- 
pound minimum basis weight kraft. 

5.1.1.2 Sections. — Rubber sections and 
gaskets shall be individually wrapped or 
packaged in accordance with method III of 
Specification MIL—P-116. 

5.1.2 Level C.—The subject material shall 
be packaged in accordance with commercial 
practice. 

5.2 Packing.— 

5.2.1 Level A.—-The packaged sheets, 
strips, sections, and gaskets shall be packed 
in wood cleated fiberboard, cleated. plywood, 
nailed wood, wirebound or fiberboard boxes 
conforming to Specifications JAN-—P-103, 
PPP-B—601 (overseas type), MIL-B-107 
and JAN-P-108, respectively. The gross 

weight of wood or wood cleated boxes shall 
not exceed approximately 200 pounds; fiber- 

board boxes, 70 pounds. The boxes, -except 
those conforming to Specification JAN-—P- 
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108 and sealed as specified therein, shall be 
lined with sealed case liners conforming to 
Specification MIL—L-10547. 

5.2.2 Leve! £.— The packaged sheets, 
strips, sections and gaskets shall be satked 
in cleated fiberboard, cleated plywood, nailed 
wood, wirebound; corrugated or solid fiber- 
board boxes conforming to Specification NN— 
B-591, PPP-B-601 (domestic type) , NN—B-— 
621, PPP-—B-585 or the special requirements 
of Specifications LLL-~B-631 and LLL—B- 
636, respectively. The gross weight of wood 

or wood cleated boxes shall not exceed ap- 
proximately 200 pounds. 

5.2.3 Level C.—The material shall be 

packed to insure carrier acceptance and safe 

delivery to destination at the lowest applicable © 
rate. Containers shall comply with the Con- 

solidated Freight Classification Rules or 

other carrier regulations applicable to the 
mode of transportation. 

5.3 Marking.—-In addition to any special 
marking required in the contract or order, 

ee of the packages and shipping con- 
ainers shall be in accordance with Standard 
MIL-—STD-129. 

6. NOTES — 

6.1: Ordering data. — Procurement docu- 

ments should specify the following: 

(a) Title, number, and date of this speci- 
fication. 

(b) Type and class required (see 1.2). 

(c) Form of material required (see 3.2). 

(d) Finish required (see 3.3). 

(e) Dimensions required (see 3.3 and 

3.4). 

(f) Shape of gaskets required (see 3.4). 

(g) Tolerances required for cut, molded 

and extruded parts (see 3.5.3). 

(h) Whether the material shall be pack- 
aged in accordance with level A 
or C and packed in accordance 
tr level A, B, or C (see 5.1 and 
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6.2 Type I was formerly covered by Navy 
Specification 38Rih and Military Specifica- 
tion JAN—R-1149. 

Patent notice. When Government drawings, spec- 
ifications, or other data are used for any purpose 
other than in connection with a definitely related 

Government procurement operation, the United 

States Government thereby incurs no responsibility 
nor any obligation whatsoever; and the fact that the 

Government may have formulated, furnished, or in 
any way supplied the said drawings, specifications, 

or other data is not to be regarded by implication or 

otherwise as in any manner licensing the holder or 
any other person or corporation, or conveying an 

rights or permission to manufacture, use, or sell any 

patented invention that may in any way be related 

thereto. 

Custodians: 

Army——Corps of Engineers 

Navy—Bureau of Ships 

Other Interest: 

Army—-CQT 

Navy—AOry. 

G488933 
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MILITARY SPECIFICATION 

RUBBER SHEETS, STRIPS, AND GASKETS; SOLID, 
SYNTHETIC, MEDIUM AND MEDIUM HARD © 

This specification has been approved by the Department of Defense and is man- 
datory for use by the Departments of the Army, the Navy, and the Air Force. 

1. SCOPE 

1.1 Seope.—This specification covers syn- 
thetic rubber compounds for medium and 
medium hard synthetic rubber gaskets ex- 
cept for hatches, airports, and watertight 
and airtight doors for shipboard use. 

1.2 Classification.—Synthetic rubber shall 
be of the following types and classes as speci- 
fied (see 6.1): 

Type I—Medium. 

Class 1—Compound utilizing polymer- 
ized chloroprene as the basic 
material. : 

Class 2—Compound utilizing a copoly- 
mer product of butadiene and 
styrene as the basic material. 

Class 3—Compound utilizing a copoly- 
mer product of isobutylene 
and isoprene, 

Class 5—Compound utilizing a copoly- 
mer product of butadiene and 
acrylonitrile nitrile of the 
basic material. 

Type 1I—Medium Hard. 

Class 1—Compound utilizing polymer- 
ized chloroprene as the basic 
material. 

Class 2—Compound utilizing a copoly- 
mer product of butadiene and 
styrene as the basic material. 

Class 3—Compound utilizing a copoly- 

mer product of isobutylene 

and isoprene. 

Class 5—Compound utilizing a copoly- 

mer product of butadiene and 

acrylonitrile nitrile of the 

basic material. 

2. APPLICABLE DOCUMENTS 

2.1 The following specifications and stand- 

ards, of the issue in effect on date of invita- 

tion for bids, form a part of this specification : 

SPECIFICATIONS 

FEDERAL 

NN-B-591 #—Boxes, Fiberboard, 

Wood-Cleated (for 

Domestic Shipment). 

NN-—B-621 —Boxes, Wood, Nailed 

and Lock Corner. 

LLL—B-631 —Boxes; Fiber, Corru- 

gated (for Domestic 
Shipment). 

LLL—B-636 —Boxes, Fiber, Solid (for 

Domestic Shipment). 

PPP-B-601 —Boxes, Wood-Cleated- 
Plywood. | 

PPP-B-585 —Boxes; Wood, Wire- 

. bound. 

FED. SUP. CLASS. | 
5330, 9320 



MIL-B-1L6540A (Wep) he oS MIL-B-16540A (Wep) 

ee = 2 ay 18 6.2 Ordering data. - pr | 
; : ocurement : S PEEEEEEEEEEEEETETEEEEEEEEEREEEE EERE the following, nt documents should specify | Superseding 

MIL-E-16540 (BuOrd) 

17 August 1951 (a) Title, number and date of this specification. 
(b) The grade of phos Phor bronze required (see 1.2). | 
(c) Whether foundry control is required. (see 2 3.1) MILITARY SPECIFICATION 

(d) Whether nondestructive tests are required (see 
3. 35 2°and=as sean BRONZE, PHOSPHOR: CASTINGS 

(e) Whether pressure tests are required (see 3.4). 
(£) Pattern and drawing number. 
(g) Whether pattern is to be furnished. 
(h) Whether attached test coupons are required (see 

4.4.9, Joe | eis 
(i) Level of packing required (see 5.1). 
(j) Quantity of castings required. 

This specification has been approved by the 

Bureau of Naval Weapons, Department of the Navy 

1.1 Scope. - This specification covers phosphor bronze 

sand castings containing a controlled lead content. 

6.3 superseding data for Grade C castings. - Grade C cast- 

ings under MIL-B-16540 (BuOrd) which required castings to be | | 1-2 Classification. - Phosphor bronze castings covered 

made entirely of scrap should be procured under Federal Speci- | by this specification shall be of the following grades 
fication QQ-L-225, Composition No. 11. | At, (see 6.2): 

6.4 Radiographic standards for bronze castings are avail- 7 Grade A 
able at the Department of Commerce, Office of Technical Ser- & ) Grade B- 

vices. e : | | 

| 1.3 Condition. - Phosphor bronze castings shall be fur- 
6.5 The contractor may be required to replace castings in ee nished in the "as cast" condition. 

which injurious defects are revealed by manufacturing operat Sera : 

tions performed subsequent to acceptance, without expense tds. =... 2. APPLICABLE DOCUMENTS 
the Government. | ? 

2.1 The following specifications, standards and publica- 

Notice. - When Government drawings, specifications, or other | | tions, of the issue in effect on date of invitation for 

data are used for any purpose other than in connection with a he bids, form a part of this specification to the extent 
definitely related Government procurement operation, the | | specified herein: 
United States Government thereby incurs nso responsibility nor 
any obligation whatsoever; and the fact that the Government SPECIFICATIONS 
may have formulated, furnished, or in any way supplied the : 

said drawings, specifications, or other data is not to be re- FEDERAL 

garded by implication or otherwise as in any manner licensing PPP-B-535 - Boxes, Wood, Wirebound. 

the holder or any other person or corporation, or conveying | PPP-B-601 - Boxes, Wood, Cleated-Plywood. 
any rights or permission to manufacture, use, or sell any PPP-B-621 - Boxes, Wood, Nailed and Lock-Corner. 

patented invention that may in any way be related thereto. 3 | 
. MILITARY | ee 

MIL-C-132 - Crate, Wood, Open; Maximum Capacity 

2,500 Pounds. 

12 
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STANDARDS 

FEDERAL 

FED-STD-15l1 - Metals, Test Methods. 

MILITARY | 
MIL-STD-23 - Nondestructive Testing Symbols. 

MIL-STD-105 - Sampling Procedures and Tables for | 

Inspection by Attributes. 

MIL-STD-129 - Marking for Shipment and Storage. 

MIL-STD-271 - Nondestructive Testing Requirements for 

Metals. 3 

PUBLICATION 

BUREAU OF SHIPS 

NAVSHIPS-250-537-1 or 2 - Radiographic Standards for 

Bronze Castings. 

(Copies of specifications, standards, drawings, and publica- 

tions required by contractors in connection with specific pro- 

curement functions should be obtained from the procuring activi- | 

ty or as directed by the contracting officer.) © 

2.2 Other publications. =- The following document forms a 

part of this specification to the extent specified herein. Un- 

less otherwise indicated the issue in effect on date of invi- 

tation for bids shall apply. | 

OFFICIAL CLASSIFICATION COMMITTEE 

Uniform Freight Classification Rules 

(Application for copies should be addressed to the Official 

Classification Committee, 1 Park Avenue at 33rd Street, New 

York 16, N- Y.-) 

3. REQUIREMENTS 

3-1 Chemical requirements. - Castings shall conform to the 

chemical composition requirements of Table jy. 

MIL-B-16540A (Wep) (\ 

Table I. - Chemical requirements. 

Grade Copper Zinc Lead | Iron |Nickel | phorus 

Boe. (max. ){ (max. ) 

3.1-1 The contractor shall furnish an analysis of each melt 

of castings showing the percentage of each of the elements 

specified in Table I, and the percentage oi any other elements 

which have been intentionally added. 

7 
7-5-9.0 

3.2 Mechanical properties. - Mechanical properties of these 

castings, shall conform to those specified in Table II. 

Table II. - Mechanical properties. 

Elongation 

Tensile strength in 2 inches 

(min. ) : (min. ) 

Pounds per | Percent 

square inch 

35,000 : Ls 

30,000 : 12 

3.2.1 The physical properties of Grade E castings will not 

be determined unless the inspector has reason to doubt that 

castings are of a quality suitable for the BULPORE for which 

they. are intended. 

3.3 Production control and soundness. - 

3.3.1 Foundry control. - When specified (see 6.2), castings 

shall be produced under foundry control approved by the bureau 

or agency concerned. Foundry control shall consist of the 

examination of castings by radiographic or other methods 

specified by the bureau or agency concerned until the gating, 
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pouring and other foundry practices have been established to 
produce castings meeting the quality standards agreed upon 
by the bureau or agency concerned and the contractor. When 
the foundry practices have been so established, the Practices 
Shall not be changed without demonstrating to the satisfac- 
tion of the bureau or agency concerned that the change does 
not adversely affect the quality of the castings. _ 

3.3.2 Soundness. - When specified (see 6.2), the soundness 
of the castings shall meet standards agreed upon by the bu- 
reau or agency concerned and ‘the manufacturer. The areas of 
the castings subject to the soundness requirements shall be 
as specified (see 6.2) and the number and extent of spongi- 
ness, blowholes and other defects in such areas shall not be 
greater than indicated by the standard. | 

3.3.3 Nondestructive testing. - Radiographic and other 
nondestructive tests used for foundry control methods and 
determinations of soundness shall conform to Standard 
MIL-STD-271. Radiographic examination of castings will not 
be required unless specified in the contract or order (see 
6.2), on the drawings, or in the applicable specifications 

_listed in the contract or order. 

3.4 Pressure. - Castings shall meet such pressure reguire- 
mentS aS may be specified in the contract or order (see 6.2) 

3.5 Dimensions. - 

3.5.1 The responsibility for furnishing castings that can 
be laid out and machined to the finished dimensions, within 
the specified tolerances, as shown on the blueprints or 
drawings, and that will conform to such gages as may be 
specified in individual cases, shall rest with the contrac- 
tor. Sufficient stock shall be allowed for shrinkage and, 
where required, for finishing, but castings of excessive size 
Or weight shall not be furnished. 

.3.5.2 Cast-to-size parts shall conform to dimensions and 
tolerances specified, and shall not be warped or distorted in 
Such a manner as to adversely affect the appearance or ser- 
viceability. | 

3.6 Repairing of defective castings. - 

rd) & 
} 

| 

& 
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3-6 1. Castings shall not be welded, plugged, burned in 
or otherwise repaired without permission from the inspector. 
Such permission will be given only when the defects are small 
and do not adversely affect the strength, use, or machina- 
bility of the castings. 

3.6.2 Each repair shall be encircled with a ring of white 
paint prior to submission for inspection or shipment. 

3.7 Cleaning. - Castings shall be smooth and well cleaned 
before inspection by sand-blasting, tumbling, chipping, or 
other process approved by the inspector. 

3.3 Identification marking. - When castings are of suffi- 
cient size, each casting shall be marked with the following 
data: 

(a) Manufacturer's name or trade-mark. 

(b) Heat, melt or lot number. 

(c) Pattern or drawing number. 

3.5.1 When castings are so small that individual marking 
is impracticable, castings of the same lot or melt and pat- 
tern, Shall be wired together cr placed in a container, or 
otherwise segregated and a metal tag containing the data re- 
quired in 3. attached thereto. 

Ps Sed bing atnnb ine: - When impression stamping is 
used for identification marking, the markinaos sh21l be lo- 
cated in areas of low stress as referred to in the blueprint 
Or drawing. Markings should be in locations which will not 
be machined off. 

3.9 Workmanship. - Castings shall be free of injurious 

blowholes, porosity, hard spots, cracks, and other defects 

that may be detected by the inspector or are revealed by 

manufacturing operations subsequent to final acceptance 

Castings shall be of the highest grade of workmanship and 

Shall be of uniform quality and condition. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 The supplier is responsible for the pe r formance «6 f-aad.1 
inspection requirements as specified herein. Except as 

otherwise specified, the supplier may utilize his own or any 
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other inspection facilities and services acceptable to the | 

Governr -£. Inspection records of the examination and tests 

snall be kept complete and available to the Government as 

specified in the contract or order. The Government reserves 
the right to perform any of the inspections set forth in the 

specification where such inspections are deemed necessary to 

assure supplies and: services conform to prescribed require- 

ments. 

4.2 Lot. - A lot shall consist of ail tro castings of one 

grade of material produced from the same melt or the same 

pouring of a furnace, a crucible, or a iadie. When two or 

more furnace or crucible melts are used ~o cnarge a ladle fcr 

pouring, the castings produced therefrom shall comprise the 

lot for sampiing purposes. 

4.3 Inspection. - Acceptance inspecti.™ shall consist ot: 

(a) Visual examination 

(b) Acceptance tests 

4.4 Sampling. - 

4.4.1 Sampling for Visual examination. - A random sample 

of castings shall be selected from each lot in accordance 

with standard MIL-STD-105, Inspection Level III, Acceptable 

Quality Level (AQL) 1.5 percent defective, and shall be sur- 

face inspected under the surveillance of the Government in- 

spector to determine conformance with the cleaning and work- 

manship reguizements of this specification. Lots exceeding 

the allowable sample defective shall be rejected. 

4.4.2 Sampling for Acceptance testing. - 

4.4.2.1 Dimensional inspection. - A sampie shall be se- 

lected at random from each inspection lot in accordance with 

MIL-STD-105, Inspection Level I, Acceptable Quality Level 

(AOL) 4:0 percent defective, and inspected for dimensional re- 

quirements of this specification to show that they can ke 

properly machined to the required finished dimensions speci-— 

Fied. 
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4.4 2.2 Chemical analysis. - A sample for chemical analy- 
Sis shall be taxen from the first. and the last casting of each 
lot made from the same patterns. The sainple fcr analysis 

shall consist of not less than five (5) ounces of drillings 

taken from sound metal below the surface and shall be fine, 
clean, free from oil, dirt, grit, and foreign matter. 

4.4.2.3 Coupons for tension tests. - 

4.4.2.3.1 Separately cast cou test bars). - Unless 

otherwise specified, two separately cast test coupons shall be 

poured from each lot. One shall be cast at the beginning of 

pouring, and the other at the end of pouring the castings of 

a lot. The Government inspector shall witness the pouring of 

the test mold. Test coupons shall be cast in the form and 
dimensions illustrated by Figure 11, 12a or 12b of Method 

211.1 of FED. TEST METHOD STD. no. 151. Separately cast test 

coupons shall be drawn from the sand only in the presence of 

the Government inspector, who shall properiy mark the coupons 

for.identification. Unless specifically provided for in the 
contract or order, the Chilling of test coupons Shaii cause 

the rejection of the material which the coupons represent. 
The responsibility of furnishing sufficient test specimens 

shall rest with the contractor. 

4.4.2.3.2 Attached coupons. - When specified in the con- 

tract or order (see 6./2), or if the manufacturer desires and 

the procedure is Satisfactory to the Government inspector, 

test coupons shall be attached to the individual castings as 

follows: | 

(a) Each casting weighing 250 pounds or .more 

shall have at least one test coupon cast with it, and attached 

tne re to... 

. (ob) If the castings weigh less than 250 

pounds, at least one cast test coupon shall be attached to 

the Tigst and Last castings poured in each tot. 

4.4.2.3.3 Sample castings. - When the manufacturer so 

desires, a casting in the lot may be submitted as tne test 

coupon in lieu of test bars or attached cast coupons. 

4.4.2.4 Sampling for examination of packing and marning 

requirements. - Sample castings shall be selected at random 
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from each lot in accordance with MIL-STD-105, Inspection Level | | 
tit, Acceptable Quality Level (AQL) 2.5 percent defective, i 
and examined for conformance to (with) the requirements of 
SeCelorysS. 

aoa 2S 5 Sampling for non-destructive testing. - When a 
soundness requirement is specified, sampling shall be 
accomplished as specified by the bureau or agency concerned 
(see 6.2). 

4.5 Tests. - 

4,.5,1 Chemical analysis. - The samples, obtained in ac- 
cordance with paragraph 4.4.2,2, shall be analyzed by Method ~ 
1ill.-1 of FED. TEST METHOD STD. No. 151 for conformance with 
the chemical composition requirements for the specified grade 
of material. If a sample fails to conform to the require- 
ments of this specification the lot shall be rejected. 

4.5.2 Tension test. -— 

4.5.2.1 Preparation of tensile specimens. - Typ2 R1 ten- 

Sile specimens shali be prepared from test coupons obtained 

in accordance with paragraph 4.4.2.3, in conformance to 

Method 211.1] of PED]9eS7 sisTHoD STD. No. 151. 

4.5.2.2 Test Procedure. - Tension tests shall be performed 

in accordance with Method 211.1 of FED. TEST METHOD STD. Ko. 

151, for compliance with the mechanical property requirements 

of this specification. If any specimen, prepared from a cast 

test coupon, or a casting, fails to pess the test the casting 
or lot represented, shall be rejected except as provided in 

paragraph 4.5.2.3. 

4.5.2.3 Retests. - If any tensile specimen, tested under 

the provisions of 4.5.2.2, contains flaws which result in the 

failure of the specimen, an additional specimen from the same f 
melt (or from the same casting in the case of coupons at- | 
tached to castings weighing 250 pounds or more) may, at the 

discretion of the Government inspector, be selected to re- 

place the defective specimen with one provision. The nature 

of the flaw, or defect in the discarded specimen, shall be 

taken into consideration by the inspector before permitting a 

retest of the material. If additional test coupons are not 

@ vy 
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available, the replacement specimen may be taken from the 
body of a casting selected by the inspector from the Same 
Lot. 

4.5.2.4 Replacement of test specimens. - Test specimens 
may be discarded and replaced in accordance with the general 
section of Standard FED-STD-151. 

4.5.3 Radiographic examination. - When radiographic exami- 
nation is required (see 6.2), it shall be conducted in 
accordance with Standard MIL-STD-271, and the radiocraphic 
quality classification which is assigned in accordance with 
NAVSHIPS-250-537-1 or 2, shall be specified in the applica- 
ble specifications, contract or order, or drawings approved — 
by the bureau or agency concerned. 

4.5.3-1 The inspector may require radiographic examination 
of additional areas to investigate the extent of defects re- 
vealed by original radiographic examination, by surface in- 
spection, by machining, or by pressure or othe: tests. 

4.5.3.2 Marking of drawings. - When radiographic examina- 
tion is required, all drawings detailing radiographic exami- 
nation of castings shall be submitted to the contracting 
agency for approval. Contractors are required to submit 
drawings showing the proper radiographic markings, in accord- 
ance with Military Standard MIL-STD-23, including the extent, 
location, and classification assigned. Other pertinent in- 
formation, such as section thickness, design pressures and 

temperatures, should be included on the drawings submitted. 

The type or format of the drawings shall conform to the 

applicable specification or master drawing system as. speci- 
fied in the contract or order. 

3- PREPARATION FOR DELIVERY 

5-1 Packing. - 

5-1-1 All castings shall be separated by pattern when 
packed for shipment. Where practicable, shipping containers 
shall be of uniform size, minimum cube and weight and shall 
contain the identical number of castings of the same pattern. 
Containers shall be designed to fit the contents in a compact 
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manner. Castings shall be adequately blocked, braced, or 

otherwise secured to prevent their movement within the ship- 

ping containers. 

9-1-1-1 Finished or polished castings. - Finished or 

polished castings shall be so packed as to afford adequate 

protection to the finished surfaces. Where practicable, the 

castings shall be boxed. Large polished or finished cast- 

ings, when boxing is not practicable, shall have finished or 
polished surfaces protected with batten strips. 

5-1-1-2 Rough castings. - Unless otherwise specified in 

the contract or order rough castings not susceptible to dam- 

age in Shipment may be shipped unpacked or bundled. 

5-1-1-3 Castings having projections. - Castings having 

projections that may be -damaged in handling or transit shall 
be boxed or crated or the projections adequately protected by 
wood batten strips. 

5.1.2 Level A. - 

5.1.2.1 Small castings weighing up to 250 pounds each 
shall be packed in wood cleated plywood (overseas type), 

nailed wood (class 2) wirebound wood (style 3 for type 2 

load) boxes or open crates conforming to Specification 

PPP-B-601, PPP-B-621, PPP-B-535 and MIL-C-132, respectively 

at the option of the contractor. Finished or polished cast- 

ings shall be adequately protected from mechanical damage. 

Box closures and strapping shall be as specified in. the 

applicable box specification or appendix thereto. 

5.1.2.2 Large rough castings weighing more than 250 pounds 

each require no packing except that, when specified for con- 

venience in handling due to size and shape, the items shall 

be secured on skids ox pallets. Large finished or polished 

castings having projections or surfaces that may be damaged 

shall be packed in crates conforming to Specification 

MIL-C-132 or secured by skids or pallets with the projec- 

tions adequately protected by wood batten strips. 

5.1.3 Level B. - 

5.1.3.1 Castings shall be packed as specified for Level A, 
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except boxes shall be of the domestic type or class. 

5-1-4 Level C. - 

5.1.4.1 Castings shall be so prepared and Shipping con- 
tainers so constructed as to insure safe delivery by common 
or other carrier to the point of delivery at the lowest rate, 
and shall afford maximum protection from the normal hazards 

of transportation. Containers shall comply with the Uniform 

Freight Classification Rules or other carrier regulations 

applicable to the mode of transportatiou. 

5.2 Marking. - 

5.2.1 Unless otherwise specified in the contract or order, 

each bundle, shipping container, and unpacked casting shall 

be marked with the name of the material; pattern or mold num- 

ber as specified on the drawings; this specification number 

and grade; the gross weight and quantity; the name of the 

contractor, the number of the contract or order. 

5.2.2 In addition to the marking specified in 5.2.1 and 

special markings required in the contract or order, marking 

of the shipping containers shall be in accordance with 

Standard MIi.-STD-129. 

6. NOTES 

6-1 intended use. - 

6.1.1 Grade A bronze (1.2) is a leaded phosphor bronze or 

leaded gun metal which may be used for expansion joints, 

special pipe fittings, gears, valves, pump pistons and cast- 

ings, bushings, bearings, and similar applications requiring 

good strength and resistance to sea-water corrosion. 

6.1.2 Grade B bronze (1.2) is a leaded phosphor bronze of 

the same composition range as Grade A, however, mechanical 

property requirements are lower and raw material control 

need not be as precise as for Grade A. Grade F is intended 

for use where stresses are low and where structural strength 

is not required. 

11 
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6.2 Ordering data. - Procurement documents should specify 

the following: 

(a) Title, number and date of this specification. 

(b) The grade of phosphor bronze required (see 1.2). 

(c) Whether foundry control is required. (see 3 3.1) 

(ad) Whether nondestructive tests are required (see 

Bose ae os 34 3). 

(e) Whether pressure tests are required (see 3.4). 

(£) Pattern and drawing number. 

(g) Whether pattern is to be furnished. 

(h) Whether attached test coupons are required (see 

Ag A232) | 

(i) Level of packing required (see 5.1). 

(j) Quantity of castings required. 

6.3 Superseding data for Grade C castings. - Grade C eact- 

ings under MIL-B-16540 (BuOrd) which required castings to be 

made entirely of scrap should be procured under Federal Speci- 

fication QQ-L-225, Composition No. ll. | 

6.4 Radiographic standards for bronze castings are avail- 

able at the Department of Commerce, Office of Technical Ser- 

vices. 

6.5 The contractor may be required to replace castings in 

which injurious defects are revealed by manufacturing operaz 

tions performed subsequent to acceptance, without expense tones 

the Government. 

Notice. - When Government drawings, specifications, or other 

data are used for any purpose other than in connection with a 

definitely related Government procurement operation, the 

United States Government thereby incurs no responsibility nor 

any obligation whatsoever; and the fact that the Government 

may have formulated, furnished, or in any way supplied the 

said drawings, specifications, or other data is: not: to: be ,eEe= 

garded by implication or otherwise as in any manner licensing 

the holder or any other person or corporation, or conveying 

any rights or permission to manufacture, use, or sell any 

patented invention that may in any way be related thereto- 

MIL-B-16540A (Wep) 

24 May 1961 

Superseding 

MIL-E-16540 (BuOrd) 

17 August 1951 

MILITARY SPECIFICATION 

BRONZE, PHOSPHOR: CASTINGS 

This specification has been approved by the 

Bureau of Naval Weapons, Department of the Navy 

te  .SCOPE 

1-1 Scope. - This specification covers phosphor bronze 

sand castings containing a controlled lead content. 

1.2 Classification. - Phosphor bronze castings covered 

by this specification shall he of the following grades 

(see 6.2): 

Grade A 

Grade B 

1.3 Condition. - Phosphor bronze castings shall be fur- 

nished in the "as cast" condition. 

2. APPLICABLE DOCUMENTS 

2.1 The following specifications, standards and publica- 

tions, of the issue in effect on date of invitation for 
bids, form a part of this specification to the extent 

specified herein: 

SPECIFICATIONS 

FEDERAL 

PPP-B-535 Boxes, Wood, Wirebound. 

PPP-B-601 Boxes, Wood, Cleated-Plywood. 

PPP-B-621 Boxes, Wood, Nailed and Lock-Corner. 

MILITARY ied 
MIL-C-132 - Crate, Wood, Open; Maximum Capacity 

2,500 Pounds. : 
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SUPERSEDING 
Fed. Spec. QQ-N-30 
October 23, 1957 

(See section 6) 

FEDERAL SPECIFICATION 

BRASS, NAVAL: (FLAT PRODUCTS) PLATE, BAR, 

SHEET, AND STRIP 

This apecification was approved by the Commissioner, Federal Supply Serv- 
jee, General Servicer Administration, for the use of all Federal agencies. 

1. SCOPE AND CLASSIFICATION 

1.1 Scope. This specification covers leaded 

and nonleaded naval-brass flat products (bar,. 

plate, sheet, and strip) with slit, slit and 

edge-rolled, sheared, sawed, or machined 

edges. 

1.2 Classification. 

1.2.1 Compositions. The naval brass cov- 

ered by this specification shall be furnished 
in one of the compositions shown in table I, 

as specified (see 6.2). When the composition 
is not specified, composition 1 shall be fur- 
nished. 

1.2.2 Forms, and tempers. The naval 

brass covered by this specification shall be 
furnished in the following forms and tem- 

pers. as specified (see 6.2): 

Form Temper 

Plate, sheet, and Soft 

bar Half hard 

Strip Soft 

Half hard 

Hard 

When temper is not specified, plate, bar, 
sheet, and strip shall be furnished in the 
half hard temper. 

$70405/61/303 

2 APPLICABLE SPECIFICATIONS, 
STANDARDS, AND OTHER PUBLICA- 
TIONS 

2.1 Specifications and standards. The fol- 

lowing specifications and standards of the 
issues in effect on date of invitations for bids — 
form a part of this specification to the extent 
specified herein. 

Federal Standards: 

Fed. Std. No. 102—Preservation, Pack- 
aging, and Packing Levels. 

Fed. Std. No. 123—Marking for Domes- 
tic Shipment (Civilian Agencies), 

Fed. Std. No. 146—Tolerances for Cop- 

per and Copper Base Alloy Mill Prod- 
ucts. 

Fed. Test Method Std: No. 151—Metals: 
Test Methods. 

(Activities outside the Federal Government may 
obtain ¢ pies of Federal Specifications, Standards, 
and Handbooks as outlined under General Informa- 

tion in the Index of Federal Specifications, Stand- 
ards, and Handbooks and at the prices indicated 

in the Index. The Index, which includes cumulative 

monthly supplements as issued, is for sale on a sub- 

scsiption basis by the Superintendent of Documents, 

U. S. Government Printing Office, Washington 25, 
DGE 

(Single copies of this specification and other prod- 
uct specifications required by activities outside the 
Federal Government for bidding purposes are avail- 
able without charge at the Ceneral Services Admin- 

i 
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istration Regional Offices in Boston, New York, At- 
lanta, Chicago, Kansas. City, Mo., Dallas, Denver, 

San Francisco, Los Angeles, Seattle, and Washing- 

ton, D. C. 

(Federal Government activities may obtain copies 

of Federal Specifications, Standards, and Handbooks 

-and the Index of Federal Specifications, Standards, 

and Handbooks from established distribution points 

in their agencies.) 

Military Specifications: 

MIL—C-—003998 —- Copper and. Copper 

Base Alloy Mill Products; Prepara- 

tion for Shipment and Storage of. 

Military Standards: 

MIL—-STD-105 — Sampling: Procedures 

and Tables for Inspection. by Attri- 

butes. 

MIL-STD-129—Marking for Shipment 

and Storage. 

MIL—STD-185 — Continuous Identifica- 
tion Marking of Copper and Copper 

Base Alloys. 

(Copies of Military Specifications and Standards, 

required by contractors in connection with specific 

procurement functions should be obtained from. the 

procuring agency or. as directed by the contracting 

officer.) 

3. REQUIREMENTS 

81 Manufacture. The material shall be 

manufactured by such hot or cold working 

followed by such annealing, and straighten- 

ing as may be required to produce naval brass 

conforming to the requirements of this speci- 

fication. 

3.1.1 The material shall be furnished in 

flat, straight lengths unless material in rolls 

or on reels or bucks is specified in the con- 

tract or order. 

2.2 Chemical composition. 

22.1 The material shall conform to the 

chemical requirements specified in table I. 

3.2.2 Analysis shall be made regularly only 

for the elements specifically mentioned in 

table I. If, however, the presence of other 

2 

elements is suspected, or indicated in the 

course of routine analysis, further analysis 

shall be made to determine that the total of 

other elements is not in excess of the limits 

specified. 

3.3 Mechanical properties. The material 

shall conform to the mechanical properties 

shown in tables II, III, IV and V for the re- 

spective tempers. : 

3.3.1 Where material is required in special 
forms and tempers other than those specified 

in tables II, III, IV and V the material shall 

be defined and specified (see 6.2). 

3.4 Internal stresses. Unless otherwise 

specified in:the contract or order, naval brass, 

except material of soft (finished annealed) 

temper, shall withstand without cracking the 

mercurous. nitrate test (see 4.6.2.3). 

35 Heat treatment. Heat treatment, if 

any, shall be such as to obtain mechanical 

properties, structure and temper required by 

this specification. When specified (see 6.2), 

soft material shall be finish annealed whether 

previously: hot or cold rolled. 

3.6 Dimensional tolerances: The following 

paragraphs of Federal Standard No. 146 shall 

apply: 

Dimension Paragraph 

PMICKNOSE.: 1 ee ib(1) 

Vee 1b (2) 

Benothe 2... eee 1b(3), 1b(4) 

Stratehtneses. 2 ee 1b (5) 

37 Identification marking. Product iden- 

tification marking for the Air Force, Navy- 

Bureau of Naval Weps, and Army-Quarter- 

master Corps shall be in accordance with 

Military Standard MIL-STD-185. For the 

other Military agencies, such marking shail 

be when specified in the contract or order. 

3.8 Workmanship. Material shall be uni- 

form in quality and condition, clean, sound, 

smooth, and free from pipes, slivers, laps, 

cracks, twists, seams, scale, damaged ends 

or edges, buckles and other defects which, 

due to their nature, degree, or extent, detri- 

mentally affect the serviceability for the in- 

tended parts. When some characteristic of 

workmanship is especially important to the 

serviceability of the intended parts, this in- 

formation shall be included along with the 

character of the application of material in 

the ordering data (see 6.2). 

4. SAMPLING, INSPECTION, AND TEST 
PROCEDURES 

4.1 The supplier is responsible for the per- 

formance of all inspection requirements as 

specified herein. Except as otherwise speci- 

fied, the supplier may utilize his own or any 

other inspection facilities and services ac- 

ceptable to the Government. Inspection rec- 

ords of the examination and tests shall be 

kept complete and available to the Govern- 

ment as specified in the contract or order. 

The Government reserves the right to per- 

form any of the inspections set forth in the 

specification where such inspections are 

deemed necessary to assure supplies and serv- 

ices conform to the prescribed requirements. 

4.2 Lot. Unless otherwise specified in the 

contract or order, a lot shall consist of 10,000 

pounds, or fraction thereof, of material of 

the same composition, form, size, and temper, 

submitted for inspection at one time. | 

4.3 Sampling. Samples taken by the Gov- 

ernment inspector for purposes of the tests 

prescribed in this specification shall be se- 

lected in a manner as to represent correctly 

the material furnished and avoid needless 

destruction of finished material when sam- 

ples representative of the material are avail- 

able from other sources. 

4.3.1 Sampling for chemical analysis. 
The number of samples specified in table VI 

shall be selected from a different piece in 

each lot. From each sample, not less than 2 
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ounces of clean millings, drillings, or clip- 

pings shall be obtained, placed in separate 

containers, and forwarded to a laboratory 

designated by the procuring agency for 

analysis. 

4.3.2 Sampling for mechanical properties. 

4.3.2.1 Tension test. Unless otherwise 
specified in the contract or order, two ten- 

-gion-test specimens shall be taken from each 

lot and each shall be selected from a different 

piece unless the lot consists of one piece in 

which case one test specimen shall be suffi- 

cient. 

4.3.2.2 Mercurous-nitrate test. Unless 

otherwise specified in the contract or order, 

one mercurous-nitrate-test specimen shall be 

taken from each lot. 

4.3.3 Sampling for visual and dimensional 

examination. If the weight of each piece 

is more than 150 pounds, every piece shall be 

examined. If the weight of each piece is not 

over 150 pounds, the inspector shall select 
sample pieces as specified in 4.3.3.1 and 

4.3.3.2. 

4.3.3.1 Visual examination. From each 

lot of material composed of pieces weighing 

150 pounds or less, a representative sample 

of material shall be selected in accordance 

with table VII and shall be visually examined 

as specified in 4.4.2.1. 

4.3.3.2 Dimensional examination. From 

each lot of material composed of pieces 

weighing 150 pounds or less, a representative 

sample shall be selected in accordance with 

table VII and shall be measured as specified 

in 4.4.2.2. The samples selected for dimen- 

sional examination may be the same as those 

selected for visual examination. 

4.3.3.3 When material is furnished in rolls 
or on reels, or bucks, the sample for exam- 

ination shall be taken from within 10 feet 

of the outer end. 



0Q-B-—639 

4.4 Examination. 

4.4.1 Pieces weighing over 150 pounds. 

Kach piece in the lot shall be visually exam- 

ined to determine compliance with the re- 
quirements for identification marking (see 

5.7) and workmanship (see 3.8) and shall be 

measured for compliance with the dimen- 

sional requirements (see 3.6) of this specifi- 

cation. Straightness of each piece shall be 

determined as specified in 4.4.3. 

4.4.2 Pieces weighing 150 pounds and 

under. 

4.4.2.1 Visual. Hach sample unit selected 
in accordance with 4.3.3.1 shall be visually 

examined to determine compliance with the 

requirements for identification marking (see 

3.7) and workmanship (see 3.8). 

4.4.2.2 Dimensional. Each sample unit 

selected in accordance with 4.8.4.2 shall be 

measured to determine compliance with the 

dimensional requirements (see 3.6) of this 

specification. Straightness of each sample 

unit shall be determined as specified in 4.4.3. 

4.4.3 Straightness. Straightness shall be 

determined by placing the piece on a level 

surface so that the arc or departure from 

straightness is horizontal. The maximum 

depth of arc shall be measured to the nearest 

v,. inch by means of a straightedge and a 

steel scale. 

4.4.4 Preparation for shipment. Exam- 

ination of the packing and marking for ship- 

ment shall be made for conformance to the 

requirements of section 5. 

4.5 Tests. 

4.5.1 Test specimens. 

4.5.1.1 Tension-test specimens. Tension- 

test specimens for sheet and strip, and for 

bar and plate up to 3% inch, inclusive, in 

thickness, shall be machined to the form and 

4 : 

nn eee 

dimensions of type F2 of method 211 of Fed- 
eral Test Method Standard No. 151. Tension 
test specimens for bar and plate over 3% 
inch in thickness shall be machined to the 
form and dimensions of type F1 of method 
211 of Federal Test Method Standard No. 151 

or in full section. The longitudinal axis of the 
specimen shall be parallel to the direction of 

rolling or drawing. | 

ASA2 Mercurous-nitrate-test specimens. 

Where practicable, the test specimens shall 
be the full cross-section size of the material 
approximately 6 inches in length, but shall 

not exceed 12 inches in length or width. The 
sawed edges may be smoothed by machining 

or with a file, but the specimens shall receive 

no annealing, bending, springing, polishing, 

or other preparation preliminary to this test. 

4.5.2 Test procedures. 

4.5.2.1 Chemical analysis. The samples 

selected and forwarded in accordance with 

4.4.1 shall be analyzed by the wet chemical 

method in accordance with method 111 of 
Federal Test Method Standard No. 151 or 

spectrographic method in accordance with 

method 112 of Federal Test Method Stand- 
ard No. 151 to determine conformance with 

3.2. A single analysis of a composite sample 

may be made. In case of dispute, the analysis 

by the wet method (method 111) shall be the 

basis for acceptance. 

4.5.2.2 Tension tests. All tension tests 

shall be conducted in accordance with meth- 

od 211 of Federal Test Method Standard No. 

151. 

4.5.2.2.1 Yield strength. The yield strength 

shall be determined by the extension un- 

der load method in accordance with method 

211 of Federal Test Method Standard No. 

151. The limiting extension shall be 0.005 

inch per inch for all specified yield strength 

values. 

4.5.2.3 Mercurous-nitrate test. The mer- 

curous-nitrate test shall be conducted in ac- 

cordance with method 831 of Federal Test 

Method Standard No. 151. 

4.6 Rejection. 

4.6.1 Examination for defects. Any sample 

unit having one or more defects shall be re- 

jected. If the number of nonconforming sam- 

ple units in the sample exceeds the accept- 

ance number specified in table VII for that 

sample size, the entire lot shall be rejected. 

4.6.2 Test failures. A lot shall be rejected 

for failure to meet any of the test require- 

ments when tested in accordance with 4.5 

4.7 Retests. Retests shall be permitted in 

accordance with Federal Test Method Stand- 

ard No. 151. 

5. PREPARATION FOR DELIVERY 

5.1 Packing. (See 6.3.) 

5.1.1 Levels A and B. The material shall 

be packed in accordance with Military Spec- 

ification MIL—C—0039938. 

5.1.2 Level C. The products shall be sep- 
arated by size, composition and temper and 

packed in accordance with manufacturer’s 

standard practice into containers of the type 

and size commonly used for the purpose in 

such a manner as to ensure acceptance by 

carrier for transportation at the lowest rate 

applicable and to afford maximum protec- 

tion from normal hazards of transportation. 

5.1.3 Weight of shipping containers (Air 

Force only). For Air Force purposes, the 

gross weight of shipping containers when 

specified shall not exceed approximately 250 

pounds. 

5.2 Marking. (See 6.3.) 

5.2.1 Nonmilitary. Marking for shipment 
shall be as specified in Federal Standard No. 

128. | 
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0.2.2 Military. In addition to any special 

marking required in the contract or order 

(see 6.2), marking for shipment shall be in 

accordance with Military Standard MIL-— 

STD-129. | 

6. NOTES 

- 6.1 Intended use. 

6.1.1 Composition 1 possesses excellent hot 

working properties with fair machinability. 

It consists of both alpha and beta grains; is 

hot workable, but hardens rapidly on cold 

working. 

6.1.2 Composition 2 possesses good hot 

working properties and good machinability. 

It consists of both alpha and beta grains; is 

moderately hot workable but hardens rapidly 

on cold working. The material is intended for 

use when free machining is required. Com- 

position 2 is more machinable than composi- 

tion 1. 

6.1.3 Composition 8 possesses good hot 

working properties, and the machinability 

is better than composition 1 or 2. It consists 

of both alpha and beta grains; is moderately 

hot workable, but hardens rapidly on cold 

working. The material is intended for use 

when free machining is required and may be 

used for the following: 

Marine hardware 

Applieations where a corrosion-resisting 

material is needed. 

6.1.4 Composition 4 is cold workable and 

has the best resistance to corrosion by salt 

water of any of the compositions covered by 

this specification. It consists principally of 

alpha grains; has limited hot workability. It 

is intended for use when cold working, bend- 

ing, forming, or shapping is required. 

6.2 Ordering data. Purchasers should ex- 

ercise any desired options offered herein, and 

procurement documents should specify the 

following: 
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(a) Title, number, and date of this speci- 

fication. | 

(b) Composition, form, temper, and size 

of the material required (see 1.2). 

(c) Special forms and tempers required 

(see 8.3.1). 

(d) Whether finish annealing of soit ma- 

terial is required (see 3.5). 

(e) When some characteristic of work- 

: manship is important, the charac- 

teristic and the application of the 

material (see 8.8). 

(f) Lengths, whether specific or stock 

lengths with or without ends (see 

3.6). 

(g) When material is to be furnished in 

rolls, or on reels or bucks (see 

SB. L1E). 

(h) Procedure for resubmission of re- 

jected lots. 

(i) Whether material is to be packed by 

Level A, B, or C (see 5.1). 

(7) Maximum gross weight of containers 

with contents (see 5.1.1). 

(k) Special marking if required (see 5.2). 

6.3 The requirements for item identifica- 

tion marking (see 3.7) and for packing and 

marking for shipment (see 5.1 and 5.2) 

specified herein apply to direct shipment for 

Government activities; and apply also where 

specified in the contract or order to contracts 

or orders between the manufacturer and the 

Government prime contractor. 

6.4 Definition of forms. 

6.4.1 Bar. A bar (as covered by this spec- 

ification) is a solid rectangular section or one 

with two plane parallel surfaces and slit, 

sheared, sawed, or machined edges, up to 

and including 12 inches in width and over 

0.188 inches in thickness. 

6.4.2 Plate. A plate is a flat rolled prod- 

uct over 34, inch (0.188 inch) in thickness 

and over 12 inches in width. 

6 

6.4.3 Sheet. A sheet is a flat rolled prod- 
uct up to and including 0.188 inch in thick- 

ness and over 20 inches in width. 

