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John W. Logan, Jr., Forest Hills, Pa., assignor
to The Westinghouse Air Brake Company,
Wilmerding, Pa., a corporation of Pennsyl-

vania

Apphcation November 23, 1935, Serial No. 51,218

58 Claims

This invention relates to brake controlling sys-
tems for vehicles, such as railway trains, and has
particular relation to brake controlling systems
adapted to prevent the wheels on the vehicle or
train from sliding.

As is well known, sliding of the wheels of the
train causes flat spots to be developed on the
wheels which necessitates repair or replacement
of the wheels. With the advent of high speed
trains and the correspondingly higher braking
forces required to maintain stopping distances of

_ the same order as now exist in the case of trains

traveling at a lower speed, it has become increas-
ingly important to guard against sliding of the

5 wheels of the train,

As is well understood by those skilled in the

art, sliding of the wheels of a train upon applica- -

. tlon of the brakes is due to the fact that the re-
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tarding force acting to impede rotation of the
wheels overcomes the adhesion between the
wheels and the rails. Adhesion between a wheel
and the rail along which it rolls may be expressed
in terms of a coefficient of adhesion which is the
ratio of the maximum tangential retarding force
that can be effective on a wheel without causing
it to slide, relative to the weight supported by and
pressing the wheel to the rail, the coefficient
usually being expressed as per-cent of the weight
pressing the wheel to the rail.

It is well known that wheh a wheel is slidmg
along the rails the frictional contact between the
wheel and the rail produces a braking effect on
the wheel which is considerably less than the
braking effect produced when the wheel is per-

5 mitted to continue rolling along the rail while

subject to a force of retardation just insufficient
to cause the wheel to slide. It follows therefore
from the fact that the maximum braking effect
or rate of retardation of a wheel is that which
results from the imposition of a maximum re-
tarding force which will not cause the wheels to
slide, that the degree of braking effect produced
on a wheel will be in proportion to the ratio which
the actual retarding force imposed on a wheel
bears to the maximum retarding force capable of
being imposed on a wheel without causing it to
slide.

Since the maximum retarding force capable of
being imposed on a wheel without causing it to
slide represents the maximum degree in terms of
retarding force to which the adhesion between
the wheel and the rail may be utilized, the per-
centage or degree of the actual retarding force
acting on a wheel relative to the maximum re-

tarding force which may be imposed on a wheel

(CL 303—15)

without causing it to slide is hereinafter referred
to as the degree of adhesion utilization. )

It follows therefore, that if the degree of ad-
hesion utilization is maintained less than the
maximum degree to which the adhesion may be
utilized, that a wheel will not slide.

In the case of a train of cars, it is not sufficient
however merely to maintain the degree of adhe-
sion utilization less than the maximum degree
possible, it being essential that the degree of brak-
ing effect produced on all the wheels of all cars

[53
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of a train be uniform. Uniformity of braking ef-

fect on all wheels of a train of cars can be pro-
duced or effected by causing the retarding force
effective tangentially on each wheel to bear a sub-
stantially uniform ratio to or be a uniform per-
centage of the maximum tangential retarding
force which may be imposed on the wheel, that
iIs, by producing a uniform degree of adheslon
utilization at each wheel.

Since under actual operating conditions, the
weight of different cars and the passenger or
freight load carried by the different cars varies,
the various wheel-trucks on the same or different
cars of a train bear or support different loads,
and it follows that if uniform retarding forces
are produced on all wheels of all wheel-trucks, a
uniform braking effect, that is rate of retardation
of all cars, will not be produced. As a result the
cars will run toward each other or pull out away
from each other depending upon whether a car
in advance has the greater or lesser braking ef-
fect produced thereon respectively. By produc-
ing a substantially uniform braking effect on all
cars of a train it will be apparent that there will
be relatively little tendency for the cars to run
in or pull out and that the shock to the'cars as
well as discomfort to the passengers incident to
the running in and pulling out of the cars will
be obviated.

Unless the braking on all wheels is such as to
produce a uniform degree of adhesion utilization
at each wheel, not only will there be uncomfort-
able shocks as coupler slack adjusts to allow the
more effectively braked cars to restrain the cars
less effectively braked, but also it follows that
~as the braking effect is increased at a uniform
percentage, those wheels most effectively braked
with respect to the loads they carry will be the
ones which will have the greatest tendency to
slide. A considerable disparity in the braking
effectiveness as between different wheels on the
same train naturally reduces the maximum re-
tardation obtainable on the train without wheel
slipping.
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My invention accordingly includes means for
measuring the actual braking effect produced on

the wheels of each individual wheel-truck, and’

means for each wheel-truck which is conditioned
according to the load or weight carried by the in-
dividual wheel-truck, whereby the degree of re-
tarding force produced by the brake devices on
each wheel-truck is so controlled that a substan-
tially uniform degree of adhesion utilization is
effective on all wheel-trucks and a corresponding-
ly uniform degree of braking effect produced on
all cars of the train.

The coefficient of adhesion between the wheels
and the rails is different depending upon whether
the wheels and the rails are dry, wet, oily, frosty
or sanded. The condition of the wheels and the
rails being uncertain, it is difficult to provide a
brake controlling system which will prevent
wheels on a train from sliding under all condi-
tions. My invention, therefore, includes means
which is operative automatically upon the oc-
currernce of small or minor differences in the brak-
ing effect produced on the different wheels of a
wheel-truck while they still continue to roll, for
so controlling the brakes associated witli the
different wheels as to tend to restore the uni-
formity of the braking effect produced on the
different wheels. My invention, furthermore, in-
cludes means which is operative automatically
upon the occurrence of major differences in the
braking effect produced on the different wheels of
the same wheel-truck, as where one wheel starts
to slide and another wheel continues to roll, for
releasing the brakes on the wheels which start to
slide while at the same time maintaining the ap-
plication of the brakes associated with the wheels
which continue to roll without increasing such
application.

In general, it is an object of my invention to
so control the brakes on a vehicle or train of
cars that a substantially uniform degree of brak-
ing effect is produced on each wheel at any given
instant, thus minimizing likelihood of sliding the
wheels.

More specifically it is an object .of my inven-
tion to provide means local to each individual
wheel-truck on g train of cars, which means is
automatically conditioned to control the degree
of adhesion ufilization on all wheels. of the indi-
vidual wheel-trucks in accordance with the load
carried by or supported on the corresponding
wheel-truck so as to produce a substantially uni-
form degree of braking effect on all cars of the
train.

Another object is to provide a brake control
means of the character indicated in the foregoing
object and including means local to each indi-
vidual wheel-truck and responsive to the torque

force exerted on the brake devices associated

with- the wheel-truck for measuring the actual
braking effect produced on the wheels of each
wheel-truck, whereby variations in the coefficient
of brake shoe friction caused by variations in the
braking force applying the brake shoes or by
changes in the speed of rotation of the wheels
may be automatically compensated for and a
uniform degree of braking effect produced.
Another object is to provide a brake control
system having means manually operative to select
2 uniform desired degree of adhesion utilization

_or degree of braking effect for all wheels, and

means local to each wheel-truck functioning au-
tomatically to control the brakes on each of the
wheel-trucks individually in accordance with the
load on the wheel-truck and in accordance with

2,006,488

the degree of braking effect produced on the
wheels of the wheel-truck, to limit the maximum
degree of braking effect on any of the wheels of
the wheel-truck to that degree selected and to
regulate the braking effect on all wheels to the
degree selected.

A further object of my invention is to provide
means of the character indicated in the forege-
ing object, and including means operative in
accordance with the greatest braking effect on
any of the different pairs of wheels of an indi-
vidual wheel-truck for controlling the brakes
on all the wheels of the individual truck, to limit
the maximum degree of braking effect on any
of the pairs of truck wheels to that degree
selected. :

A yet further object of my invention is to pro-
vide means of the character indicated in the two

10

15

foregoing objects, including means responsive to -

small or minor differences in the degree of brak-
ing effect on the different wheels of a wheel-
truck for so controlling the braking means as-
sociated with the different wheels of the truck
as to tend to equalize the degree of braking effect
on the different wheels.

A still further object of my invention is to
provide means of the character indicated in the
foregoing object, and including means responsive
to large or major differences in the degree of
braking effect on the different wheels of each
individual wheel-truck, such as occurs when one
wheel slides and another continues to roll, for
so controlling braking means associated with the
different wheels on the truck as to automatically
relieve the braking means associated with the
sliding wheel for a predetermined time and then
to cause the braking means to be re-applied for a
predetermined time.

An additional object is to provide electrical
braking means, such as an eddy current brake,
in which the braking effect caused thereby re-
duces as the speed of the train reduces, and means
for measuring the braking efiect on a. wheel or
wheel axle produced by the electrical braking
means and operative automatically to control the
electrical braking means so that it tends to main-
tain a substantially constant or uniform braking
effect.

A yet additional object is to provide a braking
system of the character indicated in the fore-
going object and including a fluid pressure oper-
ated braking means of the friction type associated
with each wheel with which an electrical braking
means is associated and which is automatically
controlled by the braking effect measuring means
to supplement, that is compensate for, a decrease
in the braking effect inherently produced by the
electrical braking means, or in the event that the
electrical braking means fails entirely.

A still further object is to provide a brake con-
trol system of the character indicated in the
foregoing object and including novel means
whereby the braking effect on a vehicle wheel or
wheel axle may be measured or determined.

The above objects and other objects, which will
be made apparent hereinafter, are attained by
means of illustrative embodiments of my inven-
tion, which will be subsequently described and

which are shown in the accompanying drawings,

wherein .
Fig. 1 is a diagrammatic plan view of a two-
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axle wheel-truck, showing one embodiment of -

means for measuring the braking effect on the
wheels of the truck and also the disposition and
arrangement of means for registering the load on
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the wheel trucks, the parts being shown in the
bosition occupied thereby when the brakes are
released, ) C

Fig. 2 is a diagrammatic view, illustrating an
operating' mechanism for the load responsive
device shown in Fig. 1, ' :

Fig. 3 is an enlarged sectional view taken on
line 3—3 of Fig. 1, showing the details of con-

struction and the arrangement of an eddy current

brake and a friction type fluid pressure operated
brake associated with the armature shaft of each
one of the driving motors shown in Fig. 1,

- Fig. 4 is a sectional view, partly in section,
taken on line 4—4 of Fig. 3, showing in further
detajl the construction and disposition of parts
of the brake device shown in Fig. 3,

Fig. 5 is a fragmentary view looking toward -

the right end of Fig. 4, showing the details of
construction of the parts whereby mechanical
connection between the supporting casing for
the braking means and the means. for measuring
the braking effect shown in Fig. 1, is established,
Figs. 6 and 7, taken together, constitute a dia-
grammatic view showing the electrical control cir-
cuits and other equipment comprising my inven-
tion as conditioned when the train of cars is
running along the road with brakes released.
Fig. 8 is a chart indicating the condition of
the individual switches making up the group
switches shown. in Figs. 6 and 7 for the various
operating positions thereof, : .
Figs. 9 and 10 are. fragmentary views showing
two different modifications in part of the system
shown in Figs. 6 and 7. :
Fig. 11 is a diagrammatic plan view of a two-

-axle wheel-truck showing a modified arrangement

including electrical circuits whereby means for
measuring the braking effect on a wheel axle is
controlled and operated electrically,

Fig. 12 is a view taken on line 12—{2 of Fig. 11,

showing the details of the flexible gear or quill.

type gear drive and the arrangement and dis-
position of control mechanism in relation to the
gear drive, -

Fig, 13 is a sectional view taken on lne 13—13
of Fig. 12, showing in further detail the arrange-
ment of and circuit connections to the control
mechanism shown in Fig. 11.

Referring to Fig. 1 of the drawings, my inven-
tion is iltustratively shown in connection with a
wheel-truck having a pair of axles 15 and 16 and
gear wheels 1T and 18 respectively fixed thereto
and adapted to be driven through the pinion gears
19 and 21 respectively, by the driving motors 22
and 23 respectively. For simplicity the truck
frame is not shown, but it is to be understood that
a truck frame of suitable character is provided.
The motors 22 and 23 are fixedly mounted on the
truck frame as by suitable bolts (not shown) ex-
tending through the holes 24 in the bed-plate of
the motors. The axles -i5 and 16 are suitably

. cradled ‘on the truck frame to rock about the

longitudinal axis of the armature shaft 25 of

the associated motors so as to maintain a con-

stant driving connection between the gear wheels

- 17 and 18 and the pinion gears 19 and 21, re-
spectively, upon movement of the axle relative to

70

5

the truck frame, The purpose of fixedly mount-

ing the motors on the truck frame instead of

movably mounting the motors on the truck frame,

as is frequently the case, is to enable the me-
to be hereinafter described. ‘

Associated with the armature shaft 25 of the

motors 22 and-23 are brake devices 21 and 28
h )

chanical association with the motors of parts’

3

respectively, which are constructed and arranged
as hereinafter described. :
Suitably mounted on and fixed to the truck
frame is an operating mechanism 31 having a
casing 32 embodying in one portion thereof a de-
vice 33 for measuring the braking effect on the

-axles 15 and 16 Individually and jointly and in

another portion a device 34 for measuring the
load on the wheel-truck and which is similar in
some respects to the variable load device described
in Patent No. 1,670,391, to T. H. Thomas.

The brake devices 271 and 28 are similar, in
some respects, to the brake device shown and de-

[

10

scribed in my Patent No. 2,014,903, assigned to -

the assignee of this application. Since the brake
devices 27 and 28 are identical in construction
and operation, it.is deemed sufficient to describe
only the brake device 27. '

Referring to Figs. 1, 3 and 4, the brake device
27 comprises a brake drum 36 secured to the end
of the armature shaft 25 of the motor 22 and,
cooperating with -the external surface of the
drum 36, a brake band 37 actuated into fric-
tional engagement with the brake drum 36 by

Teans of a pair of pressure cylinders 38. Each

of the pressure cylinders 38 comprises a piston
38 having a piston rod 41, the external end of the
two rods 41 being connected, respectively, to op-
posite ends of the brake band’'31. Fluid under

" pressure is supplied to one side of each of the

pistons 38 through a supply conduit or pipe 43 to
actuate the piston to cause contraction of the
band 37 around the outer surface of the brake
drum 36. Upon release of fluid under pressure
through the conduit 43, a spring 44 at the oppo-
site s.de of each of the pistons acts to return the

_Distons and effect release of the band 31 from

the drum 36. It should be understood that, if
desired, other types of friction members may be
employed instead of the band 37, the band 37

being merely illustrative of any suitable type of

friction brake device.
The pressure cylinders 38 are suitably mount-

20

30
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40

ed on and secured, as by bolts 46, to a mount-

ing plate or disc 471 having a central journal
bearing 48 through which the armature shaft
of the motor 25 extends for permitting rotation
of the shaft relative to the plate 47. It should
be understood that the bearing 48 may be a
thrust bearing of any suitable type for holding
the plate 47 against Iongitudinal movement on
shaft 25. The mounting plate 47 has an upper
portion 49 and a lower. portion 5i which both
project in the direction of the end of the arma-
ture shaft 25 substantially parallel thereto, a
cover -plate §2 being removably secured to the
end of the portions 49 and 5{ and having a cen-
tral journal bearing 53 cooperating with the end
of the armature shaft 25. :

The brake band 31 is connected as by a rigid
link §4, according to well known principles, to
the lower portion 51 of the mounting plate 11,
which link acts to cause an equal braking effect

45

50

60

to be exerted on the brake drum 36 upon appli- -

cation of the band 31 thereto with a given force
regardless of the direction in which the arma-
ture shaft and the brake drum 38 is rotated.
A bi<polar stator device 58, comprising & mag-
netic core piece §6 having enlarged pole portions
57 at opposite ends, is secured as by screws or
bolts 58 on the inside face of the cover plate 54

‘In cooperative alignment within the brake drum

36, the core piece 56 further having an .open-
ing 59 in the enlarged central portion thereof
through which the armature shaft 25 extends.