6.4.4 Strip. A strip (as covered by this 
specification) is a flat product, other than flat 

wire, up to and including 0.188 inch in thick- 
ness, and furnished with slit, sheared, or sht 

and edge rolled edges in widths up to 20 

inches, inclusive. 

6.5 General information. 

6.5.1 The thickness of all flat products 

should be stated in decimals of an inch. 

6.5.2 Plate, sheet, and strip should be or- 

dered in as narrow widths as can be used. 

6.5.3 For purposes of weight calculations, 

the weight per cubic inch may be taken as 

0.304 pound. 

6.5.4 Where no description of the edge of 

plate, sheet, or strip is specified, the edges 

furnished will be the finish (slitting, shear- 

ing, sawing) most available to the producer 

and the greatest tolerances shown in Federal 

Standard No. 146 will be permitted. 

6.5.5 When material is ordered in the form 

of plate, bar, sheet, and strip, it should be 

understood that these terms refer merely to 

the general form and dimensions of the ma- 

terial, and do not have any technical signifi- 

cance as to the method of manufacture. 

6.5.6 Flat products in rolls are generally 

more economical than material of the same 

cross-section in straight or flat lengths. 

6.6 Superseding data. This specification 

supersedes Federal Specification QQ-N-30 

dated October 23, 1957 and covers the re- 

quirements of Military Specification MIL—B- 

994C (SHIPS) dated 12 June 1959 (in part). 

Compositions 1, 2, and 4 of this specification 

may be used in place of compositions A, B, 

and C of Military Specification MIL—B-994. 

=> = 

6.7 Federal Specifications do not include 

all types, classes, or grades, etc., of the com- 

modities indicated by the titles of the speci- 

fications, or which are commercially avail- 

able, but are intended to cover the types, etc., 

which are suitable for Federal Government 

requirements. 

6.8 Sheet and strip may also be furnished 

in longer commercial lengths in rolls or on 

reels or bucks. Plate or bar may be furnished 

in flat lengths or in rolls. 

6.9 Related specification. This specifica- 

tion covers naval brass flat products with slit, 

slit and edge rolled, sheared, sawed, or ma- 

chined edges. Federal Specification QQ-B- 

637. covers rod, bar, wire, shapes, forgings, 

and flat products with finished edges. 
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6.9.1 Extruded and forged bars will be cov- 

ered by a Federal Specification at a later 
date. 

6.10 Definitions of packaging and packing 

levels are contained in Federal Standard 

No. 102. 

Notice. — When Government drawings, speci- 

fications, or other data are used for any purpose 
other than in connection with a definitely related Gov- 
ernment procurement operation, the United States 

Government thereby incurs no responsibility nor any 

obligation whatsoever; and the fact that the Govern- 

ment may have formulated, furnished, or in any way 

supplied the said drawings, specifications, or other 

data, is not to be regarded, by implication or other- 

wise as in any manner licensing the holder or any 

other person or corporation, or conveying any rights 

or permission to manufacture, use, oF sell any 

patented invention that may in any way be related 

_ thereto. 

TABLE I.—Chemical composition 

Composition Copper Tin 

Percent Percent 

shea CM lel An REE Lee 59.0-62.0 0.60-1.0 

Re Yee te Md 59.0-62.0 60-1.0 

ns crete Sted mato ae 59.0-62.0 .50-1.0 

1Maximum. 

emcee ree 

Other ele- 

Lead Iron ments total] Zine 

: (max) (max) 

Percent Percent Percent | Percent 

19.20 0.10 0.10 Remainder 

0.4-1.0 10 16 Remainder 

1.3-2.2 | 10 10 Remainder 

19.20 | 10 10 Remainder 
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TABLE I].—Mechanical properties of naval brass, composition 1 only TABLE I1V.—Mechanical properties of naval brass, composition 3 

: Elongation : : : ; , Vield Elongation 

| Tensile Yield in f i ~ : Tensile i in four times 
| Form and temper Thickness ee acths ateahiork: Some [ Form and temper Thickness strength, strength, thickness 

| minimum minimum Se eaat ae eae eee minimum! 

Inches p.8.1. D.8.4. Percent Inches p.8.t p.8.i. Percent 

Bar and plate, soft 0.375 and less up to 30 inches Plate, bar, soft 0.375 and less, up to 30 in. 

| wide 52,000 20-000 5 wide 52,000 20,000 30 

0.3875 and less over 30 inches 
0.875 and less, over 30 in. 

wide 50,000 20,000 35 wide 50,000 20,000 35 

Over 0.375, all widths 50,000 20,000 35 | Over 0.375, all widths 50,000 20,000 35 

| 

Bar and plate,. half-hard 0.375 and less up to 80 inches Plate, bar, half-hard 0.375 and less, up to 30 in. 

0.375 and less over 30 inches ent and less, over 30 in. eter Bes ; 

wide 57,000 wide , 3 

Over 0.875, all widths me Seah + Over 0.375, all widths 54,000 25,000 30 

Sheet and strip soft All Siece 52,000 20,000 30 Sheet and strip, soft All sizes 52,000 20,000 30 

Sheet and strip half-hard All sizes 60,000 35,000 20 Sheet and strip, half-hard All sizes 60,000 35,000 20 

Strip, hard Aieives 65,000 50,000 10 Strip, hard All sizes 65,000 50,000 10 

1In any case, a minimum gage length of 1 inch shall be used. 1In any case, a minimum gage length of q inch shall be used. 

TABLE V.—Mechanical properties of naval TABLE VI.—Sampling for chemical analysis. 

brass, composition £0 
Pounds of material in lot Number of samples! 

Elonga- eee ded tools we oe 

TABLE II].—Mechanical properties of naval brass, composition 2 F ; Tensile Yield ee, Up 00 DUC. acacia soso 2 

Form and) Thick- | strength,| strength, pie 5,001 to,10,000 _-------.- 4 

| oe a minimum | minimum pie, aes ct Oe, i te ee a oe Fo 

Elongation pate 11f the number of original bars, billets k 
| Tensile Yield Siege minimum! : ie , Mei oe Mee 

Form and temper hi nace strength, strength, ae : from which the material is processed is less than 

oiknrniens miniment thickness, ——_—_——— — the number of samples specified, not more than one 
minimum} Pichés 0.8.4. pS. Percent sample need be taken from each piece. 

aa — iy ae 30 : : 
Faas pint | pad PINE Hue ee ee All sizes} 45,000 | 16,000 TABLE VII.—Sampling for visual and dimen- 

*s sion NAL ) pp = 
Bar and plate, soft 0.875 and less up to 30 inches hard All sizes; 54,000 25,000 20 varie iad 

wide 52,000 20,000 30 o er ne eae 
0.375 and less over 30 inches 1In any case, a minimum gage length of 1 inch a 

wide 50,000 20,000 35 shall be used. Number of Number of sample units 

Over 0.375, all widths 50,000 20,000 35 Fr pieces in lot required of 

Bar and plate, half-hard 0.375 and less up to 30 inches 60 aie esi ies 000 35,000 20 CUSTODIANS: Up to 180 ..-_| Inspection Level III—MIL-STD-105 

0.375 and less over 30 inches 57,000 22 000 30 Army-—Ord 181 to 500 —— Inspection Level II—_-MIL-ST D-105 

wide 54.000 25 000 30 Navy—Sh 501 and over _| Inspection Level I—-MIL-STD-105 
VU 9 

1In any case, a minimum 

Over 0.375, ail widths 

gage length of 1 inch shail-be used. 

Air Force—MOA. aan AN BG eek to 2 yy inpe eee 

yr U.S. GOVERNMENT PRINTING OFFICE: 1961 

Copies of this specification may be purchased for 10 cents each. 
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SUPERSEDING 
Fed. Spec. QQ—N—35 

October 23, 1957 

(See section 6) | 

FEDERAL SPECIFICATION 

BRASS, NAVAL: ROD, WIRE, SHAPES, FORGINGS, AND 
FLAT PRODUCTS WITH FINISHED EDGES 

(BAR, FLAT WIRE, AND STRIP) 
This specification was approved by the Commissioner, Federal Supply Serv- 
ice, General Services Administration, for the use of all Federal agencies. 

1. SCOPE AND CLASSIFICATION 

1.1 Scope. This specification covers leaded 
and nonleaded naval-brass rod, wire, shapes, 
forgings, and fiat products with finished edges 
(flat wire, strip, and bar). 

1.2 Classification. 

1.2.1 Compositions. The naval brass cov- 
ered by this specification shall be furnished 
in the compositions shown in table I. Unless 
otherwise specified in the contract or order, 
composition 1 shall be furnished. 

1.2.2 Forms and tempers. The naval brass 
covered by this specification shall be fur- 
nished in the following forms and tempers, 
as specified (see 6.2) : 

Form Temper 
Bar and rod As extruded 

Soft 
Cold-heading 
Half-hard or light 

annealed 
Hard 

570405/61/302 

Wire Soft 

Cold-heading 

Half-hard or light 

annealed 

Hard 

Strip and flat Soft 
wire Half-hard 

Hard 

Shapes As extruded 
Soft 
Drawn 

Forgings As forged 

When temper is not specified, rod, wire, and 
flat products (flat wire, strip, and bar) shall 
be furnished in the half-hard temper. Round 
rod over 14 inch in diameter may be fur- 
nished as standard shafting; round rod over 
1 inch in. diameter may be furnished for 
special shafting (see 6.2). Shafting is avail- 
able with or without piston finish (see 3.6). 

2. APPLICABLE SPECIFICATIONS, 
STANDARDS, AND OTHER PUBLICA- 
TIONS 

2.1 Specifications and standards. The fol- 
lowing specifications and standards of the 

1 

FSC 9525 

9530 
9535 
9540 
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3.2 Chemical composition. 
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3.0 Mechanical properties. The materiai 

shall conform to the me eer properties 

shown in tables Ii, ITI, and IV for the respec- 

tive conditions. 

3.4.1 Forgings shall conform to the mech- 
anznei- nt on en eg ree Sale ee Bs TE can TTT. 
anical properties shown in tabies Li and Iii 

% q = e 4.4 ” 7 q > vy sR > HOs5 he. unless other mechanical — are re- 
< , s po ee ANarriag 

quired in wnicn case the t req uired p p: roperties 

ll b iter 

3.3.2 Where material is required in special 

forms and tempers other than those specified 
in tables II and At - the ee shall be de- 

fined and specified (see 6.2). 

naval-brass 

products in tempers other than soft, as ex- 

truded, or cold heading shall withstand with- 

out cracking the mercurous nitrate test (see 

4.5.2.3). 

3.5 Heat treatment. Heat treatment, if 

any, shall be such as to obtain mechanical 

properties, structure, and temper required by 

this specification. When specified (see 6.2), 

soft material shall be finish annealed. 

3.6 Piston finish. When specified (see 

6.2), shafting shall be furnished with piston 

finish, a special surface produced by grinding. 

3.7 Dimensional tolerances. 

3.7.1 Forgings. When dimensional toler- 

ances are not included in the contract or 

order, open die forgings shall not vary from 

the specified dimensions by more than plus 
and minus 34. inch on smooth forgings, or 
plus and minus 1 inch on rough machined 

forgings. 

3.7.2 Other forms. Except where other- 

wise indicated, the following paragraphs of 

Federal Standard No. 146 shall apply: 

Form and Dimension Paragraph 

1. Flat products with finished 

edges (bar, flat wire, and 

strip): 

Thiekness::...i..o.. 2 eee 2a (1) 

WIGEH, ode weeaen eet teed 2a (2) 

TTS an) oe re eee re 2a (3) 

Schedule of lengths —__-_--- 2a (4) 

Straighiness s2£202.5ccc2LLe 2a (5) 

Standard edge contours ____2a (6) 

2. Bar and rod, as extruded: 

Diameter or thickness ____- 5a (1) 

Straightness and length ____5a (2) 

3. Rod, cold drawn: 

FR ONICISe Gol nen te oe lla (1)* 

1 FE | Se a OU A SS Se lla (2), 11a (3) 

Straightmess ......----_~- lla (4) 

4. Rod, hot rolled: 

Diemeter ek 13a (1) 

Length and straightness ___13a (2) 

5. Rod, piston finish: 

paameter ..- 2c 14a (1) 

Length _____- Tink Rte a Es 14a (2) 

straightness 2-222... l4a (3) - 
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6. Rod, shafting, standard: 

Diameter... -escuteoShedas 14b (1) 

Pt } ae a ee ore 14b (2) 

7. Rod, shafting, special: 

Diameter “2.25 20002..2. 14b (1) 

IONOUR ose aes 14b (2) 

8. Shapes, cold drawn: 

Schedule of lengths _______- 15a (1) 

Straighiness ....-6...5.- 15a (3) 

9. Shapes, as extruded _______-__ 16 

10. Wire: 

Diameter 2.222 ti 24a (1) 

* When hexagons are ordered for the manufacture 

of nuts and bolts, tolerances shall be all minus double 

the specified values. 

>This specification. 

3.1.2.1 Straightness of special shafting. 

When checked at the mill the permissible 
variations in straightness of rod for special 
shafting as determined by the departure 
from straightness (throw in one revolution), 

shall be shown in table V. All rod for special 
shafting shall be checked for straightness 

when supported on rollers at quarter points, 
and also on rollers at the ends of the rod 

in lengths as shown in table V. 

3o.4.2.1.1 Length of span. The maximum 

permissible length of span to be used to de- 
termine conformance with table V shall be 

as shown in table VI. 

3.8 Identification marking. Product iden- 

tification marking for the Air Force, Navy- 
Bureau of Naval Weapons, and Army- 

Quartermaster Corps shall be in accordance © 
with Military Standard MIL-STD-185. For 

the other Military agencies, such marking 

shall be when specified in the contract or 

order. 

3.9 Workmanship. Material shall be uni- 

form in quality and condition, clean, sound, 

smooth, and free from pipes, slivers, laps, 
cracks, twists, seams, scale, damaged ends or 

edges, buckles and other defects which, due 

to their nature, degree, or extent, detrimen- 

3 
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tally affect the serviceability for the intended 
pa ris. When some characteristic of work- 
menship is especially important to the serv- 
iceab sili ty of the i intended parts, this informa- 
tion shall be included along with the charac- 
ter of the appli cation of material in the or- 

AMP L LING, INSPECTION, AND TEST 

4.1 The supplier is responsible for the per- 
formance of all inspection requirements as 
specified herein. Except as otherwise speci- 
fied, the supplier may utilize his own or any 
other inspection facilities and services ac- 
ce ptable to the Government. Inspection rec- 
ords of the examination and tests shall be 
kept complete and available to the Govern- 
Hy ment as specified in the contract or ordex 
7 1e Government reserves the right to per 
torm eee of th ie ae tions set forth in th 

Su s al les and serv- re 

e d requirements. ces conform to prescribed 

a Lot. Unless otherwise specified ms shai 
ontract or order, a lot shail consist of 10.000 
pounds, or fraction thereof, of material im the 
same composition, form, size, and temper, 
submitted for inspection at wus time. 

4.3 Sampling. Samples taken by the Gov- 
ernment inspector for purposes of the tests 
prescribed in this specification shall be se- 
lected in a manner as to represent correctly 
the material furnished and avoid needless 
destruction of finished material when sam- 
ples representative of the material are avail: 
able from other sources. 

A oy 3 

4.3.1 Sampling for chemical analysts. The 
dairies of samples specified in table VII shall 
be selected from different pieces in each lot. 
From each sample, not less than 2 ounces of 
clean millings, drillings, or clippings shall be 
obtained, placed in separate containers, and 
forwarded to a laboratory designated by the 

procuring agency for analysis. 

4 6) Pe - x 4.3.2.1 Tension besoin ae otherwise 

ns e sel pete df from a different 
piece cole thie me vier of one piece WO in 

which case one test specimen shall be suf- 

4.3.2.2 Mercurous-nitrate test. Unless 
otherwise specified in the contract or order, 
one mercurous-nitrate-test specimen shall be 
taken from each lot. & 798 

4.3.3 Sampling for visual and dimensional 
bisaiccres- If the weight of each piece is 
more than 150 pounds, every piece shall be 
estiamniinial If the weight of each piece is not 

yer 150 pounds, the inspector s shall select 
pieces as specified in 4.3.3.1 and 

1] ee a 

dad o7) as “se 

‘ foal 

g | 

4.3.3.1 Visual examination. From each 
ot of material] composed of pieces weighing 
[50 pounds or less, a representative sample 
of material shall be selected in accordance 
with table VIII and shall be visually exam- 
ined as specified in 4.4.2.1. 

a & 

4.3.5.2 Dimensional examination. From 
each lot of material composed of pieces 
weighing 150 pounds or less, a representative 
sample shall be selected in accordance with 
table VIII and shall be measured as specified 
in 4.4.2.2. The samples selected for dimen- 
sional examination may be the same as those 
selected for visual examination. 

4.3.8.0 When material is. furnished in coils 

or rolls or on reels or bucks, the sample for 
examination shall be taken from within 10 
feet of the outer end. 

4.4 Kxamination. 

® 4.4.1 Pieces pia ei ings 150° A 

quirements for identification marking (see 

3.8) and workmanship (see 3.9) and shall be 
measured for compliance with the dimen- 
sional requirements (see 3.7) of this speci- 

fication. Straightness of each piece shall be 

determined as specified in 4.4.3. 

4.4.2 Pieces weighing 150 pounds and 
under. 

4.4.2.1 Visual. Each sample unit selected 

in accordance with 4.3.3.1 shall be visually 

examined to determine compliance with the 

requirements for identification marking (see 

3.8) and workmanship (see 3.9). 

4.4.2.2 Dimensional. Each sample unit 

selected in accordance with 4.3.3.2 shall be 
dimensionally examined to determine compli- 

ance with the dimensional requirements (see 

3.7) of this specification. Straightness of 
each sample unit shall be determined as 
specified in 4.4.3. 

4.4.3 Straightness. 

4.4.3.1 Strip, bar, shapes, and rod except 

for standard or special shafting. Straight- 

ness shall be determined by placing the piece 
on a level surface so that the arc or departure 
from straightness is horizontal. The maxi- 

mum depth of are shall be measured to the 

nearest 14. inch by means of a straight edge 

and a steel scale. 

4.4.3.2 Rod for standard shafting. The 

departure from straightness of rod for stand- 

ard shafting shall be determined in accord- 

ance with paragraph 14b(38). of Federal 
Standard No. 146. 

4.4.3.8 Rod for special shafting. Straight- 

ness of rod for special shafting shall be de- 

termined as specified in 4.4.3.2, except that 
(1) rod shall be supported as indicated in 

3.7.2.1 and (2) the deviation from straight- 

ness (throw in one revolution) shall be de- 

fined as the difference between the maximum 

and minimum reading of the dial indicator 

in one complete revolution of the rod. 
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4.4.4 Preparation for shipment. Exam- 
ination of the packing and marking for ship- 
ment shall be made for conformance with the 
requirements of section 5. 

4.5 Tests. 

4.5.1 Test specimens. 

4.5.1.1 Tension test specimens. 

4.5.1.1.1 Bar, rod, wire, and flat wire. 

4.5.1.1.1.1 Tension test specimens for bar, 
rod, wire, and flat wire shall be tested in full 
size when practicable and the elongation 
measured in a gage length of four times the 

diameter of round specimens and of four 

times the minimum distance across flats of 

specimens other than round except that the 

gage length shall be not less than 1 inch. 

When a machined specimen becomes neces- 

sary, enough metal may be removed from the 

gage section to meet the limitations of the 

testing machine, or the specimen may be ma- 

chined to the form and dimensions in accord- 
ance with type R1 of method 211 of Federal 
Test Method Standard No. 151. When a type 
R1 specimen is used, the elongation shall be 
measured in a gage length of 2 inches. 

4.5.1.1.1.2 For bar and rod up to 114 inches 
in diameter or minimum thickness the axis 

of the test specimen shall coincide with the 
central axis of the piece. For bar and rod 
114 inches and over in diameter or minimum 

thickness, when a machined specimen is used, 
the axis shall be located midway between the 

center and the surface of the piece. 

4.5.1.1.2 Strip. Tension test specimens 
for strip shall be machined to the form and 
dimensions of type F2 of method 211 of Fed- 
eral Test Method Standard No. 151. The 
longitudinal axis of the specimen shall be 

parallel to the direction of rolling or drawing. 

4.5.1.1.38 Forging and shapes. The ten- 

sion test specimen shall be as agreed upon 
in the contract or order (see 6.2). 
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4.5.1.2 Mercurous-nitrate-test specimens. 

Where practicable, the test specimens shall 

be the full cross-section size of the material 

approximately 6 inches in length, but shall 

not exceed 12 inches in lerigth or width. The 

sawed edges may be smoothed by machining 

or with a file, but the specimens shali receive 

no annealing, bending, springing, polishing, 

or other preparation preliminary to this test. 

4.5.2 Test procedures. 

4.5.2.1 Chemical analysis. The samples 

selected and forwarded in accordance ‘with 

4.2.2 shall be analyzed by the wet chemical 

method in accordance with method 111 of 

Federal Test Method Standard No. 151 or 

spectrographic method in accordance with 

method 112 of Federal Test Method Standard 

No. 151 to determine conformance with 3.2. 

A single analysis of a composite sample may 

be made. In case of dispute, the analysis by 

the wet method (method 111) shall be the 

basis for acceptance. 

4.5.2.2 Tension tests. All tension tests 

shall be conducted in accordance with method 

211 of Federal Test Method Standard No. 

151. 

4.5.2.2.1 Yield strength. The yield strength 

shall be determined by the extension under 

load method in accordance with method 

911 of Federal Test Method Standard No. 

151. The limiting extension shall be 0.005 

inch per inch for all specified yield-strength 

values. 

4.5.2.3 Mercurous-mirate test. The mer- 

curous-nitrate test shall be conducted in ac- 

cordance with method 831 of Federal Test 

Method Standard No. 151. 

4.6 Rejection. 

4.6.1 Examination for defects. Any sample 

unit having one or more defects shall be re- 

jected. If the number of nonconforming sam- 

ple units in the sample exceeds the accept- 

6 

ance number specified in table VIII for that 

sample size, the entire lot shall be rejected. 

4.6.2 Test failures. A lot shall be rejected 

for failure to meet any of the test require- 

ments when tested in accordance with 4.5. 

4.7 Retests. Retests shall be permitted in 

accordance with Federal Test Method Stand- 

ard No. 151. 

5. PREPARATION FOR DELIVERY 

5.1 Packing (see 6.3). 

5.1.1 Levels A and B. The material shall 

be packed in accordance with Military Speci- 

fication MIL—C—003998. 

5.1.2 Level C. The products shall be sepa- 

rated by size, composition, and temper and 

packed in accordance with manufacturer’s 

standard practice into containers of the type 

and size commonly used for the purpose in 
such a manner as to ensure acceptance by 

earrier for transportation at the lowest rate 
applicable and to afford maximum protection 
from normal hazards of transportation. 

5.2 Marking. 

5.2.1 Nonmilitary. Marking for shipment 

shall be as specified in Federal Standard No. 

123. as | 

5.2.2 Military. In-addition to any special 

marking required in the contract or order 

(see 6.2), marking for shipment shall be in 

accordance with Military Standard MIL- 

STD-129. 

6. NOTES 

6.1 Intended use. 

6.1.1 Composition 1 possesses excellent hot 

working properties with fair:machinability. 

It consists of both alpha-and beta:grains; is 

hot workable, but hardens rapidly on cold 

N 

& 

{| | 

working, and is intended for the following 

uses : 

Forgings 

Shafting—pump rods, propeller shafting 

Condenser bolts 

6.1.2 Composition 2 possesses good hot 

working properties and good machinability. 

It consists of both alpha and beta grains; is 

moderately hot workable but hardens rapidly 
on cold working. The material is intended for 

use when free machining is required and 

may be used for the following: Forgings, 

bolts, studs, nuts (machined), and turn- 

buckles. Composition 2 is more machinable 

than composition 1. 

6.1.3 Composition 3 possesses good hot 

working properties, and the machinability is 

better than composition 1 or 2. It consists of 

both alpha and beta grains; is moderately 

hot workable. but hardens rapidly on cold 
working. The material is intended for use 

when free machining is required and may be 

used for the following: 

Forgings. 
Bolts, studs, nuts (machined) 

Turnbuckles 

Marine hardware 

Applications where a corrosion resisting 

material is needed 

6.1.4 Compcsition 4 is cold workable and 
has the best resistance to corrosion by salt 

water of any of the compositions covered by 

this specification. It consists principally of 
alpha grains; has limited hot workability. It 

is intended for use when cold working, bend- 

ing, forming, or shaping is required and may 

be used for the following: 

Bars, rods and wire—small sizes less 

than approximately 2.5 inches in di- 

ameter or minimum thickness 

Bolts, cold headed or rolled thread 

Nuts made by the cold upset method 

6.1.5 Standard shafting as covered by this 

specification is suitable for most shafting ap- 
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plications and for applications other than 
shafting. Special shafting should be used 
only in limited propulsion shafting applica- 
tions. 

6.2 Ordering data. Purchasers should ex- 
ercise any desired options offered herein, and 

procurement documents should specify the 
following: : 

(a) Title, number, and date of this speci- 

fication. 

(6) Composition, form, temper, and size 

of the material required (see 1.2). 

(c) Special mechanical properties for 
forgings (see 3.3.1). 

(d) Special forms and tempers required 

(see 3.3.2). 

(e) Whether finish annealing of soft ma- 

terial is required (see 3.5). 

(f) When standard or special shafting is 

required. 

(g) Dimensions and tolerances for shapes 

and forgings (see 3.7). 

(h) When shafting should be furnished 

with piston finish (see 3.6). 

(2) When some characteristic of work- 

manship is important, the charac- 
teristic and the application of the 
material (see 3.9). 

(7) Lengths, whether specific or stock 

lengths with or without ends (see 

3.7). 

(k) Whether material is required in 

straight lengths, coils, rolls, or on 

reels or bucks (see 3.1). 

(1) Corners required, if other than square 

or rounded are desired (see 3.7). 

(m) When tolerances are required all plus 

or all minus (see 3.7). 

(n) Procedure for resubmission of re- 

jected lots. 

(o) Special test specimens for forgings 
and shapes. 

(p) When saddles are required for pack- 

ing shafting. 

(q) Whether material is to be packed by 
level A, B, or C (see 5.1). 
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(r) Maximum gross weight of containers 
with contents (see 5.1.1). 

(s) Special marking if required (see 52). 
(t) When desired, requirements for sur- 

face finish 

6.3 The requirements for item identifica- 
tion marking (see 3.8) and for packing and 
marking for shipment (see 5.1 and 5.2) 
specified herein apply to direct shipment for 
Government activities and apply also, where 
specified, to contracts or orders between the 
manuiacturer and the government prime 
contractor. 

6.4 Definition of forms. 

6.4.1 Bar. A bar is a solid rectangular 
Section, or one with plane parallel surfaces 
and round or other simple regularly shaped 
edges, up to and including 12 inches in width 
and over 0.188 inch in thickness. 

6.4.2 Rod. A rod is a round, hexagonal, 
or octagonal solid section furnished in 
straight lengths. 

6.4.3 Shape. A shape is a solid section 
other than rectangular, square, or standard 
rod and wire sections. Shapes include such 
forms as angles, channels, bars, and material 
in bar form with other than square corners, 
rounded corners, rounded edges, or full 
rounded edges. 

6.4.4 Flat. wire. Flat wire is a fiat prod- 
uct up to and including 0.188 inch in thick- 
ness and up to and including 114 inch width 
with all surfaces rolled or drawn without pre- 
vious slitting, shearing, or sawing. It may be 

furnisned in straight lengths, or on spools, 

reels, or bucks. 

6.4.5 Strip. A strip (as covered by this 

specification) is a flat product, other than 
flat wire, up to and including 0.188 inch in 
thickness and generally furnished with fin- 

ished drawn or rolled edges in widths over 

114 inch to 12 inch inclusive. 

8 

6.4.6 Wire. A solid section, other thar 
strip, furnished in coils, or on spools, reels, 
or bucks. 

6.5 General informati. =. 

6.5.1 The thickness of all flat products 
should bes « ted in decimals of an inch. 

6.5.2 Strip should be ordered in as narrow 
widths as can be used. 

6.5.3 For purposes of weight calculations, 
the weight per cubic inch may be taken as 
0.304 pound. 

6.5.4 Flat products in rolls are generally 
more economical than material of the same 

cross-section in straight or flat lengths. 

6.6 Superseding data. This specification 
supersedes Federal Specification QQ-—N-35 
dated October 23, 1957 and covers the re- 

quirements of Military Specification MIL—B- 

994C (Ships) dated June 12, 1959 (in part). 

Compositions 1, 2, and 4 of this specification 
may be used in place of compositions A, B, 

and © of MIL—B-994. 

6.7 Federal specifications do not include all 
types, classes, or grades, etc., of the com- 
modities indicated by the titles of the speci- 
fications, or which are commercially avail- 
able, but are intended to cover the types, etc., 
which are suitabie for Federal Government 
requirements. 

6.8 Flat wire and strip may also be fur- 
nished in longer commercial lengths as fol- 
lows, when specified. 

Flat wire—on spools, reels or bucks. 

Strip—on bucks or in rolls. 

6.9 Related specification. This specifica- 
tion covers naval brass rod, bar, wire, shapes, 
forgings, and flat products with finished 
edges. Federal Specification Q@Q—B—689 covers 
fiat products with slit, slit and edge rolled, 
sheared, sawed, or machined edges. 

.— 

6.10 The chemical composition and the 
mechanical properties of the composition cov- 
ered by this specification are similar to the 
chemical composition and mechanical prop- 
erties of the ASTM alloys as given below: 

Composition ASTM Alloy 

1 Alloy A, B21 

2 Alloy B, B21 

3 Alloy C, B21 

4 None 

6.11 Definitions of packaging and packing 

levels are contained in Federal Standard No. 

102. 
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Notice. — When Government drawings, speci- 

fications, or other data are used for any purpose 
other than in connection with a definitely related 
Government procurement operation, the United 
States Government thereby incurs no responsibility 
nor any obligation whatsoever; and the fact that the 

Government may have formulated, furnished, or in 
any way supplied the said drawings, specifications, 
or other data, is not to be regarded, by implication 
or otherwise as in any manner licensing the holder 
or any other person or corporation, or conveying any 

rights or permission to manufacture, use, or sell any 
patented invention that may in any way be related 
thereto. 
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TABLE I1.—Chemical composition 

Other | 

Iron elements 

Composition Copper Tin Lead (maximum) total Zine 

(maximum) 

Percent Percent Percent Percent Percent Percent 

59.0-62.0 0.5-1.0 19.20 0.10 0.10 Rem. 

59.0-62.0 0.5-1.0 0.4~-1.0 10 10 Rem. 

59.0-62.0 0.5—1.0 1.38-2.2 10 10 Rem. 

62.0-65.0 0.5-1.0 19.20 10 1d Rem. 

1 Maximum 

TABLE I1.—Mechanical properties of Naval brass composition 1 only 
0 ed 

- Blongation 

Size (diameter or distance Tensile Yield in four times 

Form and temper between parallel faces strength, strength, diameter or 

unless otherwise stated) | minimum minimum thickness! 

minimum 

ie ere 
cna oO — 

Inches p.8.4. p.8.t. Percent 

Bar, rod, and shapes, as 

extruded All sizes 52,000 20,000 30 

Bar, rod, and wire, soft 1.000 and under 54,000 20,000 30 

Over 1.000 to 2.000, inel. 52,000 20,000 30 

Over 2.000 50,000 20,000 30 

Bar, rod, and wire, half 
| 

hard or light annealed 0.500 and under 60,000 27,000 22 

Over 0.500 to 1.000, incl. 60,000 27,000 25 

Over 1.000 to 2.000, incl. 58,000 26,000 25 

Over 2.000 to 3.000, incl. 54,000 25,000 25 

Over 3.000 to 4.000, incl. 54,000 22,000 27 

- Over 4.000 54,000 22,000 30 

Bar, rod, and wire, hard 1.000 and under | 67,000 45,000 13 

Over 1.000 to 2.000, incl. 62,000 37,000 18 

Flat wire and strip, soft All sizes 52,000 20,000 30 

{ 

Flat wire and strip, half- | | 

hard All sizes 60,000 35,000 20 

Flat wire and strip, hard All sizes 65,000 50,000 10 

Forgings 4 pounds and less 52,000 22,000 30 

Over 4 pounds 50,600 20,000 30 

Shapes, soft All sizes 52,000 20,000 30 

Shapes, extruded and 

drawn? All sizes 58,000 25,000 20 

2 Shapes, extruded and 

40 

Cie be 
ee 

1In any case, 4 Minimum gage length of 1 inch shall be used. 

drawn, do not apply to hollow shapes or those of continuous periphery. 
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TABLE I1].—Mechanical properties of naval-brass compositions 2 and $ 

- 2 s s | = 

Size (diameter or Tensile Yield Elongation in four times 

Form and temper distance between strength, strength, diameter or thickness! 

parallel faces) minimum miNimum eee eee 
Comp. 2 |; Comp. 3 

Inches Bebe DB.%. Percent a Percent 

Bar, rod and shapes | | 

as extruded All sizes | 52,000 20,000 2° | 0 

Bar, rod, and wire, | 

sokt 1.000 and under $4,000 20,000 28 20 

Gver 1.000 to 2.000, 
| incl. 52,000 | 20,000 25 20 
| Over 2.000 50,000 | 20,000 . 20 

Bar, rod, and wire, | | 

half-hard or light 2 

annealed 1.500 and under | 60,000 | 27,000 | 18 | 18 
Over 1.000 to 2.000, | | | | 

| | incl. | 58,000 | 96,000 en 
| Over 2.000 to 3.000, | | 

incl. | 54,000 25,000 | 20 20 
Over 3.000 to 4.000, | | 

incl. | §4,000 22,000 | 20 | 20 

| Over 4.000 | 54,000 22,000 | 26 | 20 

Bar, rod, and wire, YS | 

hard 1,000 and under | 67,000 | 45,000 | 11 10 
: Over 1.000 to 2.600, | 

incl. | 62,000 37,000 15 13 
| Over 2.500 to 3.600, | | } 
| inel. | 54,000 -— 25,600 20 20 
| Over 3.500 : 54,000 23,000 25 20 

| 

Shanes, soft All sizes | 52,000 20,000 25 20 

Shapes, extruded and | 

drawn? All sizes | -§8,000 25,000 15 15 

Forgings | 4 pounds and less 52,000 | 22,000 | 25 20 
a Oe eee a ee. ee | | Bites ee ee 

1 In any case, a minimum gage length of 1 inch shall be used. 

2 Shapes, extruded and drawn, do not apply to hollow shapes or those of continuous periphery. 

il 
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TABLE IV.—Mechanical properties of naval brass composition 4 ® & Vi.—Maximum permissible length of |TABLE VII.—Sampling for chemical analysi 
span for the determination of  anladt eT OF: CROMMRLEE  COAEY ESS 

Elongation conformance with table V Pounds of ma 

Size (diameter or Tensile Yield in four times iets a ES - ag 

Form and temper distance between strength, strength, thickness or 
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Maintaining 

SCIENTIFIC TOLERANCES 
by INSPECTION 

By WILLIAM B. RICE 
DEPARTMENT OF STATISTICS AND REPORTS, PLOMB TOOL COMPANY, LOS ANGELES, CALIP. 

LLOWING in the footsteps of Shewhart @)," Simon 

(2), Wilks (3), and others, the author suggested in a recent 

article (4) that design tolerances for manufactured prod- 

ucts be determined from factual data, analyzed statistically as 

ay The characteristics required by users of the products. — 

) (The characteristics of the manufacturing process by which 

i oducts are made. . 

when it has been determined that the process is capable of 

producing, at a satisfactory cost, a product which meets con- 

sumer requirements, the next problem is how to hold the proc- 

ess at the desired level. This is basically an inspection prob- 
lem. . . 

| Before the manufacturer's inspection can succeed in main- 
| taining the charactcristics he wants in his product, three re- 
quirements must be met: 

1) -Th@ manufacturer needs to know that his process can be 
lipsnded ‘upon, that no unpredictable changes occur during 
production, that he is actually producing what he intends to 
produce. These requirements can be met only with a statis- 

|) tically controlled process, as evidenced by the use of quality- 
|) control charts (5). 
) 2 The manufacturer needs to know that his specifications 
| are practical and profitable, that they will mect consumer de- 
) mands at a profitto him. A method of meeting this require- 
_ Ment was suggested in the auchor’s previous article (4). 
| 3 The manufacturer needs to know that his inspection pro- 
| cedures are adequate, that from his inspection records he can 
)) draw sound and correct conclusions about that part of his prod- 
_ uct which he docs Not inspect, in order to be sure that the first 
and second requirements are being met. 

This third requirement is the subject of the present article. 

CONCEPTS INVOLVED 
Before proceeding with th, discussion it seems advisable to 

| | pi men 2 ag Concepts involved in setting toler- 
1 Recognition that all 

‘ bese be analyzed with things vary and that variability can 
“should therefore be Statistical techniques, Tolerances 
a ees rather than in absolut. #9 statistical terms, such as X 

Recognition thar ‘Mensions such as A, B. 
hich ys inchaae at #!, 20 tolerance limits can be sct 
: should be , Ms Picces Produced; that is, toler- 
Beas Thi Bes Probabilicy limits, not absolute 

aye the ®cTiOUsncss nr mits vary in strictness, de- 
a be nn Of tolerance work, that 

d | Sfeces Permitted for minor defects 7 A— 

ety i ae y 
specifications may be 

we Of # being different for each 
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type of defect; larger for. more serious than for less serious de- 

In the author's previous article (4), an illustration was given 
of the torque required for an open-end wrench; a “consumer 
tolerance of 1500 in-lb, a process capable of holding 2100 in- 
Ib and a design specification of 2000 in-lb, which the process 
was able to mect and which gave a 33'/, per cent margin of 
safety over the consumer requirement. 

How should inspection be set up so as to be sure that che 
wrenches produced are satisfactory? Several possible methods 
present | themselves. Torque tests could be made on every 
wrench, i.e., 100 per cent inspection; however, such inspection 
would be not only expensive but also inefficient because unneces- 
sary. With a 33'/; per cent margin Of safety, an occasional 
failure below the 2000-in-lb specification could be permitted. 

Alternatively, sample torque tests could be performed. As- 
suming lots of 5000 wrenches, with 0.5 per cent defective per- 
mitted, the sample would have to be about 1000 pieces out of 
each lot (6). Such an inspection plan would still be quite ex- 
pensive and would not give much information except to assure 
the desired quality level, 

Yet another method would be to apply destructive torque 
tests to a small sample from each lot of 5000 wrenches, the 
torque being increased until the wrench broke. In this case the 
sample would have to be quite small for reasons of economy, 
so small in fact that sound judgments about the remaining 
ears could not be made on the basis of the single small sample. 

CONTROL-CHART INSPECTION 

All the objectionable features of the methods just can be avoided, and practical certainty of 4 laa 
BRS opr had by sseneey the control-chart technique in somewhat the way use Lieut. Si Proving Ground (), y Licut. Col, Simon at the Aberdeen 

Five wrenches from each 1000 can be cested ; the readings recorded on control charts 3). Begecrectively and 

necd be nondestructively tes¢ Pecifica tions in order to assure selotcamien outgoing art a ' ; Control charts can simplify and weg Aa cedures in this way because, with a ““eantralled** manufacturer can be sure that his production meth ing out a product with consisteng isti 
only chance variations; he can be certain that no unexpected accidents are Producing erratic and un results. Therefore, with this confidence and 
revealed by his control ¢harts, he can safely 
check test at final inspection. 
The design specifications for this wrench should be so as to provide for the cprrect inspection procedure stance, the upper tolerance limit could be omitted, bur 
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( ous tol cratice a Jimit written in the form X — 3¢ > 2000 in- 

. The inspection specifications should call for control charts 
in approved form to insure meeting of specifications by the 

manufacturing process, -and a torque check test of, say, 50 

ieces out of each lot At final inspection to insure acceptable 
- outgoing quality. 

° AN ASSEMBLY PROBLEM 

A more complex situation arises when assemblies of two or 
more parts are involved, In the author's previous article (4), 
an illustration was giyen of an extension-and-socket assembly 

where the minimum cléarance between the parts was required 
to be 0.004 in. and the maximum clearance 0.015 in. After 
analysis of the manufaccuring process, design specifications were 
set up which called for female square (socket) tolerances of 
0.515-0.511 in. and male square (extension) tolerances of 0.507- 
0.502 in. va 

The purpose of thesé tolerances was to make sure that the 
mechanics who used the tools would get a clearance above the 
maximum or below the minimum only about one time in a 
thousand assemblies? In other words, these tolerances were 
not absolute limits irt the usual sense but probability limits. 
Totals of 3 per cent ovgrsize and 3 per cent undersize parts were 
permitted bythe spetifications on each component; a proba- 
ily of ts on the female and of 0.03 on the male becomes 
0.03 X 0.03 = 0.001 fér the two parts when assembled. 
The purpose of inspection here is not to assure a perfect prod- 

Aact, but to assure an acceptable product; in this case not more 
_ than 3 per cent too large and 3 per cent too small. Detail or 
100 per cent inspection is therefore not called for; some 
sampling scheme is taore appropriate. 

In deciding on the best sampling plan to use, two basic con- 
siderations should be kept in mind; (4) how to interpret the 
. quality requirements.implicit in the specifications; and (6) how 

to get the desired inspection results most economically. 
As to interpretatipn, does the 3 per cent limit mean that no 

single lot worse thaf 3 per cent will ever be accepted? Or that 
only one lot in ten (ot some other proportion) will be accepted 

, if worse than 3 per cent? Or does it mean that over a long pe- 
\, tiod of time the average quality must be not worse than 3 per 
ate | 

\In general, if the product is manufactured by a more or less 
cohtinuous process,’ the long-term average interpretation may 
be used. Assuming an average lot size of 5000, a process aver- 
age of.3.0 per cént and a desired long-term quality limit of 3 
per cenit, the Dodge-Romig tables? give the following sample 
sizes for most economical inspection cost: 

Taking)a single sample, inspect 210 pieces from each lot, 
allowing 10 or less defectives; detail all lots failing to pass the 
test. Taking a double sample, inspect 215 in the first sample, 
allowing 7 onless defectives; if more than 7 defectives are found in the first sample, inspect 390 more, allowing 27 defectives in 6: my) Pieces ispected. Detail all lots which fail the second 

ADic, 

oped other sohutions of this problem are possible, depending 
+ © assumptions made and the theoretical approach used, 
isi army if the Rrocess is known to be ina state of statistical 

» fhe sample size and the cost of inspection may be Freathy reducc 
i 

ee d. The Army Ordnance tables? recognize this 

% 

lf the ‘ety * fe sockets in this 7 
[ 

s illustration are manufactured by an inter- ft tener Proces h P ° , } $, the lot-by- : . 
‘ogy by-lor quality interpretation may be Or t ic r m ° . trop SSE Besa 4 this illustration the Dod ge- 

umon's | dee: pe vt other approaches are pos- amy ° ® \4) show. that the desired protection » Fables SA-3.0 and DA. rw jiStC, Afe Stated in the -- r iv ‘OT MALION a "he tables used "Y have nor beer 

’ 
. _ O. Certain Other assump- reference, which should E 

a + fee § 
. 

tw ate 

by the Ordna nce D Published for piers armen, U. §. 

can be obtained by accepting or rejecting on the basis of a 
sample size of approximately 130, allowing not more than one 
defect in the sample; only one lot.in 10 will then be accepted 
with a quality worse than 3 per ceiit. Almost the same solu- 
tion is offered by Working (7). : 

Neither of the interpretations so far discussed, nor any of the 
sampling plans proposed, are reasonable, however, because they 
set upper bounds of acceptability at the leyel of 3 per cent while 
by implication 3 per cent is expected to be'the “average’’ qual- 
ity produced by the process. That 3 per cent is the expected 
average quality is clear from the fact that the tolerance limits 

were set at X + 1.860. Ifthe frequency distributions were al- 
ways cxactly centered and exactly normal, exactly 3.14... per 
cent of the pieces would fall outside on each tail of the curve. 
But the ideal conditions would never be met exactly—merely 
approximated over a period of time. A petcentage of 3.14 
therefore should be considered an average result\rather than an 
extreme result. \ | 
The most satisfactory method of maintaining a desired average 

is by use of a control chart. Letting p be the process aver- 
age actually obtained in manufacturing operations, and let- 
ting p’ be the desired quality level, p should be equal\to or less 
than p’. | 

In order to select the sample size desired, a practical criterion 
is to inspect a large enough number of pieces so that at least one 
defective will be found 9 times out of 10 in a 3 per cent defective 
lot. Simon's 0.9 = Ig chart (2) can be used for this purpose, 
yielding 130 as the sample size. Control limits can then be set 
at 

fae wnt 
py me ro ee 

In the present sample, p’ = 3.0 per cent, N = 130, and the limits 
are7.5percentand OQ percent. As long as the per cent defective 
falls below 7.5 per cent with a sample of 130, the product can 
be considered as acceptable, that is, as conforming to specifica- 
tions. 

It may be convenient, if a constant sample of 130 Pieces is in- 
spected from every lot presented, to convert these percentages 
to p’n or acceptable number of defectives permitted in each 
sample. A percentage of 7.5 of 130 is 9.75, that is, the lot will 
be accepted if 9 or fewer defective pieces are found in the sample, 
rejected if 10 or more are found. In addition, a series of seven 
or more lots above the average 3 per cent level should be cause 
for suspicion that the process is not satisfactory; in this case 
p should be recalculated, and inspection tightened up. Ifatany 
time a point falls above the upper control limit of 7.5 per 
cent, detail inspection would be necessary and investigation 
should be undertaken at once to discover the cause of the bad 
work, | 

Since the lower limit is 0 per cent, no point can fall below it; 
but 7 or more consecutive points below the 3 pet cent average 
could be taken to mean a probable improvement in the process 
and would warrant reduced inspection. An investigation 
should be made to determine the cause of improvement, with the aim of incorporating it as a permanent manufacturing pro- cedure, 

| _ A further reduction in inspection should be permissible if 20 Or More successive points are in control. In that case the Ord- nance procedure could be followed. A sample size of 26 (one fifth as large as the regular sample) could be taken from each lot, provided (4) that the per cent defective in any reduced 
sample falls within control limits recalculated by the formula 

eS 8 | ge N.  » Where Nis 26; and (6) thatthe total num- 
ber of defectives in any five smal] samples shall meet the re- 
quirements for any one large sample. In the present illustra- . . ee 

q tion with p’ = 3.0 percent, not more than 2 defectives would be 

ee 
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any small sample of 26; and not more than a total 
é , aalkis as * 

.emitted 10 
; 

ee ssive small samples. 

Prg in any fi 
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ar out statistical approath to inspection problems. 
cate ¢ Ray 

be said as to standards, gages, personnel, and other 

f inspection, but these are less concerned with statis 

rics than with engineering, design, and organization. But 

che important matter of how much to inspect, statistical meth- 

ods offer almost the only scientific solution. e 

It has been impossible to mention many of the basic implica- 

tions of statistically designed inspection methods, i.c., ran- 

domness, consumer's risk, reliability, a priori and posterior 

probability, and others. ‘These are ably discussed in the vari- 

ous references, particularly by Dodge and Romig (6). Those 

who wish to pursue the subject further are advised to study the 

authorities carefully. 

more could 

aspects O 

STATISTICAL SPECIFICATIONS 

The application of control-chart inspection) ‘ro statistically 

determined process and design specifications 1s graphically illus- 

trated in Fig. 1. There a general grouping of all types ot de- 

fects for any manufacturing process is proposed, with statistical, 

that is, probability, definitions of the critical major and minor 

classifications. The suggested scheme ts outlined and illus- 
f 

trated as follows: | ! 

Based upon facts gathered and interpreted as proposed in the 

author's previous article (4), the engineering) department can 

set up scientific tolerances along the following lines: BS 

Let S represent the design tolerances, and P, the probability 

of a piece falling outside X + to 

-B 
> 
this becomes 

a 

ee 
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MECHANICAL ENGINEERING 

Then, having as prerequisites (4) a statistically controlled 

process, and (4) a normal frequency distribution: 

3 and P, = 0.003 approximately 

0.05 approximately 

0.33 approximately 

For a critical defect let t = 

For a major defect let t = 2 and P, = 

For a minor defect let ¢ = land P; = 

As an illustration, suppose the tolerances were 0.501, 0.499. 

Thet 
ee 

0,501 — 0.499 — a Tae = 0,500, and ¢ = 
2 
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For a critical defect ¢ = 3, therefore 30 = 0.001, and not more 

than 0.3 per cent, out-of-tolerance pieces would be permitted. 

For a major defect ¢ = 2, therefore 2e = 0.001, and not more 

than 5 per cent out-of-tolerance pieces would be permitted. 

For a minor defect t = 1, therefore lo = 0.001, and not more 

than 33 per cent bad parts would be permitted. 

Diagrammatically, Fig. 1 clarifies this approach to the prob- 

lem. 

In Fig. 1 the three curves illustrate the actual frequency dis- 

tributions which would be typical of the three types of defects. 

The tall narrow curve is that which the process must produce 

if the defect is critical and blueprint tolerances are strictly ad- 

hered to. Similarly, the middle curve shows how much more 

leeway can be given production if the defect is a major one; and 

the low wide curve visualizes the process limits permissible 

for a minor defect. Note that the same gages and the same 

blueprint tolerances can be used for all three, simply by varying 

the percentage of out-of-tolerance work permitted. 

In the socket and extension problem discussed, the tolerances 

were established at X + 1.860, and 3 per cent out-of-tolerance 
pieces were permitted on each side of the curve. For purposes 

of standardization this could be modified to X + 2¢, making it 
a major defect according to the definition proposed here, and 
allowing not more than 21/2 per cent to be too large and 21'/> 

per cent to be too small.* 
Then at inspection the critical defects should require 100 per 

cent or detail inspection, the others, various degrees of sampling 
inspection. In each case inspection records kept in the form of 
control charts would give assurance that the process is satisfac- 
tory and that the required standard is being met. If the chart 
is not in control at a satisfactory level, action can be taken to 
improve the process, to revise specifications, or otherwise to 
get engineering, production, and inspection ideas to meet on 
common ground. 

Such a meeting of minds will go far in bringing the members 
of the business team into harmony, all working toward a com- 
mon goal; And this community of purpose will benefit labor, 
Management, and investors alike. 

* It will frequently actice th: ance limit i 
critical, the other Ne ee The desige aad iftnet clon eae 
involved in unequally space tolerance limits are, however a rues 
sive to’ be discussed in this article. | 
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PREPARATION OF SLURRY 

i A suspension shall be prepared which has the following composition: 

= 
Ke 

on 

MEMORANDUM 

August 21,.°1969 

PROCEDURE FOR CONDUCTING CONTAMINATION TESTS 

ON SUSPENSION INSULATORS 

20 grams of CAB-O-SIL* - }) urNeETR USES WSs 

l gram of PHOTO-Felo 600 A. GENERAL 
1000 grams of water 

| At the present time there is a great need for an artificial contamination 

The conductivity of this suspension shall be adjusted by adding a test for high voltage suspension insulators for use in polluted areas. In 
suitable amount of sodium chloride (NaCl) to obtain the conductivity such areas the behavior of suspension insulators is frequently the limiting 
level desired. factor in determining the size and type of insulator to be used. 

A sufficient amount of this suspension shall be prem red for dip B. WITHSTAND VOLTAGE TEST 

coating of insulators. 3 | : 

| The object’ of this test is to determine the maximum withstand voltage at a 
hie Four reference levels of conductivity shall be used in the tests. given reference layer conductivity. A series of testsshall be conducted 

The conductivity of the suspension shall be obtained by adding 2.5, as prescribed in this memorandum on an insulator, or insulators, with 
5.0, 10.0, and 20.0 grams of salt (NaCl) to the above mixture. specified reference coatings. The insulator withstand voltage is the | 

| : maximum value of voltage which may be applied to a test specimen on three 

COATING OF THE TEST SPECIMEN consecutive trials without flashover at a given level of layer conductivity. 

For polluting the insulators, the above mixture of the desired conductivity CG: SCOPE OF TESTS 
level shall be used. Insulators shall be dipped in the mixture with the 
axis of the insulator in a horizontal position. Insulators shall be handled 

by the hardware to avoid injury to the coated surfaces. After the insulator 

has been coated, it shall be mounted for the test and aperiod of 5 minutes 

should be allowed for the dripping to stop and the coating to stabilize. 

CONDUCTIVITY MEASUREMENTS 

The degree of contamination on the insulator surface shall be measured in 

each of the following ways: 

ls The amount of salt and binder in the coating liquid shall be specified. 

2 Measurements shall be made of the slurry to determine its condictivity. 

A sample of the slurry shall be taken and filtered. The clarified 
liquid shall be measured using a conductivity bridge. The amount of 

salt in solution can then be determined by comparison with standard 

curves. 

Xs Before applying high voltage to the test specimen, a low voltage is 

to be applied and the leakage current measured. The A.C. measuring 

a The procedure outlined in this memorandum applies to the testing of © 

porcelain suspension insulators of nominal voltages greater than 1 KV, 
which are used outdoors and exposed to polluted atmospheres. At 
present, this procedure is limited to A.C. voltage tests, and is not | 

intended to be used for insulators of organic material or to determine 

the efficiency of different surface treatments, such as silicone com-| 

pounds. The general procedure is known as the wet-contaminant method 

and is penerat ty in agreement with that described by F. J. Turner and 

B. Macchiaroli. 

The voltage source used in making these tests should have a short 

circuit current not less than 5 amperes RMS. 

Di Cleaning of Insulators 

The insulators shall be carefully cleaned so that all traces of grease 

are removed. Detergent may be used, after which the insulator surface 

shall be thoroughly rinsed with clear water to remove remaining traces 

of any ionizing material. The surface of the insulator is deemed suf- 
ficiently clean and free from any grease if large continuous wet areas 

are observed. After washing, insulators shall be dried by blowing 

compressed air on the surfaces. | | 

LTEEE Paper No. 69-TP-692 "A Study of Some Variabiles Affecting Contamination 
Testing Using the Wet Contamination Method'’ B. Macchiaroli and F. J. Turner. 

*CAB-O-SIL is a trade name and is a pure form of $102. This is a pyrogenic silica | 

having an extremely small particle size. It can be obtained from: Hampden Color 

and Chemical Co., 126 Memorial Drive, Springfield, Mass. 
IEEE Paper No. 69-TP-14 "A New Contamination Test Method" B. Macchiaroli and 
Food. Peers 
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APPENDIX I 

Determination of the Layer Conductivity 

Definitions: 

Ls. Layer conductance of the deposit of contaminate on the insulator 
is the conductance of the pollution tay ee as measured in accordance 

With Pars 4.C. 

de Layer conductivity is the value of the layer conductance multiplied 

by the form factor. 

a5 Form factor shall be determined from the insulator dimensions. 
For gtaphical estimation of the form factor, the reciprocal value 

of the insulator circumference (1/b) is drawn against the leakage 

path''s''. The form factor is given by the area under this curve and 
calculated according to the formula: 

Ce oe ee 
; ye b(§) 

The layer conductivity "'K" shall be referred to a reference temperature 

of 20°C using the following formula: 

140.03%t 

Where "T"' is the temperature of the insulator surface in °C. 

amg: We 

voltage shall be about 2 KV per meter of the arcing distance of the 
insulator. The conductance can then be calculated and finally the 
surface conductivity can be determined by multiplying the conductance 
by the form factor for the surface being investigated. (See Appendix i). 

“4 The average salt deposit density on the insulator shall be measured 
by washing the entire surface of the insulator and collecting the wash 
water. The water obtained from washing of the insulator shall be 
filtered, and the residue dried and weighed. Knowing the original 
proportions of the mixture and the surface area of the insulator, 
the average salt density can be obtained and nae ea eed as mg of cats 
per cm2 of insulator surface. 

TEST PROCEDURE 

Five minutes after the coating process and while the insulators are still 
wet, voltage shall be applied and increased at a constant rate of about 
7.5 KV per second. Voltage shall be increased to flashover and recorded. 

The insulator shall next be washed, recoated and tested, except that voltage 
applied to the insulator shall be 10%, below the FP iever value obtained on 
the first test. The test voltage shall be maintained until flashover or 
for five minutes, if no flashover occurs. 

The complete test (starting with the cleaning) shall be repeated several 
more times until three consecutive withstands and no flashovers are obtained 
at same voltage level. The voltage level obtained for the particular 
contamination level shall be called the withstand voltage. 

Edler 
R. Weller 
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A NEW CONTAMINATION TEST METHOD 

Bae Macchiaroli- 
Institute of Electrical Engineering 

University of Naples 
Naples, Italy 

ABSTRACT 

A contamination test method is proposed that 
can be applied in any existing laboratory without 
adding expensive new facilities or equipment. 

The method can be applied to practically any 
piece of apparatus such as suspension insulators, 
bushings, lightning arresters, and station equip- 

ment. | 

In conjunction with the new test method a 

new contamination slurry is proposed. A large 

amount of data is presented concerning the physi- 

cal and electrical properties of the proposed 

slurry and the reproducibility of the results. 

INTRODUCTION 

The artificial contamination methods now 
being employed by various laboratories around 

' the world are all useful for development work, 
but they are generally designed for the investi- 

gation of certain natural conditions existing in 
specific areas, These methods generally require 
special and expensive test facilities and more- 

over it is often difficult to reproduce results 

among laboratories due to the many variables 

present, both in the method of making the test 
and in the composition of the contaminating 
slurries. 

There is a need for a standard contamination 
test that can be performed readily in any labora- 
tory with its existing facilities. The following 
prerequisites are suggested for such a test. 

1. No special rooms or facilities should be 

required. 

2. It must be capable of being applied to 
all apparatus, 

3. The materials used in the contaminating 
slurry must be pure in the sense that 
they have the same physical and chemical 

characteristics at all locations, 

4. The equipment used must be simple so that 
it can be duplicated readily. 

5. The test method must have a minimum of 
arbitrary variables so that it is not 
dependent on the skill and experience of 

the operator. 

6. The variability of the test results must 
be minimal. 

7, The time required for the performance of 
the test and evaluation of the results 

should not be excessive. 

F, J. Turner 
High Voltage Laboratory 
General Electric Company 

Pittsfield, Massachusetts 

With the preceeding factors in mind the 
authors have developed and thoroughly investi- 
gated the "wet contaminant" test method des- 
cribed in this paper. 

THE WET CONTAMINANT METHOD 

In selecting a contamination test method 
there are two general philosophies that can b 
followed: 

1. The contamination can be put on selec- 

tively in a manner simulating natural conditions. 

2. An attempt can be made to produce a uni- 

form coat over the entire insulator surface, 

Proponents of #1 argue that in the natural 
state contaminant is not as readily deposited on 
the protected surfaces of insulators of the fog 

type, and therefore any proposed test method 
should evaluate this protective quality. 

Proponents of #2 argue that protected sur- 
faces are only free of pollution during the 

early periods of exposure, and that insulators 
out in service for any reasonable period of time 
have as much or greater deposits of contaminant 

on the protected surfaces as they do on those 

exposed, 

Undoubtedly both of the above arguments 
have merit and represent observations of people 
from different localities concerning conditions 

that exist in those particular areas. 

| It is the opinion of the authors that a 
standard test should take into consideration the 
most severe conditions, and therefore it was de- 
cided to use a variation of the uniform coating 
technique. | 

Two general methods have been used to ob- 
tain a uniform or semi-uniform coat. One method 
is to apply a fine spray to the insulating sur- 
face while the spray gun and insulators are 

moved relative to each other until in the opera- 
tor's judgment a uniform coat has been produced, 
This method depends to a great extent upon the 
operator's’ judgment as to when he has a uniform 

coat, and also it is difficult to control the 
coating thickness. The second method consists . 
simply of dipping the insulators in the contam- 
inating liquid. By this method the coating can 
be reproduced quite readily, providing that the 
insulator surface has been prepared in a speci- 

fied way before dipping. The main difficulty 
with this method is that it is almost impossible 

oe Macchiaroli was in the High Voltage Laboratory of General Electric Co., Pittsfield, Mass. on a 
NATO-CNR scholarship, 

to dip large bushings, lightning arresters, and 

other large apparatus. It was therefore decided 
to use a variation of the dipping method that 
achieves identical results. That is, the insula- 
tors are flow-coated starting at the top and 
working to the bottom with a stream of liquid 
that coats the complete surface to the point of 
run-off. Previous to the flow-coating operation 
the insulators are prepared by washing in a neu- 

tral detergent,rinsing with tap water, and drying 

with compressed air. It has been found possible 
to design apparatus to flow-coat large structures 
and the resultant coating has been found to be 
quite reproducible, The quantity of the coating, 
however, in milligrams per square centimeter is 
somewhat less on the underside than on the top. 
This is also true of the dipping method and.is 
probably due to the tendency to drip from the 

vertical surfaces. Furthermore, the flow-coating 
process can be carried on in any laboratory test 

area, and the residue flushed down the drain 
after test, 

In the proposed "wet contaminant" test 
method the testing starts while the insulators 
are still wet, three to five minutes after the 
end of the flow-coating process. Although the 
objective of this test method is to determine 
the highest withstand voltage, initially a flash- 
over is obtained to establish the voltage range. 
Therefore the voltage is brought up at a rate of 

about 7.5 kV/s to the flashover level, and the 
voltage recorded, A second test is then made re- 

peating the whole washing, contaminating, and 
testing procedure except that this time an at- 
tempt is made to hold a withstand voltage ten 

percent below the flashover value. The complete 

test is repeated several more times until three 

withstands and no flashovers are received at some 
voltage level. This is then called the withstand 
voltage for the particular contamination level 
applied and is usually determined within five 

percent, 

The above describes the method when used for 
development work to obtain design data. When 
used for a standard acceptance test method, one 
or more tests at the required withstand voltage 
can be specified, 

There are two factors involved in this 
method that contribute to reproducible results. 
First, it has been found that with a little care 
the flow-coating nozzles can be shaped so that all 
of the insulator surfaces are covered to the 

point of run-off. The coating efficiency can be | 
readily inspected by examination when wet, before 
applying the voltage, and also after the insula- 
tors have dried. Second, the flashover strength 
is dependent upon the amount of water held on the 

surface as well as the amount of solid material 

deposited. In the case of the "wet contaminant'' 
method all tests are made with the surface com- 
pletely wet. 

The apparatus used to accomplish the flow- 
coating can be readily constructed from copper 

tubing. In Figure #1 is shown the apparatus 
used to coat suspension insulators. In this 
figure the contaminating liquid is pumped under 
pressure to the continuous copper ring which 
surrounds the insulators. On the inside surface 
of the ring 16 short sections of copper tubing 

about 6 mm in diameter (1/4") protrude. Half of 
these have a slight curve upward and sidewards 
so that the liquid is directed up along the 
grooves on the underside of the insulators. To 
illustrate the versatility of. this method, Fig- 
ure #2 shows one of the largest lightning ar- 
resters in the process of being flow-coated. 

The degree of contamination on the insula- 
tor surface can be measured in several ways. 
First, the amount of salt and binder in the 
flow-coating liquid can be specified. Second, 
Since the contamination coating is not altered 
by the test, all or part of an insulator coating 
may be washed off in distilled water, the con- 
ductivity measured, and the amount of salt in 
solution determined by comparison with standard 
curves, The equivalent salt deposit density 
can then be computed. Third, before applying 

high voltage to the test specimen a low voltage 
can be applied, and the leakage current measured, 
The conductance can then be computed, and finally 
the surface conductivity can be calculated by 
multiplying the conductance by the form factor 
for the surface being investigated. 

The form factor is not generally available 
and must be calculated from measurements made on 

a drawing of the insulator cross section using 
the formula 

sft at 

> «TD(t) 

where 4 denotes the total length of the leakage 
path and D(2) the diameter of each element of 
the leakage path. 

In the present investigation all of the 

above methods of measuring the surface pollu- 

tion were used, but the authors believe that 
the best correlation with withstand strength 
can be obtained with surface conductivity. 

In regard to the power source used for 
making contamination tests, other investiga- 

tors have found, and it has been confirmed 
here, that there must be sufficient short 
circuit current available to prevent a voltage 
dip when flashover is imminent. It was found 
that with a small amount of pollution a source 
of five amperes was sufficient, but that as the 

contamination increased ten amperes or more 
were necessary. 

THE CONTAMINATING MIXTURE 

One of the objections to the clean fog 
method and other similar methods of test has 
been the variability of the constituents used 
in the contaminating slurry. Many types of 



binders have been used such as Kaolin, Kieselgur 
and Aerosil, It was decided to try a pure form 
of Si02 which is readily available under the 
trade name Cab-O0-Sil. This is a pyrogenic silica 
having an extremely small particle size. It is 
produced by the hydrolysis of silicon tetrachlo- 
ride at 1100°C, and it is more than 99% pure. The 
basic chemical reaction is: 

Sict, + 2H20> ——s Sido +:4HCt 

The large number of individual particles 
formed a group together in a chain like formation, 
and when dispersed in a liquid system, these 
"chains" join each other and form a "chicken wire" 

type of structure which entraps the liquid. This 
reduces the ability of the liquid to flow, and re- 
sults in an increase of the viscosity. 

After a great deal of experimenting with 
Cab-O-Sil it was found that the addition of a 
small amount of additive increased the viscosity 
and resulted in a gelatin like deposit that has 
the ability to hold liquid for a long period of 
time. The manufacturers of Cab-O0-Sil suggested 
several additives, but none were more effective 
for the present application or as easily ob- 

tainable as the wetting agent called Photo-Flo 
manufactured by the Eastman Kodak Company. 

In order to determine the final contami- 
nating mixture to be used throughout the inves- 

tigation a large number of tests were performed. 
The aim of this part of the investigation was to 
determine the mixture that would remain in a 
stable wet condition for a long period of time, 

These basic tests were performed on a string 
of five standard 5-3/4" by 10" (146 mm by 254 mm) 
Locke insulators having an outline as shown in 

Figure #3. The coatings were evaluated for the 
ability to hold moisture by applying a low vol- 
tage and measuring the leakage current versus 

time. Leakage current measurements were started 
in all cases three minutes after the flow-coating 
process was completed, The drying time can vary 
with the power dissipated; therefore in order to 
compare all coatings under the same conditions, 

the applied voltage was adjusted for each degree 
of contamination to maintain the power consumption 
below two watts. 

For each mixture investigated five tests 
were made, After each test, the density of the 
salt deposit was determined on the top insulator 
of the string, the bottom insulator of the string, 
one additional insulator flow-coated but not 
tested, and finally one insulator that was coated 
by dipping in the same slurry. Measurements of 

the density of the salt deposit were made not 

only for the whole insulating surface, but also’ » 
for the top and bottom surfaces separately. The 
top surface was defined for this purpose as that 
area wetted by a vertical rain when the insulator 
is hanging vertical. 

The results of these basic tests to evaluate 
the various mixtures are presented in Figures #4 

through #8 and Table I, 

The surface conductivity of the insulators & 
was used as a measure of the ability of the con- 
taminant to hold water over a period of time. 
The average value of this quantity is plotted 
versus time after flow-coating in Figures #4 and 
#5 for a binder containing 2.5 grams per liter 

of Cab-O-Sil and 25 grams per liter of Cab-0-Sil 
“respectively with various concentrations of salt 

from 2 to 100 grams per liter in each case. In 
addition, tests were made with 50 grams per 
liter of Cab-0-Sil, but it was found that the 
viscosity of the slurry was not stable for such 
‘a large concentration. 

In Figure #6 the results obtained with 20 
grams per liter of Cab-0-Sil and an additive of 

1 gram per liter of Photo-Flo 600 are shown. 
This amount of Photo-Flo additive was found to 
be sufficient by making several preliminary 

tests. 

At the left of each of the curves in Fig- 
ures #4 through #6 are shown two numbers sepa- 
rated by a diagonal. These represent the ini- 
tial variability of the results obtained for 
the five tests and the variability after 10 
minutes, Thus, for 50 grams per liter in Fig- 
ure #4, there was an initial dispersion in the 
conductivity measurements of + 10% and this 
grew to + 35% after 10 minutes. 

In Table I the percent conductivity changes 
with respect to the initial, for times ‘after 
flow-coating of 10 minutes and 15 minutes, have . 
been tabulated for the various mixtures. From © 
these tests the following conclusions may be 
drawn: 

1. With salt alone for a contaminant the 
initial surface conductivity is low, has a wide 
variation, and the surface dries rapidly. 

2. For a given amount of salt the initial 

surface conductivity increases with the amount 
of Cab-O-Sil. Although 25 grams per liter of 
Cab-O-Sil results in a fairly constant conduc- 
tivity for the first 10 minutes when above 25 
grams per liter of salt are used, the change is 
very large for low salt concentrations. Using 
50 grams per liter of Cab-O0-Sil gave better 
results, but it was found difficult to maintain 
a constant viscosity mixture, and this resulted 
in a large dispersion in the surface conductiv= 
ity. 

3. By far the most stable results were 
obtained when 1 gram per liter of Photo-Flo 600 
was added to a slurry containing 20 grams per 
liter of Cab-O-Sil. Figure #6 summarizes the 
data for this mixture, and it can be seen that 
the maximum variation in the initial conductiv- 
ity was only 2%, and the decrease over 30 min- 
utes was very small. Table I shows that the 
maximum change in conductivity over a 10 min- 
ute period was only 4% and after 15 minutes 6%. 
Thus, with this binder, for a given salt concen- 

o : 

tration there will be negligible variation in the 
initial conductivity of the insulators, the de- 
gree of wetness of each insulator will be the 
same, and it is not necessary to closely control 
the time at which the voltage is applied after 
the flow-coating has been completed. 

4. The amount of salt on the upper surface, 
lower surface, and the average for the complete 
insulator are shown in Figure #7. From this fig- 
ure it can be seen that the density of the salt 
deposit is linear with the salt in the slurry. 
It also increases with the amount of Cab-O-Sil 
and is the highest when the Photo-Flo additive 
is used. For all cases, the salt density on the. 

upper surface is greater than; that for the lower 

surface, This is also true for the dipping meth- 
od of contamination and does not affect the over- 

all value of the test method, 

5. The dispersion of the density of the 
salt: deposit on the insulator surfaces from test 
to test was found to be generally less than 15 
percent although it occasionally reached as high 

as 20 percent. 

6. No difference in the amount of salt de- 
posit was found between the dipping and flow- 

coating methods. : 

7, The use of the Photo-Flo additive re- 
sults in an increase in both the salt deposit 
density and the surface conductivity; therefore, 
less salt is required in the slurry to achieve a 
given degree of contamination. 

8, In Figure #8 a plot is shown on log-log 
paper of surface conductivity versus grams per 
liter of salt for three levels of Cab-O-Sil bind- 
er, When plotted on this type of paper, a linear 
relation was found for all three cases, 

EFFECT OF TEMPERATURE AND HUMIDITY 

All of the tests up to this time were per- 
formed with both the mixture and ambient tempera- 
ture in the range of 22°C to 25°C. Since con- 
ductivity often is a function of temperature, it 
was decided to determine the effects of relatively 
large differentials in temperature between ambient 
and mixture. Accordingly, additional conductivity 
measurements were made for several mixtures on in- 

sulator strings with the ambient temperature in 
the range of 22°C to 25°C and a mixture tempera- 
ture of 12°C to 13°C. Also, the ambient tempera- 
ture was lowered to 7°C to 8°C and tests made 
with mixture temperatures around 22°C. For all 

of these tests the results have been within the 
spread that could be expected from test to test 
with different slurries; therefore, it can be 
coneluded that the temperature of the ambient and 

mixture within a reasonable range has no appre- 
ciable effect on the surface conductivity. 

Similarly, the ambient humidity has been 
varied from 15 percent to 70 percent with no 

noticeable effect on the data. 

TESTS ON INSULATOR STRINGS 

As a result of the information gathered in 
the investigation of the contamination coating, 
it was decided to make all further withstand and 
flashover tests with a contamination slurry con- 
taining 20 grams per liter of Cab-O-Sil, 1 gram 
per liter of Photo-Flo 600, and various levels 
of salt to achieve the contamination level de- 

sired, 

Withstand and flashover tests were performed 

on suspension insulator strings composed of two 

types of insulators: 

(1) 9 standard Locke units, Cat. 1840K 
(2) 8 fog-type Locke units, Cat. 18134. 

The main characteristics of these insulators are 
tabulated in Table II and shown in Figure #3. 

The tests were carried out for salt concen- 
trations from 2 grams per liter to 20 grams per 
liter in the manner already described, and for 
each test measurements were made of both the salt 

deposit density and initial surface conductivity. 
These quantities are shown in Figures #9 and #10, 

-and the withstand voltages are shown in Figures 
#11, #12 and 413. In Figures #11 through #13 it 
is seen that the relative withstand values of the 
two insulator strings are the same whether plot- 
ted against grams per liter of salt in the slurry, 
density of deposit on the surface, or conductivity 
of the surface. In each case a curve is obtained 
which is apparently leveling off as large concen- 

trations of salt are reached. In each case the 

fog-type insulator is somewhat superior to the 
standard insulator, a situation that was somewhat 
expected based on the longer creepage path. The 
difference in strength is most apparent when plot- 
ted against the grams of salt, per liter of solu- 

tion. This is caused by a higher average salt de- 
posit per square centimeter on the standard type 
unit which results in a higher conductivity. 
These differences in average salt deposit density 

and surface conductivity are due to the larger 
lower area of the fog-type units where the salt 
density is less, as already mentioned. When plot- 
ted against salt deposit density or surface con- 
ductivity, however, the effect of the larger area 
of the underneath portions of the fog-type units 
is eliminated, and the insulators are compared in 
a more realistic fashion on the merits of the con- 

tour design. It can also be argued that surface 
conductivity is a more basic quality, and there- 
fore a more suitable basis for comparison. On the 
other hand, it is the most difficult of whe meas- 
urements to make or predict, and therefore may be 
less desirable from a practical standpoint. 

As a matter of interest, oscillograms of the 
’ leakage current and line voltage are shown in Fig- 
ures #14 through #16, Figure #14 shows on a rela- 
tively fast sweep the distortion that occurs in 
the current wave due to the streamers that occur 
during a withstand run very near the flashover 



level, Note that the voltage source is so stiff 
that it is relatively unaffected. Figure #15 
gives a record of the overall activity that oc- 
curs during a withstand run, and Figure #16 shows 
a flashover, In Figure #17 is shown the scintil- 
lation that occurs on the insulators during a 
withstand run that is very close to the flashover 
voltage. 

ES PRODUC IBIL = e) CAL APPROACH 

In order to come to some conclusions as to 
the reproducibility of the results obtained with 
the proposed test method, an attempt has been 
made to analyze the variability in the withstand 
voltage that can result from the parameters in- 
volved. These are: 

1. salt deposit density on the insulator 
surfaces, 

<. wetting degree at the moment of test, 
3. layer thickness, 
4. layer temperature, 

>. rate of voltage increase, 

Another important variable is the short cir- 
cuit current of the power supply concerning which 
it has already been stated that it must be large 
enough to hold the voltage constant during peri- 
ods of heavy scintillation. When this condition 
is complied with, there is no appreciable influ- 
ence on the results. 

Considering the first four parameters, it is 
noted that they can be lumped together under sur- 
face conductivity. Therefore, we can consider 
that the withstand voltage vy is a function of: 

dV Voie (1) 

where c is the surface conductivity and eh the 
dt 

rate at which the voltage is increased to the 

withstand level, Accordingly, changes or varia- 

tions in the withstand voltage can be expressed 
as: 

Th Bite oVw Oa 
qv. = am de + 3 (av av) at + A (2) 

at 

Here the quantity A has been added to ac- 
count for the dispersion in results that could 
be obtained due to the statistical variation of 

unknown factors in the breakdown process even if 
all other quantities were held constant, 

OV 

The term 3c is the slope of the tangent to 
the curve of withstand voltage versus surface 

conductivity. This value changes with the sur- 
face conductivity. Representative values are as 
follows: — 

The term, dc, can be considered as the 
variability that can exist in the surface con- 
ductivity from test to test for the same slurry. 
In Figure #6 it is seen that when working with 
the same slurry a variability of 2% has been 
found. However, when different slurries are 
mixed up it is estimated that an error of 2% is 
possible in each measurement. Since there are 
four components in the slurry, the estimated 
error in preparing a slurry could reach 8%, 
Therefore, for tests made at different times 
with different mixtures the total conductivity 
variability from this cause could reach 10%, 

In order to obtain an approximation for the 

Ce a a large number of tests are necessary 

with the same slurry so that the change due to 
surface conductivity is minimal. This is quite 
difficult due to the time involved and the quan- 
tity of the same mixture required; therefore, it 
was decided to work with the flashover voltage, 
Vp, instead and use the results as a reasonable 
approximation for those that would have been ob- 
tained. for. Vip 

Tests were carried out on standard insula- 
tors for two different salt concentrations, and 
the results are shown in Figure #18. The two 
curves obtained are in fairly good agreement and 
the following observations can be made: 

a. The —3, as determined by the slopes 

of the curves in Figure #18 decreases when going 
from 3 kV per second to 12 kV per second for 
both curves with some average values as follows: 

OVr 

3(22) Rate of Rise dt 

5 kV/s - 1.2 

7.5 kV/s ~O% 
10 “ky /s = C367 

b. Because of the variability of the data 
in Figure #18, a band should be considered 
rather than a single line through it. This can 
be accounted for to some degree by variations in 
surface conductivity, but is is probably more 
likely due to the unknown factors combined under 
A in equation (2). In any event, the dispersion 
of results is greatest for slow rates or rise, 
being about + 5% at 3 to 4 kV per second and + 3% 
at 7 to 8 kV per second, 

c. When working in this voltage range it is 

difficult to control the voltage for rates of 

rise greater than 10 kV per second, 

Based on the above observations, a voltage 
rate-of-rise of 7.5 kV per second was selected as 

standard for this voltage range. If we assume 
that we can maintain a speed of 7.5 kV per second 
within + 15%, then the term 

= (=) becomes (-0.4)(4+15%) = + 6% 

aa) 

Adding up all of the terms for equation (2), 
for a conductivity of 53 microsiemens which corre- 
sponds to a salt content of 10 grams per liter for 
standard insulators, we have the following: 

dVw = (0.35)(10) + (.4)(15) + 312% 

In a similar manner the expected variability 
for Vw can be calculated for other conductivity 
values to yield the following table: 

qv, 

Salt in Mixture Std. Fog 

4 ins. ins. 
> 19% 23% 

ci, 12% 14% 
20 o% — («OG 

This variability is what could be expected 
when different mixtures used for several with- 
stand tests and the withstand values are plotted 
versus salt in the slurry or on the surface, 

On the other hand during the present inves- 
tigation, when only one slurry was used for one 
complete test series, only a 2% variation in the 
initial conductivity was found. In this case the 
8% error possible due to using different mixes 
has been eliminated and the expected variability 
in the withstand values becomes: 

dVw 

Surface Conductivity Std, _ Fog 

S)- dns: °~ gps. 
15 13% 13% 
30 11% 11% 
60 10% 10% 

TEST REPRODUCIBILITY -— EXPERIMENTAL 

In order to verify that the withstand volt- 
ages for tests conducted at different times would 
fall within the theoretically calculated range, 

the withstand tests were repeated after a time in— 

terval of two months, In this second series of 

tests, both a different test area and a different 
operator were used, 

The results of this second series of tests 
are plotted in Figures #11 through #13 and a com- 
parison with the original values is tabulated in 
Table III. From Table III it is seen that the 
results are in surprisingly good agreement with 
the initial tests, and the percent change is 
well within the calculated limits for each salt 

concentration. 

The reproducibility of results found here 

is much better than usual for contamination © 
testing, and at the present time it is not known 
whether it is due to the test method, the slurry 
composition, or a combination of both. It would 
be interesting to investigate the reproducibility 
of results with the same test method but differ- 
ent binders in the slurry. 

CONCLUSIONS 

1. A new contamination test method has been 
proposed that can readily be applied to all types 
of insulating structures, and does not require 
highly specialized equipment or test facilities. 

2. The proposed test method is not intended 

to reproduce any particular natural conditions, 
but with experience correlation could come natu- 

rally as data are accumulated in service for in- 
sulating structures that have been tested by the 

new method, 

3. <A new contaminating slurry has been de- 
veloped which is composed of well defined materi- 

als and has the ability to hold its original wet 
condition over an appreciable time. The salt de- 
posit density and the surface conductivity of in- 
sulators contaminated with this slurry are inde- 
pendent of both ambient temperature and humidity 
and also that of the slurry temperature. 

4. it is the authors' opinion that the sur- 
face conductivity of the insulators should be 
used as a measure of the degree of contamination, 

5, Although further work is required, it 
appears that the reproducibility of results with 
the new method is good enough so that it can be 
considered for a standard contamination test. It 
would be desirable for some other laboratory to 
perform a series of withstand tests in order to 
check the results obtained and determine if any 

problems exist in this respect. 



Table I. Percentage Conductivity Change with Respect to Initial Value 

After 10 Minutes 
Cab-O-Sil Photo=-F1lo Salt g/l 

g/l g/l 2 2 Q QO 

. Beal 88 2 38 

Bit 69 

: 0 75 155 98 
25 0 53 9 2 ae tg ane 
50 ; O 9 

1 4 3 1 2 6 4 

Table II. Main Characteristics of Tested Strings 

| : Overall Length 
Insulator Type Number of Units mm 

Standard Disk 1314 
Fog Disk 1320 7 3450 

Leakage Path 

Table III. Comparison of Two Test Cycles for Various Salt Concentrations 

Insulators 

Standard 

Salt in Mixture (g/1) 5 10 {20 

Withstand Voltage (kv) TF AGL 
First Test 

Withstand Voltage (kv) 80 
Repeated Tests 

‘ Percentage Change of (4%) 
repeated test with 
respect to the first 

— Fig. 1. Apparatus for Flow-coating Suspension Fig. 2. Flow-coating Method Being Applied to a 

| Insulators. | Lightning Arrester. 

STANDARD LOCKE INSULATOR FOG TYPE LOCKE INSULATOR 
CAT. 1840K | CAT. 18134 

Fig, 3. ‘Test Insulators. 
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Applied Voltage and Leakage Current 

12 

Applied Voltage and Leakage Current 

Test with Withstand. 

Test with Flashover Showing Wave D 
tortion. 

Paes 
Record 

Fig. 14. 
Record 
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Fig. 16. Applied Voltage and Leakage Current 
Record: Test with Flashover, - 

Fig. 17. Scintillation on Standard Insulator 
String During a Withstand Test, 

FLASHOVER -kV 

ttre 
50 PSS See 

ot Cot RS Se Se a 
10 12 

RATE OF VOLTAGE INCREASE - kV/s 

Fig. 18. Flashover Voltage Versus Rate of Voltage 
Increase for Slurries with Two Different Salt Con- 
centrations. 
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2525 Insulator Drive kb 2525 Insulator Drive 
Baltimore, Maryland 21230 Baltimore, Maryland 21230 
ATIN: Mr. R. J. Mytke, Buyer | ATTN: Mr. R. J. Mytke, Buyer 

Dear Mr. Mytke: Dear Mr. Mytke: | 
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WHERE TO ORDER CAB-O-SIL® sates oFFices 
in Office: CABOT CORPORATION, 125 High Street, Boston, Mass. 02110 (617) 423-6000 

_., CALIFORNIA. 
~. Cabot Corporation 

. 1820 Ogden Drive 
~~... Burlingame 94010 — 

(San Fr.) (415) 697-1027 

Cabot Corporation — 
3350 Wilshire Blvd. | 
Los Angeles 90005 

~ (218) 382-7333 

GEORGIA 
~ Cabot Corporation | 
Lenox Towers 
3400. Peachtree Road N.E. 
Atlanta 30326 
(404) 237-6415 

ILLINOIS 
Cabot Corporation . 

_ Oakbrook North Building» 
~~ 1200 Harger Road 

Oak Brook 60521 “= 

(Chicago) : 
(312) 654-3230 

Sy 

MASSACHUSETTS 
Cabot Corporation 
125 High Street 

~ Boston 02110 

(617) 423-6000 

NEW JERSEY 

Cabot Corporation 
P.O. Box 338 
200 Raritan Center Parkway | 
Edison 08817 

(201) 225-1000 

NEW YORK 
Refer to Edison, N.J. 

OHIO 
Cabot Corporation 
3814 West Street 
Cincinnati 45227 

(513) 271-2160 
_ Cabot Corporation 
Westview Towers 

21010 Center Ridge Road 
Cleveland 44116 

(216) 333-5350 

TEXAS 
Cabot Corporation 
1712 Commerce St. 
Dallas 75201 
(214) 742-1391 

- 

CANADA 

ONTARIO - 

Cabot Carbon of Canada, Ltd. 

121 Richmond Street, West 
Toronto 1 

(416)-366-1608 

QUEBEC ~ | 
- Cabot Carbon of Canada, Ltd. 

5165 Sherbrooke Street, West 

Montreal 28 . 
(514). 489-9301 : 

é Sgt See ies “i & 

2313/966-R 
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GENERAL INFORMATION 

How to figure cost — CAB-O-SIL can be shipped from 
any one of 26 warehouses in 20 states. The price for 
each grade of CAB-O-SIL is shown in the price schedule. 
The base price of CAB-O-SIL is F.0.B. Tuscola, Ill. 

CAB-O-SIL can be shipped from Tuscola, Ill. to your 
plant in rail carload or truckload quantities. 
Warehouse shipments of any grade of CAB-O-SIL will 

be on an F.O.B. warehouse basis. 

How to order CAB-O-SIL — CAB-O-SIL is ordered by 
grade and quantity. Order a single bag to a carload. For 
economy, a minimum order of 4 bags is suggested. 
The grades of CAB-O-SIL differ in physical properties 

(see Page 4). CAB-O-SIL M-5 is the grade most com- 
monly used for thickening and free-flow applications. 

Where to order CAB-O-SIL — CAB-O-SIL should be 
ordered from the nearest office listed on Page 4. 

How CAB-O-SIL is packed — Because the particle size 
of CAB-O-SIL is as fine as cigarette smoke, it is bagged 
at the Tuscola plant under vacuum, in sealed, multiwall 
bags. 

RAIL CARLOADS — A 12,000 or 20,000 pound minimum 
is the base for the shipping rate whether or not the mini- 
mum number of pounds is put in the car. How much 
CAB-O-SIL fits into the car depends upon the density of 
the grade being ordered, and whether Bulk Pack Units 

are used. Acar measures 40’6” long, 9/2” wide, 10’ high, 
and has 3,700 cu. ft. 

HOW MUCH FITS IN A RAIL CARLOAD 

Gross Weight of 
CAB-0-SIL Weight | CAB-O-SIL Size Per 

Grade in Pounds Lbs. Bag 

M-5,MS-5 | 1,070to | 11,513 to | 10,700 to | 36”x 18”x 9" 
1,100 11,836 11,000+ | 

H-5, HS-5, 1,000 to | 10,900 to | 10,000 to | 36%” x 18%" x 9%" 
EH-5 1,025 13,630 10,250 

M-7,MS-7, | 940 to | 19,700 to | 18,800 to | 39” x 19” x 9” 
Mt-7D-S-17 960 20,200* 19,200 
MS-75 

L-5 1,070 to | 27,552 to | 26,750 to | 35” x 18” x 9” 
1,100 28,325 27,900 

*Weight includes polyethylene overslips @ 0.18 Ib. per bag. 

tSee Bulk Pack Units 

CABOT CORPORATION 

U.S. PRICE LIST 
CAB-O-SIL’ 

Fumed Silica 
JULY, 1969 

(Supersedes March, 1969 issue) 
Prices subject to change without notice 

MECHANIZE FREIGHT CAR UNLOADING and save costs on 
every bag of CAB-O-SIL you buy. One man with a fork lift can un- 
load an entire car of BPUs in about two hours, an 87% savings 
in labor. . 

BULK PACK UNITS cut freight costs 15 to 17% on 
carload shipments 

Standard freight cars from Tuscola, Ill. can carry 15,300. 
pounds of CAB-O-SILin BPUs in the same car that used 
to take only 10,700 pounds in bags. This improved load- 
ing results in a direct reduction in freight costs. Cars can 
be loaded with 75/200-lb. Bulk Pack Units with 3/100- 
Ib. units in the doorway. 

Polyethylene overslips for moisture protection — 
Polyethylene overslips are available to protect contents 
from ambient moisture for all grades of CAB-O-SIL at an 
additional cost of 25¢ per bag. (Unless polyethylene 
overslips are specified, CAB-O-SIL is supplied in stan- 
dard sealed, multiwall bags.) 

Questions regarding orders — The local Cabot sales 
office or representative will be glad to answer questions 
about orders handled by that particular office. A master 
shipping control record is also maintained by the Cus- 
tomer Service Department, Boston, Mass. office. 