65
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Electro-magnet coils 62 mounted in insulated re-
lation on and surrounding the core piece 56 are
provided for setting up a magnetic field flux in
and around the stator device,

It will be understood that the brake drum
member 35 functions in a dual capacity, namely
as an operating part of the friction brake previ-

cusly described and also as an operating part, -

that is rotor, of an eddy current brake in coop-
erative relation with the stator device 85.

Integrally formed on or separably secured to
the cover plate 52 of the brake device 27, in axial
alignment with the armature shaft 25, is a T~
shaped member, hereinafter referred to as the
torque head 63.

Tt will be apparent that upon application of
the brake band 37 to the external periphery of
the brake drum 36 or upon rotation of the brake
drum through the magnetic field set up when the
electromagnet coils 62 of the eddy current brake
are energized, the mounting plate 47 would rotate
in the direction of rotation of the armature shaft
25 unless restrained from doing so. I therefore
provide yielding means as hereinafter described,
to resist movement of the plate 471, hereinafter
designated the torque plate 47, so that the de-
gree of movement of the forque plate may be
taken as a measure of the braking effect pro-
duced on the armature shaft and consequently
the axle associated therewith. .

Since the degree of rotary movement of the
torque plate 47 is in accordance with the brak-
ing effect on the armature shaft and axle, vari-
ations in the coefficient of friction between the
brake band 27 and the brake drum 38, which co-
efficient is a function of the braking effect, are
automatically taken into account, in the brak-
ing effect measured.

In accordance with my invention, the torque
head 82 on the cover plate 52 of torque plate &7
serves to transmit the torque force to the meas-
uring device 23, shown in Fig. 1, for either di-
rection ‘of rotation of the armature shaft 285.

Referring to Fig. 1, the device 38 comprises a
coil spring 66 hereinafter termed the torque
spring, disposed within a chamber §7 in the cas-
ing 32 and.subject at opposite erids to the op-
posing forces of the torque exerted by the torque
heads 63 of the brake devices 27 and 28 re-
spectively whereby the rotary ‘movement of
torque plate 87 is yieldingly resisted. Any suit-
able means may be provided for transmitting the
torque from the torque heads 63 to the torque
spring €6, an

head 63 of the brake device 27, a bell-crank lever

. 69 pivotally mounted at .the fulcrum.thereof, as

]

by a pin T{, on a projecting lug .72 formed on
the casing 32, the outer end of one arm 13 of
the bell erank lever having a rod 74 pivotally con-

 nected thereto as by a clevis 75 on the rod and

65
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3 pin 76 which extends through the clevis and
an elongated hole 77 in the end of the lever arm
13. . The opposite end of the rod 74 has an en-
larged end portion 18 formed thereon, which is

“in the shape of a semi-disc, the flat end of the

semi-disc cooperatively engaging the side surface
of the torque head 63, as shown in Fig. 5. The
rod 16 is slidably mounted in suitable journal
members 81 fixed to a portion 82 of the fruck
frame. ‘The outer end of the other arm 83 of
the bell-crank lever 69 has a rod 84, hereinafter
termed a torque rod,. pivotally connected’ there-
to, as by a clevis 85 secured to one end of the
rod 84 and a pin 86 extending through the clevis

illustrative mechanism . being.
5 shown which comprises, in the case of the torque

2,006,488

and an elongated hole 87 at the end of the lever
arim 83. The other end of the rod 84 extends
into the casing 82 and has an enlarged head
portion 88 which engages one face of a follower
member 89, a recess 81 formed at the opposite
face of the follower 89 being provided for receiv-
ing one end of the torque spring §8. .

The mechanism, whereby the torque on the

torque head 63 of the brake device 28 is trans--

mitted to the opposite end of the torque spring 66
being identical with that just described for brake
device 21, it is deemed unnecessary to repeat the
description thereof except to note that corre-
sponding parts are designated by corresponding
numerals with the suffix “a”. .
Arranged in concentric relation to the torque
rod 84 within the casing 32, are a pair of tubular
stop members 98 and 95, the stop member 92

10

having at one end an inwardly extending flange

96 which engages the face of the follower 89, and
at the opposite end an outwardly extending flange
87 which engages in contacting relation with an

.outwardly extending flange 98 on one end of the

stop member 95. Disposed within the tubular stop
member 94 and surrounding the head portion 88

cn the torque rod 88 is a coil spring 9§ which is

interposed between the inwardly extending flange
86 of the stop member 98 and the flange 98 of
the stop member 95 for urging stop member 84
away from the stop member 95, the flange 87 on
the stop member 94 being adapted to engage a
stop lug 18 on casing 32 to limit the movemlent
of the stop member 98 away from the stop mem-
ber 85. A coil spring £92, which surrounds the
stop member 95 and which is interposed between
the flarige 28 on the stop member 95 and an an-
nular shoulder. {83 on the casing 32, urges the
stop member 95 into contacting relation with
the stop member 94, movement of the stop mem-
ber 95 in +he direction of the stop member 28 be-
ing limited by an outwardly extending flange 108
at the end of the stop member 85 opposite to the
fiange 88, which flange 184 is adapted to engage
the shoulder 1068. :

In a similar manner the torque rod 84a has a
pair of stop members 88a and 85a arranged in
concentric relation thereto in the manner corre-
sponding to that of the stop members 8¢ and 85
with respect to rod 84. The stop members 94a
and 85¢ and associated parts are identical in con-
struction and arrangement to the stop members
¢4 and 95 already described, and it is deemed un-
necessary to repeat the description thereof except
to note that corresponding structure or elements
are designated by corresponding numerals with
the suffix “a”. .

Pivotally connected to the follower 89, as by a
pin 106, is a link {07 and, similarly, pivotally con-
nected to. the follower 88¢a, as by a pin {98, is a
link 169, the other ends cf the links {07 and 109
being pivotally connected as by a pin {0 on
which is mounted a roller ${{. A rod {13 is slid-
ably mounted on the casing 32, as by brackets

-~ {14, and has an enlarged head portion {12 on

one end thereof which is engaged in contacting
relation by the roller {11,
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The followers 89 and 8%¢ each have a roller -

{16 mounted thereon as by a pin {17, the-rollers
{16 being adapted to roll along a guiding'surface
{18 on the casing 32, whereby upon movement
of the followers 88 and 88a toward each other the
position of the follower members is so maintained
that the angle between the links (0T and 199 is
decreased and the roller {{{ moves corresponding-
ly in a lateral direction away from the torque
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spring 88 fo cause correspoxidlng sliding move-
ment of the rod 113. i

- Disposed within the chamber 67 of the casln,g'

32 and mounted in insulated relation on the cas- -

ing are two groups 121 and 122 of switches, group
121 comprising a plurality of switches 123, 124,

. 128, 126, and 127 (see Fig. 6) which are operated

simultaneously by movement of the follower 89
and the group (22 comprising a plurality of -
switches 133, 134, 135, 136, and 137 (see Fig. T)

. which are operated simultaneously by movement

15

20

of the follower 8%a. The individual switches con-
stituting the groups 121 and 122 may be of any
sultable type and are illustrated as being of the
telephone type. It is deemed unnecessary, there-
fore, to specifically describe the construction of
the switches of groups 121 and 122 except to point
out that the movable operating members of the
individual switches in each group 121 and 122 are
mechanically connected, as by rigid tie rods 129
and 129¢, which are indicated by a broken line

. In Figs. 6 and 7 respectively, and are thus simul-
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taneously actuated. As indicated in Pig. 1, a lug
123 may be provided on each cf the followers 89
and 83« which lug operatively engages the op-
erating member of one of the individual switches
and thus actuates all of the operating members
of the individual switches in the corresponding
group 121 or 122 by means of the tie rod 129,
or 129q. ’ -

The parts of the device 33 for measuring brak-
ing effect are normally positioned as shown in
Fig. 1, the ténsion of the torque spring 66 being
such that it normally overcomes the tension of
the springs 99 and 99a so that the stop members
94 and 94a are urged into contacting relation with
the stop members 95 and 95q, respectively. 'The
tension of the springs 102 and i02q is greater
than that of the torque spring 66, and the stop
members 95 and 95a are thus maintained in the
extreme centerward position shown in Fig. 1.
With the parts of the device 33 in the position
shown in Fig. 1, the switch groups 121 and 122
are conditioned in a central position wherein the
individual switches thereof are open or closed,
as indicated in the chart shown in Fig. 8.

If the torque forees transmitted to the oppo-
site ends of the torque spring 6, through the
torque rods- 84 and 84a are substantially equal,
the spring 66 is contracted inwardly to an equal
extent at the opposite ends thereof and the
springs 99 and 99a thus become effective to urge
the stop members 94 and 84a, respectively, in an
inward direction to an extent determined by the
engagement of the flanges 97 and 87¢ with the
stop lugs 101 and 10ia, respectively. With the
stop members 94 and 94a positioned as just de-
scribed, the inward recession of the followers 89
and 88a is such that the individual switches in
groups {21 and 122 assume an inner position, the

" individual switches of each group being open or
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closed as indicated in the chart shown in Fig. 8.
Further increase in the torque forces applied to
opposite ends of the torque spring 66 beyond the
degree sufficient to permit maximum inward

.movement of the stop members 94 and 94a causes

further compression of the torque spring 66 and a
corresponding inward movement of the followers
89 and 89a out of engagement with the flanges
96 and 96a of the stop members 94 and %4a re-
spectively,

If the torque forces transmitteq through
torque rods 84 and 84¢ should become unbalanced,
the torque spring 66 and the associated followers
89 and 88a will be shifted as a unit in the direg-

5

tion of the unbalanced force until such unbalance
becomes counteracted by force exerted through
the stop member 94 or 94z on the side of the
lesser torque. Inasmuch as springs 89 and 99¢
are compressively tensioned a certain amount even
when the stop members 94 and 94z are at their

-inward limit, it follows that the torque forces
. must be unbalanced more than a predetermined

low amount sufficient to overcome the tension of
either spring 99 or 99¢ before the corresponding
follower 89 or 89¢ may be shifted outwardly
after reengaging the stop members 94 and 94q re-
spectively. As the unbalance in the torque forces
transmitted through the rods 84 and 84¢ increases
above the predetermined- low amount Just de-
scribed, no further outward movement of the fol-
lowers 88 or 88a will occur until the unbalance
in the torque forces exceeds predetermined value
considerably higher than the predetermined low
value, at which either the spring 182 or 102¢
which is on the side of the lesser torque will be
compressed. It will be seen, therefore, that
group switches (21 and 122 will both remain in
their inner positions if the torque forces trans-
mitted through the rods 84 and 84 differs only
by a small amount, that the one of the group
switches 121 or 122 on the side of the lesser torque
will be actuated to its central position upon an
intermediate amount of unbalance in the torque
forces, and that the oné of the group switches
121 or 122 on the side of the lesser torque will be
shifted to its outer position upon the occurrence
of a large amount of unbalance in the torque
forces. The switch group 121 or 122 on the side
of the greater torque force will, of course, re-
main in its inner position.

It is important to observe that the torque
spring 86 is shortened in length an equal amount
whether both of the brake devices 21 and 28 are
effective to cause equal and opposite torque forces
to be applied to opposite ends of the spring 66
through the rods 84 and 844 or whether either of
the brake devices 27 and 28 acting alone, exert the
same force as when both were effective. It fol-
lows, therefore, that the degree to which the
spring 66 is shortened in length is a measure of
the greater of the forces applied thereto from
the brake devices 2T and. 28 and accordingly that
the degree of movement of the rod i 13, effected by
relative movement of the followers 89 and 89q to-
ward each other and the corresponding change
in the angular position of the links 107 and 109,
is a measure of the greater of the torques and
therefore of the greater of the braking effects
exerted by the brake devices 2T and 28.

It is also important to observe that a dif-
ference in the torque forces applied to opposite
ends of spring 66 causes bodily shifting of the
spring 66 in the direction of application of the
greater torque force and to an extent determined
bythedegree of the difference in the torque forces,
the followers 88 and 89a being accordingly moved
to actuate the switch groups 121 and 122 for

purposes of brake control hereinafter described.

It should also be observed that the degree of

‘rotary movement permitted to the torque head

63 associated with each of the brake devices 21

“and 28 is limited to such a small angle and
“the system of levers including the rods 74 and 84

is s0 arranged as to prevent any wedging action.
Furthermore, since the degree of such angular

- displacement of the torque head 63 from the nor-

mal position thereof is so small, the force applied
by the torque head 63 to the head portion 18 (or
18a) on the rod 14 (or T4a) is maintained sub-
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stantially equal to the entire torque force, with
negligible variation in accordance with the cosine
function of the angle of displacement of the
torque head 63.

Referring to Fig. 1, the load measuring device
34 comprises a piston cylinder 14{ embodied in
casing 32 and containing a piston 142 having a
piston stem {43 which slides in a bore t44 of
reduced diameter. In the bore {48 is disposed a
dash-pot piston 145 and interposed between the
piston 185 and the inner end of the stem {43 is a
coil spring 188 which acts normally to urge the
piston 185 and the piston 142 into the position
shown in Fig. 1, assuming no load on the truck
except the weight of the car body. A lever 148
is pivotally connected at one end to the stem
143, through a connecting link 147, and a lever 149
is pivotally connected at one end to the free end
of the lever 148 as by pin i5{. The opposite end
of the lever 149 is secured to a rotatq.ble shaft
or pin {52, to which is also secured axg arm (53
which extends through an opening {54 in the
wall of the casing 32 to the exterior of the casing.
The exterior end of the arm §83 is pivotally con-

nected to a rod {35, as by a ball-and-socket joint -

158, the rod {55 also being pivetally connected to
the outer end of one arm of a bell-crank (57
(see Fig. 2), which is pivotally mounted at the
fulerum thereof, as by a pin 188, to a portion
{58 of the car frame, the outer end of the other
arm of the bell crank. {57 having a roller 164
mounted thereon adapted to engage a fixed sur-
face 162 on a portion of the truck frame.

A lever 164 pivotally mounted on a fixed pin
165 carried by the casing 32 is pivotally connected

at one end by a link (66 to the piston (45, the

opposite end of the lever {64 having one end
of a lever 167 pivotally connected thereto. The
opposite or free end of the lever {67 carries a
roller 168 adapted to roll along a guide 168 carried
on the casing 32. 'The lever (64 carries an arm
{7 which is provided at the free end thereof
with a toothed segment {72. A lever {73 connects
the levers 164 and (48, being pivotally connected
at opposite ends thereof to the said levers.