Technical questions — Cabot maintains a technical ser- 
vice laboratory with personnel qualified to answer appli- 
cation questions. CAB-O-SIL sales representatives are 
also technically trained, but spend a major portion of 
their time in the field. If your local representative is out, 
or if urgent problems arise, please call Technical Service 
Manager, Boston, Mass. (617) 423-6000. 

Terms: Net 30 days — subject to change without notice. Orders 
adjusted to correspond with standard weight per bag. 

l2S HIGH STREET, BOSTON, MASSACHUSETTS O2!110 
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LOUISIANA \ 
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1 and 2— See footnotes page 3 

10- 30 Ibs. 
40- 190 Ibs. 

200- 590 Ibs. 
600-1990 Ibs. 

2000-5990 Ibs.. 

75 Ibs. 

100- 175 Ibs. 

200- 575 Ibs. 

600- 1975 Ibs. 

2000-11,975 Ibs. 

80- 180 Ibs. 
200- 580 Ibs. 
600-1980 Ibs. 

2000-9980 Ibs. 

10- 30 Ibs. 20- 60 Ibs. 25- 75 Ibs. 
40- 190 Ibs. 80- 180 Ibs. 100- 175 Ibs. 

200- 590 Ibs. 200- 580 Ibs. 200- 5/75 Ibs. 
600-1990 Ibs. 

2000-5990 Ibs. 
600-1980 Ibs. 

2000-9980 Ibs. 
600- 1975 Ibs. 

2000-11,975 Ibs. 

10- 30 Ibs. | ears a 5 - 
40- 190 Ibs. 80- 180 Ibs. 100- 175 Ibs. 

200- 590 Ibs. 200- 580 Ibs. 200- 575 Ibs. 
600-1990 Ibs. 

2000-5990 Ibs. 
600-1980 Ibs. 

2000-9980 Ibs. 
SE ee SSS st 

600- 1975 Ibs. 
2000-11,975 Ibs. 

10- 30 Ibs. 20- 60 Ibs. 20-- 075 Us, 
40- 190 Ibs. 80- 180 Ibs. 100- 175 Ibs. 

200- 590 Ibs. 200- 580 Ibs. 200- 575 Ibs. 
600-1990 Ibs. 

2000-5990 Ibs. 

10- 30 Ibs. 
40- 190 Ibs. 

200- 590 Ibs. 
600-1990 Ibs. 

2000-5990 Ibs. 

10- 30 Ibs. 

600-1980 Ibs. 
2000-9980 Ibs. 

20- 60 Ibs. 
80- 180 Ibs. 

200- 580 Ibs. 
600-1980 Ibs. 

2000-9980 Ibs. 

20- 60 Ibs. 

600- 1975 Ibs. 
2000-11,975 Ibs. 

25- 75 Ibs. 

100- 175 Ibs. 

200- 5/75 lbs. 

600- 1975 Ibs. 

2000-11,975 Ibs. 

25- 75 Ibs. 
40- 190 Ibs. 80- 180 Ibs. 100-175 Ibs. 

200- 590 Ibs. 200- 580 Ibs. 200- 575 Ibs. 
600-1990 Ibs. 600-1980 Ibs. 600- 1975 Ibs. 

2000-5990 Ibs. 

10- 30 Ibs. 
40- 190 Ibs. 

200- 590 Ibs. 
600-1990 Ibs. 

2000-5990 Ibs. 

10- 30 Ibs. 

40- 190 Ibs. 

200- 590 Ibs. 

2000-9980 Ibs. 2000-11,975 Ibs. 

290-79 IDS 
100- 175 Ibs. 
200- 5/75 Ibs. 

600-1990 Ibs. 600-1980 Ibs. 600- 1975 Ibs. 
2000-5990 Ibs. 2000-9980 Ibs. 2000-11,975 Ibs. 82 90 93 .99 82 80 

Truckload Truckload Truckload 
(6,000 Ibs.) or (10,000 Ibs.) or (12,000 Ibs.) or 
carload quantity /0 18 81 8/ carload quantity /0 carload quantity 

1. Buffalo — Due to extra freight add 0.5 cents/Ib. 
to all prices listed, except 10-30 Ib. quantities. 

20- 60 Ibs. 
80- 180 Ibs. 

200- 580 Ibs. 1.09 
1.05 

90 
86 

3. Grades HS-5 and M-7D are available only in poly- 
ethylene overslips on warehouse shipments. 

4. Grades MS-75 0.71/Ib.; S-17 0.86/Ib. in carload 
or truckload quantities F.O.B. Tuscola, Illinois. 

NOTE: For polyethylene overslips add 2.5¢/Ib. for 
10-Ib. bags; 1.25¢/Ib. 20-Ib. bags; 1.0¢/Ib. 25-Ib. bags. 

2. Houston — Due to extra freight add 0.2 cents/Ib. to 
all prices listed. 
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Mr. Vadnagara requests additional information as to the capac- 

itance of the test circuit for the current-limiting fuses. The normal 

st circuit would have an inherent shunt capacitance of several 

ousand picofarads, the exact amount depending on whether high- 

voltage transformers with capacitance graded bushings, actual 

length of buswork, and impedance loading were used. This capac- 

ijtance would be in the range of normal overhead distribution. 

Typical installations using underground cable would have a 

shunt capacitance of much higher value. These values could range 

from 0.1 to 0.5 uF. Since the normal test setup does not utilize any 

shunt capacitance of these values, a special test was made to deter- 

mine whether it would be an appreciable factor. One size (15.5 kV 

10 amperes) NX fuse was tested on a circuit with an available fault 

current of 12 kA at the fuse design voltage. A shunt capacitance 

(in addition to the normal circuit capacitance) was varied from 

0.075 to 0.53 »F during the test sequence. The peak arc voltage was 

found to be slightly higher (2.5 to 5 percent) with the larger shunt 

capacitance value than the maximum obtained with no added 

shunt capacitance. I would attribute this to a slight interaction be- 

tween the circuit inductance and the shunt capacitance when the. 

fuse element melts and introduces a rapid resistance into the circuit; 

but the same resistance quickly dampens any oscillatory effects and 

prevents higher overshoot of the voltage. 

Mr. Bronikowski’s supposition regarding the use of ribbon- 

element. NX fuses at lower circuit voltages with a corresponding 

reduction of maximum arc voltage is correct. Also, with this type of 

element, the maximum arc voltage remains independent of the 

fault current. This characteristic permits more versatility of applica- 

tion as Mr. Bronikowski mentions, especially as related to coordina- 

tion with lightning arresters. | 

Testing EHV Station Insulation for Performance in 

Contaminated Conditions : 

JAMES D. M. PHELPS, MEMBER, IEEE, JAMES B. OWENS, sENIOR MEMBER, IEEE, AND ARENI 

FOTI, SENIOR MEMBER, IEEE 

wn. technical paper deals with two phases of wet test- 

g of EHV station insulators; one for conventional rainfall tests 

with prescribed rate of precipitation and water resistivity and the 

other for artificial contamination or pollution tests under wet condi- 

tions. The authors recommend a change in USA Standards for rate 

of precipitation and resistivity of water and offer supporting test data 

confirming the ability to distinguish between satisfactory and unsatis- 

factory insulator designs as a result of employing their new proposal. 

They also offer a proposed contamination test procedure which is 

convenient to use, which gives reproducible results, and which is 

sufficiently flexible for use in varying the severity of the applied 

artificial contaminant according to user requirements. The artificial 

contamination, or pollution, test may be used in rating insulator 

designs concerning performance under contaminated and wet con- 

ditions. 

INTRODUCTION 

NSULATION systems for outdoor stations have traditionally 

been designed using stacking apparatus insulators. Porcelain » 

elements with appropriate joining hardware have been as- 

sembled into columns to provide adequate height and insula- 

tion performance. When insulation systems have been designed 

for extra high voltage (EHV) stations rated 345 kV and ‘higher, 

-jt-has been observed that incremental increases in the height of 

insulator columns do not produce a corresponding or proportion- 

ate increase in the insulating value achieved. This is particularly 

Paper 231 "PP 67-93, recommended and approved by~ the 

witchgear Committee of the IEEE Power Group for presentation at 

e IEEE Winter Power Meeting, New York, N._Y., January 29- 

February 3, 1967. Manuscript submitted October 31, 1966; made 

“available for printing August 30, 1967. 

J. D. M. Phelps is with the American Electric Power Service 

Corporation, Canton, Ohio. | Se ae 7 
J. B. Owens and A. Foti are with the I-T-E Circuit Breaker Com- 

pany, Greensburg, Pa. 15601 

true when insulation is subjected to long-duration switching surge 

voltages. Extra care in testing and evaluation of test informa- 

tion has been required to insure the desired reliability of EHV 

station insulation performance. 

In the design of 500- and 765-kV stations for operation in 

coastal or industrial environments, it is particularly important 

that insulation performance be evaluated with a proper simula- 

tion of the variety of conditions that will exist in service. Con- 

sideration must be given to the effects of rain, fog, and moisture 

condensation on clean and contaminated insulator surfaces. 

Tests have been conducted leading to the establishment of new 

performance criteria for wet testing to evaluate insulation per- 

formance during rainfall conditions. In addition, work has been 

done to develop a technique for the simulation of heavy surface 

contamination wetted by fog or mist. The work was undertaken 

because there was no recognized system of evaluation from which 

reliable and repeatable results could be obtained and related to 

field experience. 

Wet or Rain TESTING 

The current standards of the U.S.A. Standards Institute! 

specify that outdoor station apparatus insulators be subjected to 

a wet test using water of 17 800 ohm-em resistivity falling ata 

rate which will allow an accumulation of 5.08 mm/min. The 

standards of the International Electrotechnical Commission 

(IEC)" specify that wet testing be conducted with 9000-11 000 

ohm-cm water and a rainfall rate of 3 mm/min, These are ex- 

ceedingly heavy rates, corresponding to araccumulation of 7-12 

inches per hour or 17=29 fect.per.day. Such rates of raintall rarely, 

if ever, occur in outdoor station operating environments. 

The resistivity of the water specified in the U.S.A. standards 

js substantially higher than the resistivity of rain water that has 

fallen through normal city or industrial atmospheres during the 

early portion of rain incidents.!® TEC requirements more closely 

re CRITE TCR ET ee AU EEE Sr 
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INSULATOR 

DESIGN B 

INSULATOR 

| DESIGN A 

! 
1 

CRITICAL FLASHOVER VOLTAGE IN KILOVOLTS CRITICAL FLASHOVER VOLTAGE IN KILOVOLTS 

4 5 0 

RATE OF PRECIPITATION (MILLIMETERS PER MINUTE) . 

e — 1400 OHM-CM 

LEGEND FOR WATER RESISTIVITY O- 2800 OHM-CM 

X-— 10000 OHM-CM 

@. Influence of rainfall rate on critical (50 percent probability) 
flashover voltage for positive polarity switching surge, 18l-inch 
insulators. 

TABLE I 

Wet SWITCHING SURGE TESTS ON 181-1NCH INSULATORS 

Rainfall 
Rate, Resis- Design A 
mm/ tivity, 20 
min kQ-em +CFO +WS 

17.0 1330 
10.0 1310 
yA. 1305 
i 1120 

10. 1360 
22 1360 

1330 
115 
1405 
1280 

Design B 
20 

+CFO +WS 

1390 
1350 
1080 
976 

1360 
1275 
1045 
1330" 
1035 
995 

t 
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Conditions: Waveshape 145/4000 ys, insulators 20 feet above 
=ground plane. 

* Tests with negative impulses gave lower values for this case. All 
ot aes negative critical flashovers (CFO) and WS’s were higher or 
equal. ; 

fr f ee 

represent average values recorded in the U.S.A., but large devia- 

tions occur in actual system operation. 

as decided in this program to test two designs of 181-inch 
EHV station insulators with switching surge impulses while 

subjected ‘to a wide variety of water rates and resistivities. The 

tests were conducted and the data evaluated in accordance with 

an IEEE technical report.) The principal test results are re- 

corded in Table I. Figs. 1 and 2 show the effect of varying either 

| 

INSULATOR 

DESIGN A FLASHOVER VOLTAGE IN KILOVOLTS 

CAITICAL FLASHOVER VOLTAGE IN KILOVOLTS CRITICAL 

| 
| 

| 
| 

| 

2 4 6 8 10 

WATER RESISTIVITY IN THOUSAND OHM-CENTIMETERS 

@-{ MMMIN. 

LEGEND FOR RATE OF WATER PRECIPITATION ©-3 MMMIN. § 

j X-5 MMAMIN. 

Fig. 2. Influence of water resistivity on critical (50 percent | 
probability) flashover voltage for positive polarity switching 
surge, 181-inch insulators. 

water rate or resistivity. It was observed that the differences in 

performance in both insulator designs was small when the water 

rate was varied from 5 mm/min down to 1 inm/min. However, 

the insulator flashover voltages of design B deteriorated con- 

siderably with reductions in rainfall resistivity. Insulator design A 

showed a smaller reduction than that exhibited by design B. This 
contrasted markedly to the performance of the two designs when 

subjected to either U.S.A. or uC standard conditions. In the 

latter case, no difference in the performance of the two designs 

was detected. Design A also had a higher withstand when sub- 

jected toa contarnination test described tater. 

CONTAMINATION TESTING 

Outdoor station insulation can accumulate industrial or natural 

solid deposits that greatly reduce the insulation value during 

periods of fog and moisture condensation. Many investigators 

have done work to provide a laboratory simulation of this con- 

dition. Satisfactory results have been achieved with mixtures 
of China clay and sodium chloride. Insulstors so contaminated 

and erected in fog chambers exhibit flashover performance simi- 
lar to that observed in station operation. As far as it could be 

determined, however, no texts had been devised which could 1) be 

‘varied to correlate with field conditions, and 2) be conducted 

without-elaborate Jaboratory facilities. 

Determination of Standard Con'iminant 

To determine a suitable contaminant for the evaluation of 500- 
and 765-kV insulators, it was decided to build tpon the known 
performance of 345-kV, 1050-kV basic insulation level (BIL), 
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TABLE II 

DETERMINATION oF STANDARD CONTAMINATION ON 90-INCH HiGn, 
345-xV INSULATORS 

x Power 
Rapid Leakage }'re- 
Rise 50-kV Current 210-kV quency 

Insu- Flash- ‘Stress at Stress Flash- 
lator ; over, . Time, 50kV, Time, over, 

Sample minutes kV minutes mA_ minutes kV 

] 263 
266 
234 
256 
270 
300 
235 
240 
283 

Average value 261 

oO 
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Conditions: 
Contaminant: China Clay, Bentonite. Thickness: 
7 mg/cm?. Resistivity: 4400 ohm-cm when mixed 
(Clay, 30.7 percent; Bentonite, 0.2 percent; Water, 
69.1 percent). : 
Fog Resistivity: 10-000 ohm-cm. 
Chamber: 52 X 56 X 46 feet high. 
Insulator 20 feet above ground plane. 

198-inch leakage distance, station post insulators. Such insulators 

have provided satisfactory performance when subjected to in- 

dustrial and power plant contamination of American Electric 

Power properties in the Ohio River Valley. 

It was decided that a contaminant to represent the field con- 

tamination would necessarily provide the following results on 

insulators tested in a fog chamber: 

1) Insulators to withstand the maximum line-to-ground opera- 

ting voltage of 210 kV for at least one hour. 

2) Range of power frequency flashover not to exceed 300- 

220 kV. 

Testing Procedure 

The following procedure was evolved. Insulators were con- 

taminated by spraying with a “standard” mixture having the 

following composition: 

Percentage 

Ingredient by Weight 

China clay 30.7 

Bentonite 0.2 

Distilled water 69.1 

NaC] As required. 

Insulators-to be tested were sprayed on all surfaces with this 

mixture and the resulting coating allowed to dry. The insulators 

were then assembled in a fog chamber so that the contaminant 

became thoroughly wet prior to measuring the power frequency 

withstand and flashover voltages. 

Two variables were found to affect the insulator performance. 

The first variable was the resistivity of the liquid contaminant 

“mixture. It- was found that various China clays contained a 

variety of soluble salts so that the volume resistivity of the result- 

ing mixture varied widely. It became necessary to determine a 

source of clay that was relatively free from soluble salts so that 

TABLE II 2 
Fog ConTamMInaTION Tests ON 181-1ncH INSULATORS 

Power 
Frequency, 
applied kV 

40 GO, withstand 
463 60, withstand 
465 60, withstand 
465 13 
465 3 
420 10 
420) 16 

Time to Flashover, 
minutes 

Insulator 
Design Sample 

ww Pwrprewhyoe 

Contaminant: China Clay, Bentonite. Thickness: 7 

mg/em?. Resistivity: 4400 ohm-cm when mixed 

(Clay, 30.7 percent; Bentonite, 0.2 percent; Water, 

69.1 percent). 
Fog Resistivity: 10 000 ohm-cm. 

Chamber: 52 X 56 X 46 feet high. 
Insulators 156 inches above ground plane. 

TABLE IV 

Wet ConrTAMINATION TESTS ON 181-INCH INSULATORS 

Power Frequency Flashover Measurements at 10-Minute Intervals 
While Drying 

Design A Design B 
Flashover, Flashover, 

kV kV 

740 
655 

1025 
1005 
1045 

Drying 
Time, 

Contaminant: China Clay, Bentonite. Thickness: 7 

mg/cm?. Resistivity: 4400 ohm-cm when mixed (Clay, 

30.7 percent; Bentonite, 0.2 percent; Water, 69.1 

percent). 
Insulator 20 feet above ground plane. 
Spray of 10 000 ohm-cm applied to thoroughly wet 

contaminant. 

small quantities of NaC] could be added to the liquid contaminant _ 

mixture ta control the resistivity. 

The second variable influencing insulator performance was the 

thickness of the contaminant layer. A uniform thickness of con- 

taminant layer producing a dry solid contaminant weighing 7 

mg/cm? was selected for preliminary insulator evaluation. 

The 1050 BIL station post insulators coated with a standard 

mixture were found to meet the 210-kV, 300-k V maximum flash- 

over criterion when contaminant resistivity was 4400 ohm-cm 

with a 7 mg/cm? deposit. Table II shows the results obtained 

when three similar insulator columns were contaminated with this 

mixture, the mixture allowed to dry, and assembled in a fog 

chamber for complete layer rewetting. It will be noted that all 

nine tests resulted ina one hour withstand determination at 

210 kV, followed by a rapid rise flashover voltage equal to or less 

than 300 kV. The average flashover voltage value for nine tests 

was 261 kV. 

During these tests, it was observed that erroncous values could 

be recorded if the contaminant layer was not thoroughly wet from 

its exposure to the fog. With the relatively thick contamination, 
> 
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‘TABLE V 

RELATIONSHIP BETWEEN FLASHOVER VOLTAGE AND CONTAMINATION THICKNESS ON 30-1NCH STATION 

Post InsvuLATOR ELEMENTS 

Liquid 
Contaminant Dry 
Resistivity, Deposit, 
ohm-cm mg/cm? 

Spray 
Vater 

Resistivity, | 
ohm-cm 

10 000 
10 000 
10 000 
10 000 
10 000 
10 000 

115 000 
115 000 
100 000 
115 000 

Sample 
Number 

1 10 400 
2A 4500 

213 4500 
3 1650 
4A 380 
5B 155 
1 10 400 
2A 4500 
2B 4500 
5A 155 

—" 

J = oS oe) 

m hd 
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Flashover, kV 
Test ee ' 

114 
114 - 
137 
135 
152.5 
127 
124 
156 
138 
182 
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TABLE VI 

RELATIONSHIP BETWEEN WITHSTAND VOLTAGE AND 
CONTAMINANT RESISTIVITY 

Ratio of Contaminant Resistivity Thickness Variable 30-inch 
7 Station Post Insulator Elements 

Liquid 
Contaminant Dry Voltage 
Resistivity, Deposit, Level, 
ohm-cm mg/cm? kV 

‘Number of 
15-Minute 
Withstands 

Insulator 
Sample 
Number 

1 10 400 23.6 54 6- 
2A 4500 7.08 63> 6 
2B 4500 7.15 63 ; : 
3 155 0.68 122 

Conditions: 
Contaminant: Water, 69.1 percent; Kaolloid, 30.7 
percent; Bentonite, 0.2 percent; Salt as required. 
Mounting: ASA insulator test mounting. 
Wet Spray: 10 000 ohm-cm water sprayed to thoroughl 
wet contaminant. 

this required fog exposure times in excess of one hour. It was 

found that this time could be substantially shortened and valid 

results observed if the contaminant layer was presprayed with 

water having the same resistivity as the fog water, using a spray 

gun producing a fine mist. 

Fog-Contamination Tests on EHV Insulators 

The standard contamination testing procedure developed on 

345-kV insulators was used to evaluate two proposed designs for 

765-kV station service. For this evaluation, the criterion of satis- 

factory performance was the ability of an insulator to withstand 

_an applied voltage of 465 kV for 60 minutes while the unit was 

contaminated and maintained ina wet condition in a fog chamber. 

The results of this test for two insulator designs are shown in 

‘Table III. Three samples of the design A insulator were each able 

to withstand an applied voltage of 465 kV for 60 minutes without 

flashover. Four tests on the design B insulators indicated their 

inability to withstand a voltage as low as 420. kV. _ 

Wet-Contaminalion Tesis 

In-the testing program, laboratory limitations made it im- 

~-possible-to determine the flashover voltages of contaminated in- 

sulators in the fog chamber. To measure this quantity, one sam- 

TABLE VII 

RELATIONSHIP BETWEEN FLASHOVER VOLTAGE AND Dryina TIME 

FOR 30-1NcH STATION Post INSULATOR ELEMENTS 

Sn 

Sample 2, Sample 1, 
380 ohm-cm 4500 ohm-cm 

Contaminant, Contaminant, 
Flashover, kV Flashover, kV 

129 3.43 120 
112 | 114 
128 | 96 
122 : 99 
149 | 109 
171 133 
184 151 
217 154 
299 167 
257 170 
255 183 
258 206 

236 
293 
274 

Drying Time, 
minutes 

Contaminant (Sample 1): Resistivity: 4500 ohm-cm. 
Thickness: 7.08 mg/cm? Mixture: Water, 69.1 per- 
cent: Kaolloid, 30.7 percent; Bentonite, 0.2 percent; 
Salt, none. | : 
Contaminant (Sample 2): Resistivity: 380 ohm-cm. 
Thickness: 1.21 mg/cem?. Mixture: Water, 69.02 per- 
cent; Kaolloid, 30.66 percent; Bentonite, 0.20 percent; 
Salt, 0.12 percent. 
Mounting: ASA insulator test mounting. 
Wet Spray: 10 000 ohm-cm water sprayed to thoroughly 
wet contaminant. 

ple of each of the insulator designs was contaminated and erected 

in a high-voltage testing chamber. The contaminant layer was 

thoroughly wetted by spraying with 10000 ohm-cm_ water. 

The flashover voltages taken at 10 minute intervals, while the 

insulators were drying, are shown in Table IV. ‘These results in- 

dicate a distinct superiority for the design A insulator. It should 
be noted, however, that the flashover voltage for this insulator 

was observed to decrease during the first 10 minutes of drying. 

Supplemental Tests on 30-inch Station Post Insulators 

In addition to the tests conducted on EHV insulators, supple- 
mental tests were performed on 30-inch high, 14-inch outside 
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diameter, 66-inch leakage distance, station post. insulator ele- 

ments. These tests-were divided into three portions. The first 

series observed variations in flashover performance with varia- 

tions in thickness and resistivity of solid contaminant deposit. 

To conduct this investigation, a number of insulator samples were 

coated with the standard contaminant described before with the 

rosistivity adjusted by the addition of NaCl, A range of resistivi- 

ties from 10 400 to 155 ohm-cm was investigated. Contaminant 

thickness was kept approximately proportional to the volume 

resistivity with the ratio of volume resistivity in ohm-cm to the 

dry deposit weight in mg/cm? within 1080 to 280. In this way, 
high-resistivity contaminant was put on in very thick coatings 
and low-resistivity contaminant was put on in very thin coatings. 

The contaminated samples were arranged for flashover testing 
and the contaminant thoroughly wetted by a fine mist spray of 
either 100 000, 115000, or 10 000 ohm-cm of water. The power 

frequency flashover test results are recorded in Table V. It was 

observed from these data and observations during the tests that 

best results were obtained within the following constraints: 

1) Spray water resistivity constant, maximum 10 000 ohm-cm 

2) Resistivity/(mg/cm?) ratio 410-640 
3) Weight of dry contaminant deposited, 2-12 mg/cm?. 

Ratio 2) will vary depending on the severity of contamination 

to be simulated. The limits of 3) were selected because great difh- 

culty exists in maintaining very thick coatings during the wetting 

period, and also, great experimental difficulty is experienced in 

providing very thin coatings of uniform thickness. 

Several supplemental tests were made to determine how the 

resistivity /(mg/cm?) ratio affects withstand. Results are sum- 

marized in Table VI. Comparison of Tables VI, IJ, and V shows 

that withstand kV per stacking unit is reasonably constant while 

flashover kV per stacking unit decreases with increasing stack 

height. This phenomenon needs further study with various in- 

sulator designs before any general conclusions can be drawn. 

A third series of supplemental tests was conducted to observe 

the influence of drying time on flashover voltage on 30-inch sta- 

tion post insulator elements. The results of these tests are re- 

corded in Table VII. It is noted here that the flashover voltage 

decreased in excess of 20 percent from the time the insulator was 

thoroughly wet to the point where the lowest flashover voltage 

was observed with the insulator partially dry. Further study is 

indicated, especially to determine the need for including a drying 

period as a part of a withstand test. Although not mentioned in 

Table III, design A insulators withstood 465 kV during drying 

periods up to 30 minutes after fog was discontinued and allowed 

to dissipate. 

CONCLUSION 

The most serious fault to be found with present wet test stan- 

dards is that they fail to discriminate between satisfactory and 

unsatisfactory designs. It is recommended that consideration be 

given to a wet test using a rainfall which will accumulate at & 

rate of 1 mm/min-and which has a volume resistivity in the range 

of 2500-3000 ohm-cm. ! 

A contamination test has been devised which is ‘convenient to 

suse-and gives consistent results. Means are provided to permit 

‘alteration of the test to ‘give various degrees of severity according 

to user requirements. ; 

-. Data obtained during the tests reported in this paper are not 

sufficiently complete to permit substituting flashover tests for 

withstand tests. 
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Discussion 

Fred Chambers (Tennessee Valley Authority, Chattanooga, Tenn.): 

This paper relates test data that has been obtained in a very impor- 

tant area to electric system engineers. One of the toughest problems 

encountered in EHY design concerns satisfactory insulation co- 

ordination in substations. This problem is particularly aggravated by 

the presence of contaminants that can be deposited on the insulators 

and bushings. | 
The paper provides switching surge critical flashovers and with- 

stand values for contaminated insulator stacks that are 181 inches 

high, those which are, presumably, normally used for the 700-765-kV 

class facilities. If similar tests have been run for insulator stacks of the 

order of 145 to 152-inches high, those usually chosen for the 500- 

550-kV class, it would be most interesting to have this information 

made known. 
The dielectric characteristics of insulator columns depend to a 

considerable degree on both the total leakage distance and on the 

configuration of the skirt arrangement that makes up the total 

leakage distance. There are three general types of bus support 

insulator configurations, namely, the conventional bus stacking 

units that are each 14!/. inches high and are characterized by a 

major shell arrangement; the various types of hollow- and solid- 

post insulators that generally have the leakage distance made up of 

relatively small skirts; and the cone type of structure developed in 

Europe that. is now finding application in the U. 8. Apparently the 

authors prefer not to identify their design A and design B in the 

paper; however, we wonder if they could reveal either the leakage 
distances of each design or the ratio of leakage distances. It 1s 
apparent that neither design is made up of the conventional 141/,- 

inch bus stacking units. It would therefore be of interest to know if 
similar tests have been made using 141/,-inch bus stacking units and 
if this information will be available. 

It is hoped that the authors will continue their testing in this area. 
This discusser is located in an area where there are occasional heavy 
rainstorms, usually of short duration, and it would be of considerable 
interest to ‘have information on the 60-cycle performance of con- 
taminated insulators under such conditions, or insulator performance 
after a long dry-period when a light rain or fog is applied. 

The TVA system experienced a flashover of a 161-kY transformer 
bushing which occurred when a light rain began freezing on the 

Manuscript received February 10, 1967. 
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«telatively lightly contaminated ‘surface. In this instance the trans- 
former bushing was vertically mounted and therefore similar to a 
porcelain bus support. 

W. A. McNeill (Doulton Industrial Porcelains Ltd., London, Ing- 

land): The authors have made a useful contribution to the study of 

wet flashover under varying rainfall conditions and also of flashover 

and reproducible artificial surface contamination. The ultimate 

value of these studies will, of course, be determined by the extent to 

which the observed absolute laboratory measurements can be 

used to forecast the service performance of new insulator designs. 
The potential value of the artificial contamination technique 1s 

amply demonstrated by the results given in Tables II] and IY where 
the superior performance under pollution of design A is clearly 

demonstrated, even though the differences in performance on the 

standardized wet flashover tests are marginal. It would be most 

interesting to employ these laboratory contamination techniques to 

compare with the tests conducted at the Brighton Testing Station in 

England, where very satisfactory performance has been obtained 

under combined saline and fly-ash pollution with Multicone insulators 

at 400 and 650 kV. The former, having an overall height of 151 

inches, a leakage path of about 430 inches, and operating on a 

line voltage of 400 kV, has given a favorable performance compared 

to the cap and pin insulators made up into a pedestal post 171 inches 

high. As practical evidence of the performance, in a country notorious 

for its difficult atmospheric conditions, more than 5000 of the 400 kV 

posts have been ordered, covering about half the total 400 kV -net- 

work requirements. The successful performance is attributed to the 

form and distribution of the creepage path, which is proportionately 

greater at the line end of the insulator, and to the reduction in the 

amount of intermediate metalwork. 
Evidence such as that presented in the paper and correlated with 

service results could be most valuable in formulating a form of test 

under artificial pollution conditions as a. means of discriminating 

between insulator designs at an earlier stage than is currently 

possible by means of extended field trials. Reference may be made to 

an earlier paper on the same subject.!® 
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Manuscript received February 13, 1967. 

J. H. Moran (Lapp Insulator Company, Inc., Le Roy, N. Y.): 

The-atithors are to be commended for attempting to produce a test 

procedure for evaluating the effects of contamination. We have done 

considerable work with the method described and find it to be as 

reliable for repeating data from test to test as any similar test. 

However, the authors list only two variables, 1) the resistivity of the 

contaminant mixture and, 2) the thickness of the contaminant layer 

as affecting the insulator performance. The effect of such factors in 

the clay, such as particle size, distribution of particle size, the 

chemical composition of the soluble salts remaining in the clay, 

and the pH of the clay mixture, are all very important. Also such 

intangibles as the ability of the contaminant to stick to the insulator 

and the amount of water which the contaminant can hold without 

running or flaking off the insulator produce widely variable results. 

It would seem that the unspecified properties of the materials 

required for the standard mixture are of such magnitude as to pro- 

duce grave doubts as to the validity of such a contaminated test 

from time to time and place to place. 

Further, a great dependence is placed on the standard mixture of 

30.7 percent’ China clay, 0.2 percent Bentonite, and 69.1 percent 

distilled water. In view of the great variation in the many charac- 

teristics of China clay and Bentonite, both physical and chemical, 

the specification of such precise numbers seems unrealistic. 

Manuscript received February 13, 1967. 
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R. W. Harmon (Ohio Brass Company, Barberton, Ohio}: The study 

of contamination is an-awesome task, yet it is a task-which demands 

an aggressive attack such ns this if improved service reliability is to 

be reconciled with spreading pollution. 
The nature of contamination, which is probably as diverse as any 

problem in the power industry, indicates that means for satisfactory 

test and evaluation will be found only after diligent and probably 

exhausting work. The tests proposed in this paper are realistic 

and have much to recommend them for further pursual. 

The reduced rate of higher conductivity rainfall goes a long way to 

improve the oft-maligned I]2I2Io standard rain conditions. This js 

the same precipitation rate and resistivity that we have used for 

switching surge tests for some time. We endorse the authors’ recqom- 

mendation that appropriate standardization committees consider 

new parameters. 

The proposed-contamination test holds much promise for develop- 

ment into a practical test. method. Unlike many of the tests which 

have been used recently, flashovers are precipitated from reasonable 

magnitude current surges. Our experience with this test indicates it 

does not share the rather serious flaw of unrealistically high current 

surging that is so prevalent in artificial contamination tests. In this 

regard and in other preflashover behavior, the flashover mechanism 

appears to do a good job of simulating natural service flashovers. 

The test, at least for contamination testing, 1s not overly difficult. 

As with any new test in which a single technique attempts to 

duplicate a bewildering array of service conditions, much cautious 

work must be done before general adoption can be recommended. 

We believe this test should be pursued, along with others, for refine- 

ment into a general test. It appears to satisfy the basic requirements 

of reproducibility and reasonably-accurate representation of service 

flashovers in a practical test technique. 

Manuscript received February 23, 1967. 

E. C. Sakshaug (General Electric Company, Pittsfield, Mass. ): 

A few of the points made by the authors are not entirely clear. A set 

of constraints is listed including the ratio of volume resistivity of the 

liquid contaminant to the thickness of coating in mg/cm?. It is 

stated that this ratio should fall between 410 and 640 for best 

results. Two samples listed in Table V, 5A and 5B, had ratios of 

1075 and 763, respectively. However, the results given for these two 

samples appear to line up with the results for samples tested within 

the specified range. 
Another aspect on which comment by the authors 1s requested is 

that the first test point for each sample shown in Table V 1s almost 

invariably higher than the other test points. One possible explanation | 

is that the samples were not thoroughly wet when the first tests 

were made. ; 

Similarly, the data given in Table VII indicate that flashover 

values decrease during the initial portion of the drying period. Is it 

possible, however, that the samples were really wet during this 

time and the results reflect variability in the wet condition rather 

than a decrease in flashover resulting from partial drying? 

Manuscript received February 24, 1967. 

G. Carrara and L. Zaffanella (C.E.8.I., Milan, Italy): The authors 

are to be commended for the considerable amount of switching 

impulse wet tests they performed. 
We are involved with the work of the Working Group on Measur- 

ing Technique of CIGRE Study Committee 8, which is examining 

carefully what steps are to be taken when normalizing switching 

impulse wet tests. 
Existing standards for power frequency wet tests require the rain 

to have characteristics which are impractical to obtain, not realistic, 

and on which narrow tolerances are imposed. ae 

Manuscript received February 27, 1967. 
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The work presented by the authors shows that noticeable varia- 
tions in test results can not be attributed to variations of the order of 
30 to 50 percent of rain intensity, or resistivity; therefore the present 
tolerances (of + 10 percent) may be drastically increased. 

Difficulties in wet testing are also found when trymg to obtain-a 
45-degree rain, so that several testing stations perform tests with the 

water falling practically vertically, It would be extremely helpful, to 

increase the tolerances on the angle also, to know the influence of its 

variation. 
Two more points seem to be worthy*of study, namely the effect of 

rain on the standard deviation and the comparison between results 

obtained under artificial and under natural rain. 

We agree with the author that, at the present state of the art of 

contamination testing, comparing the high-voltage insulators with a 

lower-voltage insulator which behaved correctly under the same con- 

tamination under which the high-voltage insulators are to be in- 

stalled, is a sound approach. 
Such a procedure, however, will be of very difficult, if not impos- 

sible, to standardize, since not many users will agree on ‘the in- 

sulator’’ to be commonly accepted as comparison sample. The 

method, in addition, does not discriminate between two insulators 

which both withstand the test. 

A second point refers to the validity of the results obtained when 

raising the voltage up to flashover. The phenomenon is such that ibis 

completely changed by voltage variations. We therefore are in favor 

of performing successive withstand tests (each about one hour long) 

at, increasing contamination severity and constant voltage close to 

operating voltage, rather than relying on flashover tests performed at 

constant contamination severity. 

In our opinion the withstand test must cover all the three different 

wetting conditions, namely: the wedding, sleady fog, and drying out 

periods. 
When speaking of ‘‘contamination severity’? we mean that the 

contaminating and wetting procedure must be such that each test 

may be associated with a well-defined, easily measurable, quantity, 

which represents the ‘‘degree’’ of contamination (in a way similar to 

that used for earthquakes or seastorms). 

To represent such a quantity, the authors suggested the ratio 

between the liquid contaminant resistivity and the dry deposit 

surface density. We would like to know if the authors tried to use the 

“equivalent salt deposit density’? which is used by many authors, 

and, if not, why. (Equivalent salt deposit density is defined as the 

salt quantity that, diluted in a given amount of distilled water, 

gives the same volume resistivity as that given by the dry deposit, 

scraped from the unit area of a representative surface of the insul- 

ator and diluted in the same quantity of water.) 

J. D. M. Phelps, J. B. Owens, and Arem Foti: We are pleased to 

give recognition to the discussers and offer the following answering 

statements. 

To Mr. Chambers we would reply that the bulk of our investiga- 

tions applied to 765-k Vs insulators because 765 kV was primarily the 

system operating voltage for which the investigation was under- 

taken. The test method described is equally applicable to 500-kV 

insulators. Insulator stacks using 14!/.-inch high stacking units 

were not tested because their use in EHV is very small. Insula- 

tor A of the paper had a leakage distance of 482 inches; insulator 

B had 432 inches. 

Manuscript received June 30, 1967. 
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Coincidentally W. A. MeNeill’s discussion imparts some in- 

formation: in- which Mr. Chambers is interested. This concerns 
relative performance between 151-inch high Multicone insulators— 
the height that would normally be used for 500-kV service—and the 

stacking 141/. inch cap and pin insulators. Mr. MeNeill’s experience 

of superior performance with the Multicone insulator essentially 

parallels ours. 
A review of Mr. Moran’s comments reveals an implication of 

testing difficulties arising from intangibles. Apparently, we were 
more fortunate than he. We would like to advise that it was standard 
practice in our contamination testing program to thoroughly wash 
the insulators with a detergent. prior to applying the contaminant. 
It is believed that this precautionary measure enhances the ability ° 
of the contaminant to adhere to the insulator. The two variables 
(resistivity of the contaminant mixture and the thickness of the 
contaminant. layer) were found. to have the greatest effect: on an- 
sulator performance. Consequently, they were the two variables 
stressed in the paper. We are sorry that Mr. Moran takes exception 
to the precise proportion of ingredients of the “standard” con- 
taminant mixture. The authors elected to use the same contaminant 
mixture as was used by previous investigators.) Composition and 

particle size of the China clay are available upon request. 

\Ir. Harmon’s discussion is well received. It is hoped that our 

interpretation is correct—that he endorses our approach to both 

a proposed industry standard change in rate of precipitation and 

water resistivity for wet tests, as well as using the proposed con- 

tamination test procedure as a nucleus for possible refinement into 

a general, industry standard type of test. 

Clarifying the questionable points listed by Mr. Sakshaug is 

slightly complicated. For the results listed in Table V of the paper, 

we stated as one constraint that best results were obtained when 

the ratio of contaminant resistivity to thickness of coating was in 

the ratio of 410 to 640. Even though the results for samples 5A and 

5B, with higher ratios, line up with results for the recommended 

ratios, the contaminant thickness of the two samples cited was so 

very thin that extreme difficulty was experienced in providing a 

coating of uniform thickness. For this reason, the higher ratios were 

excluded from the recommended range. 

We observed the same tendency regarding the invariably higher . 

flashover voltage of the first test point for each sample listed in 

Table V. At the moment, we can not explain this peculiarity. The 

meticulous care exercised during the investigation rules against the 

possible explanation offered by Mr. Sakshaug, because thorough and 

uniform wetting was one of the prime requisites before the test 

series was started. Similarly, we rule against the possible explanation 

offered by him for the results in Table VII. It is probably a case of 

semantics. We say ‘“‘with the insulator partially dry” and the discus- 

ser says ‘variability in the wet condition.’ Nevertheless, we have 

stated in the paper, and repeat for emphasis, that further study 1s 

indicated concerning behavior during the drying period. 

Regarding Mr. Carrara’s and Mr. Zaffanella’s discussion, we are 

anxiously awaiting a report from the Working Group on Measuring 

Technique of CIGRE Study Committee 8 on standardizing impulse * 

wet tests. Their work may prove to be a valuable guide in the 

standardizing work by standards groups here in the U.S.A. The 

comments these two discussers have offered concerning the portion 

of the paper dealing with contamination are well received. The 

authors elected to use the ratio between the liquid contaminant 

resistivity and the dry deposit surface thickness as a measure of 

contaminant severity because it appeared to be more straight- 

forward (because it involved only two quantities which required 

measurement in any case) and did not involve the introduction 

of a new quantity, namely, the equivalent salt deposit density. 

The authors are indebted to the discussers for their welcome com- 

ments, and we appreciate their interest. It is hoped that the paper 

will spur other investigators in accumulating and disseminating 

related test data. 



September 22 and 23, 1969 
Holiday Inn, Lenox, Mass. 

OBJECT: To allow interested General Electric Departments an opportunity to 
sae discuss common and individual problems with respect to increasing 

contamination consideration by our customers and standardizing 
bodies. 

September 22, 1969 

(2:00 P.M. Meet for coffee at the High Voltage Laboratory (Bldg. 9) 

2:15 P.M. Demonstration of flow-on method of contamination testing - HVL. 

3:00 P.M. _ Tour of outdoor research area of HVL. 

Dt4a Ell Tour of Project UHV facilities - Lenox. 

5°30 P.M. 
6:30 P.M. informalities at the Holiday Inn. 

Dinner (Dutch Treat) 

"+30 A.M. Welcome ...... Peete oes .. A. Glassanos, Mgr. Engr. 
: | , 3 Power Transformer Dept. 

8:45 A.M. . Test Methods and Standards for. _ : G.W.Alexander - Mgr.HVL 
a io Contamination | stig ene | oeeeee -POwer Transformer Dept. 

High Voltage Techniques for ‘nesting vcoe ct. lurner, «AVL 
Correlation of Test Methods with 

Natural Contamination .......see+6ee.+- M. Kawai - Project UHV 
Standardization Activities in NEMA, 

TEER, TRO 3: -CIGRE? cc. cece os use ss 0. Anderson 
| : A.F.Rohlfs 

Dr. T.W.Liao 

10:00 A.M. Coffee Break 

1O3;15 A.M. Design of Apparatus to Withstand _\ J.G.Anderson ~ Mer. 
: Contamination , Mee seeee Project UHV - Electric 

: ‘Util. Engr. Opr. 

Lightning Arresters paces os “E.C.Sakshaug 
Bushings | .. JK.Easley 
Power Circuit. Breakers: C.M.Ratliff 
Instrument Transformers 

Power Line Carrier Current Equpt. 



12:00 Noon 

12:00 - 

1:00 P.M. 

1:30 P.M. 

July 18, 1969 

Discussion Period 

Lunch (Dutch Treat) 

Design of Insulators to Withstand 
Contamination . 

Insulators 

Gepol ... 

Comments on Designs .......ceece 

Statistical Approach Using Metifor 
and TNA ... 

Coke Break 

Discussion of Common Problems and Company 
Technical Posture beast et diaciek! to 

Contamination ..... 

Each participating Reece to discuss 
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SUBJECT 

Gentlemen: 

In the last year there has been considerable activity among our cus- 
tomers and in standardizing bodies to specify contamination testing proce- 
dures for transmission line quipment. This activity had its basis in the 
work which has been done in CIGRE and IEC since contamination. has been a. 
more _ pressing problem in other areas of the world. | a 

As we furnish equipment for systems, “especially EHV and Welbipatelr 
UHV transmission systems, we will be faced with the requirements of aegis 

contamination specifications. To this end the G.E. Liaison Committee to. . 

Project UHV suggested that a Company symposium on contamination would serve 
a very worthwhile objective. As a result of this, Dr. T. W. Liao and I 
were assigned the responsibility of organizing such a symposium. The agenda 
lah this sympos ium is attached. It is Psonic to focus attention Ons 

. Test methods and standardization activities dealing ziiD 
contamination, | : is N 

Design of apparatus to Bifokatebae et contamination. 

“A discussion of common ‘ofan lets a our Company's Peete 
- posture with respect to “aptdagoretetge set eer oleh y cent) new 
standards. . 

You will notice under items 2 and 3 that we would Teryemach like to 
have your participation in this program. Therefore, we would like to invite 
you to participate in this symposium and to nominate a spokesman for your 
department or operation. Please also note your inputs to the Company posture 
on this subject will have an important bearing on our SS liv yhoo ue standardiza- 
tion work, 

Very tru i 

AN. 
mG SAE cat asat - Manager 3 
HIGH VOLTAGE LABORATORY - PITTSFIELD 

LMS 
Dr. T. W. Liao - Manager 
HIGH VOLTAGE LABORATORY: = ‘PHILADELPHIA 
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INTRODUCELON 

With the acceptance of statistical techniques in line design, tower 

dimensions may no longer determined by switching surges or lightning. Figure 1 

shows that additional insulator units, necessary for contamination performance 

may well impose the insulation design limits on EHV towers even in only lightly 

contaminated areas. Thus, improvement in insulator contamination performance will 

provide a reduced axial length of insulation. This will provide direct savings 

in tower heights and crossarm lengths. 

Effect Of Local Weather On Contamination Performance 

Utilizing the METIFOR weather model, the variation in insulation strength 

over time of contaminated insulators can be simulated using a contamination 

simulation program. This program will produce as output number of expected 

contamination flashovers over a 10 year period as a function of the number of 

InsulSscor wits. 

——— DESIGN FOR 
SWITCHING SURGES 
AND LIGHTNING 

DESIGN FOR 
CONTAMINATION 
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Figure 1 



The basic input to this program is: 

Hourly weather data. 

Buildup of contamination as a function of time. 

Washing effect of rain. 

Insulation strength of the wet contaminated insulators as a function 

of the equivalent amount of Nac. deposit. 

1. Weather Data. The hourly weather data used in METIFOR studies 

can be used for this study. The weather parameters of interest 

in contamination investigation are: 

Rain intensity and duration 

Fog intensity and duration 

Humidity 

Wind velocity 

Temperature 

snow and freezing rain 

Contamination Buildup. This information must come from measure- 

ments of the equivalent salt deposit densities on insulator strings 

allowed to remain in the field for specified times (without pre- 

cipitation). 

Washing Effect. Naturally contaminated insulators will be exposed 

to artificial rain of known intensity. The reduction in conductivity 

of the upper and lower surfaces of 5 selected insulator units in an 

insulator string will be recorded eeutanmedely. Knowing the relation 

between conductivity and the amount of contamination in mg Naty per 

is 
cm , the washing effect is determined. 

Insulation Strength of Contaminated Insulators. Much of this work 

has been done and is continuing at Project UHV. However, local 

contaminated strings must be related to these tests. 



Contamination Flashover Simulation 

Based on the necessary information evaluated as described above, the amount 

; ; ; e . 
of contaminants expressed in equivalent mg Nac 4 per cm may be determined as & 

fonction of time.. If fog occurs. when the insulator is sufficiently contaminated 

(critical contamination) flashovers will occur (Figure 2). By using this program 

over several years of weather data, the frequency of contamination problems may 

be evaluated. In addition, since periodic washing may be simulated the ideal 

times to wash, the units may be evaluated. 

FLASHOVER 

Crt. Al. 
Carreras eI bee ab ates ot ore we) arse wars, «(ESET E= 
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AMOUNT OF CONTAMINATION 
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TIME 

Figure 2 



Results Of Contamination otudy | 

The study program described here has the ability of incorporating in 

the calculation of contamination flashover rates all available knowledge con-= 

cering the nature of contamination flashover and the specific contamination 

conditions in the area considered. The most uncertain input eee ty will 

probably be the rate of buildup of contaminants. Figure 3 shows the type of 

format for the results of this study. 
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INSULATOR CONTAMINATION - PROBLEMS AND TESTS 

Fr. J. Turner 

INTRODUCTION 

GENERAL PROBLEMS 

To Simulate or Not to Simulate Nature 

j Fae a Wo ons of 8 hm A es (ay ON pes mye wes gomy + ¢ fe 4 Measurements of Degree of Contamination 

Selection of Contamination Materials CBR Burt 

Method of Moisture Application 

POPULAR PRESENT DAY CONTAMINATION TEST METHODS 

A. Salt Fog Test 

Predeposit Test 

Ll, German method 

2. Dipping method 

3. Flow-coating 

Utility of Various Test Methods 

orrelation With Natural Conditions 

C. Need for Both Development & Practical Test Methods 



SALT FOG METHOD 

Insulators thoroughly cleaned, 

Hung in suitable test chamber with a voltage source. 

Voltage applied at a specified value - usually the insulator service value. 

Salt fog introduced into chamber of a specified salinity measured in grams 

of salt per liter of water. 

Voltage is held constant for one hour, and if no flashover occurs test is 

called a withstand, 

Test is repeated at a higher or lower salinity depending on whether a 

withstand or flashover was obtained. 

Insulators are evaluated on the basis of highest salinity fog withstood for 

one hour. Three withstands out of four tests at a given salinity are 

required to determine the maximum withstand. 

Nozzle size, number of nozzles, distance to test insulators, rate of liquid 

flow are all controlled. 



PREDEPOSIT METHOD 

German Method 

1. Insulators are thoroughly cleaned and dried. 

Insulators are uniformly spray-coated with a mixture of Kieselguhr and 

salt in water. 

The insulators are dried. 

The dried insulators are placed in a fog chamber and service voltage applied. 

Fog of approximately the same conductivity as the insulator would experience 

in service is then created in the room. 

As the fog density increases the insulator leakage current will start to 

increase and will finally level off at the maximum conduction state. 

Voltage is increased until failure occurs, 

The increase in voltage above the service voltage is a measure of.the margin 

the insulator has above its operating voltage for the contamination applied. 

Remarks 

Many variations of the German test have developed, Most investigators object 

to the flashover type of test method in that it does not give the insulators time 

to cook and form dry bands which can precipitate a flashover. Accordingly a with- 

stand type of test is usually performed. 

For applying the contaminant dipping is often preferred to spraying because 

of the difficulty in obtaining a uniform spray-coating. Recently flow-coating 

has been substituted for dipping in cases where size and geometry have made 

dipping impractical. Variables that have to be specified in order to obtain 

reproducible results are number, design and location of nozzles and circulation 

of fog in the tent. In the CESI laboratory they recently made similar tests in 



PREDEPOSIT METHOD (Cont'd.) 

which they pre-wetted the insulators completely in order to obtain a conductivity 

measurement. For the current development testing being performed at UHV, steam 

is generated to supply the fog for wetting the insulators rather than using air 

pressure to atomize a water stream. 



ASEA TEST METHOD 

Insulators are cleaned and dried. 

Insulators hung in test chamber and test voltage is applied. 

One kilogram of Kaolin dust is blown into the test chamber. 

After 30 minutes the voltage is removed and 10 liters of water containing 

0.5% NaCl are atomized and blown into the chamber during a 30 minute period. 

Voltage is again applied to the insulators and a second 10 liters of water 

vapor containing 0.5% NaCl are blown into the chamber during a 30 minute 

period, Current pulses and flashovers are recorded. 

If no flashover occurs the insulators are dried for about 3 hours and the 

cycle repeated without cleaning the insulators. 

The number of test cycles until flashover occurs is a measure of the 

insulator performance. 



WET CONTAMINANT METHOD 

Thoroughly clean and dry the insulators, 

Flow-coat the insulators with a contaminating slurry. A preferred slurry 

contains 20 g/l of Cab-0-Sil HS-5, 1 g/l of Photo-Flo 600, and salt to 

obtain the desired conductivity. 

Three to five minutes after the flow-coating is completed apply the specified 

voltage to the insulators and hold until all scintillation ceases or a flash- 

Over occurs. 

Repeat the above cycle twice. Three withstands are necessary at a given 

voltage level in order to certify that it is a withstand. 

If a maximum withstand voltage is desired it is customary to raise the 

voltage steadily up to flashover on the first test and then drop down 10% 

from the flashover level for the second test. Subsequent tests are per-=- 

formed by changing the voltage in 5% steps depending on whether withstand 

or flashovers are obtained. Once again, three withstands are necessary in 

order to establish the withstand voltage level. 

Levels of contamination can be specified by the salt concentration in the 

slurry, the conductivity of the slurry, the conductivity of the insulator 

string before test, or the salt deposit density on the insulator surface. 
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A NEW CONTAMINATION TEST METHOD 

; .% 
B. Macchiaroli 

Institute of Electrical Engineering 
University of Naples 

Naples, Italy 

ABSTRACT 

A contamination test method is proposed that 
can be applied in any existing laboratory without 
adding expensive new facilities or equipment. 
The method can be applied to practically any 
piece of apparatus such as suspension insulators, 
eee lightning arresters, and station equip- 
ment. : 

In conjunction with the new test method a 
new contamination slurry is proposed. A large 
amount of data is presented concerning the physi- 
cal and electrical properties of the proposed 
Slurry and the reproducibility of the results. 

INTRODUCTION 

The artificial contamination methods now 
being employed by various laboratories around 
the world are all useful for development work, 
but they are generally designed for the investi- 
gation of certain natural conditions existing in 
specific areas. These methods generally require 
special and expensive test facilities and more- 
over it is often difficult to reproduce results 
among laboratories due to the many variables 
present, both in the method of making the test 
and in the composition of the contaminating 
slurries. 

There is a need for a standard contamination 
test that can be performed readily in any labora- 
tory with its existing facilities, The following 
prerequisites are suggested for such a test. 

1, No special rooms or facilities should be 
required, 

2. It must be capable of being applied to 
| all apparatus... 

3. The materials used in the contaminating 
slurry must be pure in the sense that 
they have the same physical and chemical 
characteristics at all locations, 

4e The equipment used must be simple so that 
it can be duplicated readily. 

2. The test method must have a minimum of 
arbitrary variables so that it is not 
dependent on the skill and experience of 

_ the operator. 

6. The variability of the test results must 
be minimal. 

7. The time required for the performance of 
the test and evaluation of the results 
should not be excessive. 

Fd Turner 
High Voltage Laboratory 
General Electric Company 

Pittsfield, Massachusetts 

With the preceeding factors in mind the 
authors have developed and thoroughly investi- 
gated the "wet contaminant" test method des- 
cribed in this paper, | 

THE WET CONTAMINANT METHOD 

In selecting a contamination test method 
there are two general philosophies that can be 
followed: | 

| 1. The contamination can be put on selec- 
tively in a manner simulating natural conditions. 

2. An attempt can be made to produce a uni- 
form coat over the entire insulator surface, 

Proponents of #1 argue that in the natural 
state contaminant is not as readily deposited on 
the protected surfaces of insulators of the fog 
type, and therefore any proposed test method 
should evaluate this protective quality. 

Proponents of #2 argue that protected sur- 
faces are only free of pollution during the 
early periods of exposure, and that insulators 
out in service for any reasonable period of time 
have as much or greater deposits of contaminant 
on the protected surfaces as they do on those 
exposed. 

Undoubtedly both of the above arguments 
have merit and represent observations of people 
from different localities concerning conditions 
that exist in those particular areas. 

It is the opinion of the authors that a 
standard test should take into consideration the 
most severe conditions, and therefore it was de- 
cided to use a variation of the uniform coating 
technique. : 

Two general methods have been used to ob-— 
tain a uniform or semi-uniform coat. One method 
is to apply a fine spray to the insulating sur- 
face while the spray gun and insulators are 
moved relative to each other until in the opera- 
tor's judgment a uniform coat has been produced, 
This method depends to a great extent upon the 
operator's judgment as to when he has a uniform 
coat, and also it is difficult to control the 
coating thickness. The second method consists 
simply of dipping the insulators in the contam- 
inating liquid. By this method the coating can 
be reproduced quite readily, providing that the 
insulator surface has been prepared in a speci- 
fied way before dipping. The main difficulty 

with this method is that it is almost impossible 

* 

B. Macchiaroli was in the High Voltage Labo : 
NATO-CNR scholarship, g ge Laboratory of General Electric Co., Pittsfield, Mass. on a 

to dip large bushings, lightning arresters, and 

other large apparatus. It was therefore decided 

+o use a variation of the dipping method that 

achieves identical results. That is, the insula- 

tors are flow-coated starting at the top and 

working to the bottom with a stream of liquid 
that coats the complete surface to the point of 

run-off. Previous to the flow-coating operation 

the insulators are prepared by washing in a neu- 

tral detergent,rinsing with tap water, and drying 

with compressed air. It has been found possible 

to design apparatus to flow-coat large structures 

and the resultant coating has been found to be 

quite reproducible. The quantity of the coating, 

however, in milligrams per square centimeter is 
somewhat less on the underside than on the top. 
This is also true of the dipping method and is 
probably due to the tendency to drip from the 

vertical surfaces, Furthermore, the flow-coating 
process can be carried on in any laboratory test 

area, and the residue flushed down the drain 
after test. 

In the proposed "wet contaminant" test 
method the testing starts while the insulators 

are still wet, three to five minutes after the 
end of the flow-coating process. Although the 
objective of this test method is to determine 
the highest withstand voltage, initially a flash- 
over is obtained to establish the voltage range. 

Therefore the voltage is brought up at a rate of 

about 7.5 kV/s to the flashover level, and the 
voltage recorded. A second test is then made re- 

peating the whole washing, contaminating, and 
testing procedure except that this time an at- 
tempt is made to hold a withstand voltage ten 

percent below the flashover value. The complete 

test is repeated several more times until three 
withstands and no flashovers are received at some 
voltage level. This is then called the withstand 
voltage for the particular contamination level 
applied and is usually determined within five 

percent. 

The above describes the method when used for 
development work to obtain design data. When 
used for a standard acceptance test method, one 
or more tests at the required withstand voltage 

ean be specified. 

There are two factors involved in this 
method that contribute to reproducible results. 
First, it has been found that with a little care 
the flow-coating nozzles can be shaped so that all 

of the insulator surfaces are covered to the 

point of run-off. The coating efficiency can be 
readily inspected by examination when wet, before 
applying the voltage, and also after the insula- 
tors have dried. Second, the flashover strength 
is dependent upon the amount of water held on the 

surface as well as the amount of solid material 

deposited. In the case of the "wet contaminant" 
method all tests are made with the surface com- 

pletely wet. 

The apparatus used to accomplish the flow=_ 
coating can be readily constructed from copper 

tubing. In Figure #1 is shown the apparatus 
used to coat suspension insulators. In this 

figure the contaminating liquid is pumped under 

pressure to the continuous copper ring which 
surrounds the insulators. On the inside surface 
of the ring 16 short sections of copper tubing 

about 6 mm in diameter (1/4") protrude. Half of 
these have a slight curve upward and sidewards 
so that the liquid is directed up along the 

grooves on the underside of the insulators. To 
illustrate the versatility of this method, Fig- 
ure #2 shows one of the largest lightning ar- 
resters in the process of being flow-coated. 

The degree of contamination on the insula- 

tor surface can be measured in several ways. 

First, the amount of salt and binder in the 
flow-coating liquid can be specified. Second, 
since the contamination coating is not altered 
by the test, all or part of an insulator coating 
may be washed off in distilled water, the con- 
ductivity measured, and the amount of salt in 
solution determined by comparison with standard 
curves, The equivalent salt deposit density 
can then be computed. Third, before applying 
high voltage to the test specimen a low voltage 

can be applied, and the leakage current measured, 

The conductance can then be computed, and finally 
the surface conductivity can be calculated by 
multiplying the conductance by the form factor 
for the surface being investigated, 

The form factor is not generally available 
and must be calculated from measurements made on 

a drawing of the insulator cross section using 
the formula 

fos - dt 
i mD(2) 

where £ denotes the total length of the leakage 
path and D(t) the diameter of each element of 
the leakage path. 

In the present investigation all of the 
above methods of measuring the surface pollu- 

tion were used, but the authors believe that 

the best correlation with withstand strength 

can be obtained with surface conductivity. 

In regard to the power source used for 
making contamination tests, other investiga- 
tors have found, and it has been confirmed 
here, that there must be sufficient short 
circuit current available to prevent a voltage 
dip when flashover is imminent. It was found 

that with a small amount of pollution a source 

of five amperes was sufficient, but that as the 
contamination increased ten amperes or more 

were necessary. 

THE CONTAMINATING MIXTURE 

One of the objections to the clean fog 

method and other similar methods of test has 
been the variability of the constituents used 

in the contaminating slurry. Many types of 
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binders have been used such as Kaolin, Kieselgur 
and Aerosil., It was decided to try a pure form 

of Si0o which is readily available under the 

trade name Cab-O-Sil, This is a pyrogenic silica 
having an extremely small particle size, It is 
produced by the hydrolysis of silicon tetrachlo- 
ride at 1100°C, and it is more than 99% pure. The 
basic chemical reaction is: 

Sict, + 2H20 ——s» Si0p + 4HCt 

The large number of individual particles 
formed a group together in a chain like formation, 

and when dispersed in a liquid system, these 
"chains" join each other and form a "chicken wire" 

type of structure which entraps the liquid. This 
reduces the ability of the liquid to flow, and re- 
sults in an increase of the viscosity. 

After a great deal of experimenting with 

Cab-0-Sil it was found that the addition of a 
small amount of additive increased the viscosity 
and resulted in a gelatin like deposit that has 
the ability to hold liquid for a long period of 
time, The manufacturers of Cab-O0-Sil suggested 
several additives, but none were more effective 
for the present applicatibn or as easily ob- 
tainable as the wetting agent called Photo-Flo 
mantfactured by the Eastman Kodak Company. 

In order to determine the final contami- 
. nating mixture to be used throughout the inves- 
tigation a large number of tests were performed, 

’ The aim of this part of the investigation was to 
determine the mixture that would remain in a 

. Stable wet condition for a long period of time, 

These basic tests were performed on a string 
of five standard 5-3/4" by 10" (146 mm by 254 mm) 
Locke insulators having an outline as shown in 
Figure #3. The coatings were evaluated for the 
ability to hold moisture by applying a low vol- 
tage and measuring the leakage current versus 

time. Leakage current measurements were started 
in all cases three minutes after the flow-coating 
process was completed, The drying time can vary 
with the power dissipated; therefore in order to 
compare all.coatings under the same conditions, 
the applied voltage was adjusted for each degree 
of contamination to maintain the power consumption 
below two watts. 

For each mixture investigated five tests 
were made, After each test, the density of the 
Salt deposit was determined on the top insulator 
of the string, the bottom insulator of the string, 
one additional insulator flow-coated but not 
tested, and finally one insulator that was coated 
by dipping in the same slurry; .Measurements of 
the density of the salt deposit were made not 
only for the whole insulating surface, but also’ 
for the top and bottom surfaces separately. The 
top surface was defined for this purpose as that 
area wetted by a vertical rain when the insulator 
1s hanging vertical, 

The results of these basic tests to evaluate 
the various mixtures are presented in Figures #4 

through #8 and Table I. 

The surface conductivity of the insulators 
was used as a measure of the ability of the con- 
taminant to hold water over a period of time. 

The average value of this quantity is plotted 
versus time after flow-coating in Figures #4 and 
#5 for a binder containing 2.5 grams per liter 
of Cab-O-Sil and 25 grams per liter of Cab-0-Sil 
respectively with various concentrations of salt 

from 2 to 100 grams per liter in each case. In 
addition, tests were made with 50 grams per 
liter of Cab-O-Sil, but it was found that the 
viscosity of the slurry was not stable for such 
a large concentration. 

In Figure #6 the results obtained with 20 
grams per liter of Cab-O-Sil and an additive of 
1 gram per liter of Photo-Flo 600 are shown. 

This amount of Photo-Flo additive was found to 
be sufficient by making several preliminary 
tests. 

At the left of each of the curves in Fig- 
ures #4 through #6 are shown two numbers sepa- 
rated by a diagonal. These represent the ini- 
tial variability of the results obtained for 
the five tests and the variability after 10 
minutes. Thus, for 50 grams per liter in Fig- 
ure #4, there was an initial dispersion in the 
conductivity measurements of + 10% and this 
grew to + 35% after 10 minutes. 

‘ In Table I the percent conductivity changes 
with respect to the initial, for times ‘after 
flow-coating of 10 minutes and 15 minutes, have 
been tabulated for the various mixtures, From 
these tests the following conclusions may be 
drawn: : 

1. With salt alone for a contaminant the 
initial surface conductivity is low, has a wide 
variation, and the surface dries rapidly. 

2. For a given amount of salt the initial 

surface conductivity increases with the amount 
of Cab-O-Sil. Although 25 grams per liter of 
Cab-0-Sil results in a fairly constant conduc- 
tivity for the first 10 minutes when above 25 
grams per liter of salt are used, the change is 
very large for low salt concentrations. Using 
50 grams per liter of Cab-O0-Sil gave better 
results, but it was found difficult to maintain 
a constant viscosity mixture, and this resulted 
in a large dispersion in the surface conductiv- 
ity. 

3. By far the most stable results were 
obtained when 1 gram per liter of Photo-Flo 600 
was added to a slurry containing 20 grams per 
liter of Cab-0-Sil, Figure #6 summarizes the 
data for this mixture, and it can be seen that 
the maximum variation in the initial conductiv- 
ity was only 2%, and the decrease over 30 min- 
utes was very small. Table I shows that the 
maximum change in conductivity over a 10 min- 
ute period was only 4% and after 15 minutes 6%, 
Thus, with this binder, for a given salt concen- 

_ 

—a 

tration there will be negligible variation in the 
initial conductivity of the insulators, the de- 
gree of wetness of each insulator will be the 
same, and it is not necessary to closely control 
the time at which the voltage is applied after 

the flow-coating has been completed. 

4. The amount of salt on the upper surface, 
lower surface, and the average for the complete 

insulator are shown in Figure #7. From this fig- 
ure it can be seen that the density of the salt 
deposit is linear with the salt in the slurry. 
It also increases with the amount of Cab-O0-Sil 
and is the highest when the Photo-Flo additive 
is used, For all cases, the salt density on the 
upper surface is greater than: that for the lower 
surface. This is also true for the dipping meth- 
od of contamination and does not affect the over- 
all value of the test method. : 

5. The dispersion of the density of the 
salt deposit on the insulator surfaces from test 
to test was found to be generally less than 15 
percent although it occasionally reached as high 
as 20 percent. 

6, No difference in the amount of salt de- 
posit was found between the dipping and flow- 
coating methods. 

7, The use of the Photo-Flo additive re- 
sults in an increase in both the salt deposit 
density and the surface conductivity; therefore, 
less salt is required in the slurry to achieve a 
given degree of contamination. 

8. In Figure #8 a plot is shown on log-log 
paper of surface conductivity versus grams per 
liter of salt for three levels of Cab-O-Sil bind- 
er, When plotted on this type of paper, a linear 

relation was found for all three cases, 

EFFECT OF TEMPERATURE AND HUMIDITY 

All of the tests up to this time were per- 
formed with both the mixture and ambient tempera- 
ture in the range of 22°C to 25°C. Since con- 
ductivity often is a function of temperature, it 
was decided to determine the effects of relatively 
large differentials in temperature between ambient 
and mixture. Accordingly, additional conductivity 
measurements were made for several mixtures on in- 
sulator strings with the ambient temperature in 
the range of 22°C to 25°C and a mixture tempera- 
ture of 12°C to 13°C. Also, the ambient tempera- 
ture was lowered to 7°C to 8°C and tests made 
with mixture temperatures around 22°C. For all 
of these tests the results have been within the 
spread that could be expected from test to test 
with different slurries; therefore, it can be 
concluded that the temperature of the ambient and 
mixture within a reasonable range has no appre- 
ciable effect on the surface conductivity. 

Similarly, the ambient humidity has been. 
varied from 15 percent to 70 percent with no 

noticeable effect on the data. 

TESTS ON INSULATOR STRINGS 

As a result of the information gathered in 
the investigation of the contamination coating, 
it was decided to make all further withstand and 
flashover tests with a contamination slurry con- 
taining 20 grams per liter of Cab-0-Sil, 1 gram 

per liter of Photo-Flo 600, and various levels 
of salt to achieve the contamination level de- 

sired, 

Withstand and flashover tests were performed 
on suspension insulator strings composed of two 

types of insulators: : 

(1) 9-standard Locke units, Cat. 1840K 
(2) 8 fog-type Locke units, Cat. 18134. 

The main characteristics of these insulators are 

tabulated. in Table II and shown in Figure #3. 

The tests were carried out for salt. concen= 

trations from 2 grams per liter to 20 grams per 
liter in the manner already described, and for 
each test measurements were made of both the salt 
deposit density and initial.surface conductivity. 
These quantities are shown in. Figures #79 and #10, 

-and the withstand voltages are shown in Figures 
#11, #12 and #13. In Figures #11. through #13 it 
is seen that the relative withstand values of the 
two insulator strings are the same whether plot- 
ted against grams per liter of salt in the slurry, 
density of deposit on the surface, or conductivity 
of the surface. In each case a curve is obtained 
which is apparently leveling off as large concen- 

trations of salt are reached, In. each case the 
fog-type insulator is somewhat superior to the 
standard insulator, a situation that was somewhat 
expected based on the longer creepage path. The 
difference in strength is most apparent when plot- 
ted against the grams of salt. per liter of solu- 
tion, This is caused by a higher average salt de- 
posit per square centimeter on the standard type 
unit which results in a higher conductivity. 
These differences in average salt deposit density 
and surface conductivity are due to the larger 
lower area of the fog-type units where the salt 
density is less, as already mentioned. When plot- 
ted against salt deposit density or-surface con- 
ductivity, however, the effect of the larger area 
of the underneath portions of the fog-type units 
is eliminated, and the insulators are compared in 

a more realistic fashion on the merits of the con- 
tour design. It can also be argued that surface 
conductivity is a more basic quality, and there- 
fore a more suitable basis for comparison, On the 
other hand, it is the most difficult of whe meas- 
urements to make or predict, and therefore may be 
less desirable from a practical standpoint. 

As a matter of interest, oscillograms of the 
leakage current and line voltage are shown in Fig- 
ures #14 through #16, Figure #14 shows on a rela- 
tively fast sweep the distortion that occurs in 
the current wave due to the streamers that occur 
during a withstand run very near the flashover 



level, Note that the voltage source is so stiff 
that it is relatively unaffected. Figure #15 
gives a record of the overall activity that oc- 
curs during a withstand run, and Figure #16 shows 
a flashover, In Figure #17 is shown the scintil- 
lation that occurs on the insulators during a 
withstand run that is very close to the flashover 
voltage, 

ODUCIBIL = e) AL_ APPROACH 

In order to come to some conclusions as to 
the reproducibility of the results obtained with 
the proposed test method, an attempt has been 
made to analyze the variability in the withstand 
voltage that can result from the parameters in- 
volved, These are: 

1. salt deposit density on the insulator 
surfaces, | 

2. wetting degree at the moment of test, 
3. layer thiclmess, 
4. layer temperature, 
5. rate of voltage increase, 

Another important variable is the short cir- 
cuit current of the power supply concerning which 
it has already been stated that it must be large 
enough to hold the voltage constant during peri- 
ods of heavy scintillation. When this condition 
is complied with, there is no appreciable influ- 
ence on the results. 

Considering the first four parameters, it is 
noted that they can be lumped together under sur- 
face conductivity. Therefore, we can consider 
that the withstand voltage ue is a function of: 

dV 
Vv. =f (c, at) (1) 

where c is the surface conductivity and rs the 

rate at which the voltage is increased to the 
withstand level, Accordingly, changes or varia- 
tions in the withstand voltage can be expressed 
as: 

oy OVw OVw dV 
ays = 5 «de * Sav) dt + A (2) 

at 

Here the quantity A has been added to ace 
count for the dispersion in results that could 
be obtained due to the statistical variation of 
unknown factors in the breakdown process even if 
all other quantities were held constant. 

OVw 
The term 3c is the slope of the tangent to 

the curve of withstand voltage versus surface 
conductivity. This value changes with the sur- 
face conductivity. Representative values are as 
follows: : 

The term, dc, can be considered as the 
variability that can exist in the surface con- 
ductivity from test to test for the same slurry. 
In Figure #6 it is seen that when working with 
the same slurry a variability of 2% has been 
found. However, when different slurries are 
mixed up it is estimated that an error of 2% is 
possible in each measurement. Since there are 
four components in the slurry, the estimated 
error in preparing a slurry could reach 8%, 
Therefore, for tests made at different times 
with different mixtures the total conductivity 
variability from this cause could reach 10%, 

In order to obtain an approximation for the 

term Sy a large number of tests are necessary 
alse : 

with the same slurry so that the change due to 
surface conductivity is minimal. This is quite 
difficult due to the time involved and the quan- 
tity of the same mixture required; therefore, it 
was decided to work with the flashover voltage, 
Ve, instead and use the results as a reasonable 
approximation for those that would have been ob- 
tained for V,. 

Tests were carried out on standard insula- 
tors for two different salt concentrations, and 
the results are shown in.Figure #18. The two 
curves obtained are in fairly good agreement and 
the following observations can be made: 

a. The —Fy, 2s determined by the slopes 
olay) 

of the curves in Figure #18 decreases when going 
from 3 kV per second to 12 kV per second for 
both curves with some average values as follows: 

OVr 

Rate of Rise O(a4) 
5 — : - 1.2 
7.5 kV/s - 0.4 

10 kV/s - 0,07 

b. Because of the variability of the data 
in Figure #18, a band should be considered 
rather than a single line through it. This can 
be accounted for to some degree by variations in 
surface conductivity, but is is probably more 
likely due to the unknown factors combined under 
4 in equation (2). In any event, the dispersion 
of results is greatest for slow rates or rise, 
being about + 5% at 3 to 4 kV per second and + 3% 
at 7 to 8 kV per second, 

ce. When working in this voltage range it is 

ih 

difficult to control the voltage for rates of 
rise greater than 10 kV per second, 

Based on the above observations, a voltage 
rate-of-rise of 7.5 kV per second was selected as 
standard for this voltage range. If we assume 
that we can maintain a speed of 7.5 kV per second 
within + 15%, then the term 

OV. dv 
ah i) becomes (-0.4)(415%) = + 6% 

dt 

_ Adding up all of the terms for equation (2), 
for a conductivity of 53 microsiemens which corre- 
sponds to a salt content of 10 grams per liter for 
standard insulators, we have the following: 

dVw = (0.35)(10) + (.4)(15) + 3 =» 12% 

In a similar manner the expected variability 
for Vw can be calculated for other conductivity 
values to yield the following table: 

dV, 

Salt in Mixture Std. Fog 

iit Ml elit: ins. ins. 
5 19% 23% 

10 12% 14% 
20 9% o% 

This variability is what could be expected 
when different mixtures used for several with-= 
stand tests and the withstand values are plotted 
versus salt in the slurry or on the surface, 

On the other hand during the present inves- 
tigation, when only one slurry was used for one 
complete test series, only a 2% variation in the 
initial conductivity was found. In this case the 
8% error possible due to using different mixes 
has been eliminated and the expected variability 
in the withstand values becomes: 

dVw 

Surface Conductivity | Std. Fog 

ee | en eee ins. ins. 
15 13% 13% 
30 De 11% 
60 10% 10% 

PRODUCIBIL = AL 

In order to verify that the withstand volt- 
ages for tests conducted at different times would 
fall within the theoretically calculated range, 

the withstand tests were repeated after a time in- 

terval of two months, In this second series of 

tests, both a different test area and a different 
operator were used, | 

The results of this second series of tests 
are plotted in Figures #11 through #13 and a com- 
parison with the original values is tabulated in 
Table III. From Table III it is seen that the 
results are in surprisingly good agreement with 
the initial tests, and the percent change is 
well within the calculated limits for each salt 
concentration, 

The reproducibility of results found here 
is much better than usual for contamination 
testing, and at the present time it is not known 
whether it is due to the test method, the slurry 
composition, or a combination of both. It would 
be interesting to investigate the reproducibility 
of results with the same test method but differ- 
ent binders in the slurry. 

ONCLUSIONS 

1. A new contamination test method has been 
proposed that can readily be applied to all types 
of insulating structures, and does not require 
highly specialized equipment or test facilities. 

2. The proposed test method is not intended 
to reproduce any particular natural conditions, 
but with experience correlation could come natu-= 
rally as data are accumulated in service for ine 
Sulating structures that have been tested by the 
new method, 

3. A new contaminating slurry has been de= 
veloped which is composed of well defined materi- | 

als and has the ability to hold its original wet 
condition over an appreciable time. The salt de- 
posit density and the surface conductivity of in- 
Sulators contaminated with this slurry are inde- 
pendent of both ambient temperature and humidity 
and also that of the slurry temperature, 

4. It is the authors’ opinion that the sur- 
face conductivity of the insulators should be 
used as a measure of the degree of contamination. 

5, Although further work is required, it 
appears that the reproducibility of results with 
the new method is good enough so that it can be 
considered for a standard contamination test, It 
would be desirable for some other laboratory to 
perform a series of withstand tests in order to 
check the results obtained and determine if any 
problems exist in this respect. 



Table I. Percentage Conductivity Change with Respect to Initial Value 

After 10 Minutes 
Cab-O0-Sil Photo=-Flo Salt g/l 

o/ 1 g/l 2 2 0 O00 

269 88 he oa 38 
) a3 9 _ Sha 

7 
4 3 1 2 

After 15 Minutes 

-.©O O:© 

Table II. Main Characteristics of Tested Strings 

. : Overall Length 
Insulator Type Number of Units mm 

Leakage Path 

Standard Disk 1314 2630 
Fog Disk 1320 3450 

Salt in Mixture — (g/1) 

Withstand Voltage (kV) 
First Test 

Withstand Voltage (kV) 
Repeated Tests 

Percentage Change of (%) 
repeated test with 
respect to the first 

Fig. 1. Apparatus for Flow-coating Suspension Fig. 2. Flow-coating Method Being Applied to a 

Insulators, . Lightning Arrester,. 

STANDARD LOCKE INSULATOR FOG TYPE LOCKE INSULATOR 
CAT. 1840 K | : CAT. 18134 

165 mm 

266 mm 

Fig. 3. Test Insulators. 
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A STUDY OF SOME VARIABLES AFFECTING CONTAMINATION TESTING USING THE WET CONTAMINANT METHOD 

B, Macchiaroli~ 
Institute of Electrical Engineering 

University of Naples 
Naples, Italy 

ABSTRACT 

The test results reported in reference (1) 
for which Cab+O0=-Sil was used as a slurry binder 

are compared with tests made using a slurry 
having a binder of Kaolin and Bentonite. 

_ Also investigated were the effect of non- 
uniformity of the contaminating coating, and the 
strength of horizontal versus vertical contami- — 
nated insulator strings. 

INTRODUCTION 

In reference (1), "A New Contamination Test 
Method", a wet contaminant method was proposed 
and applied to insulator strings. This method is 
very Simple and capable of being applied to all . 
apparatus without requiring special rooms or 
facilities. The contaminating slurry was a mix- 
ture of: 

20 g/l Cab=0usi1"™™ 
1 é/i Photo-Flo 600 

2 to 20 g/t Nacl 

For each test the insulators are washed in 
a neutral detergent, rinsed with tap water, dried 
with compressed air, and then flow-coated with 
multiple streams of the prepared slurry. Five 

minutes after the end of flow=coating, while the 
insulators are still wet, voltage is applied and 

inereased with a constant rate of about 7.5 kV/s. 
In the first test, the voltage is increased until 
flashover, whereas in subsequent tests an attempt 
is made to hold a withstand voltage below the 
preceding flashover level. The test is repeated 
several times until the highest level is deter- 

mined at which three withstands can be obtained © 

and no flashovers occur. This is called the 
withstand voltage for the particular contamina- 
tion level and is determined within five percent. 

Many tests were performed with this pro-= 

cedure on different insulator types, and the re- 
sults were also compared with those obtained on 
the same insulators with the clean fog method and 
with others in belts eh laboratories in natural 
and artificial tests The repeatability of 
the tests in the same laboratory and the agree- 
ment with test results of other investigators 

were very good. 

In order to have more information about 

variables that might affect this proposed contami- 
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nation test method, it was decided to carry out 
further research work, and particularly: 

a. to test with a different slurry to 

check the influence of the mixture on 
the test results and on the test re- 
producibility, 

b. to analyze the influence of non-uniform 

distributions of the contaminant, 

e. ° to compare horizontal and vertical 
strings of insulators. 

Only standard and fog disk insulators were 
used for the investigations. The main character- 
istics of the tested strings are shown in Figure 

#1 and Table I. 

TESTS WITH KAOLIN AND BENTONITE 

Many other investigators, with different 

test methods, are using Kaolin alone or mixed 
with Bentonite(3, 4,9,6), and for this reason it 
was decided to investigate the wet contaminant 
method with these components replacing Cab-O0-Sil 
as a binder. 

However, before applying the wet contami- 

nant procedure, it was necessary to make a pre- 
liminary investigation to determine the propor- 
tions for a slurry so that the salt deposit den- 

sity, the initial surface conductivity and the 
wetting degree would be as constant as in the 
slurry using Cab-O-Sil and Photo=Flo. The char- 
acteristics of the slurry are indeed a very im- 
portant element to insure good reproducibility 
in the test results. 

This investigation was conducted in the 
same manner as that which coneluded with the 
choice.of Cab=-0-Sil and Photo=Flof ) | and it was 
found that the amount of salt, Kaolin and Bento- 
nite have an influence on salt deposit density 
and on surface conductivity of contaminated 

strings similar to that found when using Cab-0- 
Sil and Photo-Flo. 

A large inconsistency was found, however, 
when bags of Kaolin and Bentonite from different 

‘lots were used. Changing the lots but keeping 
the same proportions of the slurry components, 

the salt deposit density and the surface con-= 
ductivity changed considerably. An example of 

this inconsistency is shown in Figure #2, where 
the surface conductivity for two different lots 

of General Electric Co., Pittsfield, Mass. on a 

of Kaolin and Bentonite is plotted versus time 
for a slurry containing 5 g/l of salt. The capi- 
tal letter "A" indicates curves for slurries con- 

taining Kaolin and Bentonite from the first lot, 
and the capital letter. "B" indicates the curves 

obtained with the lots obtained many months later. 

When Bentonite A was used with Kaolin B, an 
initial conductivity 250% higher was found than 
when Bentonite A was used with Kaolin A. Also, a 
definite difference in the drying time was found. 
Similarly, when Kaolin B was used with Bentonites 
A and B, a difference of 45% was found in the 
initial conductivity value, and there was again 
an appreciable difference in the drying time. 

The information in Figure #2 is very impor- 
tant because the high voltage test results are 

greatly influenced by the surface conductivity, 
and therefore it would be impossible to obtain 
reproducible data with bags of Kaolin and Bento- 

nite selected at random. 

This difference in behavior among batches 
of Kaolin and Bentonite had been expected because 

both Kaolin and Bentonite are not pure materials. 
Some factors which may control the behavior of 
Kaolin include mineral and chemical composition, 
the nature and quantity of minor compounds, crys- 

talline structure and particle construction (7). 
These clays contain varying amounts of minor im- 

purities among which are iron, titanium, alkaline 
earths, alkalies and sulphur compounds that, if 
present in appreciable amounts, can effect such 

properties as viscosity which in this kind of 
test is an important factor. A chemical analysis 
was not performed to find the proportions of the 

several components of the Kaolin and Bentonite 

used because this was not the purpose, but in 
Table II some data reproduced from references (8) 
and (10) are reported to illustrate the differ- 
ences that can exist. 

Bentonite, also, has a variable composition © 
and small changes can give radically different 

results. The addition of a small amount of mag- 

nesium oxide, for instance, increases the proper- 
ty of forming a gel (9). 

Therefore, the subsequent tests were per- 
formed using only one type of Kaolin and Bento- 

nite, namely Kaolin B and Bentonite A, and the 
final adopted-proportions for the contaminating 

slurry were: 

40 g/l Kaolin 
20 g/l Bentonite 

1 to 20-e/1 “-Nacl 

In Figures #3 and #4, the average total 
salt deposit density and the initial surface con- 

ductivity versus the salt added in the slurry are 
reported for both the standard and fog insulators 

In all the tests performed, including those 
with high voltage, the change in the initial sur- 
face conductivity was less than 4%. The wetting 

degree versus time was checked in three tests 

with each salt concentration, and it was found 
that the maximum change of the surface conducti- 
vity in comparison with the initial value was 3% 
after 10 minutes and 5% after 15 minutes. | 3 

When high voltage was applied to the. 

strings coated with slurries containing Kaolin 
and Bentonite, it was noted that the activity 
near the insulator pins lasts for a longer period 
of time than when coated with Cab-O-Sil and 
Photo-Flo. Moreover, when a flashover occurs 

during an-attempt to hold voltage, this happens 
generally in. the first half-minute with Cab-0-Sil 
and Photo-Flo, but it may be after more than one 
minute with Kaolin and Bentonite. 

The withstand voltages obtained with Kaolin 
and Bentonite are compared to those obtained pre-. 

viously with Cab-O-Sil and Photo-Flo in Figures 
#5, #6-and #7 where they are plotted versus sur- 
face conductivity, salt deposit density, and. salt 
in the slurry. The data from two separate series 

of tests are plotted for each type of binder, . 
thus an idea of test reproducibility can also be. 
gained from these figures. 

When surface conductivity is considered and 
data corresponding to both types of slurries are | 

compared (Figure #5), it can be noted that the 
results with the standard disks are almost iden- 
tical, with only-a difference of about 5% at 
10 uS. For the fog units, however, there is a 

difference of about 5% throughout the whole range 
of surface conductivity. 

From these tests one of the statements made 
in reference (2) is confirmed; namely that the 
withstand value for a contaminated insulator 
string is roughly the same for a given conducti- 

vity and is independent of the test method and 
contaminant. Also, when the band of data defined 
by the single points of Figure #5 are considered 
instead of the average curves, it can be seen 
that the change in the withstand voltage is 

within the theoretical limits calculated for the 
wet contaminant method (1). . 

In Figure #6 the data are plotted with the 
salt deposit density as a parameter, and the re- 
sults obtained with both types of slurry are in 
very good agreement. Since the withstand voltage 

is a function of both salt deposit density and 
degree of wetness, these results indicate that 
the slurries were about. equal in their ability to 
hold water on the surface. This was a fortunate 
coincidence in this case, as of course it would 
not necessarily be true of all slurries. 

Finally, withstand voltages versus salt in 
the slurry are considered in Figure #7. 

It is noted that the test results with 

10 g/l of salt are about the same. If this hap- 
pens with one amount of salt, it might be ex- 
pected to be true for all salt concentrations, 
but this did not turn out to be the case. The 



withstand voltages obtained with Kaolin and Ben- 
tonite when the salt in the slurry is decreased 
are lower than those obtained with Cab-O-Sil and 

Photo-Flo. With the fog units, the difference 
between the highest withstand voltage obtained 
with Cab-0-Sil and the lowest with Kaolin and 

Bentonite at 5 g/l of salt is almost 13%, and 
with the standard disk at 2 g/l it is 17%. 

The reason for this can be found in the 
fact that Kaolin and Bentonite are not pure 

materials and, when the salt in the slurry is 
decreased, the percentage influence of the 
conductive products is larger resulting in lower 

withstand voltages than those obtained with the 
same salt in the slurry using a pure material as 
a binder. It was found that a slurry with 40 g/l 
of Kaolin and 20 g/l of Bentonite and no salt 
added. in the water had a resistivity of 3600 ohm- 

em., while the original water had a resistivity 
of 18,000 ohm-ecm. When an insulator was coated 
with this slurry and dried, measurements made of 
the surface conductivity and salt deposit density 
were the same as though the slurry contained a 

small amount of salt. 

It was decided to repeat the tests with 

Kaolin and Bentonite to check the repeatability 
of the results when compared on the basis of salt 
in the slurry. The data obtained are reported in 
Table III where it is seen that the repeatability 
is as good as it was with Cab-0-Sil and Photo-Flo, 

but a better agreement is obtained when surface 

conductivity is considered (Figure #5). 

NON-UNIFORM DISTRIBUTION OF THE CONTAMINANT 

During laboratory tests all of the insula- 
tors of a string are usually coated in the same 
manner, and the individual insulators are also 
coated fairly uniformly. Under natural service 
conditions, however, the forces of wind, rain, 
gravity and the electric field (11) combine to 
produce a highly non-uniform coating that is 
generally more concentrated near the line end of 
the string and is usually denser near the cap and 
pin of the individual insulators (6). 

Attempting to simulate all of these con- 

ditions in the laboratory is very difficult, but, 
in order to determine the influence of non-uniform 

distributions of contaminant, it was decided to 
analyze: 

1. Non-uniform Distribution in the String: 

that is the insulators of the upper . 

part of the string are coated with a 
slurry containing less salt than those 
in the lower part; 

2. Non-uniform Distribution on the Insula- 
tors: that is the upper surface of 
each insulator is coated with a slurry 
containing less salt than the lower 

surface. 