A rocker arm 174 is pivotally mounted at the
fulecrum thereof on the casing 32, as by a pin 188,
the outer end of one arm being provided with
teeth for engaging the toothed segment {72, and
the outer end of the other arm being pivotally
connected to the outer end of a stem 175 of a
piston 176 contained in a bore or chamber {77
in the casing 32. A coil spring {88, 'in the bore
171, is so interposed between the piston 176 and
the casing as to yieldingly urge the piston {76

in a direction to cause the teeth on the one arm

of the rocker arm {74 to engage the toothed seg-
ment {72 to hold lever {84 against movement.
A weighing beam or lever #78 is provided and
at a point intermediate the ends of lever {78 is
pivotally connected one end of a lever {78, the
opposite end of the lever (79 being pivotally
mounted on the casing 32, as by the same pin
181 on which the rocker arm (74 is mounted.
The weighing beam {78 is so disposed as to con-
tact the roller 168 on the lever 67 at a point
diametrically opposite to the point of contact of
the roller with the guide {69. The weighing beam
{78 is provided at one end with an elongated hole
83 and at the opposite end with an elongated
hole 184. ’ ’
A rod 186, hereinafter termed a rack rod, is

" pivotally connected at one end thereof to one

75

end of the weighing beam {78, as by a pin 187
extending through the hole 183 in the weighing
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beam, and is slidably mounted on the casing 32,
as by one or more brackets 188, the opposite end
of the rod 186 being provided with a gear rack
portion 89 having cooperative engagement with
a pinion gear 18! secured to the outer end of a
shaft {62 on which is carried a segment drum {93
(illustrated diagrammatically in Fig.- 6), of a
controller device 198 suitably carried on the cas-
ing of the operating mechanism 3. A spring 198,
interposed between the casing 32 and a collar
187 secured to the rack rod (86, normally urges
the rod 186 inwardly of the casing 32 to position
the segment drum {93 of the controller i94 in a
normal. position which will be hereinafter de-
scribed.

A rod 20! slidably mounted on the casing 32,
as by one or more brackets 202, is pivotally con-
nected at one end to the opposite end of the
weighing beam 178, as by a pin 203 extending
through the hole 184. The opposite end of the
rod 261 is provided with an enlarged rounded
head 204, which is operatively engaged by the
outer end of one arm of a bell-crank 208 pivotally
mounted at the fulerum thereof on the casing
32, the outer end of the other arm of the bell-
crank 206 being operatively engaged by the end
of the rod 113 opposite to that having the head
{12 which is engaged by the roller {i1.

A magnet valve device 208 is provided for con-
trolling the supply and the release of fluid under
pressure to and from the piston cylinder i4! and
piston chamber 177. The magnet valve device
268 is normally energized, in a manner herein-
after described, so that fluid under pressure is

. vented from the piston cylinder 184 and piston

chamber {77 while the vehicle or train of cars
is in motion, and is deenergized when the vehicle
or train of cars is brought to a stop for supplying
fluid under pressure to -the cylinder §4f and
chamber 177. , . '

Fluid under pressuré, supplied -to the piston
chamber 177 from the supply pipe 2{{ through
magnet valve 208 and pipe.and passage 212 over-
comes the force of the spring {80 opposing move-
ment of the piston 176 and thus actuates the pis-
ton 176 to rock the rocker arm {74 out of engage-
ment with the toothed segment 172 on the lever
arm {74, Fluid under pressure, supplied to the
piston cylinder 14i from the pipe and passage
212 through the branch passage 2{4§ moves the
piston 182 to the left, as viewed in Fig. 1, against
the force of the spring £46.

The tension of the springs 186 and 180 is such
that a higher fluid pressure per square inch is

required to move the piston (77 than to move the

piston §62. Consequently the spring {80 main-
tains the rocker arm 074 in engagement with the
toothed segment 192 on the lever arm 174 so that
the lever 164 is held against movement while the
piston 182 moves inwardly. The lever 173, being
secured to lever (64 is thus also held against
movement, and the inward movement of the
piston (42, occasioned by the pressure of the
fluid supplied to the piston cylinder 48, rocks
the lever {88 pivotally on the end of the lever {73
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thus causing- the lever 1489 to be pivotally moved -

sbout the pin {52 through an angle in a clock-
wise direction, as viewed in Fig. 1. The lever 149,
in turn, effects corresponding rotation of the pin
52 and arm 053, and rod 155 is thus moved up-
wardly in Figure 1 and in the left-hand direction
in Figure 2 to cause rotation of the bell-crank (57
in a.clockwise direction, as viewed in Fig. 2, to
move the roller I6f into engagement with the
surface 162 on the truck frame.
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Subsequent to the operation just described, the
pressure of the fluld supplied to the piston cham-
ber 177 becomes effective to move the piston 17§
against the res’stance of the spring 180 and thus
effects movement of the rocker arm (14 out of

engagement with the toothed segment 172 on.

the arm 171, -

The rod {86 is now free to move in accordance
with the load on the wheel-truck. If the load
on the truck is increased, the distance between
the car frame portion 159 and the surface 182 on
the truck frame is lessened, and the bell-crank

- 151 is accordingly rotated in a counterclockwise
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the right, as viewed in Fig. 2.

Since the piston 42 is held in its inner posi-
tion by the pressure of the fluid supplied to the
piston cylinder (41, the movement of the rod
185, with an increase in load, through the arm
1583 and lever 149 effects a counterclockwise move-
ment of the lever 148 about the point of pivotal
connection to the link (47 and thus, through the
lever 113, effects a counterclockwise movement
of the lever 164 about the fixed pin 168. The
lever 167 is thus moved, with the lever (64, to the
left as viewed in Fig. 1, to adjust the position of
the fulerum roller 168 in accordance with the
load on the wheel-truck. . -

It will be apparent that if the load on the wheel
truck is decreased. the spring 146 will urge the
dash-pot piston (45 to the left, as viewed in Fig. 1,
and consequently effect clockwise rotation of lever
{64 on the pin 185 so that the fulcrum roller 158
will accordingly be moved to the right, as viewed
in Fig. 1, and the rod (55 will be moved to the
left, as viewed in Fig. 2, until the roller 16} on
the rocker arm’ (57 again contacts the truck
portion 162.- i .

When motion of the vehicle or traln of cars
Is initiated and fluid under pressure is released
from the piston chamber (17 of the piston cylin-
der 141, the spring 180 becomes first effective, as
the fluid pressure is decreased, to rock the rocker
arm 174 into engagement
ment 172 to lcck the lever arm 11} against move-
ment. Subsequently, as the fluid pressure fur-

direction to effect movement of th_e rod 138 to

_ther decreases, the spring 146 moves piston 142 to *

the right, as viewed in Fig. 1, and. since the lever
173 is held against movement, the lever (48 is
rocked about the end of the lever 113 to cause a
counterclockwise movement of the Tever 149 and
the arm 153, which results in counterclockwise
movement of the bell crank (51, as viewed in
Fig. 2, so that the roller (61 is moved out of
engagement with the contact surface 162 cn the

truck frame. The load measuring device 34 is.

thus rendered unresponsive to the normal relative

. movement of the car frame portion 159 and the

truck frame portion 162 during the time that
the vehicle or train of cars is in motion.

The cooperative relation of the device 23 for
measuring braking éffect, and the load measuring
device 34 should now be apparent, Whenever the
rod 113 is moved to the right, as viewed in Fig. 1,

- which ‘as will be explained hereafter in grea‘er

detall occurs upon an application of the brakes
to either one or both the axles 15§ and 18, the
bell-crank lever 206 is rocked In a clockwise di-

-rection and thus through the rod 201 causes a

counterclockwise rocking movement of the weigh-

-ing beam 1718 about the roller 168 as a fulcrum.

the rack rod 186 being accordingly moved aga‘ns*
the force of the spring 196 to cause rotation of
the segment drum of the controller 194. The ten-

sion of the spring 186 is such that for a given posi-
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with the toothed seg-

tion of the fulerum roller 188 and a given force
urging the rcd 113 to the right, a corresponding

- movement of the segment drum of. the controller
* 194 will be effected. . :

If the fulcrum roller 18 is positioned, in ac-
cordance with the degree of the load on the
wheel-truck, to the left of the position shown in
Fig. 1, a greater force must necessarily be applied
to the rod 148 to effect the same degree of rota-
tion of the segmcn® drum of the controller 194,
due to the shortening of the moment arm extend-
ing from the fulerum point of contact between ths
roller 168 and the weighing beam 178 to the pin
203. .

Conversely, if the fulcrum roller 168 is posi-
tioned in any position to the right of that shown
in Fig. 1, as for a decrease in the load on the
wheel-truck, a lesser force is required to be ap-

plied to the rod {18 to effect the same degree:

of rotation of the segment drum of the con-
troller 194, due to the lengthening of the moment
arm extending from the fulcrur point cn the
roller 168 to the pin 203. :

. Referring to Figs. 6 ang 7 taken together, addi-
tional equipment of my invention includes one or

more main reservoirs, such as the reservoir 221,

disposed on one or respectively on more than one
of the cars of the train, a main reservoir pipe
222 connected to the main reservoir 221 and ex-
tending in the usual manner throughout the
length of the train, the pipe 222 also being con-
nected to: other main reservoirs if employed on
other cars, a plurality of control wires 224, 225,
226, 221 and 228 extending in usual manner
throughout the length of the train, a manually
cperable brake switch device 229 located on the
control car of the train and adapted to effect ener~
gization of train wires 224 to 228, a vibration relay
device 231 of the type shown and described in my
copending application Serial No. 734,781 filed
July 12, 1934, and assigned to the assignee of the
present application, and a suitable generator 232
located on one of the cars of the train and adapted
to supvly power to all of the cars through a train
wire 238 extending throughout the length of the
train, the wire 233 being connected to one termi-
nal of the generator and the other terminal of

the generator being connected to ground, as

shown, or to & return train wire if desired. Al-
though wire 283 is illustrated as being energized
from generator 282; it is to be understood that it
might, instead, be. energized from a trolley or
third rafl. the same as are the driving motors.

. An electromagnet switch device 234, which is

- controlled by the vibration relay device 231 in a
manner hereinafter described, controls the con-’

nection from a suitable source of electrical energy,

“such as a battery 235, to another train wire 23§

which ‘extends, in usual manner, throughout the

length of the train. each individual magnet valve
.device 208 associated with the

load measuring
device 34 on each wheel-truck being connected to
and energized by current supplied over the wire
238, as hereinafter described. -

. An emergency relay switch device 238, locafed
preferably on the centrol car of the train, is

previded for connecting train wires 227 and 228
to the- battery 235 independently of the brake

switch device 229. A “deadman’s” switch device’

239, which may be combined with the usual motor
controller device in customary manner but here
illustrated merely as a push button switch to be
held normally closed by the cperator. and a plu-
rality of conductor’s switch devices 241, (only one
of which device is shown) one for each car of the
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_ the length of the train, the wire 522 being con-
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train, control the circuit of the magnet coil 242
of the relay device 288, the devices 239 and 241
being effective to interrupt the flow of current
through a train wire 243 which extends through-
out the length of the train and which is grounded
at its termination on the last car in manner not
shewn. If a battery return wire is employed,
then the wire 243 is connected thereto on the
last car instead of to ground.

A signal lamp 511, located on the control car,
has one terminal connected to ground and the
other to a train wire 522 extending throughout

nected to battery upon the occurrence of wheel-
sliding on any of the wheel-trucks, in the manner
hereinafier deseribed, the circuit being thus
closed through the lamp to cause the lamp to be
illuminated and indicate the wheel-sliding con-
dition. :

For the sake of simplicity, additional brake
operating and control equipment local to each in-
dividual wheel-truck, on every car of the train
is illustrated for one wheel-truck only.

The local brake control equipment for each
of the brake devices 27 and 28 associated respec-
tively with the wheel axles 1§ and i6 of each
wheel-truck. are identical in construction and
the local brake control equipment for the brake
device 21 is thus illustrated in detail in Fig. 6
whereas the local brake control equipment for
the brake device 28 is shown merely in outline
form in Fig. 7. Referring then to Fig. 6, the local
control equipment for the brake device 27 in-
cludes an application magnet valve device 248,
a release magnet valve device 249, a pneumatic
sivitch device 251, a volume reservoir 252, a fluid
pressure operated relay device 263 for controlling
the supply and release of fiuid under pressure
to and from the pressure cylinders 38 of the

brake device 21, a rheostat 254 for controlling the -

degree of the current supplied to the coils 62 of
the eddy current brake portion of brake device
27 and operated by a fluid pressure responsive
device, such as the diaphragm device 255, through
the medium of a pressure-limiting device 256,
and a relay device 257 for controlling a circuit
including the rheostat 254 and the coils 62 of the

- eddy current brake device previously described.
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The brake control equipment individual to each
of the brake devices 27 and 28 also includes a
pneumatic switch device 269, a timing reser-
voir 261, a fluid pressure operated relay device
262 for controlling the supply of fluid under pres-
sure from a local reservoir 263 to another pneu-
matic switch device 268, and a magnet valve de-
vice 265 for controlling the supply of fluid under
pressure to the pneumatic switch device 259 and
the relay device 262, The application and re-
lease magnet valve devices 248 and 249 are con-
trolled, as will be hereinafter described in detail,
by the controller device 194 previously mentioned
and associated with the load measuring device 34.

The application magnet valve device 248 com-
prises an electromagnet 274 and a valve 272 actu-
ated by the electromagnet 27f through a stem
973. The valve 212 is disposed in a chamber 214
which is in constant communication with the
pipe 222 through a branch pipe 275, and when
the electromagnet 211 is deenergized the valve
272 is yieldingly urged into seated relation on

. an associated valve seat by a coil spring 276 inter-

75

posed between the valve and a screw nug 277
closing the chamber 274. When the elrctromag-
net 271 is energized the valve 272 is unseated
against the force of the spring 276 and communi-
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cation is thus established from the chamber 274
to a chamber 2718 into which opens a pipe and
passage 219 leading to the reservoir 252.

The release magnet valve device 248 comprises
an electromagnet 281 and a valve 282 actuated

by the electromagnet 28¢ through the medium of -

2 stem 283. The valve 282 is disposed in a cham-
ber 284 constantly open to atmosphere through a
port 285 and is provided with a fluted stem 287
which extends through a bore 28§ in the casing
into a chamber 288. When the electromagnet 281
is deenergized the valve 282 is unseated from its
associated valve seat to establish communication
between chambers 288 and 288 through bore 285
by a coil spring 288 in the chamber 288, which
spring is interposed petween a collar on the end
of the fluted stem 287 of the valve 282 and a
screw plug 291 closing the chamber 288. Cham-
ber 288 is constantly in communication with pipa

and passage 279 through a branch passage 292

and thus, when the valve 282 is unseated, the
passage and pipe 219 is connected to atmosphere.