1. Non=-uniform Distribution in the Stri 

In this investigation four different levels 
of salt content were used: a first series with 

2 and 20 g/l and a second with 5 and 10 g/l. 
These numbers were selected to examine the influ- 

ence of large and small differences in the slurry 
coatings. In each test nine contaminated insula- 

tors were used, but the number of them coated. in 
the upper part of the string with less. salt was | 

varied. Tests were made with 1, 3, 5 and 7 in- 
sulators on the upper end coated with 2 g/l and 
the remainder in each case with 20 g/l. Tests 
were also made with 1, 4 and 7 insulators on the 
upper end coated with a 5 g/l slurry and the re- 
maining insulators coated with 10 g/l. 

All the test results are summarized in 
Figure #8 and:in colum 7 of Table IV... Because 
of the non-uniformity of the coating, the surface 

conductivity has no meaning, but it is possible 
to compare the results on the basis of the total 

conductance of the strings. The solid line of 
Figure #8 corresponds to the average withstand 
voltage obtained when the same slurry coats all 
the insulators, and the points A, B, C and D cor- 
respond respectively to the data obtained with 
2, 5, 10 and 20 g/l of salt. The other points in 
the figure correspond. to different coatings as 
indicated. 7 , 

When the distribution-.of contaminant in the 
string is not uniform, the withstand voltage with 

the same total surface conductance is less than 
with uniform distribution. The maximum change 

with 5. and 10 g/l-is.at 4. 6 uS, where the reduc- 
tion is 11%; with 2 and 20 ne it is at 3 uS, 
where the reduction is 36%. In both cases, the 
maximum reduction happens when about one third of 

a string is contaminated with the slurry having 
the lower salt concentration. 

As already mentioned, in service installa- 
tions the distribution of contaminant on the 
string is not generally uniform, whereas in arti- 

ficial tests each insulator is coated in the same 
way with the same slurry. This could mean that 
withstand voltages obtained in artificial tests 
are higher than those that can be realized in 
service, even though the measured conductance is 
the same. : 

The ability of a non-uniformly contaminated 
string to hold a voltage depends upon the distri- 
bution of surface resistance. If all the parts 

of the string are able to withstand the voltages 
applied to them, there is a total withstand; when 

one of the parts flashes over, all the voltage is 
applied to the remainder of the string. A with- 
stand or flashover results, depending upon the 

ability of the remainder of the. initia to support 

the voltage. 

During the tests with 2 and 20 g/l of salt, 
the following succession of events was observéd. 

ort ila ciated tcomientahi 
conductance/ Ins. 

When voltage was applied to strings having the 

first insulator on the ground end coated with 

2 g/l and the other eight with 20 g/l, activity 
started immediately on the lower surface and near 
the cap of the first insulator (Figure #9-la) and 
then, with less intensity, on the lower surfaces 
of the other insulators (Figure #9-lb). The 
first.insulator then flashed over and, depending. 
on the applied voltage, the other insulators 

withstood (Figure #9-lc) or flashed over. When 
the number of insulators coated with a 2 g/l 
slurry was increased and those with 20 g/l cor- 
respondingly decreased, the activity throughout 
the whole test was concentrated only on the lower 
surfaces of the insulators coated with the lesser 
amount of salt. If these were able to withstand, 
there was a total withstand, otherwise there was 
first a partial and then a total flashover.. A 
qualitative example is shown in Figure #9-2a, 
where the first three are coated with 2 g/l and 
the other with 20 g/l. At the end of each with- 
stand test there was no visible activity except 
near the pin.of the lowest insulator coated with 

the slurry having the lower salt content, where 
there was a characteristic blue scintillation. 

When the 5. and 10 g/l slurries were used, 
the activity was generally the same as that des- 
cribed with the exception that when only one in- 
sulator was coated with 5 g/l and the rest with 
10, the initial activity existed on the lower 
surface of all. the insulators. 

After. the preceding qualitative test obser- 
vations were made, it was decided to try to cal- 
culate the withstand values for the non-uniformly 
contaminated strings based upon the withstand 
values obtained for uniformly contaminated 

strings reported in reference (1). 

Referring to Table IV the calculations were 
made as follows: 

The data in column 4, the average surface 
resistance of the insulators coated with the 
various slurries, was calculated from the .con- 
ductivity values given in Figure #10 of reference 
(1) and the form factor for the insulators. Thus, 
for a slurry of 10 g/l Beit content the conducti- 
vity is 57 ae 

The Senden ee per insulator = 

conductivity X a7 “ 

form factor 1A 73.0 US 

The resistance per insulator = 

4 if ut 5 asl ! 
= 730 2.107, 2 To7e = 13,600 ohms 

Similarly for 5 g/l: 

- Resistance per insulator = 30,300 ohms. 

* Calculated form. factor for standard insulators. 

For the case of 4 insulators coated with 

5 g/l in series with 5 insulators with 10 g/l, 
the total string resistance is: 

4 with 5 g/l = 4 x 30,300 ~ = 121,200 

5 with 10 g/l = 5 x 13,600 ~ = 68,000 

| TOTAL = 189,200 

of which the insulators coated with 5 g/l com- 
prise 64% (column 4) and those with 10 g/l 36%. 
Thus, four of the insulators (column 8) withstood 
64% of the applied withstand voltage or 39.6 kV 
as shown in colum 9. 
(1), however, assuming a linear relationship, 
four insulators coated with a 5 g/l slurry will 
withstand 35.2 kV (column 5). Thus, the with- 
stand value, predicted on the basis of uniformly 
coated insulators, is 11%.lower than the non- 
uniformly coated insulators (column 10). The 
other values in column 10 were calculated in a 
Similar manner, and it can be seen that the with- 
stand values could have been predicted in this 

manner with an error ranging from 2 to 14%. 

The measured values of total conductance in 

these tests were about 7 to 8% less than calcula- 
ted values deduced from data with the same slurry, 
but in spite of this there is a good agreement be- 
tween the measured withstand voltage of a non-= 

uniformly coated string and the voltage that can 
be predicted knowing only the surface resistances 
of the string and the withstand voltage per insu- 
lator when the same slurry is used. In this 
evaluation, it must be realized that the values 
of column 4 are calculated from average surface 

conductivities measured during a preceding in- 
vestigation (1), and that the initial surface 
resistances measured at low voltage undoubtedly 

change a little when high voltage is applied. 

From these tests it can ‘therefore be con- 
cluded that a non-uniform distribution of con- 
taminant on the insulators from one end of a 
string to another is more dangerous than a uni- 

form distribution. This statement is in agree- 
ment with some conclusions deduced from Project 

EHV tests (6), and is in disagreement with 
another investigation carried out in Sweden on 
de insulators (12). 

2. Non-uniform Distribution on the Insulators: 

Nine standard disk units were also used for 
this investigation, and slurries with 2, 5, 10 
and 20 g/l of salt applied. The different coat- 
ings and the test results are reported in Table V 

and in Figure #10, but before discussing the re- 
sults, it should be noted that the observed mech- 
anism during the tests was completely different 
from those with non-uniform distribution along 
the string. 

From Figure #1l, reference 

| 
i 



-In the first three test. series of Table V, 
where the contaminating slurry reached a maximum 

of 5 g/l on the upper surface and 10 g/l on the 
lower, the maximum activity was near the pin. 
This is normal for contamination tests in general 
and has been observed both in the laboratory and 
in the field.. However, in the last two test 
series (5/20 and 10/20) the activity all occurred 
on the upper surface with none on the lower. 

After each withstand a.completely dried ring was 

noted near each cap, while the. other parts of the 
remaining surface were still wet. The width of 

these rings decreased going from insulators near 

the ground. to those near the line. After each 
flashover these rings were deformed in some parts 
and the dry. bands. resched: the outside vaneas of the 

insulators. 

No particular investigation was made to ex- 
plain these observations, but they can be attri- 

buted to the high voltage gradient near the cap 
and the greater current density near the pin. 

With a uniform contaminating coating, a distance 
near the pin that represents 22% of the leakage 
distance supports 70% of the voltage, and near 

the pin 6% of the leakage distance supports 23% 
of the voltage (6). Due to the small diameter of 
the pin, the current. density is very high in this 
area. Under normal contamination conditions this 
results in a generation of heat around the pin, 

drying out the contamination, and forming a dry 
band which subsequently sparks over since most of. 
the voltage appears across,it. When a slurry of 

20 g/l salt is used to coat the lower insulator 
surfaces, however, and one with only 5 or 10 g/l. 
is used on the upper, the conductivity around the 

pin relative to.that at the cap is increased to 

the point that dry banding occurs at the cap in- 

stead of at the pin. 

In Figure #10 the withstand voltage of a 
nine insulator string is plotted versus total 

surface conductance with. a solid line for those 

cases where the same slurry is used for both . 
upper and. lower surfaces... The points correspond-= 

ing to withstand voltages with different slurries 

do not fall on this line: those of the first . 
three test. series being higher, and the other. 

two being lower. The points of the first three 

test series are quite close to the average with- 
stand voltages, the maximum deviation being 8%. 
The points of the fourth and fifth series, how- 
ever, for which the activity around the cap Oc= 
curred, differ from the average represented by 

the line by 15% and 21% respectively. 

In columns 7 and 8 of Table V, the average 
withstand voltages when the same slurry coats the 
upper and lower surfaces are reported (1), and in 
columns 9 and 10 these values: are compared with | 

those of column 4 obtained with different 
slurries on the same insulator. Some interesting 

comparisons can be noted. When a slurry with 5 
g/l on the upper surfaces and with 10 g/l on the 
lower surfaces is considered, the withstand vol- 
tage (column 4) is 14% lower than that obtained 
with a 5 g/l slurry on each surface (column 7); 

doubling the salt of the slurry on the. lower sur- 
faces, the withstand voltage decreases to 33h be= 

low that for the uniform slurry. 

With a 2 g/l slurry on the upper surfaces 
and a 5 g/l on the lower surfaces (a 2.5 times 
change instead of 2 as above), the withstand vol- 
tage decreases 17% in comparison with a 2 g/l 
slurry on each surface; doubling the salt of -the 

slurry on the lower surfaces, the withstand vol- 
tage again decreases to 33%. Thus the same 
action was duplicated for two salt concentrations; 
doubling the slurry salt for the lower surfaces 
approximately doubled the decrease in strength 
relative to the withstand for a uniform coating 

equivalent to that on the upper surface. 

On the other hand if the withstand i eo 

for the salt on the lower surface is used as a. 

basis for comparison (colum 8), changing the 
slurry for the upper surface from 5 g/l to 2 g/l 
results in an increase in strength from 15% above 
that for a uniform slurry to 35% (column 10). If 
the 20 g/l coat on the lower surfaces is consid- 
ered, however, the results are different. For a 
10 g/l coat on the upper surfaces the strength © 

is 19% below that for the uniform 20 g/l coating, 
whereas for 5 g/l on the upper surface the 
strength is 2% above that for the uniform coat. 
Although this observation is not consistent with 

the previous one, it is obvious that the salt 
concentration on the upper surface is affecting 
the withstand strength to almost the same degree 
as that on the lower surface. For the case of a 
20 g/l slurry coating the lower surface, the de- 
gree of contamination is so heavy that the scin- 

tillation activity on the insulators shifts from 
the lower to the upper surface, and this undoubt- 
edly accounts for the differences noted in the 
withstand values relative to a uniform coating. 

Although a more extensive investigation is 
necessary, these tests indicate that for the wet 
contaminant test method both the upper.and lower 

surfaces contribute in a similar way to determine 
the withstand voltage of a-contaminated string. 
This conclusion is different from that obtained 

with another test method (3) in which contamina-~ 
tion on the bottom surfaces was found as the 
major factor in contamination flashover. The 
reasons for this are not apparent at the present 

time. 

TESTS ON HORIZONTAL STRINGS 

In order to study the effects of geometrical 
position of a contaminated string on the withstand 
voltage by the wet contaminant method, both stand- 
ard and fog units were tested with the original 
Cab-O-Sil slurry. Each string was first vertical- 
ly contaminated and then pulled to the horizontal 
position without damaging the coating. For each 
test the surface conductivity and the salt deposit 
density of the lower, upper and total surfaces 
were measured. The test results are reported in 

Table VI where they are also compared with those 
of vertical strings coated with slurries of the 

same salt content. These latter data are taken 
from reference (1). 

The salt deposit densities of the vertical 
strings are higher than those of the horizontals, 

and the differences are larger for the upper sur- 

faces than they are for the lower. Although 
coated originally as uniformly as possible, the 
final coating existing on either the vertical or 
horizontal strings depends upon the run-off as the 

insulators hang waiting for test. The usual pro- 
cedure is to wait until dripping stops before 

testing. It has been found on the vertical 

strings that the resultant salt deposit on the 
bottom surface of the insulators is generally 
less than that on the top and is usually about 
1/2 of the top value. For the horizontal strings 
the average salt on top and bottom surfaces is 
almost equal, although by observation it can be 
seen that there is greater: concentration on the 

lower portion of both, The makeup of the path 

that determines the total conductance, and thence 
conductivity, measured for the string is very 
complex, Thick layers of conducting material may 

contribute nothing to the conducting path if they 
are in series with even small high resistance 
elements, Accordingly, it becomes quite obvious 
that in the case of the horizontal string, where 
the flow of the coating is down towards the lower 

half, and the upper surface of the disk has al- 
most the same salt»density as the lower, the ef- 
ficiency of: the coating in forming a continuous 

conducting path will be. greater than for the ver- 

tical string. Therefore, although the salt de- 
posit densities are as much as 50% lower for the 

horizontal strings than for the vertical, the 

conductivities differ by less than 20%. 

Comparisons of the withstand voltages can 
be made using several parameters to measure the 

pollution severity. : 

When the salt in the slurry is-considered, 
the horizontal strings are electrically stronger 
than the verticals; the maximum values are 7 to _ 

8% higher as shown in Figure #11. This is logical 
because~both salt deposit density and surface 
eonductivity are lower. 

When the surface conductivity is used as the 

parameter, there is'no difference between horizon- 
tal and vertical strings. In Figure #12 the dot- 
ted and solid line are the average withstand 
curves obtained with vertical strings, and the 
points for the horizontal strings are very close 
to them, This is another confirmation that when 
a string of insulators is-coated with the same 

slurry, the withstand voltage is the same, within 
the usual accepted limits for a contamination 
test, for the same total surface conductance or 
conductivity of the string, and it is not depend- 
ent upon the test method, the contaminating slurry 
or the geometrical position, 

In Figure #13 the withstand voltages are 
plotted versus the total salt deposit density for 
the two positions; in this case the vertical 

strings seem to be stronger than the horizontal, 
Whereas in Table VI the two string orientations 

are compared on the basis of the same salt in the 
slurry, in Table VII they are analyzed for equiv- 

alent withstand voltages, In Table VII the values 
for the horizontal strings are read from Table VI, 

whereas those for the vertical strings are read 

from curves plotted in Figure #413 for vertical 
strings and those of salt deposit density versus 
the salt in the slurry measured during a preceding 
investigation (1). 

From this comparison it can be seen that 
the salt deposit density in the lower surfaces is 
very close for both standard and fog units with 

the greatest difference of about 15% occurring at 
63 kV. Thus it is seen that the withstand vol- 
tages are approximately the same for the horizon- 

tal and vertical strings when the salt deposit 
densities on the lower insulator surfaces are the 

same. Since the salt deposit densities on the 
upper surfaces are different for the two string 
orientations, it appears that, contrary to the 
conclusion made earlier, the salt deposit density 

on the lower surface controls the withstand 

strength. The investigation, however, was not 
planned to investigate this point, and it is be- 
lieved to be a coincidence resulting from the 

different distributions of the salt on the upper 

surfaces for the horizontal and vertical condi- 

tions. For example, it was noted that for the 
vertical hanging insulators a large concentration 

of salt occurred near the joint between the cap 
and the porcelain. This contributes appreciably 

to the salt deposit density, but probably affects 
the conductivity and withstand voltages very 
little. When pulled to the horizontal position, 
this excess slurry ran down the insulators and 
dripped off. Thus, although the salt densities 

measured differently for the two orientations, 
that which was effective in causing a flashover 

could have been the same. Considering these 
facts, it is the authors' opinion that the test 
results on the horizontal strings do not contra- 
dict the earlier conclusions reached relative to 

the effect of the upper and lower surface coat= 
ings on the flashover strength. 

- After these considerations it seems evident 
that no difference exists between the horizontal 

and the vertical strings when the salt deposit 

density on the lower surfaces or the surface con- 

ductivity are assumed as parameters; when the salt 
in the slurry is considered, the horizontal 
strings are electrically stronger only because 
both salt deposit density and surface conductivity 
are smaller due to surface run-off. As a matter 

of interest, in Figures #14 through #16 pictures 
taken during withstand and flashover tests on 
horizontal strings are shown, 

Generally, under service conditions it has 
been seen that horizontal and inelined strings 

are electrically stronger than vertical strings 
in areas of heavy contamination. The reason for 

this is not that the flashover mechanisms are 

different, but that they wash better (6). 
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TABLE I 

MAIN CHARACTERISTICS OF TESTED STRINGS 

eceoapenieil 7 Total 
Overall Length Leakage Path 

(mm) (mm) — 

Standard Disk 

Fog Disk 

TABLE II 

MAXIMUM AND MINIMUM PERCENTAGE PROPORTIONS OF MOST 

IMPORTANT COMPONENTS OF SOME KAOLINS & BENTONITES = 

a 
COMPONENTS - 

* ‘These data are from tables in references (8) and (10). 
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TABLE VII ‘come . | | @ 

SALT DEPOSIT DENSITIES 
a HORIZONTAL STRING VERTICAL STRING 

| , Lower Surfaces Total Surfaces Lower Surfaces |, Total Surfaces Insulators (kv) (mg/cm) (mg/cm*). | (mg/cm?) 

| Standard | O41 045 One ad 

‘A-80 g/I KAOLIN A & 20 g/l BENTONITE A 

B -80 g/! KAOLIN B & 20 g/I BENTONITE A 
Type of Withstand — C - 40 9/1 KAOLIN B &20 g/I BENTONITE A 

D-40 g/l KAOLIN B & 20 9/I BENTONITE:B 

SALT DEPOSIT ‘DENSITY -mg/cm* SURFACE CONDUCTIVITY -MICROSIEMENS Nf LN TIME - MINUTES 
15 

SALT - grams/liter 

Fig. 2. Influence of pe ae a een ee ee Fig. 3. Slurries with Kaolin and Bentonite. 
Fog on the Surface Conductivity. Slurries wi g Total Salt Deposit Density Versus the Salt in the 

of Salt. Mixture, 

STANDARD LOGKE INSULATOR FOG TYPE LOCKE INSULATOR 
CAT. 1840 CAT. 18134 7 | = 

uw ! 
= 

H 

& = 3 : z z 
[a a 6 

4 Ls | 
= = bE STANDARD ra 

INSULATOR a 
> > 
: z : = a 
> oh. 
S = 
lJ = 
OO 

= a 
a paar DISK 
(op) 

MS ~ 10 20 40 80 160 | 
SALT- grams/liter : SURFACE CONDUCTIVITY- MICROSIEMENS | 

pl ieee Comparisons with Different Slurries. 
Withstand Voltages Versus the Initial Surface ) 
Conductivity. 

rigi-4; Slurries with Kaolin and Bentonite. 
Initial Surface Conductivity Versus the Salt in 

the Mixture. 

Fig. 1. Tested Insulators. 
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° =) TEST WITH CAB-O-SIL & PHOTO-FLO Ta} TEST WITH CAB-O-SIL & PHOTO-FLO &® 
ry) TEST WITH KAOLIN & BENTONITE . ) a TEST WITH KAOLIN & BENTONITE 

ef! 

130 

_ WITHSTAND VOLTAGE - kV WITHSTAND VOLTAGE - kV 
s 70 

STANDARD DISK STANDARD DISK — 
01 02 04 08 16 32 pei 2 q 8 16 32 

| 
SALT DEPOSIT - mg/cm? SALT = grams/liter 

| Fig. 6. Comparisons with Different Slurries. Fig. 7. Comparisons with Different Slurries. 
| 

Withstand Voltages Versus the Total Salt Deposit Withstand Voltages Versus the Salt in the Mixture. 
: 

| 

Density. | 
VOLTAGE VOLTAGE VOLTAGE VOLTAGE | 

te 1b | 1¢ 20 | 

Fig. 9. Visual Observed Mechanism During. With- 
stand Tests with Non-uniform Distribution of the 
Contaminant in the String: 

1, First Insulator at Ground End Coated with 
Less Salt, Other Eight Insulators with More Salt. 

3 wi : i | ith Mor © 3 ins.2 g/1-6 ins 20/1 tia ‘ with Less Salt, Other Six mas ia with More 
Salt. O 5 ins. 2 g/l - 4 ins. 20 g/I 

» ¥; ee 
100 t 7 ins. 2 g/l - 2 ins. 20 g/I C) 

4 1 ins 59/I-8 ins 10 g/I 

x 1 ins.2g/1- 8 ins: 20 g/I | Bs | | 2, First Three Insulators from Ground End Coated 

| 
| 

© 7 ing 5q/1-2 ins 10 g/l be UPPER LOWER 
SURFACES SURFACES 

® 4 ins 5q/l-5 ins. 10 g/l | : : | | | | 
| 

~ WITHSTAND VOLTAGE - kV 

2 

1201 N g/l 5 g/l | > ) g/l 10g | 1 g/I\ g/l 40 
a * g/\ g/l = : : e 2 4 8 16 3 = ae 2 | TOTAL SURFACE CONDUCTANCE - MICROSIEMENS 
= S q ee so ear | 2 60 z 

Fig. 8. Non-uniform Distribution of the Contami- 
= 

= nant in the String. Withstand Voltages Versus = 2 the Total Surface Conductance. The Letters A, B, 
: 40 = _C, D Represent the Points Obtained for Uniform 

Slurry Coatings of 2, 5, 10 and 20 g/l Salt 
Respectively. 

0 4 8 ae : TOTAL SURFACE CONDUCTANCE - MICROSIEMENS 

————e eo EoD —— - 

l 2 8 6 32 
‘ j ‘ SALT -grams/ liter 

Fig. 10. Non-uniform Distribution of the Con- pee: g 
taminant in the Insulators. Withstand Voltages Fig. 11. ‘Vertical and Horizontal Strings. With- 
Versus Total Surface Conductance. The Letters stand Voltages Versus Salt in the Mixture. 
A, B, C, D Represent the Points Obtained for 
Uniform Slurry Coatings of 2, 5, 10 and 20 g/l 
Salt Respectively. 
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INSULATOR CONTAMINATION - PROBLEMS AND TESTS 

F ° J S Turner 

INTRODUCTION 

GENERAL PROBLEMS 

To Simulate or Not to Simulate Nature 

Measurements of Degree of Contamination 

Selection of Contamination Materials 

Method of Moisture Application 

POPULAR PRESENT DAY CONTAMINATION TEST METHODS 

A. Salt Fog Test 

B. Predeposit Test 

lL. German method 

2. Dipping method 

3. Flow-coating 

ASEA Test Method 

Wet Contaminant Method 

SUMMARY 

A. Utility of Various Test Methods 

B. Correlation With Natural Conditions 

C. Need for Both Development & Practical Test Methods 



SALT FOG METHOD 

Insulators thoroughly cleaned, 

Hung in suitable test chamber with a voltage source. 

Voltage applied at a specified value - usually the insulator service value. 

Salt fog introduced into chamber of a specified salinity measured in grams 
of salt per liter of water. 

Voltage is held constant for one hour, and if no flashover occurs test is 
called a withstand. 

Test is repeated at a higher or lower salinity depending on whether a 
withstand or flashover was obtained. 

Insulators are evaluated on the basis of highest salinity fog withstood for 
one hour. Three withstands out of four tests at a given salinity are 
required to determine the maximum withstand. 

Nozzle size, number of nozzles, distance to test insulators, rate of liquid 
flow are all controlled. 



PREDEPOSIT METHOD 

German Method 

Insulators are thoroughly cleaned and dried. 

Insulators are uniformly spray-coated with a mixture of Kieselguhr and 

salt in water. 

The insulators are dried. 

The dried insulators are placed in a fog chamber and service voltage applied, 

Fog of approximately the same conductivity as the insulator would experience 

in service is then created in the room, 

As the fog density increases the insulator leakage current will start to 

increase and will finally level off at the maximum conduction state. 

Voltage is increased until failure occurs. 

The increase in voltage above the service voltage is a measure of the margin 

the insulator has above its operating voltage for the contamination applied. 

Remarks 

Many variations of the German test have developed. Most investigators object 

to the flashover type of test method in that it does not give the insulators time 

to cook and form dry bands which can precipitate a flashover. Accordingly a with- 

stand type of test is usually performed, 

For applying the contaminant dipping is often preferred to spraying because 

of the difficulty in obtaining a uniform spray-coating. Recently flow-coating 

has been substituted for dipping in cases where size and geometry have made 

dipping impractical. Variables that have to be specified in order to obtain 

reproducible results are number, design and location of nozzles and circulation 

of fog in the tent, In the CESI laboratory they recently made similar tests in 



PREDEPOSIT METHOD (Cont'd. ) 

which they pre-wetted the insulators completely in order to obtain a conductivity 

measurement. For the current development testing being performed at UHV, steam 

is generated to supply the fog for wetting the insulators rather than using air 

pressure to atomize a water stream. 



ASEA TEST METHOD 

Insulators are cleaned and dried. 

Insulators hung in test chamber and test voltage is applied. 

One kilogram of Kaolin dust is blown into the test chamber. 

After 30 minutes the voltage is removed and 10 liters of water containing 

0.5% NaCl are atomized and blown into the chamber during a 30 minute period, 

Voltage is again applied to the insulators and a second 10 liters of water 

vapor containing 0.5% NaCl are blown into the chamber during a 30 minute 

period, Current pulses and flashovers are recorded. 

If no flashover occurs the insulators are dried for about 3 hours and the 

cycle repeated without cleaning the insulators, 

The number of test cycles until flashover occurs is a measure of the 

insulator performance. 



WET CONTAMINANT METHOD 

Thoroughly clean and dry the insulators, 

Flow-coat the insulators with a contaminating slurry. A preferred slurry 

contains 20 g/l of Cab-Q-Sil HS+5, 1 g/1 of Photo-Flo 600, and salt to 

obtain the desired conductivity. 

Three to five minutes after the flow-coating is completed apply the specified 

voltage to the insulators and hold until all scintillation ceases or a flash 

Over occurs. 

Repeat the above cycle twice. Three withstands are necessary at a given 

voltage level in order to certify that it is a withstand. 

If a maximum withstand voltage is desired it is customary to raise the 

voltage steadily up to flashover on the first test and then drop down 10% 

from the flashover level for the second test. Subsequent tests are per- 

formed by changing the voltage in 5% steps depending on whether withstand 

or flashovers are obtained. Once again, three withstands are necessary in 

order to establish the withstand voltage level. 

Levels of contamination can be specified by the salt concentration in the 

slurry, the conductivity of the slurry, the conductivity of the insulator 

string before test, or the salt deposit density on the insulator surface. 
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° High Voltage Laboratory 
Pittsfield, Mass, & Philadelphia, Pa. 
halite 25, 1969 : 

SUBJECT 

hehsmibeian Byaben contenination Symposium 
Se vember S35: 1909 te 

Gentlemen: 

7“ reviewing the Sr apon tn ei pede dine edad, a iecwinee: 
the distinct impression that it was a worthwhile endeavor and that 
there was a cross fertilization of information and ideas Gongoming aio 
the Saber Y which will benefit ‘ne General Electric. BOnpeY + | 

Mr. A. Glassanos' weléoming address Sniniy wall set +he tone ron : 

the program which followed and ice was very oe summarized by Dr cig 

Tq. H.Lee, | ciel 

In trying to concisely state the outcome of the Symposium we 

| i Agree that we should watch the standardization activities 
very ee see | : : : 2 ial : 

ee ‘That some additional research and S develocment work outa ci 
| be very desirable in this area, particularly as this type . 
of a problem can become po glee. wienout ae) warning 

of its inception. 2 | eS ie 
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FIELD AND LABORATORY TESTS OF CONTAMINATED INSULATORS 

FOR THE DESIGN OF THE STATE ELECTRICITY COMMISSION OF VICTORIA 

500 KV SYSTEM | 

Ais oe 

J; Johnson R. T. Henderson 

D. E. Hedman EF. oi. LuPher : 

In recent years, the control of switching surges by circuit breaker resistors, 

and the use of shielding angles adequate to reduce lightning impulse flashovers, 

has made possible appreciable reduction in transmission line insulation levels and 

cost, particularly on EHV lines. As this process continues, additional design 

data will be required for the power frequency withstand of line insulators exposed 

to contamination, if future line designs are to be both successful and economical, 

Although extensive investigations have been made during the past two decades 

on the power frequency performance of contaminated insulators, the basic mecha- 

nism is so complex, and there are so many parameters, known and unknown, in 

the problem that much work remains to be done to permit optimum line design, 

Since the future 500 kv transmission system of the State Electricity 

Commission of Victoria must traverse a very severe contamination area, as in- 

dicated by present 220 kv line performance, a very extensive investigation has 

been made, including both field and laboratory work, This work provided a sub- 

stantial amount of new design information for the 500 kv system, Details of this 

study are presented in this paper, for comparison with previous investigations, 

and possibly to serve as a basis for future research, 

FIELD EXPERIENCE 

The State Electricity Commission of Victoria supplies virtually all the elec- 

tric power in the State of Victoria, an area of some 88,000 square miles in the 

southeastern corner of Australias Apart from small hydroelectric stations con- 

tributing to peak load demands, and a low load factor entitlement from the Snowy 

Mountains Scheme, the bulk of the power is generated by base load thermal sta- 

tions situated on the very extensive lignite brown coal fields of the Latrobe Valley, 

about 90 miles east of the capital city of Melbourne, 

Since the first thermal station was installed in 1924, the total capacity of the 

Latrobe Valley generation has grown to its present level of some 1,400 MW, with 

a further 1, 700 MW of plant under construction or on order, and the probability 

of extensive additions in the future, 

State Electricity Commission of Victoria, Melbourne, Australia, 

Bechtel Corporation, San Francisco, California, 

General Electric Co,, Schenectady, New York. 

General Electric Co,, Pittsfield, Massachusetts, 
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Initial transmission of power from the Latrobe Valley to Melbourne was by 

way of four 132 kv steel tower lines which have subsequently been supplemented 
by six 220 kv lines, and the S,E.C.V. is currently constructing the first of two 
500 kv lines which will operate initially at 220 kv and finally at 500 kv in 1970, 

If brown coal retains its present economic advantage over other fuels, then 
it is possible that a total of ten 500 kv lines will be required between the Latrobe 
Valley and Melbourne by the turn of the century, transmitting a total of some 
19,000 MW of base load power, and it was primarily this factor and the associated 
problems of line easements which influenced the adoption of 500 kv as the next 
step in voltage, 

The original 132 kv transmission lines, and the four 220 kv lines installed 
between 1956 and 1964 leave the power stations ina westerly direction towards 
Melbourne, the first 20 miles being located in a shallow valley. The prevailing 
easterly winds of the dry late summer and early autumn blow the power station 
plumes along the route of the lines, and the effects of pollution fall-out are readily 
seen on the insulators up to some 20-25 miles from the stations, 

With the assistance of occasional live-line washing in later years, eight: oto" 
porcelain standard cap and pin insulators on the 132 kv lines and fifteen 5" x 10! 
standard glass insulators on the 220 kv lines provided effective insulation, even 
near the power stations, No flashovers due to pollution were experienced, despite 
the increasing level of pollution, until late 1960 when a trial burning commenced 
with coal from a newly developed open cut, 

In the first three months of 1961 a total of 28 flashovers occurred on the lines 
in foggy weather, 10 of them being experienced in a single period of one hour be- 
tween 6 A.M, and 7 A.M, In this latter period, there was a cascade outage of all 
four 132 kv lines, and it was strongly suspected that the source side transient 
following upon a fault on one line led to the cascade tripping of the remaining 
healthy lines, All flashovers occurred on vertical (suspension) strings, and imme- 
diate action was taken to secure the lines by the hand application of 0.1 1b. of sili- 
cone grease (Dow Corning 5) per insulator on the suspension strings over the first 
4-5 miles from the stations, Further greasing has been carried out as flashovers 
extended beyond the protected zone to a distance of some 10 miles, A total of 
nearly 90 line outages have occurred during the past five years and all were beyond 
the zone of protective grease, No pollution flashovers have occurred on greased 
insulators, which indicates that the protective life of the grease is still effective 
after three years of service, Strain strings have not been greased and no cases of 
flashover on these strings have been reported, 

FIELD INVESTIGATIONS AND LABORATORY TESTS IN AUSTRALIA $$$ eee EY EN YE DER LE 

Because of the serious effect of this pollution on the base load transmis sion, 
a very thorough field investigation was then started, which led to further tests in 
laboratories in both Australia and the U.S, 
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The prime objective of this work was determination of the insulation level 

to be used for 500 kv lines operating in heavily polluted areas, it being decreed 

that silicone grease coating is not a solution to the problem until more economic 

methods of application and maintenance are available. 

Better knowledge of the basic mechanism of this type of insulator flashover 

was a secondary but most important objective. 

The field investigations were directed toward: 

1. The nature of the pollution and the development of an artificially 

polluted insulator having characteristics similar to those polluted 

in the field. 

hos Field observation of the flashover phenomenon, 

The Pollution 

It was very quickly established that the flashovers were associated with the 

burning of coal from the new Morwell field and that this coal had a much higher 

proportion of sodium, chlorine, and sulphur than the coal from the earlier 

Yallourn field. It was also found that the majority of the undeveloped coal fields 

had similar salty coals, and, therefore, the problem would increase in its mag- 

nitude, Plant operating data is given in Table I and the fuel analysis of the two 

coOale is given in’ Table I, 

Many strings removed after flashover were subjected to a ''swab!"' test, 

From each portion of the disc the pollution was removed by scraping and wash- 

ing, then filtered, and the conductivity of the measured volume of liquid was 

determined, From curves of conductivity against per cent solubility the mass 

equivalent of salt (Na Cl) producing the same conductivity was determined, 

Typical conductivities are shown in Table III, together with chemical analysis 

of the pollutants. 

Visual examination showed that the deposits of pollution were much heavier 

on the underside, or protected area, of the insulators and this has been attributed 

to the combination of electrostatic precipitation and the poorer natural washing 

of this side of the insulator. It was found, also, that heavier pollution occurred 

on the downstream side of strain strings, and this appears to be caused by eddying 

of the flue gases around the insulator under conditions of light wind. 

It was observed that at least 4-5 hours of fog conditions prevailed before 

flashovers commenced, and thereafter the lines continued tripping out for two or 

three hours - a total of 21 outages occurring in one two-hour period, This process 

contrasts with coastal salt pollution which is dissolved off the discs much more 

rapidly in wet or foggy conditions, and if flashovers are going to occur, they take 

place soon after the right climatic conditions arise, 
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From this, it was deduced that the pollution had a slow release character- 
istic for the conducting salts, and that the solubles were bonded to the insulator 
by a cement-like residue, To obtain some guide to the characteristics, a num- 
ber of polluted insulators were removed from the line and were placed in a test 
chamber 10! x 6! x 7'6'' high, the thick porous walls of the chamber providing a 
good measure of temperature and humidity stabilization. The insulators were 
assembled as vertical strings of eight units and, to simulate clean fog conditions 
in the field, were left overnight in a relative humidity of nearly 100%, An elec- 
tronic megohm meter operating from 10 volts d.c. was connected by screened 
leads to the two ends of the string, and insulation resistance measurements were 
taken, 

Controllable low-pressure steam was injected into the chamber and fans, 
coolers and moisture-absorbent screens were used to stabilize the temperature 
and humidity over a five to eight hour test. Insulation resistance measurements 
were taken at regular intervals, and the average resistance per disc against 
time from inception of fog was plotted to give Curve A, Pie,.'te 

Similar tests were made with clean insulators dipped in salt solution and it 
was found that there was a radical difference (as shown in Fig. 1, Curve C) be- 
tween the release characteristics of the power station pollution and natural salt. 

To simulate the natural slow release characteristics, the artificial salt 
pollution was bonded with fresh Portland cement until a curve was obtained which 
corresponded to that of the naturally polluted insulator, This was achieved by 
dipping a clean disc in a slurry containing, by weight, 5% to 10% salt in the water 
used; bonding was provided by adding two parts of cement to five parts of the 
water in every case, Alternatively, three dips in a 2% salt slurry with drying 
intervals between dips provided a suitable consistent coating, The insulation re- 
Sistance-time curve of the artificially polluted insulators is also shown in Fig, 1, 
Curve B. | 

It was believed that an equivalent artifically polluted insulator had now been 
obtained, and this has formed the basis of subsequent tests carried out in 
Australia and America, 

However, it was realised that true comparability with a naturally polluted 
string at the time of flashover may not have been achieved, because it was usually 
not possible to remove an insulator from an operating line immediately at time of 
flashover, and therefore the degree of pollution at that instant was not known - 
further leaching of solubles occurring in the interval before removal. Secondly, 
the tests had been carried out in clean fog, whereas it was highly probable that 
the fog droplets at the power station became conducting while in the plume of the 
flue gases, and the effect of this on the flashover was not known. 

It was found that naturally polluted strings of insulators could not be made to 
flash over under clean fog conditions at service voltage and that it was necessary 
to contaminate the fog by the addition of salt, However, it was believed that by 
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varying the salt contamination of the artifically polluted insulators or the salt con- 

tent of the fog, service flashover conditions could be simulated. For practical 

reasons the fog was kept clean, and a degree of salt contamination on insulators 

was established to give approximately the same performance as naturally polluted 

insulators in polluted fogs in the field, This degree of contamination was then used 

in laboratory tests, 

Field Observations of Surging 

Concurrently with the investigation into the pollution, an attempt was made to 

determine the mechanism of flashover on the suspension strings on the lines, 

Observers were stationed along the lines at the onset of the autumnal fogs, and the 

following visual information was obtained: 

Le During high rates of moisture release, pear shaped drops have been 

seen which elongated from the rim and ultimately disappeared with a 

bright flash between the outer edges of the insulators spaced five inches 

apart, 

Shortly after the onset of the fog, a continuous glow developed at the pins 

and flickering arcs were seen between a pair of outer skirts on the 

undersides of all insulators with the exception of the line end and upper 

two insulators of the vertical string. 

After the fog had persisted for some hours, a change in the phenomenon 

occurred, The glow at the pins increased in intensity in the lower half 

of the string, and this was followed by tongues of arcing of increasing 

luminosity on the undersurfaces of the insulators, and reaching from 

the pins to the outer edges, A few momentary flashes would occur be- 

tween separate pairs of insulators and then a bright yellow flash would 

envelop the lower two-thirds of the string, but without producing com- 

plete flashover and resultant line tripout. All glowing and arcing would 

then cease, This cycle would recommence after several minutes. No 

arcing was observed on the top sides of the insulators, 

The arcing described in (3) only occurred under reasonably still atmo- 

spheric conditions, It was noted that the arcing immediately became 

quiescent as soon as the wind velocity exceeded about 5 mph, 

Figure 2 shows a composite record of the meteorological conditions 

which existed during typical periods when line flashovers occurred, and 

clearly indicates the effect of wind upon surging and flashover, 

No more than a faint glow at the pins has been seen on strain strings 

with the insulators in horizontal arrangement, even during the periods 

when suspension strings in the same area were undergoing severe arc- 

ing. Although no extra insulators were used in the strain strings, and 

no silicone grease has been applied, no flashovers have ever occurred 

on these strings, 7 
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It was apparent that thermal effects were of considerable importance, and it 

was reasoned that dry banding was occurring, and that this was appreciably in- 

fluenced by heat locked up in the vicinity of the cap and pin, This would explain 

the change to quiescent state at the onset of light winds, It was deduced from the 

abovementioned observations and the superior performance of the strain strings, 

where the heat could be naturally convected away from the vicinity of the cap and 
pin, that flashover was partially dependent on the orientation of the insulators, 

Further investigation was obviously required into the mechanism of flashover, 

and steps were then taken to record the leakage currents on insulators on the lines 

which were in service, and also to carry out tests on naturally and artifically pol- 

luted insulators in a fog chamber with an attempt to propagate flashovers on test 

strings. 

Field Measurements 

As a first step towards investigating the mechanism of flashover, it was 

decided to monitor the leakage currents on the insulator strings on the lines in an 

attempt to determine the behavior of the insulators at the time of flashover, 

At many points of typical pollution conditions along the line route, an extra 

insulator was inserted at the ground end of a string of insulators, A lightly in- 

sulated lead was taken from the pin of this isolating insulator through a protective 

metal tube clear of power arcs, and thence to the base of the tower, A protective 

ring spaced about one half an inch above the top side of the second disc from the 

ground end was provided to terminate power arcs at flashover. Experience has 

shown that this ring has proved to be effective in taking the power arcs to earth via 

the lead conduit and safeguards test personnel and equipment, The monitoring lead 

was taken down the tower toa shorting box near the base and, from these boxes, 

leads were run back to a test hut in which were located the recording instruments, 

Graded devices were used to protect against excessive voltage rises should a string 

develop a power arc, 

Initially, chart type pen recorders were used to obtain records of periods at 

which high leakage currents and surging occurred, and these were started up where 

prior warning of temperature inversion and probable fogs had been received, It 

was found that, after some time had elapsed from the start of the fog, the leakage 

current rose to a steady value of about 2 milliamperes, and then, as moisture be- 

gan to flow, the insulators went into bursts of surging. 

There did not appear to be much difference in the surging records of strain 

strings and suspension strings, although in the case of the former the high surging 

commenced earlier without propagating to flashover, and in the case of the suspen- 

Sion strings the surging was delayed, but flashovers eventually occurred, 

Attempts were made to obtain more suitable records of the surging currents 

by the development of transistorized surge counters, in which the triggering amp- 
litude and duration of surge-burst response were independently adjustable. Records 
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showed that quite high random peaks of surging were occurring on operational lines 

without flashovers taking place, which showed that not all requirements for flash- 

over were present and that some mechanism, possibly thermal, was operating to 

inhibit string flashover, 

Because the transient surge pulses are too fast for analysis by eye on an 

oscilloscope, oscillographic photography was employed at selected test points, and 

the basic wave form of the surge current was found to be as shown in Fig, 3. 

It soon became apparent that it would not be possible to determine the mecha- 

nism of flashover in a reasonable time from records on operational lines, because 

of the short annual periods of fog and the dangers inherent in reducing the insula- 

tion levels to give forced flashovers, Therefore, further investigations were 

started, in the laboratory with artificially polluted insulators, and in the field by 

converting one of the 132 kv lines to a test line with strings of differing creepage 

lengths and arranged in suspension, strain and inverted vee configuration, 

Laboratory Tests 

Strings of polluted insulators removed from the line and strings of artificially 

polluted insulators were placed in a fog chamber and voltage was applied with 

leakage currents being monitored, 

Invariably, after a momentary burst of minor surging at the onset of wetting, 
these strings have withstood about twice service voltage without further surging, 

As the rate of fog injection was reduced, permitting dry band formation, some 

minor surging was resumed, 

The addition of salt or very dilute H2SOy,4 in the mist readily produced severe 

surging at field voltage, providing the rate of wetting was sufficiently reduced to 

permit dry band formation, 

Moving film oscillograph records of surge currents and applied voltages during 

these tests showed that, at each high current surge, the applied voltage had collapsed 

sufficiently to inhibit flashover, To obtain string flashover during severe surging, 

it was necessary to raise the voltage considerably, producing a conduction (leakage) 
flashover, rather than one due to successive voltage fluctuations as in critical surg- 

ings For this reason, it was concluded that critical surging tests could only be 

carried out by a laboratory with ample test capacity or in the field by reducing 

insulation, thus eliminating the effect of voltage sagging at each surge crest, 

The laboratory tests did, however, establish a basic method for carrying out 

the tests and indicated the importance of the correct degree of wetness in producing 

dry banding and critical surging, 
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PITTSFIELD HIGH VOLTAGE LABORATORY TESTS 

In order to establish the insulation level needed for the S.E,C.V. 500 kv 

transmission system between the Latrobe Valley coal fields and the Melbourne 

area, extensive tests were made on artificially contaminated insulators in the 

High Voltage Laboratory of the General Electric Company in Pittsfield, 

Massachusetts, 

These tests, which were firmly based on the field and laboratory work 

carried out in Australia, had the following objectives: 

l. Determine the relationship between flashover strength and the severity 

of contamination, as measured by the per cent salt in the contaminant, 

Determine the effect of numbers of insulators and total creep distance 

on flashover strength, to permit extrapolation to 500 kv of the 132 kv and 

230 kv operating experience, 

Determine the relative strength for 60 cycle and switching surge vol- 

tages. 