The pneumatic switch device 251 comprises a
casing 294 having a piston chamber 295 contain-
ing a piston 266 which actuates a movable switch
member 287 through the medium of a stem 298,
A coil spring 299 interposed between one face of
the piston and the casing 294 normally urges the
piston 296 in such direction as to move the switch
member 297 into circuit-opening position. Fluid
under pressure is supplied to the piston chamber
295 from the pipe 219 through a branch pipe 301,
and -the tension of the spring 298 is such that
when the pressure of the fluid supplied into the

pipe 279 under the control of the application.

magnet valve device 248 attains a degree, such as
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three pounds per square inch, the piston 286 is

actuated against the resistance of spring 299 to
move the switch member 297 into circuit-closing
position. '

The pneumatic relay device 253 comprises a
casing 303 containing a piston 304 having a cham-
ber 305 at one side thereof, which chamber is
constantly subject to the pressure of fluid in local
reservoir 252 through a branch pipe 306 which
opens into pipe 279 leading to the reservoir 252,
and a chamber 307 at the opposite side thereof
in which is disposed a slide valve 308 adapted to
be operated by the piston through the medium of
a stem 309. The stem 3089 is provided with spaced
collars or lugs 2310 and 311 adapted to engage
opposite sides of the slide valve 398 and so spaced
as to permit a certain amount of movement of the
stem 308 relative to the slide valve 308. The
stem 209 is provided at the end thereof with a
collar 312 which extends into a reduced portion
of the chamber 307, and a coil spring 313 dis-
posed in the reduced portion of the chamber 307
between the collar 312 and the casing 303 resists
movement of the piston 384 and slide valve 338
to the right, as viewed in Fig. 6, until the pres-
sure of the fluid supplied to the piston chamber
385 exceeds a predetermined degree, such as forty
pounds per square inch: The slide valve 388 is
normally positioned, as shown, to lap or cover an
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inlet passage 314 to which the pipe 219 is con- .

nected and to uncover an atmospheric exhaust

- passage 315 opening into the chamber 307. The

supply conduit 43 leading to the pressure c¢ylin-
ders 38 of the braking device 27 opens into the

_chamber 897 and, with the exhaitst port 315 un-

covered, fluid under pressure is accordingly re-
leased from the pressure cylinders 8. In order to
resist unseating of the slide valve 388 due to the
pressure of the fluid in the pipe 279 acting

70
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through inlet port 314 on the seéated face of the
slide valve 808, a spring biased roller 316 is pro-
vided in well known manner for engaging the
upper surface of the slide valve 308. .
When:the pressure in chamber 305 is suffi-
clent to cause the slide valve 308 to be shifted to
the right, the slide valve first laps or covers the
exhaust port 315 and then opens or uncovers the
inlet port 314, thereby causing fluid under pres-
sure to be supplied from local reservolr 252,
through pipe 2719 and port 314 into slide valve
chamber 307 and thence to the pressure cylinders
38 through supply conduit 43, When the brake

.. cylinder pressure in chamber 307 plus the force
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of spring 313 becomes slightly greater than local
reservoir pressure the slide valve 308 is shifted
back-to the left to lap the inlet port 314 without
uncovering the exhaust port 315. Upon a de-
crease in local reservoir pressure, the slide valve
308 is shifted further to the left to the position
shown, and fluid under pressure is released from
thecylinders 38 until the combined force of spring
813 and fluid pressure in chamber 307 is less
than the local reservoir Pressure, Slide valve 308
is then shifted to the right to lap the exhaust port
315 without opening the inlet port 314, The valve
device 253 thus regulates the pressure of fluid
supplied to the cylinders 38 to a substantially uni-
form value, such as forty pounds per square inch,
less than the local reservoir pressure, depending
upon the tension of spring 313. .
The rheostat 254, illustrated as of the carbon-
pile type, comprises a tubular casing 318 of in-
sulating material sultably mounted on the car
frame or wheel-truck and containing a plurality

"of carbon blocks or discs 319, one end block be-

Ing connected to a wire 321 leading to the eddy
current brake coil 62 of the brake device 27 and
the other end block being connected by wire 322
to one of the switch contact members 323 of the
relay device 257. A piston 324 contained in the
casing 318 at one side of the stack of carbon
blocks 319 and suitably insulated from the blocks,
as'by an insulating washer 320, is provided with
a stem 325 extending to the exterior of the casing
318 and having a cup shaped portion 326 consti-
tuting the casing of the Pressure-limiting de-
vice 256. :

The device 265 may be of any suitable charac-

ter for applying or transmitting pressure and is -

illustrated as comprising a separable casing 328
having a flexible diaphragm 329 clamped at its
periphery between the parts of the casing 328
and having a chamber 331 at one side thereof
which is supplied with fluid under pressure from
the pipe 2719 through a branch pipe 332. Dis-
posed in a chamber 333 at the opposite side of the
diaphragm 329 is a follower 334 having a stem
335 extending to the exterior of the casing 328.
The stem 335 has a collar 336 secured to the end
thereof and contained in the casing 326 of the
pressure-limiting device 256. A coil spring 3371
-contained within the casing of the device 256 and
Interposed between the collar 336 and the casing
is so tensioned that when the pressure of the
fluid in the chamber 331 acting on the diaphragm
329 exceeds g, predetermined value, such as forty
pounds per square’inch, which pressure is sub-
stantially the same pressure as that requireq be-
fore operation of the relay device 253 is per-
mitted, the spring 337 yields sufficiently to per-
mit follower 334 on stem 335 to engage the casing
328 of pressure device 255 and thus effectively

limit the application of further pressure on the

carbon blocks 319 of the rheostat 254,

9

The reservoir 282 13 provided for adding volume
capacity to the .chamber 331 of the diaphragm
device 255, piston chamber 285 of the pneumstic
switch device 251 and the piston chamber 305
of the relay device 253, the reservoir being con-

‘nected to the pipe 278 through the branch pipe
339,

The pneumatic switch device 259 is similar to

vrthe pneumatic switch device 25f and comprises a

casing 341 ‘containing a piston 342 operative to
move a switch member 343 through a stem 344,
the piston 342 being normally biased to a posi-

- tlon for moving the switch member 343 to circuit-

opening position by a coil spring 345 interposed
between one face of the piston 342 and the cas-
ing 341, When fluid under pressure is supplied
to a chamber 346 at the opposite side of the pis-
ton 342, the piston 342 is actuated, against the
force of the spring 345, to move the switch mem-
ber 343 to circuit-closing position.

The magnet valve device 265 comprises an elec-

tromagnet 348 adapted to actuate a pair of op-
Positely seating valves 349 and 35( through the
medium of a stem 352. The valve 349 is disposed
in a chamber 353 which is constantly open to at-
mosphere through a port 354, and the valve 351
is disposed in a chamber 355 which is in con-
stant communication with the main reservoir pipe
222 through a pipe 356 and branch pipe 35T. The
valves 349 and 351 are each provided with fluted
stems which meet in end-to-end contacting rela-
tion within a chamber 359 intermediate of the
chambers 353 and 355, the chamber 359 being
connected to a pipe 361 which is connected to the
piston chamber 346 of the pneumatic switch de-
vice 259 through a branch pipe 362. A coil
spring 363 disposed within the chamber 355 and
acting on the valve 351 yieldingly urges the valve
351 into seated position and the valve 349 into
unseated position when the electromagnet 348 is
deenergized. When the electromagnet 348 is en~
ergized, the valves 349 and 35 are actuated,
against the force of the spring 363, into seated
and unseated. positions respectively. It will be
apparent, therefore, that the magnet valve de-
vice 365 controls the supply of fluid under pres-
sure from the main reservoir pipe 222 into the
pipe 361 and the exhaust of fuid under pressure
from the pipe 361. )

The valve device 262 comprises a casing con-
taining a piston 366 having a stem 367 for actu-
ating a pair of oppositely seating valves 368 and
389 contained within a chamber 371 in the cas-
ing, which chamber is constantly. connected to
the reservoir 263 through a pipe 312, Each of
the valves 368 and 369 is provided with a fluted
stem at one side thereof, the stems meeting in
contacting end-to-end relation within the cham-
ber 371. The valve 369 is also provided with a
fluted stem-at the other side thereof which ex-
tends through a bore in the casing into a chamber
314. A coll spring 315 disposed in the chamber
314 and acting on the end of the fluted stem of
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valve 369 yieldingly urges the valves 368 and 369 °

into seated and unseated positions, respectively,

85

so that communication is established from the

chamber 314, which is in constant communica-

- tlon with the main reservoir pipe 222 through the

pipe 356, to the chamber 371 and the reservolr
263.. At one side of the piston 366 is a chamber
316 which is supplied with fuid under pressure
from the pipe 36 to actuate the piston 366 to
move the valves 368 and 369, against the force of
the spring 315, to unseated and seated positions
respectively, When the valve 368 is unseated it
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'establishes‘communication from the chamber 374

to a chamber 377 at the other side of the piston
366, the chamber 317 being constantly connected
to atmosphere through a pipe 378 havin ga re-
stricted portion or choke 378 at the end thereof.

The reservoir 261 is connected to the pipe 861
through 2 branch pipe 381 2t a point-between the
connection of the branch pipe 362 to the pipe 364
and the valve device 262. The pipe 36! is pro-
vided, at the portion thereof between the points

"of connection of the branch pipes 362 and 381

thereto, with a restricted portion or choke 382,
whereby the charging of the reservoir 261 and the
operation of the valve device 262 is calculated to
take place a predetermined time interval after
the operation of the pneumatic switch device 258,

The pneumatic switch device 264 comprises a
casing 384 containing a piston 385 having a stem
386 for actuating a pair of movable switch mem-
bers 387 and 388 suitably insulated from each
other. A% one side of the piston 385 is a coil
spring 388 for biasing the piston 385 to a position

such that the switch member 387 is in circuit- -

opening position and the switch member 388 is
in circuit-closing position in engagement with a
fixed contact member 391. At the opposite side
of the piston 385 is a chamber 392 which is sup-
plied with fluid under pressure through a branch
pipe 393 connected to the pipe 378 at a point be-
tween the choke 379 and the valve device 262.
When the piston 385 is actuated by the pressure
of the fluid supplied to the chamber 392, the
switch member 387 is moved to circuit-closing
position and the switch member 388 is moved to
disengage the contact member 391 and to engage
another contact member 394. ’

The volume of the reservoir 263 and the size
of the choke 319. are such that when the valve
device 262 is operated to supply fluid under pres-
sure from the reservoir 263 into the pipe 378
the piston 385 of the pneumatic switch device 264
is actuated to the position last described and
maintained in such position for a predetermined
length of time determined by the time required
for the pressure in the reservoir 263 and effective
in chamber 392, on the piston 385 to be suffi-
ciently reduced through choke 319 to permit the
spring 389 to move the piston 885 and switch
members 387 and 388 to the normal position shown
in Fig. 6. '

Since the control equipment individual to the
brake device 28 associated with the axle 16 is a
duplicate of that desecribed above for the brake
device 21 associated with the axle 15, the de-
description of the parts shown in Fig. 7 for the
brake device 28 is not repeated except to note
that corresponding devices or elements are des-
ignated by numerals corresponding to those em-
ployed for the brake device 21, with the sufiix
“a” added thereto.

Referring to Fig. 6, the brake switch device 229

‘may be of any suitable character adapted for

manual operation, the device being illustrated
diagrammatically as comprising a plurality of
fixed contact members 401, 402, 403, 404, 405
and 406 arranged in a row, and a movable stepped
contact segment 407 adapted to be manually
moved to the right, as viewed in Fig. 6, to con-
nect the contact member 401 to the contact mem-
bers 402, 403, 404, 405 and 406 in succession de-
pending upon the degree of displacement of seg-

‘ment 407 from the normal release position indi-

cated in the drawing. The contact member 40!
is constantly connected to the positive terminal
of the battery 235 by wires-or conductors 408,
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409, 2418 and 411, and the train wires 224, 225,
226, 227 and 228 are connected, respectively, to
the contact members 402, 483, 404, 405 and 406.
Tt will thus be apparent that depending upon the
degree of operative movement of the brake switch
device 229 from the normal release position, one
or more of the wires 228 to 228 will be connected
40 the positive terminal of the battery 236.

The controller 194, associated with the load
measuring device 34 shown in Fig. 1, is shown di-
agrammatically in Fig. 6 as comprising a rotary
drum {983 on which are mounted in insulated re-
lation a pair of stepped contact segments 413 and
4{4, the segments being shown in developed form.
The controller §94 also comprises & group of fixed
insulated contact members 415, 816, 417, &8,
419 and 428 arranged in a row and all normally
engaged by the segment §{3. The contact mem-
bers 415, 416, 417, 618 and 4{9 are constantly
connected to the train wires 224, 225, 228, 221
and 228, respectively, by branch wires 821, 422,
423, 824 and 425, the contact member 426 hav-
ing a wire 826 connected thereto which is in turn
connected to a wire 427 connected to the contact
member 394 of the pneumatic switch device 264
and contact member 89la of the pneumatic
switch device 264a.

The controller {84 further comprises a group
of fixed insulated contact members 431, 432, 433,
434, 435 and 436 arranged in a row and all nor-
mally engaged by the contact segment £i14. 'The

contact members 431, 432, 433, 434 and 435 are

constantly connected to the train wires 224, 225,
226, 227 and 228, respectively, by branch wires
438, 439, 440, 44! and 442, the contact member
436 having a wire 444 connected thereto whicnis
in turn connected to a wire 445 leading to one
terminal of the electromagnet of the release mag-
net valve device 249 and also to one terminal of

the electromagnet of the release magnet valve de- ~

vice 249a. :

The contact members 415, 418, 411, 418, 419
and 820 are so disposed with respect to the con-
tact segment 413 that the contact member 420
remains in constant engagement with the seg-
ment 413 while the contact members 815, 416,
8i7, 418 and 419 are successively disengaged

- therefrom, in the order named, upon rotation of

the segment drum 83 from its normal position
by operation of the operating mechanism 31
shown in Fig. 1. .

The contact members 43§, 432, 433, 434, 435
and 436 are so disposed with respect to the con-
tact segment 414 that contact member 436 is
constantly in engagement with the segment 414,
whereas contact members 431, 432, 433, 434 and
435 are successively disengaged therefrom in the
order named upon rotation of the segment drum
193 out of its normal position.

It is important to note that the contact seg-
ments 413 and 414 are not identical, the contact
segment 413 disengaging its associated contact
members 415, 416, 417, 418 and 419 whereas cor-
responding contact members 434, 432, 433, 434
and 435 remain in engagement with the contact
segment 414 for the same degree of rotary move-
ment of the segment drum (93. For example,
for 'a given rotary movement of the segment

drum {983 the contact segment 413 will disengage’

the contact member 415 whereas the contact
member 414 still remains in. engagement with
the contact member 83! which is connected to
the same train wire, namely wire 224, as is the
contact member 415. _

The terminal of the electromagnet of the mag-
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net valve device 249 opposite to that to which
the wire 445 is connected and one términal of
the electromagnet of the’ application magnet
valve device 248 are connected by common wire
481 which is in turn connected by a wire 452 to
the movable switch member 343a of the pneu-
matic switch device 2894, the other terminal of
the electromagnet. of magnet valve device 248
being connected by a wire 390 to the switch mem-
ber 388 of pneumatic switch 264.
483, connected to the wire 452, is normally con-
nected to a ground wire 454 through the series
related switches 126 and 125 of the group 121,

In a similar manner corresponding terminals
of the electromagnets of the magnet valve de-
vices 248a. and 24%a (see Fig..7) are connected
by a common wire 451q, which is in turn con-
nected to a wire 452a leading to and connected
to switch member 343 of the pneumatic switch
device 259, the remaining terminal of the ap-
blication magnet valve device 248a being con-
nected by a wire 390a to switch member 388a
of pneumatic switch 264aq. Also, a branch wire
483a connects wire 452q to- ground wire 454
through the series related switches 186 and 135
of the group 122. '

The magnet valve device 208 (see Figs. 1 and
7), one’ of which is .assoclated with each of
the load measuring devices 34 for the wheel-
trucks may comprise an electrcmagnet 451 fer
actuating a pair of oppositely seating valves
458 and 459 through the medium of a stem 461,
The valves 458 and 459 are contained within g
chamber 462 to which the pipe 212 leading to
the load measuring device 34 is constantly con-
nected, the valves 458 and 459 engaging each
other in contacting relation within the chamber
462. The valve 488 is provided with a fluted
stem 463 which extends through a bore in the
casing into a chamber 464 which is constantly
connected to the main  reservoir pipe 222 by
branch pipe 211, a biasing spring 466 within the
chamber 464 cooperating with the end of the
fluted stem 463 for vieldingly urging the valves
458 and 459 Into seated and unseated positions,
respectively, on associated valve seats, when the

electromagnet 451 is deenergized. When the .

electromagnet 457 is energized, the valves 458

and 459 are shifted against the force of the

spring 466 into unseated and seated positions re-
spectively. The valve 489, when in seated posi-
tion, cuts off communication between the cham-
bers 464 and 482 and the valve 458, when. un-
seated, opens communication from the chamber
462 to an atmospheric chamber 468. It will thus.

be apparent that the magnet valve device 208 -

controls the supply and release of fluid under
pressure to and from the pipe 212 leading to the
load measuring device 34.