4. Determine the relative strengths of vertical and V-strings. 

Contamination and Test Procedure 

The laboratory tests were designed to simulate as closely as possible the 

field conditions which produced flashover, For this reason, Locke 5" x 10" in- 

sulators with a 12'' creepage path were used throughout the investigation, In 

addition, one test was performed on Ohio Brass 50,000 lb. insulators with a 14,5! 

creep path, 

Since the field observations indicated that the surging phenomenon required 

several hours to develop into flashover, and since pure salt contamination could 

not endure for this time period (See Fig, 1, Curve C) the slow-release cement- 

salt mixture was used to contaminate all insulators, Each insulator was dipped 

in a slurry made up of 2 parts of cement to 5 parts of water by weight, with 10% 

salt added, after which the insulator was dried ina warm air atmosphere, In 

order to lengthen the time that the contaminant would last when testing in a fog 

atmosphere, each insulator received 3 coats of contaminant in this manner, 

The low voltage resistance of the contaminated insulators, as measured in 

a fog atmosphere, was in the range of 100 to 300 kilo-ohms after about 10 minutes 

from start of the fog, and remained in this range for several hours, thus duplica- 

ting as closely as possible the S.E.C.V. natural contamination. (Fig. 1, Curve A). 

The insulators were tested suspended in a fog~filled polyethylene tent 20 

féet in diameter and 45 feet high as shown in the drawing, Fig. 4, and photo, 

Figure 5, A fog was injected in the tent through six nozzles equally spaced around 
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the top circumference, and a high speed fan on the floor kept the fog in suspension 

and increased the wetting action under the insulator skirts. Voltage was applied 

to the bottom of the insulator string, and the top was isolated from the grounded 

supporting cable by three clean insulators, A resistance shunt was connected 

across the clean insulators to ground, and the leakage current was monitored by 

measuring the voltage drop across this shunt, This voltage was fed into a log 

adapter and amplifier, and then recorded by use of a magnetic oscillograph (Visi- 

corder), It was monitored visually on a cathode ray oscilloscope. In addition to 

the leakage current, the applied voltage was recorded on the magnetic oscillo- 

graph by use of a capacitance divider, 

| Most of the testing was performed with voltage supplied from a 1000 kva 350 kv 
transformer fed from a 5000 kva 2300 volt generator, The general test method was 
to apply the voltage at a level that was close to the estimated flashover strength and 

hold for about fifteen minutes observing the leakage current, This afforded ample 
time for the insulators to get thoroughly wet, If no flashovers occurred or appeared 

imminent, the voltage was increased by five percent and held for one to five minutes 
depending upon the activity observed, This procedure was repeated until a flash- 
over level was established, Alternate methods tried were: 

I, to apply voltage at a level where flashover was reasonably certain and de- 

crease in levels until a withstand was obtained; and 2, apply the initial voltage at 

a definite withstand level until wet, and then increase at the rate of three kv per 
minute until flashover occurred, All of these methods had some faults, but method 

(1) seemed to give the best results in that the minimum flashover level was definitely 

reached before appreciable contaminant was washed from the insulators. 

Switching surge tests were run on several strings of insulators after the 60 
cycle flashover level had been determined, For these tests five 140 x 3300 micro- 
second positive polarity waves were applied at a voltage level, and the voltage 
changed in about five percent levels until the minimum flashover and maximum with- 
stand levels were determined, Complete critical flashover tests could not be run 
because of the short time available before contaminant washed off the insulators, 
In all cases, these switching surge tests were made several minutes after completion 
of the power frequency tests, Although scheduled originally, time did not permit 
development of a test procedure to apply switching surges during critical surging at 
power frequency, Therefore, all switching surge data reported represents only the 
response of line insulation to a surge developed by energizing a dead line, and not 
to the case where bus transients may produce multiple line flashovers during 
critical surging, 

In all, a total of 75 60 cycle test runs were made, with strings of 5, 15, 30, and. 
39 insulators, voltages from 33 kv to 240 kv, and various contamination severity 
levels, 

Surging Phenomena 

Adjustment of fog, voltage, and contaminant levels produced essentially the 
Same surging phenomena and leakage currents as observed in the field, Figure 6 
is a typical record of insulator current, indicating base periods of several milli- 
amperes with no arc activity, interspersed with periods of high current enduring 
for a second or two and accompanied by arcs on the underside of the insulators, 
With the proper voltage adjustment, this activity would terminate in flashover. 
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In addition, high speed current oscillograms duplicated in all major respects 
the oscillograms of the field operation (Figure 3), providing further proof that the 
laboratory operation was quite similar to the line operation. 

Concise analysis of the surge current records was difficult due to the wide 
variation in surge timing and magnitude. However, a statistical analysis was made 
of a number of the Visicorder test records, by dividing the total test period into a 
number of intervals, and counting the number of cycles of current surges per minute 
above various threshold levels in each test interval. 

Figure 7 shows the results of such ananalysis for a test of 15 vertical insula- 
tors with 0, 2% salt contamination, 80 kv was held for 15 minutes, followed by a 
ramp voltage of 2.5 kv per minute, Flashover developed from a 1000 ma surge at 
31 minutes, at a voltage of 117.5 kv, or 7,85 kv per insulator, Note that surge 
magnitude was 20 ma or less during the initial 3-5 minutes of the test, but that 
frequencies extended to 150 surges per minute. As the test progressed, currents 
increased to 300-600 ma, and frequencies decreased to about 30 surges per min- 
ute, 

Figure 8 shows a similar analysis for a 15 unit V-string, with the same con- 
tamination and voltage conditions, Flashover occurred shortly after the 29th min- 
ute at 117.5 kv. Note that the surge magnitude early in the test was high relative 
to the vertical string, This phenomena was evident throughout the tests, possibly 
indicating a somewhat different mechanism for the V-string surging, 

Figure 9 shows the surging data for 15 vertical insulators with 0.8% salt. In 
this test, the voltage was held at 132 kw and flashover occurred at 16 minutes, 
developing from one of the 250 ma surges, 

Effect of Contaminant Severity 

As mentioned earlier, tests were run on strings of insulators contaminated 
with various levels of salt in the contaminant, A large spread of 60 cycle flash- 
over results was obtained, which is usually the case when testing contaminated 
insulators, These data are shown in Figure 10 where inches of creep distance per 
kv are plotted against percent salt in the contaminating slurry. This curve might 
be considered pessimistic in that it goes through the highest points rather than 
the average level of all tests, It was obvious during the test, however, that these 
worst conditions were a reality that could be repeated, and therefore should be 
considered when designing a trouble-free line, 

Figure ll is a semi-log replot of these minimum flashover data, including a 
calculated concentration of salt for an approximate comparison of measured natural 
contamination with the laboratory artificial contamination, Also shown on this 
curve are the minimum flashover levels per insulator at 0. om, 1.0, and 5% salt sol- 
ution, obtained by dividing the 12'' creep per insulator by the specific creep values 
of the curve, 
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Figure 12 shows the switching surge withstand test results in terms hie Jo toy Bee ills 

creep versus contamination severity. Shape of this curve is similar to that of the 

60 cycle curve. 

The low impedance of the contamination, particularly above 2% salt solution, 

caused severe regulation of the switching surge tail, such that actual flashovers 

did not occur in some cases, making the results somewhat difficult to interpret, 

However, in many cases, the total voltage would regulate suddenly to 30% of nor- 

mal level, such that the surge crest voltage could be considered a flashover level. 

Note that the severe contamination reduced the 60 cycle flashover per insula- 

tor from a clean wet catalog value of 50 kv to a range of 6 to9 kv. However, it | 

appears that moderate contamination, below 2% salt, actually increases the switch- 

ing surge withstand over the clean wet value, and the very heavy contamination, at 

10% salt, causes only a 20% reduction, The insulator switching surge withstand 

values shown in Figure 12 should be compared with the approximate value of 50 kv 

clean wet withstand indicated by most of the recent full scale 500 kv tower tests 

(with the window size permitting all insulator flashovers). 

Effect of Number of Insulators On String Flashover Level 

The tests indicated that for a given contaminant level there is a linear rela- 

tion between flashover strength and number of insulators, In one test series 

where an 0, 8% salt solution was used, the flashover strength for five insulators 

averaged 47 kv and that for fifteen insulators averaged 144 kv, or 9.4 and 9.6 kv 

per insulator respectively, In another test series using a 2% salt solution, values 

of 122 kv for fifteen insulators and 294 for 39 insulators were obtained, This 

represents 8,1 and 7,5 kv per insulator respectively, Considering the spread of 

results usually obtained in contamination testing, this is considered very good agree- 

ment. These and other data are shown in Figure 13, 

Effect of Creepage Length 

To determine the effect of total creep distance, a string of 15 Ohio Brass 

50,000 lb. insulators was tested. Since these insulators are 11-1/2'' diameter with 

a small additional skirt, their creep distance is 14.5'' as compared with the 12"! 

creep of the insulators used for the other tests, However, since the shape of the 

two insulators tested is quite similar, the following test data does not apply to the 

various fog-type insulator designs now used to obtain extra creep. 

The data obtained for these tests are shown in Table IV. It can be seen that 

for 60 cycle voltage the inches per kv are identical for the two types of insulators, 

but that the high creep insulators were appreciably stronger for switching surge 

voltages. Only one switching surge test was made, and therefore in the light of 

the previous spread of results that have been obtained, the superior switching 

surge performance of the high creep insulators should not be relied on, The 

significant fact is that both the 60 cycle and switching surge strengths were increased, 
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by the use of high creep insulators to at least the same degree as the creepage 

length was increased, The switching surge data throughout the investigation was 

quite erratic and hard to interpret, but the sixty-cycle was under good control for 

those phases reported herein, From these data it can be concluded that the strength 

of contaminated insulators is proportional to their creepage lengths for 60 cycle 

voltages and may increase at a greater rate than the creepage distance for switch- 

ing surge voltages, 

Vee Strings Versus Vertical Strings 

A comparison of the strengths of vertical and V-strings was made with strings 

of 15 insulators for two contamination conditions: 0.8% salt and 2.0% salt, Only 

one leg of the Vestrings was contaminated in order to simplify the leakage current 

measuring problem. 

The data for these tests are given in Table V. For both 0.8% and 2% salt the 

lowest V-string flashover was ten percent below that of the lowest vertical string 

flashover, Considering the spread of results that occurred for identical conditions 

throughout the test program, this is not conclusive evidence that V-strings are 

weaker than vertical strings. It does make quite certain, however, that for identical 

laboratory test conditions V-strings are no stronger than vertical strings, This is 

contrary to actual field experience where it has been observed that V-strings are apt 

to have higher current surges than vertical strings at the onset of a fog, but no 

flashovers occur; whereas the vertical strings are slower to develop surging, but 

once started, they often cascade into a flashover, The initial high current surging 

noted in field installations on the V-strings was duplicated in the laboratory testing 

and was attributed to the accumulation of contamination on the lower side due to 

fog condensation and run off, The fact that in the laboratory tests, flashover for 

V-strings developed at somewhat lower voltages than for vertical strings, whereas 

in the field the opposite has been observed, might be attributed to the manner in 

which contamination accumulates on the insulators in the field. The laboratory 

dipping method resulted in a fairly even distribution of contaminant, 

PITTSFIELD MOTION PICTURE TESTS 

During the course of the Pittsfield Laboratory tests, it became clear thata 

better understanding of the surging and flashover mechanism was required, to 

explain the orientation effect observed in the field, the shape of the contamination 

severity curves, the linearity of flashover with creep length, and the arc activity 

during the many periods of critical surging observed in the field and laboratory, 

Therefore a test program was initiated with the primary purpose of estab- 

lishing a firm description of the flashover phenomena as well as the build up and 

decay of the surging process when flashover does not occur, It was decided that 

a high speed movie using approximately 1000 frames per second would be most 

useful in evaluating the various phenomena and in particular it was desired to 

obtain a comparison of the vertical and V-string configurations utilized throughout 

the test program as well as some information on a horizontal string which was not 

obtained during the more extensive test program, | 



Test Procedure 

The high-speed movie tests used a small fog tent similar to the larger tents 

used in the previous tests, High speed=-movies were taken on tests of 

Five Vertical String Insulators 

Three Horizontal String Insulators 

Three 45 degree (Vee) String Insulators 

Two high speed cameras were used in each test, For the vertical string the 

cameras were oriented such that one would be photographing primarily the under 

side of the insulators while the other would be photographing primarily the top 

surface of the insulator, In the horizontal and V-string setup the two cameras 

were again oriented such that one would be photographing the skirted side of the 

insulator while the other would be photographing the upper side of the insulator, 

Fastex cameras were used for these tests, The camera speeds could be 

adjusted from approximately 500 frames per second to 3000 frames per second 

but the speed could not be adjusted precisely prior to any test, Therefore a series 

of test runs were made to determine the optimum frame speed, The most perti- 

nent results were obtained using the initially proposed 1000 frames per second, 

Triggering of the cameras posed some difficult problems, The primary pur- 

pose of the program was to evaluate both the build up and the decay of surging as 

well as the build up subsequent to flashover. A threshold-level triggering circuit 

was developed which would trigger the cameras at any desired current crest, The 

threshold-level current monitoring device performed satisfactorily but the delay in 

camera start following trip signal as well as the substantial time required for the 

cameras to reach full speed resulted in failure of this approach to the problem, A 

less sophisticated approach which did have a few shortcomings was developed such 

that movies of the flashover phenomena could be obtained during the planned test 

program, as follows: 

le Following triggering of the cameras by a low leakage current surge the 

source voltage was manually raised to a level which would assure flash- 

over, The delay between the automatic triggering of the cameras by the 

threshold device and the ability to manually raise the voltage to a level 

which produced flashover was sufficient to allow the cameras to reach 

operating speed prior to flashover, 

The cameras were manually tripped and the source voltage was raised 

to produce flashover., Again a natural lag in the manual increase vol- 

tage produced sufficient delay to allow the cameras to reach operating 

speed, 

Test Results 

Performance of the vertical, horizontal, and V-strings will be discussed | 

separately. However, one factor common to all three configurations was a light 

blue corona glow around the pins of all insulators during the 3 ma base current 

periods, 
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The vertical string of five insulators was tested with 2% salt contamination, 

At this severity 30 to 40 kv, or 6 to 8 kv per insulator, was required to start 

satisfactory critical surging, 

The transition from base current to critical surging occurred within a few 

cycles, Single arcs extending from the pins toward the outside edge of the under- 

surface appeared and developed in intensity on all five insulators, The arc paths 

were maintained through voltage zeros, although of course the light intensity 

varied directly with the applied voltage. Radial position of the arcs was usually 

different between insulators and appeared to vary at random, Also, in some cases 

the arcs extended from the third skirt to the outside edge as the voltage approached 

maximum and then retracted to the initial position as the voltage increased, The 

top camera film indicated no arc activity on the top insulator surfaces during 

critical surging, Therefore, the entire string voltage less underside arc drops, 

was equally divided among the five top insulator surfaces, causing a high level of 

string current but without flashover. 

Reproduction permitting, underside arcs can be seen on all thirteen of the 

insulators visible in Figure 5, which was taken during a surging period. 

Several 5-15 cycle surging periods which did not develop into flashover were 

photographed, All arc activity ceased at the end of these periods and the string 

current decreased from several hundred milliamperes to the base level, 

On a number of tests, the manual increase in voltage forced flashovers to 

develop from surging. Just prior to flashover, all underside arcs were fully 

extended to the outer edges of the insulators, and in some cases streamers were 

seen moving around the edge toward the top surface, The flashover was initiated 

on one of the insulators by an extension of the arc across the top surface to the 

cap, This extension occurred between two frames, i.¢., in less than a milli- 

second. During the next few cycles, the remaining four insulators, flashed over 

in the same manner, completing the flashover circuit, 

During the 15-20 cycle period following flashover, the ends of the top arcs 

remained at the outside circumference and at the initial contact point of the cap, 

while the center portion of the arc moved upward by convection. This movement 

resulted in consolidation of the five separate insulator arcs into a single arc 

which then moved away from the string, 

A number of tests were made on three horizontal insulators contaminated 

with 2% salt, 30 to 35 kv, or 10 to 12 kv per insulator was required to produce 

vigorous surging, Although in general, these surging voltages were approxi- 

mately 50% higher than those required for the vertical strings, the conclusion 

that these tests proved the orientation effect observed in the field is not justified, 

because the quantity of voltage measurements was much too small to be statis- 

tically valid, It is interesting to note, however, that the 220 kv horizontal strings 

in the field have never flashed over while operating at approximately 8,5 kv per 

insulator. 
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As on the vertical strings, the surging arcs were initiated at the insulator pins 

and extended to the outside edge prior to flashover, However, instead of the ran- 

dom variation in radial arc position on the vertical strings, the horizontal arcs 

tended to rotate to a position above the pin, probably due to thermal convection, 

The film also indicated that the surge-to-flashover transition mechanism of 

the horizontal string was quite different from that of the vertical strings, As the 

skirt side arcs reached the upper edge of the insulator, they did not immediately 

flash over to the caps, but instead extended into the air for several inches and then 

looped back to terminate on the top surface of the insulator at various points, In 

some cases these long arcs would withdraw to their initial position for a few cycles 

and then develop into another arc terminating on the top surface, With sufficient 

voltage the arcs eventually terminated on the caps completing the flashover circuit. 

3 unit V-strings were tested with both 2% and 8% salt. As on the horizontal 
strings, the critical surging voltage was somewhat higher than that required for the 

vertical strings, but the small record quantity precludes a valid statement on the 

orientation effect, Generally, the critical surging and transition mechanism was 

Similar to that of the horizontal string for 2% salt, 

However, new arc effects appeared on the 8% salt tests. Early in the surging 

operation separate arcs appeared at various locations on the skirt side, many of 

them between two skirts. As the voltage forced flashover, these arcs consolidated 

into two separate arcs extending in different radial directions from the pin to the 

outside edge, Although these two arcs were absorbing much heavier leakage 

current from the top surface as they extended to the outside edge, their lengths 

were no greater than the single arcs seen at lower salt concentrations, and there- 

fore, the insulators were no closer to flashover at any particular stage of the 

operation, This mechanism constitutes one possible explanation for the shape of 

the flashover curve shown in Figure 10, In addition, surge arcs were seen 

originating from the insulator caps across the top surfaces, 

ANALYSIS AND DISCUSSION OF RESULTS 

For many years, transmission engineers have observed the surging mecha- 

nism described in this paper, and have recognized the primary role of this mecha- 

nism in producing transmission line flashovers (Ref. 1, 2, 3). Indeed, measure- 

ment of the quantity and magnitude of the surges has been an important part of the 

test procedure at many insulator test stations, such as the stations at Ohio Brass, 

at Croydon and Brighton in England, at Mons in Belgium, and at Recklinghausen in 

Germany (Ref, 4, 5, 6). 

However, a few of the details of the surge wave shape and mechanism observed 

during these tests have never been published, to the authors! knowledge, justifying 

additional discussion of this mechanism and of the other results reported in this 

paper. 



Mechanism of Flashover 

The analysis of the growth of an arc from the pin across the ribs on the under- 
side of a polluted insulator to the cap can only be qualitative, because the complex 
shape of the insulator and the number of variables involved make any mathematical 
calculation a formidable task, Such factors as the rates of wetting of the pollution 
due to the fog, the time elements entailed in the drying out of bands under the 
influence of leakage current, string orientation, wind velocity and the like, and the 
random nature of step voltages which can occur when a multi-disc string is con- 
sidered, all inhibit the derivation of formulae to evaluate the probable performance 
of insulator strings in service, The theories propounded by E, Nasser (Ref, 7) 

go a long way towards describing the mechanism of an arc on a plain cylinder, but 
require further development to explain the process entailed when a whole string of 
insulators is involved. An attempt has been made to set down a qualitative explana- 
tion of the phenomena which lead to the flashover of strings of polluted cap and pin 
disc insulators, | 

Le F’'rom swab tests taken on service insulators, it has been found that the 

amount of pollution is three times heavier on the underside of the disc 
then on the upper surface, and if it is assumed that the pollution is 
evenly distributed on each of the surfaces, then it can be said that the 
resistance per unit area is at least three times higher on the top side than 
on the underside of the disc, By dividing the I11'' creepage path into 28 bands 
of lcm. width and taking the resistances of the bands to be proportional 
to the reciprocals of their mean diameters, we can plot a curve of the 
resistance of each successive band. The 'Fully Wet' Curve Figure 14 
is such a curve for a polluted disc removed from service and is formed 
by plotting the resistance of the successive bands when the insulator is 
fully wetted and is carrying no leakage current, It will be noted that the 
resistance is far from uniform across the disc, and in fact is compara- 
tively highly concentrated in the vicinity of both the cap and the pin, 

As damping due to the fog commences, the resistance reduces in line 
with the I,R. = time curve of Figure 1 and leakage current starts to rise, 
as has been shown on the chart records, This gives rise to concentrated 
local heating in the vicinity of the cap and pin, which tends to dry out the 
pollution in those zones, in turn increasing the resistance and limiting 
the increase in leakage current, 

Away from the cap and pin, the resistance continues to fall, and this 
further distorts the distribution of resistance across the disc as is 
shown by the progressive curves in Figure 14, 

The voltage distribution across the disc is considerably distorted in 
line with the resistance distribution (see Figure 15), and because of the 
higher electrical stress in the vicinity of the small diameter pin, a glow 
discharge commences and ultimately an arc is struck across the dry 
band on the underside of the disc, The electrical stress is lower in the 
vicinity of the cap, and this phenomenon does not occur there, although 
the voltage gradient is high and dry banding is proceeding, 
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When the arc is struck, there is a sharp rise in leakage current, as 

evidenced by surging on the chart record, but in the early stages the 

arc length is limited by the ballast resistances of the main body of the 

‘disc and the dry band at the cap. Initially, the arc strikes to the first 

rib on the underside of the disc, 

The arc root is centred on the first rib, and if it is not to extinguish, 

then it must maintain its current in one of two ways, as the area around 

the arc root dries out: - 

(a) Move to one edge of the dry band and rotate around the rib with the 

dry band following it. 

Remain approximately centred in the dry band feeding on the edges 

as the band increases in area by a number of filamentary arcs 

which flow from the arc products and ionised air which are being 

released by the arc and which are trapped in this location, 

Probably there are elements of both of these in the actual behavior, 

but by and large the arc tends to remain rooted in one position, 

The sharp rise in leakage current generates appreciable heat in the 

vicinity of the cap and this results in an increase in the ballast resis- 

tance at this point, This has the effect of reducing the arc current and 

reducing the arc voltage to the point where the arc goes out, This 

explains the short duration of those critical surging periods not termina- 

ting in flashover,. 

After arc extinction, the process restarts with wetting down of the 

pollution and distortion of voltage across the insulator until a fresh arc 

is started again, 

If the fog persists, the total resistance of the insulator reduces, and the 

arc can strike with more current and over a longer length, The ballast 

resistance of the main body of the disc becomes less effective, and the 

control is now being exerted mainly by the dry band in the vicinity of 

the cap. The surging becomes more violent and the stage can be reached 

where there is insufficient time for increase in ballast resistance at 

the cap to prevent extension of the arc to the rim of the disc and ultimately 

to flashover, 

Two further factors may now have an effect upon the behavior of the arc, 

Firstly, there may be step changes of voltage and current applied in one 

insulator by sudden arcs being struck on other insulators, if the whole 

process is not synchronized on all insulators simultaneously, and this 

may result in lengthening of the arc or cascade development where arcs 

are about to be struck across dry bands. Secondly, the performance of 
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long arcs may be modified by low resistance shunt paths, which exist 
in those portions of the insulator not bridged by the arc, which will 
tend to inhibit the growth of arc length - this factor being of more sipnif- 
icance where the string is tilted and thus moisture tends to be unevenly 
distributed over theinsulator area, 

When the arc reaches the rim of the insulator, its further propagation 
is influenced by the orientation of the string, since in suspension strings 
it is possible for the arc to rise with the ionised gases and to enter the 
arc on the underside of the insulator immediately above it, This will 
give rise to very rapid flashover since all control of the arc has been re- 
moved by the shorting out of the ballast resistances, 

The superior performance of V-strings and strain strings is believed to 
be due to three primary factors - 

(a) The better cooling by convection which improves the differential 
rate of dry banding at the cap and at the pin, thereby permitting the 
ballast resistance at the cap to exercise more control, 

A higher conductivity shunt path across the arc due to moisture 
flowing down the tilted insulators, 

The better dispersion of ionised gases, due to convection air 
currents moving these gases away from the insulator string, Note 
that this same effect may also account for the cessation of surging 
on vertical strings when the wind velocity increases to above 5 mph, 

Line Design 

The saturation shape of the flashover-contamination curves of Figures 10 & ll 
gives promise that lines with cap and pin insulators can be designed to operate 
successfully in highly contaminated areas, since it appears unnecessary to increase 
insulation linearly with the amount of contamination, For instance, a line with 10% 
margin above the 1.7 inches/kv specific creep at 2% salt contamination could with- 
stand without flashover a very substantial increase in contamination such as might 
occur during salt fogs or other sources of temporary contamination, 

On the other hand, lines operating below the knee of the curves, say at 1, 3 
inches/kv, as on the S.E.C,V. 220 kv lines, would flashover with short-term in- 
creases in pollution level, in spite of frequent live-line washings, 

Furthermore, it appears that high creep insulators with standard cross- 
section, such as the 17'' and 18" designs now available, can be used to obtain the 
required level, at some saving in string length and tower steel, However, -thecise 
of this design philosophy with other insulator Shapes, such as the various fog-type 
designs, is not warranted pending further field and laboratory experience, since 
the high speed movies and the authors! theoretical studies clearly indicate the 
importance of insulator shape to the critical surging mechanism, , 
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Therefore, a reasonable 500 kv line design to operate in heavily contaminated 

areas might have 1.8 inches/kv specific creep, or 540 inches total creep at 300 kv 

L-G, this creep distance provided by 32 insulators with 17'' creep, This design 

assumes vertical strings, ! | 

In spite of the negative results obtained on the few V~-string tests of the 

Pittsfield investigation, the weight of the evidence at this time indicates that this 

insulation level would perform better in vee configuration, as follows: 

Ks Superior performance of horizontal strings in the field and the cessation 

of critical surging on vertical strings with wind velocity above 5 mph, 

oe The difference in surge-to-flashover transition mechanism, as observed 

on the high speed films, 

36 Theoretical studies presented in the previous section. 

High Speed Movies 

The wealth of information on the critical surging mechanism provided by the 

high speed movies was so great that detailed analysis is still in progress and can- 

not be presented in this paper, This method of test together with good recording 

of string current and voltages, is commended to other researchers in this field. 

Typical of the data provided by these tests is the following observation, As 

moderate surging develops toward severe surging, the arc reignition point, (See 

Fig. 3B) decreases from about 70° after zero to about 30°. As the arc reaches 

the point of no return, the ignition advance takes place in steps, and the ignition 

point gradually decreases to about 20° to 5%, Once the power follow arc commences, 

the ignition point is at current zero and the wave form is approximately sinusoidal. 

The surging and flashover mechanism observed during these tests did not con- 

form to current theory (Ref. 1) which postulates that the instability caused by dry 

banding produces complete flashover of one or more insulators in the string, with 

arc inactivity on the other insulators, 

For instance, the transition from base to surge current and resultant under- 

surface arc activity occurred within a few cycles on all insulators in the string, 

This might be expected from the results of a recently completed digital computer 

analysis of voltage grading on contaminated insulators (Ref. 8). In the terminology 

of the reference paper, q of the insulators with this amount of contamination is 

approximately 400, with an X, per insulator of 80 megohms, and an R per insulator 

of 0,2 megohm (See Fig. 1). With this value of q, all computer solutions presented 

in Ref, 8 indicate essentially linear voltage and power grading, even considering 

all possible capacitance fields, 

During the critical surging operation, there were a few variations in arc 

length and position between insulators, as noted above. However, as the operation 

approached the surge-to-flashover transition point, all insulators in the string were 
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arcing in the same manner and parallel in time, at least within the millisecond 

time resolution permitted by the test procedure, Therefore, the linearity of 

string flashover with number of insulators shown in Fig, 13 could be expected, 

because all insulators share equally in the transition to flashover, ' 

CONCLUSIONS 

The critical surging mechanism observed in the field and laboratory appears 

to be the prime factor in producing power frequency flashovers, with the 

S.E.C.V. type of contamination, and possibly with most or all other types 

of contamination, 

The severe contamination studied reduces insulator power frequency flash- 

over level from the 50 kv clean wet value to a range of 6 to 9 kv per insulator, 

Shape of the flashover-contamination severity curves indicates that an insula- 

tion level, necessarily high, can be chosen which will operate satisfactorily 

in the most severe contamination areas, | 

It appears that the moderate contaminations tested increase the switching 

surge withstand above the clean wet value, while the most severe contamina- 

tion reduces these values to approximately 20% below the clean level. 

For the standard cap and pin insulator shapes tested, string flashover is 

linear with number of insulators from 5 to 39, at the same contamination 

severity. 

Within the test limits, power frequency flashover is approximately propor- 

tional to total creep distance, 

Although much additional research is required for proof, the weight of the 

present field and laboratory evidence indicates that horizontal and V-strings 

have a higher flashover level than vertical strings, because of fundamental 

differences in the critical surging and flashover mechanisms, 
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TABLE I 

LATROBE VALLEY POWER STATIONS 

Yallourn 

Morwell | Hazelwood 

Years of . 1958- | 1964 
Commissioning | 1961 Onwards 

Capacity MW | 170, plus | 600 (late 

| | Process 1966) 

Steam 

Source of Coal Morwell | Morwell 

CO kas Open Cut 

Approximate 3, 500 20,000 

Normal Daily 

Coal Consumption, 

tons 

Dust Collectors None | None | Centicell} Electro- 

Installed on clone {vortex static 

Boilers | ; Precipitatr | 



TABLE II 

COAL ANALYSES 

Yallourn Open Cut * Morwell Open Cut ** 

Lower Limit Upper Limit Lower Limit Upper Limit | 

Moisture Content 63.5 Ts 60.6 bc. 5 

(% in coal as 
received) 

Coal Constituents 

(% in dry coal) 

Ash Content 

Carbon 

Hydrogen 

Sulphur 

Chlorine 

Ash Constituents 

(% in dry coal) 

Upper and lower limits include 95% of values of constituents. 

* From Specification for Yallourn ''W"' Power Station. 

al sl, 

aE Weekly Coal Deliveries to Hazelwood Power Station. 

Ash constituents not listed comprise principally sulphate (SO 3) which contributes , 

20-40% of the ash content, and which is combined with the sodium and part of the calcium f 

contents, and chloride (Cl), potas sium oxide (K70), titanium oxide (Ti02) which are 

present in small amounts. 



TABLE Ill - TYPICAL POLLUTION CONCENTRATIONS ON LINE DISCS 

Distance of line disc from power station 0.5 mile 10 miles 
String arrangement 8 discs vertical 15 discs vertical 

Service voltage | 132 kV 220 kV 

Years disc in service Z=t/ 2 10 

Size of disc LO" 5"x15000 Ib. 10''x5''x11000 Lb. 

Disc material glass porcelain 

Surface creepage distance - inches Ll. 3 11. 6 

Disc maintenance No washing Washed each 2nd Yr 

Date of flashovers pw iZ, 65 2; 3; 88 

| (Washing due) 

Weather conditions at flashover Light smog Severe smog 

Conductivity 

Equivalent NaCl on surface 

Equivalent NaCl concentration | 

Area of polluted surface | 

Insolubles | 

Water - insoluble pollution 

Composition of main constituents of water-soluble pollution 

(for disc 56-9 adjacent to disc 56-10 above) 

Representative Values 

Bottom | 
Sodium 

Calcium 

Magnesium 

Chloride 

Sulphate 



TABLE LV 

Sixty-Cycle and Switching Surge Strength of Standard and High Creep Insulators 

with 2% Salt Contamination, 

60 Cycle Switching Surge 

No. Greep FE, ©, FO. 

Ins, inches kv-rms inches/kv kv-crest inches /kv 

15 12 118 710 253 

15 14.5 143 1180 . 184 

TABIE. ¥. 

Comparison of Sixty-Cycle Strengths of Vertical and V-strings. 

Lowest Flashover KV - RMS 

048% Salt 2% Salt 
Vertical V-string Vertical V -string 

132 119 122 118 

145 Hy 118 106 

Average 

ta 119 120 



Figure 1. Insulation resistance of contaminated insulators. 
Ae ‘Typical polluted insulator from the Latrobe Valley outage zone. 

Insulator dipped three times in a slurry of 0.1 lb. Nacl, 2 lb. | 
Portland cement in 5 lb. water. | 

Insulator polluted in salt breeze. 
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Figure 2. Typical meteorological conditions during outage period. 



_7 SURGE CREST LIMITED BY | 
“~ RESISTANCES OF WET SURFACES 

AND ARC RESISTANCES | 

ARC EXTINGUISHED 
7 

PARTIAL FLASHOVERS BRIDGE ~ See STANCe ot hee ae 
OUT HIGH RESISTANCE ORY BANDS 
BANDS — IGNITION POINT 
VARIABLE 

Figure 3. Basic wave forms of surge currents. 

A. Field oscillogram of minor surging - 15 ma peak. 

B. Interpretation of wave form. | 
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Figure 6. Surge current record 
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~ CYCLES PER MIN. GREATER THAN ORDINATE. 
Figure ¢ Surge analysis - 15 vertical insulators with 0.2% salt contamination, 

Curve designations are time period in minutes, measured from start 
of fog. 
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Figure 8. Surge analysis - 15 vee insulators with 0.2% salt contamination, Curve 
designations are time period in minutes, measured from start of fog. 
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Figure 9, Surge analysis ~ [5 vertical insulators with’ 0, 8% salt contamination, 

Curve designations are time period in minutes, measured from start 
of fog. | 
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Figure 13. 60 cycle flashover level versus number of insulators for 0.8% and 

2.0% salt contaminant. 
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Fig. 14, Resistance of centimeter width bands on a contaminated insulator versus 
distance in centimeters from the pin (0) to the cap (28) 
(1) Approximate dry pollution with no current 
(2) Partially wet resistance 8 minutes after fog start. No current 
(3) Distortion by current heating in pin and cap area, 
(4) Further distortion by accelerated heating in pin area, 
(5) Prior to F/O. Very high resistance at pin. Current very low. Path 

away from pin tending towards fully wet resistance, 
(6) Fully wet resistance, total approximately 130,000 ohms, No current, 
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Figure 15, Approximate voltage distribution on contaminated insulators versus | 

distance in centimeters from the pin (0) to the cap (28). Curve 

designations correspond to resistance curves in Figure 14, 



ABSTRACT 

The results of field and laboratory tests on contaminated insulators, made to 
determine insulation level of the S.E.C.V. 500 kv transmission system, are 

presented, including performance of 220 kv lines operating in a very heavy con- 

tamination area, field measurements of the pollution and insulator flashover mecha- 
nism, development of artificial pollution for laboratory tests, and the use of this 

pollution for power frequency and switching surge tests at the General Electric 
Pittsfield High Voltage Laboratory. Test data includes curves of power frequency 
and switching surge flashover levels versus contamination severity, power frequency 
flashover versus string length, and the results of high speed motion picture tests 
made to determine the basic mechanism of critical surging and flashover on con- 
taminated insulators, plus a theoretical explanation of this mechanism: 

KEY WORDS 

Insulator contamination, transmission line design, EHV, 500 KV, 60 cycle 
flashover, switching surge flashover. 
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"INSULATOR BEHAVIOR IN CONTAMINATED ATMOSPHERES =~ 

— ENTRODUOr ION 

“The conditions lead ing to flashover in contaminated atmospheres are very / complex. 

o do not almays permit, simple choices of insulator ‘types: for good performance, 

-— Inereased understand ing concerning performance Aso salt contamination has been i 

"realized, and reasonably good correlation between ertifioially contaminated insulators 

oo pollution under natural environment is posoibie, 

"The authors wish to point out that pollution in. Indwtriel atamepheres | is 5 highly 

oo and needs much | greater investigation and mt otaty, 
2 

a is. ‘generally accepted that contamination on the swfece of an. insulator 

eae from the deposition of airborne e particles. However further explanation of 

this process is needed to understand some of the difficulties involved in 1 duplicating 

natural 5 pollution with artificial pollution. AG ‘least ‘two mechanism
s can be. involved, ee 

val 

| separately « or ‘simultaneously. “The first is. identified as. “mechanical contamination, 
\ 

| Mechanical ¢ contamination is ‘the manner in. which salts are ) transferred to ‘the insulator 

surface 1 via wind borne aerosols or by aaued contaminants deposited ‘usier_mpiet a 

7 ont toad Greater surface adhesion is expected under moist or damp costo 

Contamination b by soluble salts perticularly in coastal areas: would be classed as. 

mechanical deposition. 7 second mechanism is ‘identified | as ‘chemical poms 

Contaminants formed vy this method are not originally present but are. ‘chemical 
fy ! 

compounds : formed by a “chemical, reaction initiated by airborne substances. ‘For Dee 

gine sulfate has been found on insulator surfaces. ‘This ‘suggests that. sulfur compound 
a 

-— (iydrogen sulfide, hydrogen sulfate, sulfur dioxide and sulfuric cia) under the 

ee of an oxidative agent (ozone) « can react with galvanized surfaces to coe 

sulfate. “While ‘contamination by chemical | change could oceur in any location its 

“effect would ve most prominent : in ind
ustrial a 



othe, solution, 

4 ba a bd ate A Bt bd Pea Oe Ct ye 
OE ak ed ae nmeteppeeertte | 

7 the 2 investigation attempts 0 follow nel epproaches, 
aL Carty 0 out. a fundamental testing program to better understand the | 

behavior of of different insulator types under contaminated conditions, | 

| Develop. a . practical acceptance test for all types of "insulation, Line 
(as Wel a as | station, 

ay "Under the £ fundamental ‘testing program artificially contaminated insulators hs "compared with each other and insulators from ‘polluted environnents are > compared a artificially contaminated units. 

- DESORIETION OF. TEST. METHOD 1) ee 

| During fog 3 room tests at Project UHV, ‘four insulator strings were > usualy tested 
in 1 parellel each ‘time, “Small fuses (/eay were “put, in series with each string to cut 
c off from the energized line upon flashover, ALthough these fuses could not. clear 
the arc, “their complete disintegration when flashover occurred allowed the dropping | 
of the test leed and ‘reclosing of the cireuit breaker within a halt, minute after a 
“tripping, “Test voltages: involved were 230 Ww and 125 aw for these exploratory teste. 
“Fig, 1 shows the inside of the fog x room, Stean fog was generated by electric heating 
: ‘elements Placed in | tubs 

= resistance of ‘contaminated insulators in ‘the: fog room changed slowly, 

“Vontage was. "applied ‘to the insulator r strings before the start of fog generation, 
= steam fog fined ‘the room ‘gradually 3 in 1 to ave howe, and ‘the whole test lasted 
. about Bale hours, 

‘For the: fog : room 1 testes, “the insulators: were ipped in a solution containing keolin 
ae fullers! earth and salt, “They were then. dried by a hot air heater, 

surface of the insulators ina Imown amount of water and measuring 

Insulatore with ‘environmental Pollution were tested in the same 

manner a as the artificially | contaminated units, Q 

with ae 

of water to produce a slow wetting condition, “The ae 

or in ‘the sun, : 
The average salt deposit density on each insulator was | measured by washing the under- 

the resistivity of ! 

| "performance. ‘This would then indicate ‘the geometry of the porcelain can | also be a 

TEST RESULTS 

Insulators © with leakage distances ranging from sWe-t/2 inches to 21 inches end 
, x; = oe spacings “from 5 3h inches to 9- 5/8 inehes were > used 0 on. these teste De 

: type | of | units are “shown | on Figure 4 2 and characteristics papper: in Teble ae 
ai 

“Figure 3 shows the relationship between flashover end salt deposit density with 
s 

x coating thicness of 40 grams of kaolin per Liter ‘applied uniformly. over ‘the one 

“tor: surface, ALL flashover values have been reduced to standard unit, spacings: 
‘ oe fo Peta 

UConn) ; 

. 45 . Wey rf ‘T 4 

Viet : son Dry al Ssetca: : nett 

i 
i A Des Pe PT ea CROC at ‘ ‘ H i ‘ 

; i tceatain ‘ Pritt Se Twas eh! i j pas Sr LEE A Paes tey DR ae Ao tae it uf [i atetek est! 

i , 5 ‘ 4, Feltebiach Sy Hey ie te) ee ‘ : 7 ne 5 ate ae i ea RTO A a i PR Sf PL Vee eee : ted? yi oe i 

yr ts , , ‘ i ie ae ait : ' itt tet ot ie nara Sarita Oo ; Bute iy Lan tPLant ved Miy tacos Ue Kiree ess fur. Coprestuts ea ‘ , 
: Jaa } i oat ait iy : ‘ het ‘ ; Pes ake Aer rie “ ntl 4 i My Sygate a rt “a 1 H ‘ ‘ wot ¥ 

i 

‘itn Beta - ng a ot ie 

ae . bes ue note that performance : is Snot necessarily related to cme 
ee alone. ‘Insulator type D with 21 inches of leakage distance as ‘compared ee tae 

to insulator Wee a standard ten inch aise, with aye inches of leakage Gistanco 

"shows: lover flashover levels, The ‘conventional fog type insulator, type: (2), ee 

Ww inches of eakege distance as expected hes higher flashover values ‘than type. Ae 

“Insulator type G also with 21 inches: of Leakage! distance shows ‘the best overall 

- significant factor in “the ‘flashover a ai Sais Os 
i el ‘ny ee : a ‘ By ye Sao 4 

- pranining 1 the slopes of the curves, insulator A shows a rather steep slope i: 

i densities. ‘Thus for elignt increases An. “contamination large incremental 

"changes: in | flashover sr voltages oan 0: occur. "Unexplained behavior between ingulator 

strings: in. | the same ‘general. location 9 some flashing over while others sustain 

2 operating voltage, could possibly be explained by this flashover eensiontati , 

The relatively flet slope of type, G insulator would make is | superior regardless « of 

‘the degree of ‘contamination, 

ee ate Figure 3 can ‘be made. more “useful ‘by: relating it to expected insulator 

te The: user, wants to know how many: insulators are needed ‘ana if a certain type” 
; : 

ie used what is | the connecting Jengta? a ee Virnitg 



as and heavy contamination. 

the: shortest connecting length, aury inches» are shown by type G. 

© comecting length could be an. important, elenent in tower design, 

ce , evaluation and analysis are ‘show, on. Figure 45 

industrial contamination, 

Je ot normel, salt atmospheres as ‘shown by arcs: he 
ae Limited to salt atmospheres and industrial atmospheres similar to area 135 

aS contamination test is described in 1 great detail. 

a neutral, detergent, ‘rinsing with tap water, ‘and ‘drying with compressed air, 

a coating hes been, found to be quite reproducible, 

“Table 2 shows ‘these values at certain | expected, operating voltages, for both 

“This shorter 

oe insulator string engths will also depend on wet owitohing surge = performance, 

7 \ need to ‘correlate the previous ¢ data with insulators polluted under actual 

ie conditions was | recognized as being extremely important for practical 

[ & iliection reason, 

“The measurement of contamination on ingulators sent to UHV Pittsfield for. a 

“Areas a 2; 3 ‘end 5 represent 

“Areas: 1 and 2 represent extrenely heavy contamination 

possibly « of mechanical nature and having | Clashover behav ior quite aifterent from thet ee 

‘Thus: ‘the usefulness of Table 2 
4, en ait 

“Before | 

greater correlation between artificial, contamination and industrial contamination 

ean be re realized much more | Anvestigetion and testing needs to be | completed. 

In TEE Transaction ‘Paper oomPL.-PIR mA New ‘Contamination Test Method" a modified 

ee as follows: 

“The insulators: are , flow-coated starting at the top. and working to ‘the bottom be 

Sew, a strean of Liquia that coats the ‘complete surface to. ‘the point of run-off. 

Previous to the Pow-coating operation the insulators: are > prepared by washing : in, sl 2 

‘Tt. has. 

been. found poseible to design epperatus 2o flow-coat large structures and ‘the resultant 

The fewest number: of. units, 16 for 500 wv, (as well. as 

The final selection | eae 

inn milligrans per square centimeter is “somewhat, less on the: underside ‘than: on the | nae 

ae arip from ‘the vertical surfaces. 

voltage, initially a flashover is “obtained to establish the voltage range. 

voltage | recorded. 

voltage tne percent below the flashover value. 

“A brief summary of this ‘test, a 

“results. 

‘The quantity « of th
e > coating, however,

 : a 

tests are made with ‘the surface completely web. 

‘this is also true of the ‘eipping method and is ‘probably due to ‘the tendency 

"Furthermore, ‘the ‘flow-coating process cen be 

carried 0 ‘on in any Laboratory test area, and the residue flushed down the arain after es 

tests 

In ‘the "proposed "wet contaminant" test method the ‘testing starts while the oe 

o lators are still wet, “three to. five ‘minutes after the: end of ‘the flow-coating | Process. 

though the objective of this test method is to determine ‘the highest withstand | 

| [othe voltage : is brought, up at. a rate of about 7. es wW/s to the flashover level, and So 

“A second test | is “then made > repeating “the whole > washing, contaminating, oe 

ed testing procedure except ‘that this time an attempt, is | made to hold a withstand 

The complete test ‘ig repeated several 

ae times until three withstands and no fleshovers: are received at some voltage level. : nad 

‘This: is “then, called ‘the withstand voltage for the partiouler contamination level | 

“applied and is | usually determined within five percent. eee 

The above deseribes the ‘method when used for development work to obtain design 

“asta. When used for | a standerd acceptance test ‘method , one or wore tests: at the re- ee 

“quired withstand vortage can be “specified. nee | 

“There are two ‘factors involved in | this: method that contribute to reprodueible ay 

First, it has been found that with a Little pore the ‘flow-coating nozzles. 

= be shaped SO that. all of ‘the insulator surfaces are covered to the point of rune ee 

: ae fe. The coating efficiency can be readily insye ected by examination when wet, before | 

"applying the voltage, end also efter ‘the insulators have dried. 

- strengta : is | depenient ‘upon theanount | of water held on the surfece as. well | as the” 

"amount of solid material deposited. In the: case, of, the wet, contaminant" method | all 

‘merefore 

‘Second, the flashover | al 



(grooves on ‘the underside of the > insulators. 

OT es made | on a a drawing of the insulator | cross. ‘section using ; the forma oe 

~6505 5 

| Mie apparatus used to accomplish the Mow-coating ean t be readily constructed from 

ae tubing. In a Lure 5 is shown the “apparatus used te coat suspension inolatore, 

int this figure ‘the contaminating liquia is pumped under pressure to. the ‘continuous | 

copper 3 ring which surrounds the ‘insulators. On the inside surface of ‘the ring 16 

short, seotions of “copper tubing about, 6. mm in diameter (a/4") protrude, Half of these 

i 1 3 ‘ i 

have « a slight curve: > upward and sidewards: sO. that the ; Liquid is directed up along the a 

“The degree of contamination on the insulator surf ace can be measured . in several 

— First, the anount of salt and ee in “the flow-coat ing Liguia | can be. ee 

— Seeond since , the contamination coating is: not altered by the test, all. or. - part of a 

Pe on insulator coating may be washed off. in ‘distilled water, the conduetivity measured , 

ee the amount, of salt in solution determined by compar ison with standard curves. 

[me « equivalent salt deposit density can ‘then be computed. “Third, before applying 

"ign vortage + to the test specimen | a low voltage can be applied, and ‘the: eakdge oe 

measured. “The conductance can then be ‘computed, and finally the surface conductivity : 

ean be oi calculated by multiplying 1 the conduetance > by the form factor 1 for the surface 

aos investigated. | | ee | 

“The form factor. is “not | generally available and must be calculated eee 2 oe 

ie : applied to all types: of insulating structures and does not ‘require highly speoialized pee 

“io Om 
where 4 L denotes the total Jength of the ‘leakage path end 2 oUt) the diameter of each 

a element of the Leakage path, 

"though the results obtained using this method (Figure 6) « show lower + withstand a 

sis than those under test method 2 there is no | inconsistency in results. This | 

teat method | was not intended to reproduce any patural pollution ction, m
e 

| noe standard insulators and 8 3 fog type insulators per etring used in ‘these 2 toate) a 

woh es img ecb Aare se dws Seliersepoveaanazen nn 

pte Acad oebe adele eek ogee te 

ca mati wees he ea sleet ane 

a ae nc steele eet 

ee * CONGLUSIONS 

ee 

pe of the porcelain deeig
n ¢ can also effect ct flasovers, 

i ; . ; EA cae Peet ' ; bs Eh . RNY 4 

1 ; hi aay i 5 : 
t i ; : ‘ j 

k URE ea a | em” : 4 7 

{3 Be af tt ‘ i 

| objective, to p provide a 1 relatively simple a means for ‘evaluating insulators ie enhanced 

ince 1 minimum withstand levels will show safe ‘margins below those ‘that could wer 

expected. “The nigh degree of ‘consistency as well. as reproducibility ¢ as ‘shown hy Fg, 

6. clearly demonstrates the value of this test method | as. an acceptance test. “Aleo. 

| etteotive 4 discrimination between designs « as well as “insulator types could permit 

writing specifications for ‘contaminated | applications. Ce ea 

: eke ‘When contamination by mechanical. means, soluable salts, in the dominant fector se 

in. reducing flashover certain types of insulators: show /@ marked superiority ¢ over 

Boy Beat a 

ee ‘The criteria for * good performance is not solely leakage distance. The geometry | 

oe 3. _Bapected operating performance can be predicted for different insulator. eT 

iy 

oe “Artificial, contamination ‘cannot | be ‘reliably used to ) predict insulator pper- | 

a under industrial contamination, = te : ae 

ee 5. More | investigation of industrially contaminated insulators: is. required. 

: 6.) “Anew type of contamination test method is being proposed that can be. s readily 

—- or test | fecinities, 

a Although not. ‘attempting to reproduce any perticuler naturel ‘condition the 

oS contamination method can be used. as an effective means in determining insulator 

| specifications & to be > applied | in any contaminated ee 
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STANDARDIZATION 
a.) Pape 

POLLUTION TESTS IN IEC TC 42 
cence a RIAA EN IDC ER ATL SIT SCOT DESEO L ELS ELLIE IOSD 

IEC TC 42, High Voltage Testing Techniques, has adopted the 

following clauses for contamination testing. These have been approved 

to be sent out to the National Committees under the six-months rule. 

3.4 Artificial pollution tests 

Artificial pollution tests are intended to provide information 

on the behaviour of external insulation under conditions simu- 

lating pollution in service. 

The basic objective is usually to verify that the test object 

will withstand a specified amount of pollution at a given test 

or operating’ voltage. nh 

For comparison tests and for research, the objective may be either 

to determine the degree of pollution that the test object can 

withstand with a given probability at a given test voltage, or to 

determine the withstand voltage for a specified degree of pollu- 

tion. For comparison tests, the former procedure is preferable. 

The procedure to be adopted must give reproducible results, taking 

into account the statistical nature of the flashover mechanism. 

The result of an artificial pollution test is dependent mainly on 

the following factors: | : 

- the installation of the test object 

- the procedure for applying the pollution 

- the amount, conductivity and distribution of the pollution 

- the amount of moisture deposit | : 

- the manner in which the test voltage is applied. 

3.4.1 Test procedures 

3.4.1.1 Installation 
pe I ES 

The test object should be tested in a position (horizontal, vertical 

or inclined) corresponding to actual working conditions. The clearance 

to entraneous structures (see Clause 3.1) need not exceed 1.0 5 and may 

even be reduced below this, without affecting the validity of results, 

provided risk of flashover of the clearance is avoided. 

The insulator shall be in thermal equilibrium with the air in the cham- 

ber at the start of the test. The ambient temperature sf the start of 

the test shall be not less than 5°C or greater than 30°C. 

3.4.1.2 Application of pollution 

There is at present no standard or universally accepted artificial 
pollution test procedure but at least two different methods have 

been developed and are already in use to determine the performance 
of insulators subjected to pollution. The essential requirement 
is the repeatable production of various degrees or “severities" of 
pollution; this may be measured in terms of specific resistance or 
of some directly related parameter. Determination of performance, 
on the application of a suitable test voltage, is usually expressed 

in terms of the pollution severity. 

The two techniques may be broadly described as the saline fog method 
and the predeposited pollution method: 

a) Saline fog method 

This is generally carried out by placing the test object 
in a special room which can be filled with a fog from a 
salt solution. The effect of simultaneously applying an 

appropriate test voltage while these conditions are main- 
tained for a period of time are then evaluated. 

In Appendix 1A, details are given of one saline fog technique. 

b) The predeposited pollution method 

The pollution is applied in a layer having approximately 
uniform thickness. It is usually a mixture of water, a 

non-conducting binding medium (for instance kieselguhr or. 
kaolin), and a medium giving a controlled resistivity 
(for instance a metallic salt). The voltage is applied 
and the test object is wetted continuously with a fine 
water spray. Alternatively, the applied layer is so con- 
stituted that it retains sufficiently moisture for the 
duration of the test. | 

Procedure suitable for carrying out the predeposit pollution 
method is given in Appendix 1B. 7 

3.4.2 Application of test voltage 

Two procedures are in use for the application of voltage: 

a) A constant voltage is applied to the artificially polluted 

test object for a specified time (generally in the region 
of 30 - 60 minutes) or until flashover occurs, In the 
case of the predeposited pollution method, the test may 
also involve the drying period which follows cessation of 
the wetting process. other 

b) A voltage of a specified value is applied and then raised at 
a specified low rate until flashover occurs. Several | 
applications are made from which an average flashover voltage 

and a standard deviation may be determined. 



Note: A flashover test with a rapidly increased applied voltage 

does not reproduce the same physical phenomena, involving 

the important thermal effects, associated with the applica- 
tion of a constant voltage (as in service). 

APPENDIX 1A 

DETAILS OF SALINE FOG TECHNIQUES 

i Cleaning 

Before the test object is tested for the first time, the metal 
parts and cement should be painted with a corrosion-resistant 

paint, if found to be necessary, to ensure that no corrosion pro- 
ducts contaminate the insulating surface during testing. 

The test object should be washed with a suitable detergent to 

remove every trace of grease. Then it should be rinsed thoroughly 

with water of a high resistivity (more than 20 nm) to remove the 
remaining traces of any Lonising material. 

The surface of the test object is deemed to be sufficiently 

clean and free from any fat, grease, or any residuals if large 
continuous wet areas are observed. 

ae Seit sulition 

The salt solution shall be made up to the required concentration 
expressed in g/l of solution from salt (NaCl) and mains water. It 
is recommended that the concentration be measured either by means 
of a hydrometer or a conductivity bridge with a correction for 
temperature. 

It is recommended that the salt-solution concentration used 
should be one of the values: 2.5, 3.5, 5, 7, 10, 14, 20, 28, 40, 57, 
80, 112, 160 and 226 g/l. The use of intermediate values may be 
justified in distinguishing between insulators of similar perfor- 

mance if their withstand salinities are low, or if carrying out a 
larger number of tests than that specified is considered justifiable. 

The maximum permissible error in salt concentration is 5% of 
the nominal value. 

3. Spraying system 

The fog is produced in the test chamber by means of the specified 
number of jets (Figure 4), which produce a fine mist of the solution 

- by a stream of compressed air flowing across the solution nozzle. 

The tolerances on the air and solution nozzles are as follows: 

internal ¢.02 mm, external 4.05 mm. The ends of both nozzles shall 
be square-cut and polished. The end of the solution nozzle shall 

lie on the axis of the air nozzle to within £0.05 mm and the 
maximum distance between the axes of these tubes shall be 0.05 
mm, The pressure of the water shall be adjusted so that the 
flow of solution through each nozzle shall be 0.5 1/min. £10% 
for the period of the test, and the tolerance on the total flow 

to all jets shall be *5% of the nominal value. 

Note that these requirements of the jet system for producing 

a salt fog differ considerably from those of nozzles used for 
wet tests, | 

The jets shall be in two pairs of columns parallel to and on 
opposite sides of the insulator which shall have its axis in the 

same plane as the columns, i.e. a vertical insulator will be 

tested with vertical columns and a tension insulator with horizon- 
tal columns. In the case of an inclined insulator the plane 

containing the insulator and the columns shall intersect the 
horizontal plane in a line at right angles to the insulator axis. 
The distance between the jets and the insulator axis shall be 
3 mt5 cm for test voltages up to about 600 kV. For higher 
voltages larger spacings will be required. The jets shall be 
spaced at 0.6 m intervals, each jet pointing at right angles to 

the column axis towards its counterpart on the other column and 
within an angle of 1° to the plane of the sprays. This aim can 
be achieved for vertical jet columns by lowering the solution 
nozzle passing water through the air nozzle and directing it 
towards the opposing jet afterwards raising the water nozzle to 
the operating position. 10 or more: jets per column are desirable, 
but as few as 5 are acceptable for insulators up to about 150 kV 
system voltage. The mid-point of the insulator shall be preferably 

in line with the mid-points of the columns of jets. Both columns 
shall extend beyond the insulator at both ends by at least 0.6 m. 
For vertical insulators, the bottom jets shall be 0.6 m above the 
floor of the chamber. 

The jets shall be supplied with filtered, oil-free air at a 

pressure of 7.0 kg/m2( 4%). 

4. Test procedure 

The prepared insulator is installed in its test position in the | 

test chamber and energized before the spray jets are started. 

The salt-solution pump and air compressor are switched on, and 
the test is deemed to have started as soon as the compressed air 

has reached the normal operating pressure at the jets. 

The object of an individual test is to determine the salinity 
of the fog which the insulator will endure without flashover for 

60 minutes. A test with any one value of salinity therefore ends 

after 60 minutes or when the insulator flashes over. 



- APPENDIX 1B 

DETAILS OF PREDEPOSITED POLLUTION METHOD 

1. Cleaning and Installation 

_ The same rules for cleaning and installation apply as in 

Appendix 1A. The insulators are then coated with a contaminating 

slurry and tested as indicated under 3 or 4 below. 

2. Measurement of Pollution 

The degree of contamination of the insulator surface can be 

specified in one or more of the following three ways. 

a. The resistivity of the contaminating slurry. 

This is best measured with a conductivity 

bridge. 

b. The surface resistivity of the insulating surface. 

This can be measured by applying a voltage of at 

least 2 kV/meter of total leakage path of the test 

object and measuring the leakage current of the 

test object. From these measurements the resisti- 

vity is determined. The lowest surface resistivity 

of a uniformly-distributed layer is then determined 

by dividing the insulation resistance by the form- 

factor f of the test object: 

x = leakage path 
x 

f = a ae See 
0 bts) b(x)= oh Eeant erence of the insulator 

total leakage path it 

The formula is preferably Sratasted by peepbical inte=~ 

gration. The surface resistivity Pp, at the temperature t 

is to be referred to a reference temperature tg = 20 C, 

according to: | 

Psto = Pst (is + 0.02 (t pers t.) ) 

c, The auuivelene salt deposit on the insulating surface may 

be determined by washing the pollution off of a specified 

area and dissolving it in distilled water. The amount of 

salt yielding the same conductivity when dissolved in the 

same amount of distilled water is considered as the equiva- 

lent. 

3. Coating of the Test Object 

A suspension is prepared which normally has the following 

composition: 

100 g kieselguhr (Diatomaceous earth, diatomite) 

10 g highly dispersed silicium dioxyd, particle 
size 2 - 20 nm (Aerosil) as thickening matter 

1000 g water 

Any other suspension or colloidal solution may be also used, 
if it has the same characteristic effects. In this case, the 
deposit on the surface of the test object should absorb about 
the same amount of water as when aerosil is used. 

A specified resistivity of the suspension is obtained by 
adding a suitable amount of saturated calcium-chloride solution 
(CaCl5) or sodium chloride (NaCl). For classifying the degree 
of pollution, the following values can be chosen with a tolerance 

of 115% and referred to 20°C. 

Suspension resistivity, am _ 6.7 3.3 1.7 0.83 

Layer resistivity, knam/m 200 100 50 20 
(completely weeds eg a 

The coating of the test object shall be effected by spraying this 
suspension on the clean surface of the test object using one or more 

spray nozzles, or suitable type of paint spray gun. The resulting 

layer should be so far as possible uniformly-distributed over the 

whole surface of the test object. 

The coated test object should be uniformly wetted over its whole 
surface within about 15 to 30 minutes,using a steam fog generator 
or alternatively employing for nozzles such as shown in Figure 4 
and 5 inserted in an arrangement corresponding to Figure 6. Com- 

pressed air flows through the nozzles and sucks normal tap water 
from a container. Each nozzle has its own open container so that 

the height H between the nozzle and the container remains constant. 
With constant air pressure, the quantity of fog produced by each 
nozzle is the same. The quantity of water can be varied by 

changing either the height H or the air pressure. 

Columns with nozzles spaced at equal distances are placed around 
the test object. The progress of the wetting process is to be 

checked by measuring the insulation resistance as described in 

Item 2b above until its minimum value is achieved. 



4. Test Procedure 

The test voltage should be appiieae to the completely-wetted 

insulation when the minimum layer resistivity is achieved and 
the wetting process is continued as previously. The adjusted 
fog intensity should be kept constant during the test. Care 

must be taken to avoid water dropping from the sheds of the test 
object. The time of application of the test voltage should be 

at least 15 minutes. 

..L£ no dropping occurs, the test can be repeated with the 
same test object 4 times after drying after each single test. 
But only the first measured layer resistivity should be taken 

as reference. 

5. Note 

A variation of this method, described below, which does not 
require a fog spray is also in use. Acceptance of this is under 

consideration by TC 42. 

A solution of a specified resistivity is prepared with the © 

following composition: 

20 g pyrogenic silica (Si 02) 

lg photographic wetting agent 

1000 ¢g water 

Sodium chloride to obtain resistivity as listed above. 

This solution is flowed on to the test object by means of an 
annular arrangement of nozzles each having an oval orifice 

approximately 1/4" x 1/8". The nozzles are directed inward with 
a tangential component so as to swirl the solution around the 
contours of the test object. This flow coating apparatus is moved 
slowly from top to bottom of the test object while the solution 
is pumped through the nozzles.thoroughly wetting all of the insulator 

surfaces to the point of run-off... 

A sufficient period (about 5 minutes) is allowed for dripping 
to stop and the coating to stabilize. The voltage is then applied 
and raised rapidly to the test level where it is held for a period 
of at least 15 minutes or until flashover occurs. For each test 

the test object must be washed, dried and recoated. 
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The state of understanding of the mechanism of flashover of nollukes 

insulation is revealed by Zoledziowski's paper (1) ade discussion fol- 

lowing it.Z. fits his data to the equation (ve-vo")t = (a tied Vy is 

the applied unidirectional voltage, ae is the minimum seen below which a 

flashover will not occur, t is the time to eect |e is a constant, e is 

the energy needed for Sie aes production, r is the pollution resistance 

per unit length, and L is the distance between electrodes. Zoledziowski 

believes that the discharge propagates tp air, not steam, thet a dry band 

is not required for discharge ae and that the discharge starts to 

propagate at zero time. ; 

(2) 
Salthouse has studied the sari as which result in the initiation 

of dry bands on polluted insulators. Rees a ieee’ temperature rise 

(ATc) which is less than io, the resistance in one location increases much 

more rapidly than in phases. ATc corresponds to a ne dissipation density 

of about GaWiiarn » : | 

(3) 
Kawai has studied the tie conditions of humidity, fog and terns 

perature which precipitate flashover and has determined withstand voltage 

of a varietace types of suspension insulators as a function of sait de- 

posit density. Light rain or fog after several hours of high humidity min- 

imizes flashover voltage. A steam fog artifically reproduces this condition. 

(4) 
Johnson et al have reported on an intensive study of the conditions 

leading to flashover of haaed iv contaminated insulator strings leading to 

design criteria for a 500 kV line in Victoria. Contamination is by a salt 

Pediow aac aaa fog, underside contamination controls. KV/insulator for 

ee flashover varies linearly ey the logarithm of salt. concentration 

being 1.3 inf¥v. at Usk end Ji in/KV at 10 Se a ae Been is Be eee 

and results of high speed motion picture corollation with surging currents 

are described. 

Phelps, Owens,and Foti (5) have devised a contaminant and testing pro-= 

ceedure for evaluating insulator designs for EHV station use. A spray 

coating cantaining China clay, bentonite and salt is sprayed on the insula- 

tors to produce a deposit with a certain ratio of conductivity to thickness. 

After drying, the insulators are assembled in a salt fog chamber, thoroughly 

wetted and held at 1.1 X nominal line to ground for one hour. Then the 

voltage is increased and the flashover voltage noted: 

Fujitaka et al (6) have davelasedes contaminant and test proceedure 

for pollution tests of insulators. The salt content of the contaminant is 

correlated with the amount known to exist in the Ras fcatton aeee Power 

Frequency voltage is increased to flashever an 80 seconds. Current avail- 

able must exceed 0 amperes. Design data for EE Eton insulators are given 

as a function of ambient contamination. 

(7) 
Seven discussors provide data on economic and technical aspects 

of live line washing of H.V. insulators as against greasing in polluted 

areas. Discussions of two papers, one favoring one approach and one the 
| 

other are combined. 

Mi cut arch Mbohel (8) describe a silicone plastic protective coating 

for suspension insulators to be used in polluted atmospheres. Excellent 

adhesion is claimed. The surface remains water repellent after UV aging. . 

A 15 mil (0.375 mm) coating is being applied for field trials. 

(9) 
Peasy ate and Storey discuss’ two methods for determination of the 

effects of resistive glazes, pollution, dry bands, capacitor foils on the 

"yalitege Siete tod oF Saediins Girk ie « orexical moticd andthe” 

other is an electrolytic tank analogue. A resistive glaze can significan- 

ly decrease the tendency toward dry band formation despite its conductance 

being equal to (no more than) capacitive susceptance. Several interesting 

flux plots are included. | 



ae 

(10) 
Ely and Roberts examine the switching and impulse flashover of air gaps 

and insulators in a polluted atmosphere. Rod to rod and rod to plane gaps 

were not significantly affected. For insulators the 50% FOV dropped 240 kV 

for each 10 to 1 increase in salinity (35 X 2200 uS wave.) (10 unit standard 

‘LSe°oor rod insulator)With prior alternating voltage energization, the FOV 

was considerably reduced (-60 kV with disc ane Ta0 kV with rod). Ata 

soluity of 5 g/1 the FOV of the disc string is 600 kV while the rod type is 

400 kV. 

It is commonly assumed that the deen surge flashover characteristics 

of insulators sel gaps are independent of Be si Sac direct voltages. 

Watanabe (11) tested gaps and insulator strings with critical (50%) flash- 

over (CFO) the range of 1 to 1.8 MV crest and a de voltage of 400 kV. 

When the direct voltage was applied to same electrode as the surge, the 

effect was in the range of 2 - Top With neg. dc lowering positive surge CFO’s 

and increasing negative switching Surge CFO's. With positive switching 

surge, the effect is opposite. When the direct and switching surge voltages 

are applied to the different electrodes of the pair, the switching surge 

CFO was lower than without the direct voltage by an amount slightly less 

than the applied de voltage. 

(12) 
Udo and Watanabe have compared dry and wet sparkover characteristics 

of rod and sphere gaps and insulator strings with direct and 50 Hz voltage. 

‘Snow conditions on insulators are also includedsSphere and rod-rod gaps are 

essentially the same for direct and 00 Hz voltages. For rod-plane, positive 

ant S0Hz crest sparkover voltages are similar. The influence of wet condi- 

tions is large for negative and small for positive rod. The direct voltage 

| ecanatb Ue NO bros Cel aiag eal een nae nmi A cy? C3 pene been mec 
withstand of an insulator string is smaller for negative than for positive 

voltages and may be 50% of the dry value when wet and 25% when completely 

covered with snow: 

For simplicity it is often assumed that the critical flashover voltage 

of a switching surge (S.S.) alone is the same as the c.f.o. for as.» S.sSuper- 

13) 
imposed on. a 60 Hz. Udo,Tada and Watanabe ( have evaluated this assumption am 2 

and find that for a positive s.s. it is definitely true. This is fortunate 

fOr POSLLi ve’ SsSe° strength is lower than negative. Data are given for rod- 

rod, sphere to plane, bundle to tower. Data relative to humidity corrections 

and standard deviation are important also. 

(14) 
Paris and Cortina have determined the influence of insulators in 

a large air ae on the switching surge and lightning surge flashover charac- 
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were tested. For 1:2 xX 90 ws negative polarity impulse, Yod “to ed ee ee 
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by the presence of insulators than either negative dry or positive dry: or 

wet. Sufficient data are given to somes a wide . of service conditions. 

Okada and Kimoto (15) demonstrate how to Ce ihe reliability of 
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ie the insulator before the cap or pin is applied. 
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of the fracture mechanism of porcelain as it applies to suspension in- 

sulators. | 
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in the design of epoxy high voltage bushings. He includes two volt-time 
| z | ee 
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The asymptotic stress at 90°C is 270 volts per mil (.10°-10° minutes ) = 
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ABSTRACT 7 | 

Withstand and flashover test data are presented for five types of in- 

sulators tested by the clean fog method and the wet contaminant method. The 
B. Macchiaroli F, J. Turner insulators were contaminated with a slurry having the proportions of 1 liter 
Inst. of Electrical Engineering Senior Member IEEE 3 aa : 

University of Naples | General Electric Company | ; 

Naples, Italy . Pittsfield, Massachusetts | ties of salt to obtain the desired conductivities. The present data are also 

compared with those obtained by other investigators. 

-. of water, 20 grams of Cab-0-Sil””, 1 gram of Photo-Flo”, and various quanti- 

INTRODUCTION | 

In reference (1) the results of an investigation which culminated in 

the proposal of a’ new contamination test method were reported. Along with 

the proposed test, called the "Wet Contaminant Method", a new contaminating 

slurry composed of Cab-0-Sil””, Photo-Flo”, and salt was introduced, At 

the conclusion of the investigation, in order to further evaluate the new 

| method, a large number of tests were performed to compare the withstand 

strengths of several types of insulators with both the "Wet Contaminant" and 

"Clean Fog" test methods, The new contaminating mixture was used for both 

testing methods, 

The insulators tested were: 

A. EIV high creepage glass disk, #67 
: ee B, Locke fog disk, Cat. #18134 

(AR i] | | ‘ae ai - €. Locke standard disk, Cat. #1840 

| * - B. Macchiaroli was in the High Voltage Laboratory of General Electric Co., 
Raper No. Pittsfield, Massachusetts on a _NATO-CNR scholarship. 

69 CP 176 = PWR 1 | | eH ineds name. 



D. Richard Ginori fog long rod model 52486 

&, Richard Ginori standard long rod model 52425 

In each case the number of insulators was selected so that the overall 

lengths were roughly the same. Also, it was desired +0 use the same length 

of insulator strings as other investigators, (2) & (3), so that the data 

could be directly compared. The characteristics of the insulator strings 

tested are given in Table I and Figure 1. 

The power sources used throughout the testing had short circuit currents 

of 10 amperes or more at the voltages employed. 

TEST METHODS — 

Wet Contaminant Method: 

The complete test procedure and the characteristics of the wet contami- 

nant test method are detailed in e Hanae)? by the authors so only the essential 

points will be summarized here. 

The contaminating mixture used for the present tests is that which gave 

the best results in the former investigation, namely: 

Cab-0-Sil 20 g/l 

Photo-Flo 600 Shee 7c! 

Nacl Soto 20 e/4- 

For each test the insulators are washed in a neutral: detergent, rinsed 

with tap water, and dried with compressed air. The insulators are then flow- 

coated with multiple streams of the prepared mixture that coat the complete 

surface to the point of run-off, 

Three to five minutes after the end of flow-coating, while the insulators 
are still.wet, voltage is applied and increased with a constant rate of 7.5 

kV/s. In ‘nd first test the voltage is increased until flashover, whereas 

in subsequent tests an attempt is made to hold a withstand voltage below the 

preceding flashover level. For each withstand test the voltage is held at a 

predetermined level until current pulses and visual activity cease. The test 

is repeated several times until the highest level is determined at which three 

withstands and no flashover are obtained. This is called the withstand voltage 

for the particular degree of contamination and is determined within five per- 

cent. 

eo 

The pollution degree can be measured in four different ways: by the 

salt content in the slurry, by the conductivity of the slurry, by the average 

salt deposit density on the insulators, or by the surface conductivity of the 

insulators. 

In the present investigation, in order to have complete data for com- 

paring the test results, all the above methods of measuring the pollution 

severity were used. 

Clean Fog Method: 

The concept of using a clean fog to deposit moisture on a contaminated 

string was first developed in Germany, and now is used in several other 

countries. However, although this method is being used by many investigators, 

the type of contaminant, the parameter for measuring the degree of pollution, | 

and the test procedure are generally different. 

For the present tests the same contaminating mixture was used as for the 

preceding wet contaminant method, but it was found necessary to use higher 

‘salt concentrations in order to achieve the same surface conductivities, This 

is due to the greater degree of "wetness" achieved with the wet contaminant 

method. | 

Before applying the contaminant to the insulators they were washed with 

a neutral detergent, rinsed with tap water, and dried with compressed air as 

before. They were then spray coated with the contaminant as uniformly as 

possible and allowed to dry. The dry string of insulators was then hung in 

a large tent made of polyethylene sheet material. This tent and the complete 

- getup for the clean fog tests are shown in Figure 2. 

Working with a spray system for contaminating insulators, and fog in a 

tent to wet then, there is necessarily a large number of variables. In order 

to reduce them to a minimum, conditions were held as constant as possible for 

each operation. The pressure on the spraying gun was maintained constant as 

were also the water and air pressure for the fog. These were 2 ke /em® for the 

water and 6 kg /em for the air. Visibility inside the fog tent was less than 

three meters. The resistivity of the water used for the fog was 18,000 ohm-cm, 

From preceding experimental work it was found that flashover data ob= 

tained in the fog tent correlated quite well with surface conductivity measure- 

a 



ments made just prior to applying the test voltage. These surface conductivity 

measurements were made by applying a low voltage and monitoring the leakage 

current versus time. Very erratic results can be obtained in this measure- 

ment unless some provision is made to insure a fairly uniform wetting of the 

: a 
insulators. It was found that this could be accomplished.in two ways: 1) by 

exposing the insulators in the fog tent until the fog becomes dense and then 

spraying the dry areas with a hand spray gun using water having the same re- 

sistivity as that used for the fog, and 2) by placing a high speed fan in the 

corner of the fog tent directed so that it blows the fog up under the insulator 

skirts. Tests were made with both of these methods and it was found that they 

are roughly equivalent. In each case, the leakage current will rise to a 

maximum value at which it will remain steady for a period of time, and then 

slowly decrease due to the washing action of the: fog. . 

Accordingly, in performing the present clean fog tests, an arrangement 

- was made that allowed the conductivity to be measured for each insulator 

string. This was accomplished by the use of two power sources and a high 

Initially, the 

low voltage source was connected to the insulators under test, the fog. turned 

voltage switch with which either.source could be selected. 

on, and the leakage current monitored until it reached a steady value. At 

this time the switch was changed over to the high Mo el ore! source , and 

the withstand or flashover test conducted. 

For aenanesice the high voltage tests, sia) ee was increased to 

some predetermined value, held constant for ten minutes, and then if no 

flashover had occurred, increased by ten percent and held for five minutes. 

If in the last voltage level. a flashover occurred, the preceding level held 

for ten minutes was assumed to be the maximum withstand. If no flashover 

occurred, the insulators were cleaned and recontaminated and the test was 

repeated at a ten percent higher voltage. This process was repeated until 

| the maximum withstand voltage was determined for a given surface condueti— 

vity. | ie 

The degree of contamination was measured in two ways: 1) by measuring 

the surface conductivity just prior to applying high voltage, and 2) by 

measuring the salt deposit density on the insulator surfaces both before 

and after test. There was an appreciable difference in the before and after 

aie 
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test results due to the washing action of the fog. Since, because of the 

test method adopted, an appreciable time elapsed with the fog on before the 

high voltage was applied, Lt was decided that the salt on the insulators 

after test was more representative of that present during the critical ite 

of high voltage application; therefore, the "after test value" was the one 

recorded in this paper. 

TROL RESULES 

Wet Contaminant Method: 
The test results obtained with the five different kinds of insulators 

are summarized in Figures 3 through 6 in which the withstand voltage is 

plotted versus the amount of salt in the slurry, the conductivity of the 

slurry, the total salt deposit density, and the surface conductivity. The 

curves for the standard and fog disk unt are from the preceding paper(1) 

by the authors, 

As stated 

in the. introduction, the insulator string lengths were selected so that re- 

For comparing different strings many criteria could be used. 

sults could be directly compared with investigations (2) and (3). Therefore, 

for the same reason a voltage of 84 kV line-to-ground will be used to compare 

All of the 

measured values of pollution severity corresponding to a withstand voltage 

of 84 kV are recorded in Table IT. 

the ability of the insulator strings to withstand pollution. 

In this table the insulators are listed 

in the order of merit, the electrically strongest one being first, and the 

ratios of the tabulated quantities for each insulator type to those for the 

strongest have been computed. 

The order of merit of the insulators is the same regardless of which of 

the parameters is selected for measuring the degree of pollution. “the ratios 

calculated vary somewhat going across Table II, but not to a significant 

degree, with two exceptions. These are for the salt deposit density on the 

long rods and surface conductivity of the fog and standard disk, The rela- 

tively superior performance of the high creepage glass disk to the fog disk 

on the basis of surface conductivity is hard +o explain, since the salt in 

the slurry, the slurry conductivity and salt deposit ratios are in agreement. 

For some unknown reason the surface conductivity of the glass units became 



ereater than that of the porcelain for an equivalent salt. deposit density. 

fn regard to the long rod insulators, the ratios for salt deposit 

density and surface conductivity are in agreement, but both are quite low 

in relation to the ratios for the slurry properties. This seems to indicate 

that the salt did not adhere as well to the long rod surfaces, 

Throughout the testing it was observed that the long rod insulators be- qe 

haved differently than the disk type. Whereas for the disk type insulators | 

the variation in the surface conductivity for a particular slurry was 2%, for 

the long rod it was about 5%. Also the variability in the withstand and 

flashover data for the long rod insulators was very high; the flashover 

voltage varied as much as 40% for the fog type. Often, after obtaining a 

withstand value at a given level, a flashover occurred on a succeeding test 

at a level 10% or 15% lower. It was also noticed that the scintillation 

activity was different for the long rod insulators than the disk. Whereas 

for the disk type arcing starts off of the cap and pin, for the long rod 

there is activity between the skirts, and generally not on the body. Also, 

when attempting to hold a withstand level, a flashover may occur after 

several minutes, whereas with the disk type it usually occurs within a half 

minute. 

“The variable behavior of the Long rod insulators was ascertained by a 

large number of tests, about one hundred total for the fog long rod. The 

final withstand values plotted on the curves are the highest levels a which 

three withstands were obtained below the lowest flashover voltage. 

Clean Fog Method: | 

The effect of the two different methods of wetting on the withstand 

‘and flashover voltages is shown for each type of insulator in Figures 7 

through ll, using salt deposit density as the measurement of pollution 

severity and in Figures 12 through 16, using surface conductivity as the 

pollution measurement. 

Referring to. ‘the Srane it is seen that there is a greater dispersion in 

the results when plotted against salt deposit density than when plotted against 

“surface conductivity. This is understandable, since the withstand strength is 

dependent upon both the amount of salt on the surface and the degree of wetness, 

wali we 
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and both of these quantities also affect the surface conductivity. Even 

though the fog is maintained as uniform as possible, there is always con- 

Siderable variation in the degree of wetness among the insulators of a 

string. The surface conductivity measurement inherently reflects this 

variability in wetness, and thus correlates quite well with the withstand 

and flashover values. The only exceptions to this were with the long rod 

insulators at low and high surface conductivity (about 15 uS and 70 US). 

Because the wet contaminant method can be performed in a short time, 

it was possible to make many replications. The clean fog method is much | 

more time consuming and fewer replications were made. It is quite possible 

that if the same number of tests had been made for each method , there would 

have been better agreement at low and high surface conductivity. 

The tests with the fan and those in which the insulators were wetted 

underneath by hand spraying gave about the same results. Evidently once 

the surface was thoroughly wet underneath by spraying, additional water was 

not required from the fog. 

Sometimes there was an appreciable variation in the salt deposit | 

density and surface conductivity among insulator strings contaminated by 

spraying with the same slurry. This reflects the inability of an operator 

to judge the thickness of the coating and is one of the reasons that the 

flow-coat method was adopted for the wet contaminant test. Originally it 

was intended to dip the insulators for the clean fog tests, but this was 

~~ found to be impractical with fog type insulators because of the difficulty 

in attaching them together without damaging the coating, 

In Figures 17 and 18 the curves for the various insulators are summarized 

for comparison. From these curves the values of salt deposit density and 

surface conductivity corresponding to a withstand voltage of 84 kV have been 

read and tabulated in Table III. As for the wet contaminant method, the 

ratios have been calculated with respect to the electrically strongest in- 

sulator, which is again the high creepage glass disk. 

The order of merit of the insulators is seen to be the same when either 

_ the salt deposit density or the surface conductivity is used as a basis for 

comparison, but the ratios are quite different. As with the wet contaminant 

method, the high creepage glass disk insulators show a greater superiority 

Pn 



when compared on the basis of surface conductivity. 

In Table IV are tabulated the average times that were required for the 

insulators to reach a steady value of surface conductivity. These times | | 

varied from test to test and generally inereased with the amount of salt. | I 

It can be seen that the insulators with the most complex contours took the 

longest time to stabilize. Also the stabilizing times vary in the same ie 

order as the rating of the insulators by the wet contaminant method. 

DISCUSSION OF TEST RESULTS 

Throughout the tests, measurements were recorded of all the parameters 

affecting the degree of contamination so that they would be available for 

- comparison both for the two methods investigated and also with the work of 

other investigators. 

The order of merit of the insulators at a withstand voltage of S4 kV — 

is listed in Tables II and III where it can be seen that the clean fog and 

the wet contaminant test methods result in the same ranking except for the 

fog long rod unit. In this case the wet contaminant method rates it fourth, 

whereas the clean fog method rates it second, As already mentioned there 

was a large dispersion in the data for the long rod insulators, and a large 

number of tests were performed with the wet contaminant method. This was 

not possible with the fog method, and this perhaps explains the difference. 

This difference in performance of the fog long rod as evaluated by the 

two test methods existed over the entire range of test voltages as can be 

seen by comparing Figures 5 and 6 with 17 and 18, 

In order to compare the severity of the two test methods, the salt 

deposit densities corresponding to a withstand voltage of 84 kV were summarized | 

for the five types of insulators in Table V, It is apparent from these values | 

that the wet contaminant method is the more severe of the two tests in that it 

requires a much lower salt density to reduce the withstand voltage to 84 kV. 

For the three types of disk insulators, however, there is a constant ratio 

between the two test methods indicating that they are really equivalent. The : 

fog long rod and standard long rod insulators have different ratios which is : 

probably due, as already mentioned, to the large variation in the data and ! 

the lack of time for making enough tests with the clean fog test method. 

ae | | 
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These same general observations also apply to Table VI where the insulators 

are ranked according to the conductivity corresponding to a withstand of 

84. kV. There is one difference, however, in that the conductivities for a 

given type of disk insulator are practically identical for the two test 

methods, whereas the salt deposit densities were higher for the clean fog 

method. This can be explained as follows. The conductivity is dependent 

upon both the salt density and the wetness of the surface. Since the surface 

wetness is greater for the wet contaminant test, less salt is required to 

reach the same level of conductivity. Thus for a withstand value of 84 kV, 

it is possible to have the same conductivity measurement for the two test 

methods but have different salt densities. 

Summarizing the results for the two test methods, it can be said that 

there is very good agreement between them in all respects for tests on the 

disk type insulators, but that the wet contaminant method rates the long 

rod insulators much lower than does the clean fog method. Among the disk 

units, the order is very much as expected with the high creepage glass 

first, the fog type second, and the standard third, It is possible that if 

a sufficient number of tests were performed by the fog method on the long 

rod units, they would also be in the same order as found with the wet con- 

taminant method, 

COMPARISON WITH OTHER INVESTIGATIONS 

In references (2) and (3) results are reported for tests on insulators 

similar to those tested here except for the glass disk units. The insulators 

tested were of different manufacture, but had equivalent lengths, leakage 

paths and contours. In reference (2) both clean fog and salt fog tests were 

made, and in (3) the insulators were subjected to natural conditions. These 

data are summarized in Table VI for comparison with the present tests. Only 

the clean fog values are given from reference (2) since the salt fog tests 

resulted in the same numerical order. 

Referring to Table VI, which gives the rank of the insulators as deter-— 

mined by’ the three separate investigations, it is found that there is very 

good agreement in the data from the CESI tests and the present tests, except 

for those on the long rod insulators obtained with the clean fog method in 

the present investigation. In the CESI tests the order is reversed for the 
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CONCLUSIONS 

standard disk and fog long rod, but when the tabular values of conductivity | 

are examined it is found that there is no real difference between the two. 

This is very interesting and important because it shows that results can be 

duplicated between different laboratories with different test methods and 

different contaminating mixtures when the surface conductivity is used as I 

the basis of comparison. 

Whenever a new contamination test method is proposed the final judgment 

as to its worth is the degree to which it can be related to results under 

natural pollution conditions. At the present time the only extensive data 

on various insulators available for natural pollution conditions are those 

reported from the test station at Brighton, England, where they are subjected — 

to a highly saline atmosphere. At this station insulators corresponding to 

types B, C, D and E of this report have been on test first at 85 kV for 65 

months and then at 85 kV plus 25%. During the first tests at 85 kV for over 

5 years, both the standard and fog type long rod insulators flashed over. 

The tests were then continued at a 25% higher voltage on the disk units. 

According to the last report, the standard disk units flashed over after 

four months at the elevated voltage and the fog disk units were still running 

after eight months. These results are included in Table VI, and it is ap- 

parent that among the other data tabulated ,those for the wet contaminant 

method agree most closely with the Brighton data. Accordingly, it may be 

concluded on the basis of present information that the wet contaminant test 

method will correlate well with service experience under seacoast conditions. 

Two different test methods were used to compare the relative merits of 

five types of insulators coated with a contaminating mixture that was re- 

cently proposed in reference (1). Of the five insulator types selected, 

(2,3) As a result four similar ones were tested by other investigators 

the following conclusions can be drawn, | AP tee 7 

1. The wet contaminant test method yields lower withstand strengths 

than the clean fog method on the basis of salt deposit density on the 

insulator surface, For disk type insulators, however, a constant 

ratio exists between the two methods. 

ee 

2, Long rod type insulators behave differently than disk under con- 

taminated conditions, and there is a wide dispersion in the withstand 

data. When the lowest values are considered, they are inferior to the 

disk type units according to the wet contaminant method and also some 

tests involving natural contamination. The fog type long rod, however, | 

has been found stronger than both the standard disk and fog disk by © 

the clean fog method. This could be due to the large dispersion in 

results and lack of a sufficient number of tests. 

3. When surface conductivity was used as a basis for comparison, with- 

stand and flashover values were duplicated for disk type insulators in 

different laboratories, with different test methods, and slurries with 

different binders. It should be noted, however, that a uniform con- 

taminant coating method was used for all of these tests. 

4. The numerical order of merit of the insulators when tested by the 

wet contaminant method is the same as that obtained in the test under 

natural contamination conditions in Brighton, England... 

EE 
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TABLE IV ) TABLE V 

CLEAN FOG METHOD COMPARISON OF SALT DEPOSIT DENSITIES CORRESPONDING TO WITHSTAND VALUES OF 84 KV 

AVERAGE TIME FOR REACHING A STEADY VALUE OF SURFACE CONDUCTIVITY € 

Insulator Type Minutes , 
, 7 “ Wet Contaminant ae 2 

ee . : ; : Insulator Type 5 Wet Contaminant 

: | : | : (mg/cm* ) | | 
A. High Creepage Glass Disk | 50 | ! | ee 

High Creepage 
Glass Disk 

Fog Disk 

Fog Disk 

C. Standard Disk 35 

Standard Disk 

| 
t 

D. Fog Long Rod : 22 | 

: Fog Long Rod 

Standard Long Rod 

E. Standard Long Rod O40 2.86 
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