The circuit for energizing the electromagnet
457 of the magnet valve device 208 is controlled
by the relay 234, one terminal of the electromag-
net 437 being connected to ground through a
wire 469, the othéer terminal being connected

. by a wire 471 to the train wire 236, which is in

turn connected by a wire 472 to a fixed contact
member 413 of the relay 234. The relay 234 com-
prises an electromagnet coil 474 for actuating

.& movable bridging member 475 to interrupt the

connection between the contact member 4713 and

-another fixed contact member 476 which is con-
nected to the positive terminal of the battery -

235 through wires 410 and 4(!. When the elec-
is deenergized or energized

insufficiently, the bridging member 4715 {falis

A branch wire.

‘also supplied from the pipe

11
Into contacting relation with the contact mem-
bers 413 and 478, thereby connecting train wire

236 to the positive terminal of battery 235 and
completing the circuit for, energizing the electro-

- magnet 487 of the magnet valve device 208,

Energization and deenergization of the relay
:34 is' controlled by the vibration relay device
3. ’ :
The vibration relay device 231 comprises a
tubular casing 418 of insulating material thread-
ed internally at the opposite ends thereof for
recelving metallic conducting screw plug mem-
bers 419 and 480 respectively. The inner ends.
of the members 479 and 480 are coated, as by
electrolytic deposition or by brazing, with some
highly conductive material
and a quantity of granules
material, such as carbon,
between in the casing 4718, .
The screw plug member 480 is connected to
the positive terminal of the battery 235 by wire
411 and the screw plug 479 is connected to one
terminal of the coll 474 of the relay 234 by wire
484, the other terminal of the coil 414 being

grounded by wire 488.

The vibration relay 231 is mounted on some
part of the vehicle or train of cars which is sub-
Ject to appreciable vibration during motion of
the vehicle or train of cars,

When motion of the vehicle or car is stopped,
the carbon granules 481 settle to the lower por-
tion of the space between the screw plugs 478
and 480, the resistance through the granules be-
tween the screw plugs 419 and 480 being then
such that the current through the coil 474 of the
relay 234 is sufficient to pick up the bridging
member 475 and thus interrupt the circuit for-
energizing the train wire 236 and accordingly that
of the electromagnet of the magnet valve de-
vice 208 for each of the load measuring devices
34 for the wheel-trucks. When the vehicle is in
motion the carbon granules 481 are vibrated
and consequently separated, the resistance in
the circuit of the coil 414 of relay 234 being.
thus so increased as to cause the current through
the coil 474 to be sufficiently decreased as to be
ineffective to maintain the bridging member 418
In picked-up or circuit-opening position. The
circult for energizing the electromagnet of the
magnet valve device 208 on all the wheel-trucks
is thus completed, when the vehicle or train of
cars is in motion, by the dropping out of relay
234 to circuit-closing position,

15
411 such as silver, -
481 of cohducting
is contained there--
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OPERATION

(@) Substantial equality of braking effects on

different wheels

In operation, the main reservoir pipe 222 is
initially charged with fluid under pressure from
the main reservoir 221, the reservoirs 283 and
263a local to the wheel-trucks being accordingly
charged with fluid under pressure from the pipe
222 under the control of the relay valve devices
262 and 262q, respectively. With the vehicle or
train of cars stopped, fluid under pressure is
222 to the piston
cylinder 141 and piston chamber 117 of the load-
measuring device 34 under the control of the 70
magnet valve device 208 for each ‘wheel-truck,
thereby causing the roller 161 on the bell crank
137 (see Fig. 2) to be moved into engagement
with the contact surface 162 on the truck frame
in readiness for adjusting the load responsive '
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device 34 in accordance with the load placed on
the wheel-truck.

‘When the vehicle or train of cars is in motion,
the magnet valve device 208 for each wheel-truck
is energized in the manner just previously de-
scribed, to effect the release of fluid under pres-
sure from the piston cylinder 14! and piston
chamber 177 of the load responsive device 34 to
cause latching of the load measuring device 34
in position and retraction of the roller iél on
the bell-crank 151 out of engagement with the
contact surface 162 on the truck-frame.

With the vehicle or train of cars running along
the road, the brake switch device 229 being in
the release position thereof and the magnet
valve devices 208 asscciated with the load meas-

-uring- devices 34 all being energized, in the man-
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ner just described, if it is desired to efiect a
service application of the brakes, the brake
switch device 229 is operated to select a desired
degree of adhesion utilization or of braking effect,
the ‘position of the switch 229 being such for ex-
ample, as to connect the three train wires 224, 228
and 226 to the positive terminal of the battery
235 in the manner previously described. :

The application magnet valve device 248 and
release magnet valve device 249 for the brake
device 21. and the application magnet valve de-
vice 248¢ and the release magnet valve device
249q for the brake device 28 are accordingly en-
ergized in the following manner. The circuit for
the release magnet 249 extends from the positive
terminal of the battery 235 through wires &ff,
410, 409 and 488, brake switch device 229, in
parallel through the train wires 228, 225, 226
and branch wires 438, 439, 440 to the contact seg-
ment 414 on the segment drum {83 of the con-
troller 194, and thence by way of wires £44 and
445, electromagnet 281 of the magnet valve de-
vice 249, wires 45f, 452 and 453, switch 126 of
the group 121, wire 491, switch 25 and. wire

454 to ground, the return circuit to the grounded -

negative terminal of the battery 23% being thus
established. )
The circuit for energizing the application mag-

net valve device 248 extends from the contact seg-

ment 413 of the controller 194, (the contact seg-
ment 413 being connected by the branch wires
421, 422 and 423 to the train wires 224, 225 and
226 and thus to the positive terminal of the bat-
tery 235) through wires 426 and 421, contact mem-
ber 391 of the pneumatic switch device 264, switch
member 388 of the device 264, wire 390, electro-
magnet 271 of the application magnet valve de-
vice 248, and subsequently to ground through the
wires 451 and 452 as described for the release
magnet, valve device 249. :
The circuit for energizing release magnet valve
device 249z extends from the positive terminal
of the battery 235 to the contact segment 414 of
the controller 194 the same as.described for the
release magnet valve device 243 and thence
through wires 444 and 445, electromagnet 28la
of the magnet valve device 249a, wires 451a, 452a
and 453a, switch 136 of group {22, wire 49lq,
switch (35, and wire 454 to ground. ’
The cireuit for energizing the application mag-
net valve device 248a extends from the positive
terminal of the battery 235 to the contact seg-
ment 413, as described for the application mag-

net valve device 248, and thence through wires 426.

and 427, contact member 3%le of pneumatic

switch device 264a, switch member 388a of device

264a, wire 390q, electromagnet 271a of the appli-
cation magnet valve device 248a, and thence to
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ground by way of wires 45la and 452a, as de-
scribed for the release magnet valve device 249a.

Upon the energization of the magnet valve de-
vices 248, 249, 248a and 24%¢ as just described,
fluid under pressure is supplied from the main
reservoir 224 to the local reservoirs 252 and 252a
through the pipe 222 and the branch pipes 215,
275¢ and the pipes 279, 219¢ under the control of
the respectively associated magnet valve devices
in the manher previously described. When the
pressure of the fluid in the local reservoirs 252
and 252a as well as in the pipés 279 and 2719a
reaches a predetermined low value, such as three
pounds per square inch, the pneumatic switch
devices 251 and 25la are actuated to circuit-
closing position for energizing the relays 257 and
957a, respectively. The circuit for energizing the
relay 257 extends from the train wire 236, which
is connected. to the positive terminal of the battery

235 by relay 234 as previously described, through

wire 412, switch member 297 of the pneumatic
switch device 251, a fixed contact member 494 of
the switch device 251, wire 495, electromagnet

~coil 896 of relay 257 and wire 497 to ground.

The circuit for energizing the relay 257a ex-
tends from the train wire 236 through wires 471
and 498, switch member 28Ta of the pneumatic
switch device 251a, fixed contact member 494a of
the switch device 251a, wire 485a, coil 496a of ‘the
relay 257a, and wire 497a to ground.

The circuits for energizing the eddy current
brake coils 62 and 62a of the brake devices 27 and
28 are asccordingly established due to the energi-
zation of the relays 267 and 257a, respectively.
The circuit for the coil 62 of the brake device 21
extends from train wire 233 which it will be re-
membered is connected to one terminal of the
generator 232, through a wire 501, a fixed contact
member 502 of the relay 257, movable bridging
member 503, contact member 323 of the relay
257, wire 322, rheostat 264, wire 32{, and coil §2
of the brake device 27 to ground. .

In a similar manner the circuit for energizing
the coil 62a for the brake device 28 extends from
the train wire 233 through branch wire 50ia, fixed
contact member 502a of the relay 28%a, contact

‘bridging member 503a, fixed contact member

323q of relay 257a, wire 322a, rheostat 254a, wire
321a, and coil 62¢ to ground. -

Application of the eddy current brake of brake
devices 27 and 28 to effect retardation of axles
15 and {6, respectively, is accordingly initiated,
the exciting current supplied through the coils
82 and 62a of the brake devices 27 and 28 in-
creasing with the decrease in. resistance of the
rheostat devices 254 and 254a, respectively, occa-
sioned by the increasing pressure of the fluid in
the local reservoirs 252 and 252a acting on the
diaphragm within the diaphragm devices 255-and
255¢a. ’ .
Assuming for the purposes of the present oper-

" ation that the braking effect produced on the axles

I5 and 16 is substantially equal, the torque forces
transmitted, in the manner previously described,
from the torque plates 47 of the brake devices 21
and 28 to the followers 89 and 89a of the device 33

(Fig. 1) causes a substantially equal inward move- .
“ment of the followers 89 and 89¢ against the re-

sisting force of the tofque spring 66, the switch
groups $21 and 122 being accordingly both oper-
ated to the inner position thereof and the rod {13
being moved to the right with a force corre-
sponding to the braking effect. on either of the
axles t5and (6. , _

As may be ascertained by referring to Fig. 8, the.
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switches 126 and 138 of the switch groups 121
and 122, respectively, are open in the inner post-
Uon of the switch groip and thus the circuifs
previously traced for energizing the application
magnet valve devices 248 and 248a and the re-
lease magnet valve devices 249 and 249a are in-
terrupted but the magnet valve devices are main-
tained energized, notwithstanding the fact that

. the switches 125 and 135 are opened, due to the

simultaneous establishment, through switch

- groups 121 and 122 of holding circuits in the fol-

25

30

lowing manner. The holding circuit for the ap-
Dblication magnet valve device 248 and the release
magnet valve device 248 is the same as previously
described to the point where the wire 481 is con-
nected to the switch member common to the

switches 124 and 128, and thereafter the cir- -

cuit is- continued- through the switch 124 (now,

closed), wire 605, branch wire 506, switch 128 of ™

switch group (21, wire 507, switch 133 of switch
group 122, branch'wire 508 and wire 484 to ground.

Similarly, the application magnet valve device
243a and the release magnet valve device 249q
are maintained energized despite the opening of
the previously traced circuit at the switch 136,
through a holding circuit extending to the point
where wire 491a is connected to the switch mem-
ber common to the switches 134 and 135 as pre-
viously described, and thereafter through switch
i34 (now closed), wire 505, branch wire 8086,
switch 123 of switch group 121, wire 807, switch
133 of switch group (22, wire 508, and wire 454

_ to'ground.

35

It i3 possible that the switch groups 121 and 122

may not be operated exactly in unison to the in- -
ner position thereof, in which case there may be -

. & momentary interruption of energizing current

40

45

through the electromagnet cofls of the magnet
valve devices 248, 248q, 249 and 249a but due to

‘electrical and magnetic lag the valves are not

shifted measurably from the position they occupy
when the magnet valve devices are energized,
For all practical purposes, it may therefore be
said that when the switch groups 121 and 122 are
operated from the central or neutral position
thereof to the inner position thereof as just de-

. scribed, the magnet valve devices 248, 248a, 249

50

55,

80

85’

and 249a remain -energized with a consequent-
maintenance of the excitation of the eddy cur-
rent brake coils 62 and 62a of the brake devites
21 and 28 respectively, '

As previously stated, movement of the operat-
ing ‘rod 113 of the device 83 to the right is ef-
fected simultaneously with the operation -of the
switch groups 121 and 122 to the inner position
thereof. The welghing beam (18 of the load
measuring device 34 i8 accordingly rocked on the
fulcrum roller 168 in a counterclockwise direc-
tion to move the rack rod 188 upwardly ‘against
the force of the spring 196 in proportion to the

degree of braking effect produced on the axles -

{8'and I8. It will be understood that the force

with which the rack rod 186 is moved upwardly

is ‘dependent upon the position.of the fulerum
roller 168 which is in turn dependent upon !;he

- loagd acting on the wheel-truck,

The segment drum 193 of the controller 194 is
accordingly rotated to a degree determined by
the extent of movement of the rack rod 186, the
direction of rotation of the segment drum. cor-
responding to an upward movement of the con-.

~ tact segments 413 and 414 relative to the fixed

¥ {-

contact members, assoclated therewith, ghown
in Fig. 6. As the braking effect on the axles 1§
and 16 is lncre'?‘sed, due to the Increase in the

- ergized train wires 224, 225 and 226.

eration of the brake switch 228, '

13

exciting current supplied to the eddy current
brake coils 62 and 62a of the brake devices 27
and 28 respectively, the contact segment 413 is
moved correspondingly until it disengages all of
the fixed contact members 415, 416 and 411, which
it will be remembered are connected to the en-

The circuits previously described, whereby the
application magnet valve devices 248 and 248a
are energized, are accordingly interrupted and
the further supply of fluid under pressure from
the main reserveir 221 to the local reservoirs
252 and 252a is thus cut off. There being now no

ing in the diaphragm devices 255 and 288a to
cause further reduction in the resistance of the
rheostat devices 254 and 254a, further increase
in the exciting current of the eddy current brake
colls 82 and 62a by means of the rheostats 254
and 284a, respectively, is not effected.

_ For this condition of the brake equipment the
fluid pressure in the pipes 219 and 219g and the
local reservoirs 252 and 262a may be of the
order of possibly twenty-five to thirty pounds

‘per square inch, it being understood, however,

that the pressure in the local reservoir associated
with each individual wheel-truck may vary de-
rendent upon the load on the wheel-truck, the
local reservoir pressure being higher for the

~more heavily loaded wheel-truck and lower for

the wheel-truck loaded to a lesser extent.
If for any reason, as for example a rise in the
supply voltage for the eddy current brake colls

.62'and 62q, the braking effect on the axles {5 and

16 is further increased from that described,
the corresponding further rotational movement
of the segment drum 193 of the controller 194

. will .cause the contact segment 414 to disengage
‘the fixed contact member assoclated therewith

which is connected to the last energized train
wire which contact member, for the degree of
braking selected by brake switch 229, and in
the -operation assumed this happens to be the

10

- further increase in the pressure of the fluld act- -
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contact member 433 connected to train wire 228. -

The circuits for energizing the release magnet
valve devices 249 and 249a are thus interrupted
and the pressure of the fluid in the local volume
reservoirs 262 and 252a relieved by venting of
fluid under pressure from the pipes 219 and 219q
to atmosphere under the control of the release
magnet valve devices 249 and 249a. With such
decrease in local reservoir pressure, the pressure
with which the piston 824 presses together the

_carbon blocks 319 of the rheostat devices 254
-.and 254q is relieved and the resistance of the

rheostat devices is accordingly increased to effect
& decrease in.the exeiting current for the eddy
current brake coils 62 and 62a. The fluld pres-
sure in the local feservoirs 252 and 252a will be
reduced until the braking effect produced on the
axles 15 and 16 is lowered sufficiently by the re-
duction in the exciting current of the eddy cur-

rent brake coils 62 and 622 that the contact:

segment 414 is moved back . again into contact
with the fixed contdct member 433, at which time
the holding circuits, previously described, for

energizing the release magnet valve devices 249
and 249a are again established and further re-

duction in the fluid pressure in the local reser-
volrs 282 and 252a is accordingly cut off. ‘

It will thus be seen that the ultimate degree

of adhesion utilization or of braking efféet ef-
fective on all wheels of all wheel-trucks is uni-
form and is limited to the degree selected by op-
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As is well known, the braking effect produced
on the axles {5 and 18 by the eddy current brake
portion of the brake devices 27 and 28, respective-
1y, while fairly constant over a wide range of
speeds will diminish inherently as the speed of
rotation of the axle and the motor armature shaft
reduces below some relatively low value. Thus
the torque forces applied to the followers 8§ and
89a of the device 8% through the medium of the
torque rods 84 and 84 (see Fig. 1) automatically
decrease in value with the resuit that the torque
spring 66 causes outward movement of the fol-
lower members 89 and 8%a. The roller {if, en-
gaging the head 112 on the actuating rod 13, is
thus moved to the left as viewed in Fig. 1, and
the spring 196 of the load measuring device 38
accordingly becomes effective to shift the rack
rod 186 downwardly to cause reverse rotation of

the segment drum {93 of the controller {94 to

such an extent that the contact segment 413 re-
engages the last fixed contact member which is
connected to one of the energized train wires
224, 225 and 226, which in the case assumed hap-
pens to be the contact member 417, and thus re-
establishes a circuit for energizing the applica-
tion magnet valve devices 248 and 248a.

Fluid under pressure is accordingly again sup-
plied from the main reservoir 221 to the local
reservoirs 252 and 252¢ under the control of the
application magnet valve devices 248 and 248a,
respectively, to further build up the fluid pres-
sure in the diaphragm devices 255 and 2853z to
cause further reduction in the resistance of the
rheostat devices 254 and 258a and a correspond-
ing increase in the degree of the exciting current
for the eddy current brake coils 82 and 62a.
As the degree of the braking effect produced on
the axles 15 and (6 by the brake devices 27 and
28 correspondingly increases, the segment drum
193 of the controller (98 is again rotated in the
manner previously described, until the contact
segment €{3 disengages the fixed contact mem-
bers 415, 418 and the contact member 417 con-
nected to the last energized train wire 226,
whereupon the circuits for energiing the applica-
tion magnet valve devices 288 and 248a are again
interrupted and further increase in the degree of
the exciting current of the eddy current brake
coils 62 and 62a cut off. ‘

As the speed of rotation of the axles {5 and
16 is further reduced, the above operation is re-
peated to increase the degree of exciting current
for the eddy current brake coils §2 and 62a until

fluid pressure in local reservoirs 252 and 252q
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attains a predetermined pressure such as forty
pounds per square inch when the spring 337 of
the pressure limiting devices 256 and 258a is
compressed to absorb further increase in pres-
sure acting on the diaphragm devices 255 and
255a¢ and to thereby prevent further increase in
the -degree of pressure applied to compress the
carbon blocks 319 of the rheostat devices 258
and 254a. The rheostat devices 254 and 254g are
thus ineffective to further increase the degree of

_exciting current supplied to the eddy current

brake coils 62 and 62a.

With the maximum degree of exciting current
supplied to the eddy current brake coils 62 and
62a¢ as just described, further reduction in the
speed of rotation of the axles 15 and (6 is ac-
companied by a consequent reverse movement of
the segment drum 193 of the controller {94 to en-
ergize the magnet valve devices 248 and 248q, in
the manner previously described, and thus cause
fluid under pressure to be further supplied to the

2,008,433

local reservoirs 252 and 252a so that the presstire
therein is increased above the predetermined dé-
gree, namely forty pounds per square inch, suf-
ficient to effect operation of the relay valve de-
vices 253 and 253a respectively. Movement of
the slide valve of the valve devices 253 and 253¢
to first lap or cover the exhaust port and subse-
quently tc uncover the inlet port is accordingly

effected and fluid under pressure is thus supplied -

from the local reservoirs 252 and 252« to the pres-
sure cylinders 38 of the brake devices 27 and 28,
respectively, application of the friction brake
thereof being thus effected.

When the pressure of the fluid in the brake
cylinders 38 and thus in the chamber 387 of the
valve devices 253 and 253¢, added to the tension
of spring 318, exceeds the local reservoir pres-
sure, the slide valve 308 is accordingly shifted to
lap position, wherein the supply port 84 is cov-
ered at the same ‘time as is the exhaust port
315, to hold the pressure in the brake cylinders
38. Since the tension in spring 313 balances

substantially forty pounds per square inch of

local reservoir pressure, it will be apparent that
the pressure in the brake cylinders 38 will always
be substantially forty pounds per square inch less
in pressure than the pressure in the local reser-
voirs 252 and 252d.

The friction brake bands 37 of the brake de-
vices 27 and 28 are thus actuated into frictional
engagement with the brake drum members 36 of
the brake devices to produce & braking effect
supplemental to that produced by the eddy cur-
rent brake of the brake devices 27 and 28.

When the combined braking effect produced
by the eddy current brake and the friction brake
of the brake devices 27 and 28 produces sufficient
movement of the segment drum 198 of the con-
troller 194, the contact segment 413 disengages
the fixed contact member 417 which is connected
to the last energized train wire 228 and the cir-
cuits for energizing the application magnet valve
devices 248 and 288a are accordingly interrupted
to cut off the further supply of fiuid under pres-
sure from main reservoir 22{ to the local reser-
voirs 252 and 252a.

If, upon the application of the friction brake
of the brake devices 27 and 28, the total braking
effect produced on the axles {5 and 16 is higher
than that just described, further rotation of the
segment drum {93 occasioned thereby will cause
the contact segment 414 to disengage the fixed
contact member 833 connected to the last ener-
gized train wire 226 and the release magnet valve
devices 249 and 249¢ will accordingly be deener-
gized to effect relief of the pressure of the fluid
in the local reservoirs 252 and 252a. Spring 343
in the relay device 253 accordingly becomes effec-
tive to shift the slide valve 308 to the left to un-
cover the exhaust port 3{5. Fluid under pres-
sure is accordingly released from the brake cylin-
ders 38 of the brake devices 27 and 28 until the
total braking effect produced by the eddy current

‘and friction brakes of the brake devices 27 and

28 for the axles 15 and 16, respectively, is in-
sufficient to maintain the segment drum 193 of
the controller {84 in such position that the con-
tact segment 414 disengages the contact member
433. Re-engagement of the contact member 414
of controller 194 with the contact member 483 re-
establishes the circuits for energizing the release
magnet valve devices 249 and 249a and thus fur-
ther release of fluid under pressure from the local
reservoirs 252 and 252a is cut off. When the pres-
sure in the pressure cylinders 38 of the brake de-
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vices 27 and 28 is reduced sufficlently, the fluid
pressure acting in the piston chamber of the relay
devicés 263 and 263a becomes effective to again
shift the slide valve to the right to lap or cover
the exhaust passage and cut off further reduction
in the pressure of tlie
ders 38. It will thus again be observed that the
relay devices 253 and 283a s0 control the pressure
of the fluid supplied to the pressure cylinders 38
that the fluid pressure in the pressure cylinders
38 is always a substantially fixed amount (for ex-
ample, forty pounds per square inch) less than
the pressure of the fluid in the local reservoirs 262
and 2852q, ¢ ) .

As the speed of the vehicle or train-of cars
further diminishes and the braking effect of the
eddy current brake of the brake devices 27 and 28
on the axles I8 and 18 is accordingly reduced sub-

stantially to zero, the controller 194 functions, -

in the manner previously described, to cause fur-
ther build up in the fluid pressure of lIocal reser~
voirs 252 ard 2522 and the consequent operation
of the relay valve devices 253 and 283a to further
build up the pressure of the fluid in the pressure

_cylinders 38 of the brake devices 27 and 28. When

the vehicle or train of cars is finally brought to a
stop the pressure of the fluid in the pressure cyl-
inders 38 is such as to apply the brike band 317
without sliding the wheels -on the axles 15 and
16 and without shock or discomfort to passengers,

It will thus be understood that all the operat-
ing mechanisms 31, one for each individual wheel-.
truck, functton simultaneously, in the manner
described, to sepsrately regulate the degree of

adhesion utilization or of braking effect produced

on the axles of each wheel-truck corresponding to
axles (5 and 16 shown in Fig. 1, in accordance
with the degree selected by the brake Switch 229,
Upon the stopping of the vehicle or train of
cars, .the vibration relay 231 becomes effective
to cause energization of the coil 474 of the relay
234 and the connection from the positive terminal
of the battery 2385 to the train wire 236 estah-
lished by the relay 234 is thus interrupted. The
circuits for energizing the relays 287 and 267a
controlling the eddy current brake cofls 62 and
62a, respectively, as well as the circuits for ener-
gizing the magnet valve devices 208 assoclated
Wwith the load measuring devices 34 are thus inter-
rupted.
Deenergization ‘of the relays 25T and 281a for
each wheel-truck accordingly interrupts the cir-
cuit connection of the eddy current brake coils
and 62a to the train wire 233 and excitation
of the eddy.current brake coils §2 and 62a is ac-

‘cordingly cut off in order to prevent consumption

of power needlessly while
cars is stopped. -

Upon the deenergization of the electromagnet
valve devices 208, the spring
466 becomes effective to shift the valves 458 and
459 so that fluld under pressure is supplied from
the main reservoir pipe 222 to the. piston cham-
ber {11 and piston cylinder. 141 -of the Ioad meas-
uring device 34, through branch pipe 211, cham-
ber 464, past the valve 459, chamber 462, and pipe

the vehicle or tram of

and passage 212, The bell crank (57 (Fig.2) is. -

accordingly actuated in a clockwise direction, in
the manner previously described, until the roller
161 engages the contact surface (62 on the truck
frame. Thus, if the total load on the wheel-truck
changes due to load taken on or discharged from
the vehicle or car, the position of the filerum
roller 168 is adjusted, In the manner previously
described, so that upon subsequent application of

fluid in the pressure cylin- .

‘249, pipe

18
the brakes the degree of braking effect on the

-axles of the wheel-truck will be in accordance

with the load on the wheel-truck,

- It will be understood that in the event that the
current supply to the eddy current brake colls
62 and 624 fails, for some reason, the pressure in
the local reservoirs 252 and 252a will be automati-

* cally built up to cause application of the friction

brake of the brake devices 27 and 28, the control-

ler 194 functioning as described above to regulate
the degree of the braking effect in accordance

with the degree selected by operation of the brake
switch device 228.

OPERATION

(b) Minor inequality of braking_ effects on dif-
Jerent wheels

It will be recalled that ih the operation of the
equipment previously described it was assumed
that the braking effect produced on the two axles
18 and 16 was substantially equal at all times,
I, however, the braking effect produced on one

axle, for example the axle 15, is greater than on"

the other axle, the degree of difference or un-
balance in the braking effect on the axles being
greater than the predetermined low amount and
less than the predetermined higher amount previ-
ously described, then the switch groups {2{ and
122 become effective to exercise further control
over the brake devices 27 and 28 in the following
manner. Since the greater braking effect is as-
sumed to be produced on the axle 8, the torque

force urging the rod 84 of the device 33 inwardly '

will be greater than that urging the rod 84a
Inwardly and consequently, if the difference in
the braking effect on the two axles Is between the
two predetermined amounts above mentioned,
then the follower 89 will remain in the inner po-
sition with the switch group 121 correspondingly

. positioned in its inner position, whereas the fol-

lower 88a will be moved to its central or neutral
position as shown in Fig. 1 and in which the
switch group 122 is correspondingly positioned
in its central or neutral position. The circuit
for energizing magnet valve devices 248 and 249
with both of the switch groups 121 and 122 in the
Inner position thereof, it will be recalled, extends
in series through the switches ‘128, 124 and 123

. of 'the switch group 121 as well as through switch

133 of the switch group 122, and thus when the
switch group (22 is shifted from its inner posi-
tion to-its central position, as just described, the
circuit for energizing the magnet valve devices

248 and 249 {s interrupted due to the opening of.

the switch 133 of the switch group 122. (See Figs.
7T and 8.)

On the other hand, as will be recalled, with.
switch group 122 in its central position as in Fig.

7, the circuit for energizing the magnet valve de-
vices 248a and 249q extends in series through the
switches 186 and 185 of the switch group 122 in-
dependently of any of the switches in the switch
group [2{, and thus the magnet valye _devices
248a and 249a are maintained energized.

It will thus be understood that due to the de-
energization of the magnet valve devices 248 and
218 leading to the local reservoir 282
Is cut off from the main reservoir pipe 222 and
connected to atmosphere to relieve the pressure
in local reservoir 2852, whereas the Pipe 218a
leading to local reservoir 252q continues to have

fluld under pressure supplied thereinto from the

main reservoir. The effect of such control is, of
course, to decrease the braking effect.on the axle
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15, and to increase the braking effect on the axle
having the lesser braking effect, namely axle (6.

Upon substantial equalization of the braking
effect, on the two axles {6 and i6, the switch:
group 122 is correspondingly returned to its in-
ner position again and the magnet valve devices
268 and 249 are thus again energized to cause
further increase in the braking effect on axle
{5 simultaneously with the increase of braking
effect on the axle (6.

It will be apparent that the above described
operation takes place at any time during an ap-
plication of the brakes, that is, while the excit-
ing current for the eddy current brake coils 62
and 62¢ is increasing, or while both the eddy
current brake and the friction brake function
together.
the braking effect produced on axle 16 be greater
than that produced on axle 15, the braking ef-
fect on axle 16 will be reduced whereas the
braking effect on axle §5 will increase automati-
cally. :

OPERATION

(¢) Major inequality in braking effect on dif-
) ferent wheels

If during an application of the brakes, for
some reason, such as wheel and rail -condition,
the braking force applied to the axles {5 and i6
causes the wheels on one axle, for example axle
16, to start to slide, whereas the wheels on axle
{5 continue to roll, obviously, the torque force
transmitted from the brake device 28 to the rod
84q will be greatly diminished relative to that

transmitted from brake device 27 to the rod 84, °
and consequently, due to the large or major dif-.

ference in the degree of torque forces acting on
the opposite ends of torque spring 68 of the de-
vice 33, the spring 102a will be compressed and
the follower 89a moved to its extreme outward
position to actuate the switch group 122 to its
outer position, the switch group 121 being main-
tained in its inner position. The circuit for en-
ergizing the magnet valve devices 248¢ and 288a

- is thus interrupted by the opening of switch 136

in switch group 22 (see “outer” position of
switch {36 shown in the chart of Fiy. 8) and
fluid under pressure is accordingly immediately
Yeleased from focal reservoir 252a.through the
pipe 219a to reduce. the braking force applied to
the axle (8.

Switch 37 of the switch group 22 is closed in
the outer position of the switch group £22 (see
Tg. 8) and completes a circuit for energizing

55 the magnet valve device 265¢ ahd a circuit for

signal lamp 5i1. The circuit for energizing the
magnet valve device 255¢ extends from the con-
tact segment 814 of the controller 94, which
contact segment it will be understood is con-
nected to the positive terminal of the battery 238
in the manner previously described during the
application of the brakes, through wires 248,
445 and 512, switch {37, wires 5i3 and 514, elec-

‘tromagnet 348¢ of the magnet valve device 265a

and wires 66 and 517 to ground. The circuit
for the signal lamp 5i1 is the same as for.the

' magnet valve device 265a to the wire 514 lead-
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ing to the magnet valve device 285a, thereafter

extending through a rectifier device §i8, which
permits flow of current therethrough only in
one direction as indicated by the arrow head,
wires 520 and 521 to the train wire 522 which
leads to one terminal of the signal lamp 5t1, the
other terminal of the signal lamp being connected
to ground. The signal lamp 51 is thus illuminat-

It will also be apparent that should-

9,006,488

ed to indicate the wheel-sliding condition of the
axle (6 on the wheel-truck.

Upon energization of the electromagnet 34%e
of the magnet valve device 265a, fluid is supplied
under the control of the magnet valve device
265¢ from the main reservoir pipe 222 into the
pipe 36i{e, pneumatic switch device 289¢ being
thereupon immediately actuated to, circuit-clos-
ing position to connect the common return wire
452 of the magnet valve devices 248 and 249 to
ground, the switch member 383 of the switch
device 258a connecting the wire 852 to a fixed
contact member 588a of the switch device 283a,
which contact member 580e is connected to
ground by the wire 517, Thus deenergization of
the magnet valve devices 248 and 249, which
would otherwise be effected due.to the interrup-
tion of the energizing circuit therefor by the
opening of the switch 133 of the switch group §a22
(see Fig. 8) upon shifting thereof to the outer
position as previously described, is not permitted
to take place because of the completion of the
holding circuit by operation of the pneumatic
switch device 25%¢. It will be understood that

" the pneumatic switch device 258a is operated to

circuit-closing position a negligibly short time
after the switch 137 of the switch group {22
closes and, therefore, that the holding circuit is
established for the magnet valve devices 248 and
249 at substantially the same time that the orig-
inal energizing circuit is interrupted by opening
of the switch {33.

It will thus be understood that the applica-

tion of the brakes is continued on the axle 9,

whereas the application of the brakes on the axle
16 whereon the wheels were attempting to slide
is relieved. : ' ,

Upon the elapse of & predetermined interval of
time, such as thirty to sixty seconds, after the
operation of the pneumatic switch device 259g
to circuit-closing position, the time interval be-
ing determined according to the time required to
build-up sufficient pressure in the timing reser-

voir 26ia under the control of the choke 382a,.

the relay valve device 262a is operated to supply
fluid under pressure from the reservoir 263¢
into the pipe 318a, whereupon the pneumatic
switch device 264¢ is actuated to move the switch
member 387a thereof to circuit-closing position
and the switch member 328¢ into engagement
with the upper contact member 3%4a.

When in circuit-closing position, the switch
member 387a of the switch device 264a¢ connects
the return wire 852¢, for the magnet valve de-

vices 288a and 249a, to ground through the wire

453a, a branch wire 528, switch member 881a,
fixed contact member 52%5¢ and wires 58 and
507. The switch member 388a of the switch de-
vice 264a being connected to the application wire
350e, leading to the application magnet valve
device 248a, completes the circuit for energizing
the application magnet valve device 248z when
in engagement with the contact member 3%4a,
s'nce the contz.t member 384e is connected to
the contact segment 4!4 of the confroller 184
by a wire 526 which is connected to the wire 512
which is in turn connected by the wires 448
and 444 to the contact segment é14.

It will thus be seen that when the pneumatic
switch device 284q¢ is actuated by the pressure
of the fluid supplied from reservoir 263¢ under
the control of valve device 262a, both magnet
valve devices 248a and 249a are again energized
and fluid under pressure is again supplied into
the pipe 279a and local reservoir 252¢ from the

10

15

20

28

30

36

40

45

50

70

75



10

15

40

2,006,433

Dipe 222 to effect a reapplication of the braking
means of the brake device 28.

Upon the elapse of g predetermined time suf-
ficient to énable the local reservoir 252a to be
charged to a pressure of about twenty-five
pounds per square inch, as determined by the
time required for the fixed quantity of fluid un-
der pressure in the reservoir 263z to be vented
to atmosphere through the choke passage 319a
in the pipe 818a, the pneumatic switch device
264a is again returned to the position shown in
Fig. 7.

When the pneumatic switch device 264a is re-

.turned to the position shown in Fig. 7 in the

manner just described, the magnet valve devices
248a and 249a are permanently deenergized to
effect complete release of the brake device 28
unless wheel and rail conditions have changed
so that the braking effect produced by the brake
device 28 during the time the pneumatic switch
device 264a was actuated out of the position
shewn in Fig. 7 is sufficient to have caused the
return of the switch group 122 at least to the
central position thereof. In the event that the
switch group 122 has been returned to the cen-
tral position thereof the equipment thereafter
functions as previously described when a minor
or small difference in the braking effect on the
two axles {5 and 6 occurs.

It will be understood that, in a similar man-
ner, should the wheels on the axle 15 start to
slide while the wheels on the axle 16 continue
to roll, reduction in the pressure of the local

-reservoir 252 for a predetermined time followed

by recharging of the local reservoir 252 for a
predetermined time will be automatically effected
to relieve and re-apply the brake device 27 asso-
ciated with the axle 15, whereas the brake device
28 associated with the axle 16 will continue under
the control of the controller 194. It will be
noted that closing of the switch 127 of the switch
group 12( closes a circuit for energizing the
magnet valve device 265 and a circuit for ener-
gizing the signal lamp 51i. One contact mem-

‘ber of the switch 127 is connected by a wire 528

to the wire 445 which is in turn connected by
wire 444 to the contact segment 414 of the con-

~ troller 194, which segment is connected to the
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positive terminal of the battery 235 in the manner
previously described, and the other contact mem-
ber of the switch 127 is connected by a wire 528
and a rectifier 530, corresponding to the rectifier
519, to the wire 520, which is in turn connected
by the wire 521 to the train wire 522 leading to
the signal lamp Bif. :

The rectifiers 530 and 519 are provided for
breventing energization of the magnet valve de-
vice 266 by closing of the switch 137 of the
switch group 122, and for preventing energiza-

tion of the magnet valve device 265a by the

closing of the switch 127 of the switch group
121. It will be apparent that the electromagnets
of the magnet valve devices 265 and 265z are
connected in parallel relation from the train
wire 522 and wire 521 to ground and unless

~ simultaneous flow of current through both mag-

75

net valve devices 265 and 265a were prevented,
holding circuits for the application and release
magnet valve devices for both axles would be
simultaneously completed upon the closing of

“either switch 127 or (37 and thus the brakes

on the axle having the sliding wheels would not
be released. ) C

17

Emergency operation

If it is desired to effect a full service or emer-
gency application of the brakes, the brake switch
229 is manually operated to connect all of the

‘train wires 224, 225, 226, 227 and 228 to the
- positive terminal of the battery 235, the degree

of braking effect on all the wheels thus being
proportionately higher due to the greater rota-
tional movement of the segment drum (93 of
the controller 194 required in order to interrupt
the energizing circuits for the magnet valve
devices 248, 248a, 249 and 249a, and the result-
ing longer time which the application magnet
valve devices 248 and 248a are energized to sup-
bly fluid under pressure to the local reservoirs
252 and 252¢. It should be ‘understood that the
degree of braking effect produced in emergency
applications of the brakes is that produced by a
degree of adhesion utilization less than the maxi-
mum degree of adhesion utilization possible for
normal wheel and rail conditions and that there-
fore no sliding of any of the wheels will occur.

An emergency application of the brakes may

alsn be initiated independently of the condition

of the brake switch 229, that is, even though it
is in release position, upon the opening of the
energizing circuit for the emergency relay 238
by opening of the
or by opening of any one of the conductor’s
switch devices 241 on any of the cars of the train.
With the “deadman” switch device 239 and all
the conductor’s switch devices 24 1 closed, the coil
242 of the relay 238 is energized and the relay
238 accordingly picked up, the coil 242 being
energized through a circuit extending from the
positive terminal of the battery 235 through wires
411, 410, 409, 531, coil 242 of relay 238 and,
through the “deadman” switch device 239 and
the conductor’s switch devices 244 connected in
series relation in the train wire 243, and thus
to ground at the rear car of the train. When
the coil 242 of the emergency relay 238 is de-
energized by opening of the “deadman” switch
239 or by opening of any one of the conductor’s
switch devices 241, the switch members 532 and

- 533 of the relay 238 are actuated to conreéct both

of the train wires 227 and 228 to the positive
terminal of the battery 235, whereupon the brake
equipment functions in a manner as if the brake
switch device 229 had been operated to energize
all of the train wires 224 to 228 inclusive. In-
stead of energizing both of the wires 227 and
228, the train wire 228 alone might be energized.
However, in such case, an emergency applica-
tion of the brakes could not be obtained should

“the single train wire 228 be severed or broken.

I therefore prefer to effect energization of at
least one other train wire, such as the train
wire 227, in addition to the train wire 228, in
order to minimize the possibility of failure to
Secure emergency applications.

Modifications shown in Figs. 9 and 10
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Instead of interruptixig the excitation of the

eddy current brake coils 62 and 62z for .the
brake devices 21 and 28, ‘respectively, upon the

- stopping of the vehicle or train or cars by means

of the vibration relay 23! and the relay device
234 controlled thereby, in the manner previously
described for the embodiment shown in Figs. 6

"and 7, a modified arrangement for cutting off

the excitation of the eddy current brake coils

62 and 62a may be provided, as indicated frag-

mentarily in Pig. 9. In the modification shown
in Fig. 9, the connection between the train wire
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236 and the switch member 287 of the pneumatic
switch device 251 by wire 472 as in Fig. 6 is
omitted and the energizing circuit for the coil
496 of eddy current brake. relay 257 is estab-

lished through an additional pneumatic switch

device 581 not provided in the embodiment shown
in Fig. 6. The pneumatic switch device 84f is
similar to the pneumatic switch device 26¢ and
comprises a casing 542 containing & piston 843
having a stem 584 for actuating a switch mem-
ber 585. Contained within the casing 842 is &
biasing spring 586-which acts against one face
of the piston 543 to urge it normally into a
position such that the switch member 845 is in

circuit-closing position, in which the positive ter- -

minal of a battery 587, which has its negative
terminal grounded, is connected to.the switch
member 297 of pneumatic switch device 260. At
the opposite face of the piston 543 is a chamber
548 which is open to the pipe 219 by means of
a branch pipe $49. : .

The tension of the spring 546 is such as to
maintain the switch member 546 in circuit-clos-
ing position until the pressure of the fluid sup-
plied to the chamber 548 from the pipe 218
and existing in local reservoir 252 reaches a
maximum degree, such as seventy pounds per
square inch, whereuipon the switch member 545
is actuated to interrupt the energizing circuit
for the relay 251, which in turn drops out and
cuts off the excitation of the eddy current brake
coil 62. . ' :

As previously indicated, the controller 194 as-

‘sociated with the operating mechanism 31 is ef-

fective to so control the magnet valve- devices
248 and 249, as the braking effect of the eddy
current brake of the brake device 27 inherently
diminishes due to decrease in speed of the ve-
hicle, as to cause the pressure in the local res-
ervoir 252 to be built up to a maximum degree
when the vehicle or train of cars is stopped.
Thus, by utilizing the maximum pressure ob-
tained in the pipe 279 and associated local res-
ervoir 252, the circuit for energizing the eddy
current. brake relay 257 may be interrupted when
the vehicle or train of cars is brought to 2 com-
plete stop. )

While the modification over the previously de-
scribed embodiment is shown in Fig. 9 only in
connection with the pipe 27¢ and the eddy cur-
rent brake relay 251, it should be understood
that a similar modification of the energizing cir-
cuit for the eddy current brake relay 251a for
the eddy current brake coil 62e¢ of the brake
device 28 is also provided. It should also be un-
derstood that the pneumatic switch device 541
may act in the place of the relay 234 for con-

trolling energization of train wire 236 whereby

the magnet valve devices 208 and eddy current
brake relays 257 and 251a are all controlled
thereby, as shown in Fig. 10. -

Modifications shown in Figs. 11, 12 and 13

In Figs. 11, 12 and 13 a modified arrangement
is shown for electrically transmitting the brak-
ing effect produced on the axles {5 and 16 to
the measuring device 33 of the operating mech-
anism 31. In Fig. 11, the axles I§ and 6 are
driven by the motors 56f and 562, respectively,
by means of a flexible gear or quill type gear

" drive mechanism 564 of well known construction,
_the drive mechanism 664 comprising a gear

75

wheel 565 mounted on the axles I5 or 16 which
gear wheel is engaged in driving relation by the

9,098,488

driving pinion gear 566 secured fo the armature
shaft of the motors 561 or 562. .

The gear wheel 565 comprises two toothed por-
tions 567 and 568 which are secured together at
the rim thereof as by a plurality of rivets 569 or
other suitable securing means, the portion 568

‘having a hub 571 for mounting the gear wheel

565 for rotary movement relative to the axle
{5 or 6. 'The hub 57{ is provided with a suit-
able longitudinal recess 572 at the inner end
thereof for receiving the hub 573 of a spider
wheel 574 which is keyed or otherwise suitably
secured to the shaft 15 or 16 and which is pro-
vided with a plurality of radiating spokes 516
corresponding in number to the spokes 511 of

10
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the gear wheel 565. The spokes 576 of the spi- -

der wheel B74 extend radially outward between
the portions 567 and 568 of the gear wheel §§5,
the outer end of each -of the spokes 576 being
received in a cooperating slot 579 formed af the
inner periphery of the rim of the gear wheel
565. Interposed between each pair of adjacent
spokes 577 is a coil spring 581, adjacent the rim
of the gear wheel 555, which is secured in posi-
tion as by lugs 582 extending transversely from
the spokes 516 of the spider wheel 574. A flex-

ible or yielding relative movement between the’

gear wheel 565 and spider wheel 514 is thus
effected upon application of power to the gear
wheel 565, since each of the springs 581 is com-
pressed between a spoke 576 on the spider wheel
574 and the adjacent spoke 517 of the gear wheel
§65. It will thus be apparent that, conversely,
when the driving motors 561 or 562 are braked

dynamically or by braking means associated with .

the motor armature shaft, the springs 581 will
likewise be compressed due to the relative move-
ment of the spider wheel 514 and the gear wheel
565, the degree of compression of the springs

produced on the armature shaft of the motors
56! or 562. , :

I therefore utilize the degree of the compres-
sion of one of the springs 581 as a measure of
the braking effect produced on the axle {5 or
16 with which the gear wheel 565 is associated.
To this end, s rheostat device 584 having a cas-

‘ing 585 of insulating material with an exten-

sion 586 provided with a suitable opening through
which the lhig 582 on one of the spokes 576 of
the spider wheel extends, the extension 583 be-
ing interposed between one end of the associated
coll spring 581 and a spoke 577 ‘of the gear
wheel 565. .

The rheostat 584 further comprises a resist-
ance element 587 suitably mounted within the
casing 585, and a movable contact member 588
cooperatively contacting the resistance element
and mounted in insulated relation on an arm
589 extending to the exterior of the casing 585,
the arm 589 having a flange provided with a suit-
able opening through which extends the lug
582 on an adjacent spoke 576 of the spider wheel
574 cooperating with the opposite end of the
spring 581, the flange being interposed between
the end of the coil spring and the adjacent spoke
§11 of the gear wheel. )

The movable contact 588 and one end of the
resistance element 587 are connected, as by wires
or conductors 592 and 593, respectively, to col-
lector rings 594 and 595, respectively, which are
mounted in insulated relation on the outer pe-
riphery of the hub 571 of the gear wheel 5G65.
A pair of brushes 596 and 597 are provided, which
cooperate with the collector rings 594 and 595,

‘581 being in proportion to the braking effect .
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respectively, and which are suitably mounted in
& manner not shown, the brush 597 being con-
nected to ground as by a wire 598 and the brush
596 being connected, as by a wire 599, to one
terminal of a solenoid 601 which is adapted to
actuate the torque rod 84m of the measuring
device 33. :

A solenold 602 is also provided for actuating the
torque rod 84p corresponding to axle | 6, which
solenoid 602 is similarly connected in series with
& rheostat 584 through the collector rings on the
hub 571 of the gear wheel 565 associated with the
axle 16. Corresponding terminals of the solenoids
601 and 602, opposite to the terminals connected
to the collector rings on the hub of the gear
wheels 565, are connected by a wire 603, which is in
turn connected by wire 604 to the train wire 224
shown in Figs. 6 and 7. :

It will be recalled from previous description,

that the train wire 224 is connected to the posi-.

tive terminal of the battery 235 (see Fig. 6) when
the brake switch device 229 is operated to a brake
application position, and it will therefore be ap-
parent that the solenolds 601 and 602 will not be
energized unless the brake switch device 229 is in
a brake application position.

For the sake of simplicity, brake devices cor-
responding to the brake devices 27 and 28 are not
specifically illustrated in Fig. 11, but it should be
understood that brake devices corresponding
thereto are embodied within the casing of the
motors 561 and 862 in associative relation to the
armature shafts. Since the necessity for provid-
ing mounting means corresponding to the torque
plate 47 in the brake devices 21 and 28 is ob-
viated in the-modification shown in Figs. 11, 12
and 13; it will be understood that the core struc-
ture for the eddy current brake coils 62 and 62a
as.well as the pressure cylinders 38 and the brake
band 37 are mounted stationarily on an extension
of the casing of the motor 561 and 562.

In operation, when the brake switch device 229
is operated to an application position wherein the
train wire 224 is energized, current is supplied to
both the solenoids 601 and 602 from the positive
terminal of the battery 235 to the train wire 224,
in the manner previously described, and thence
through wire 604 to the point 605, whence the
current divides, one part flowing through wire 603,
solenoid 601, wire 599, brush 596, collector ring
594, wire 592, movable contact member 588 of
rheostat 584, resistance elements 587, wire 593,
collector ring. 695, brush 597, and wire 598 to
ground, the other part of the current flowing
through the solenoid 602 and the rheostat 584
mounted on the gear wheel 585, associated with
the axle 16, to ground in a similar manner.

As the braking effect produced on the axles 15
and 16 increases, the degree of compression of the
spring 581, with which the rheostat 584 is asso-
clated, increases and consequently relative move-
ment of the casing 585 of the rheostat and of the
movable contact member 588 occurs, the move-
ment of the contact member 588 being in a direc-
tion to decrease the amount of resistance element
581 included respectively in the circuit of the
solenoids 601 or 602.

Since the force with which the torque rods 84m
and 84p are urged inwardly is in proportion to the
exciting current flowing through the associated
solenoids 601 and 602, respectively, it will be ap-

" parent that the degree of braking effect produced

75

on the axles 15 and 16 is correspondingly re-
flected in the degree of force with which the sole-

19
noids 60{ and €02 urge the torque rods 84m and
84p inwardly. ~

It will be apparent that regardless of which
direction the vehicle or train of cars is traveling,

that is, regardless of the direction of rotation ‘of

. gear wheel 565, the amount of the resistance

element 587 of the rheostat 584 which is included
In the circuit of the solenoid 801 or 602 will al-
ways be decreased in proportion to the degree
of braking effect produced on the axles, move-
ment of the movable contact member 588 relative
to the casing 585 of the rheostat 584 being effected
for one direction of rotation of the gear wheel 565
and movement of the casing 585 of the rheostat

584 relativé to the movable contact member 588

being effected for the opposite direction of the ro-
tation of the gear wheel 565.

The system shown in Figs. 11, 12 and 13, where-
by the braking effect produced on the axles 15
and 16 is measured electrically, is advantageous

to be-cradled for movement about the axles 15 and
{6 instead of the axles 15 and {6 being cradled for
rotation about the axis of the armature motor
shaft as is necessary in the case of the first de-
scribed embodiment shown in Fig. 1. If the driv-
ing motors 561 and 562 are dynamically or re-

. seneratively braked or braked as indicated in Fig.
11, by means of an eddy current brake and fric-

tion brake mounted on the casing of the motors
561 and 562, mounting of the casing of the motors
561 or 562 for rotary movement about the axis of
the armature shaft thereof would be necessary
if the braking effect produced on the axles were
transmitted mechanically, as in Fig, 1, to the
torque rods of the device 33. Such movable
mounting of the motors 561 and 562 would be a
cumbersome and difficult task and it will there-
fore be seen that the difficulties incident to
mounting the motor casings for rotary move-
ment about the axis of the armature shafts there~

-of are avoided by employing the electrical system

shown in Figs. 11, 12 and 13 for transmitting the
braking effect produced on the axles {5 and 16 to
the operating mechanism 31. -

Summary

Summarizing, my invention comprises an op-
erating mechanism including a device for measur-
ing the greater of the braking effects produced on
two axles of a wheel-truck and for determining
the extent of the difference in the braking effect
produced on the axles, and a load responsive de-
vice which is adjusted in accordance with the load
on the wheel-truck, '

The driving motor for each of the axles of the
Wheel-truck has associated therewith a brake de-
vice comprising a fluid pressure -operated fric-
tion brake and an eddy current type of brake
typical of various forms of electric brakes, the
mounting means for both braking means being
moved by the torque acting thereon in accordance
with the braking effect produced on the armature
shaft of the motor, which ‘is the same as that
produced on the axles since the armature shaft
of the motor and the axles are connected by co-
operating pinion gears and gear-wheels. The de-
gree of rotary movement of the mounting means
for the brake device assoclated with each axle
occasioned by the torque exerted thereon is trans-
mitted through a system of levers to opposite ends
respectively of a coil spring, termed the torque
spring, which is compressively shortened in length
in accordance with the degree of the greater of
the torque forces acting thereon and which is
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shifted axially in one directioh or the other
depending upon which of the torque forces is
the greater, the extent of the shift being a measure
of the difference in the two torque forces.

The shortening in length of the torque spring

 is transmitted through a system of levers, ad-
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justed in accordance with the load on the wheel-
truck by the load responsive device, to actuate
a drum type controller out of a normal position
to a degree dependent upon the degree of the
greater torque force.

A plurality of train wires extending through-
out the length of the train, are adapted to be
connected in succession'to battery by a manual-
ly operable brake switch device on the contr ol

car of the train, the number of wires connected

depending upon the degree of operative move-
ment of the brake switch device out of release
position.

The drum type controller comprlses a pair of
stepped contact segments insulated from each
othér and each normally in contact with a dif-
ferent group of fixed contact members which
are severally connected to the train wires. One

of the fixed contact members of each group re- -

mains in engagement with the associated con-
tact segment. . The fixed contact member of one
group which remains in contact with the contact
segment is connected to one terminal of the re-
lease magnet valve device for the brake means
associated with one axle and the corresponding
terminal of the release magnet valve device as-
sociated with the brake means for the other
The fixed contact member of the other
group which remains in contact with its asso-

ciated contact segment is connected to one ter- .
_minal of the application magnet valve device for

the brake means of one axle and the correspond-
ing terminal of the application magnet valve de-
vice for the brake means for the other axle.

A pair of switch groups is provided, each group

Dbeing operatively associated, respectively, with

opposite ends of the torque spring, and compris-
ing a plurality of individual switch members
adapted to be simultaneously operated in ac-
cordance with the axial position and with the
degree of contraction of the torque spring. The
switches of each switch group have three operat-
ing positions, a neutral or central position in
which they are normally positioned when the
brakes are released, an inner position to which
they are moved when the end of the torque
spring with which they are associated is moved
inwardly by the torque force applied to that end
of the spring, and an outer position to which
either one or the other of the switch groups is
moved if the torque force applied to the end of
the torque spring with which it is associated is
more than a predetermined amount less than
that applied to the opposite end of the torque
spring.

~ With the switch groups both in the central
position thereof, the return circuit for the ap-
plication and release magnet valve device for
the one axle extends in series through two of
the individual switches of the one switch group
corresponding thereto and the return circuit
for the application and release magnet valve de-
vices associated with the other axle is completed
in series through two of the individual switch
devices of the other switch group.

The application and release magnet valve de-.

vices for each axle control the supply and re-

lease of fluid under pressure from a main reser-.

voir to a local reservoir for each axle, the ex-
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citing current for the eddy current brake coils
for each axle being increased by operation of a
rheostat controlled in accordance with the
pressure in the corresponding local reservoir. - A
relay device is provided for each sxle which is
subject to the pressure in. the local reservoirs
but which is not operated until the pressure in
the reservoir exceeds a predetermined pressure,
such as forty pounds per square inch, whereupon
the relay is operated to supply fluid under pres-
sure to the pressure cylinders for operating the
friction brake of the brake devices associated
with the motor armature shaft for each axle.

' These relays are effective to maintain the sub-

stantially forty pounds differential between
brake cylinder pressure and local reservoir pres-
sure. 2

A pneumatic switch device for each axle, Whlch
is operated to a circuit-closing position when the

local reservoir pressure attains a predetermined

low value such as three pounds per square inch,
causes pick-up of a relay for completing the ex-
citing circuit for the eddy current brake coil of
the brake dev1ce assocla.ted with the correspond-
ing. axle.

When one or more of- the train wires are con—
nected to battery by operative movement of the
brake. switch device, the’ application and release
magnet valve devices for each axle are both en-

"ergized and the eddy current brake coil excita-

tion increased in accordance with the build-up
of pressure in the local reservoirs.

As the torque forces transmitted to opposite
ends of the torque spring in the torque measur-
ing device increase, the torque spring is contract-
ed or shortened in length and the switch groups
are accordingly both actuated to the inner posi-
tions, wherein the return circuit for the magnet
valve devices for one axle is-established through
several of the individual switches of the switch
group corresponding thereto and one of the in-
dividual switches of the other switch group, the
original return circuit being interrupted by
opening of one of the individual switches.

When the braking effect produced on either of
the axles of the wheel-truck and transmitted

-through the torque responsive device and the

load responsive device to the drum controller has
effected sufficient movement of one of the stepped
contact segments on the controller to disengage
all of the fixed contact members connected to
energized train wires, the energizing circuit for
the application magnet for each axle is aceord-
ingly interrupted and the build-up of fluid under
pressure in the local reservoirs for each axle is

cut-off, no further increase in the excitation of.

the eddy current brake coils for the brake device
of each axle being thereafter effected, except as
hereinafter described.

Should the braking eﬁect produced on exther

of the axles be sufficient to further actuate the

drum controller, the other stepped contact seg-
ment disnegages all the associated contact mem-
bers connected to energiged train wires, and the
circuit for energizing the release magnet valve
devices for each axle is interrupted and a de-
crease in exciting current for the eddy current

“brake coils effected. - The excitation for the eddy

current brake coils for ‘each axle rises to a maxi-
mum at the time the local reservoir pressure is
substantially forty pounds per square inch and
thereafter, as the speed of the vehicle or train
of cars decreases, the braking effect produced by
the eddy current brakes inherently decreases in
well known manneér. The drum controller is ac-
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cordingly reversely moved to re-establish the cir-
cuits for energizing the application magnet valve

. devices for both axles to cause further build-up
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in local reservoir pressure. The relay devices,
previously described, are thus operated to supply
fluid under pressure tothe pressure or brake cyl-
inders for operating the friction brakes associ-
ated with each of the axles to produce braking
effect on each of the axles supplementary to that

‘Produced by the eddy current brake for each

axle. The degree of application of the friction
brake for each axle is gradually increased with
the increase in local reservoir pressure as the
braking effect of the eddy current brake dimin-.
ishes until a maximum application force is at-.
tained by the friction brake which however is not
sufficient to cause sliding of the wheels on the
axles. Regulation of the braking effect or adhe-
sion utilization produced on each axle to a sub-
stantially uniform  degree, as selected by the
brake switch, is thus effected. .

In order to cut-off the excitation of the eddy
current brake coils and thus prevent needless
waste of power, when the vehicle or train is
stopped, a vibration relay device is provided which
interrupts the circuit of the eddy current brake
coil relay to cause it to drop out and interrupt
the supply of current to the eddy current brake
coil. This vibration relay also controls a magnet
valve device associated with the load responsive
device, the said magnet valve device being effec-
tive to condition the load responsive device for
adjustment in accordarnce with the load on a

. wheel-truck when the vehicle or train of cars is
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stopped, and for causing the load responsive de-
vice to be locked in position when the vehicle or
train of cars is in motion. . )

If the braking effect produced on one axle is
greater than that produced on the other axle

by such an amount that the switch group for the

axle having the greater braking effect is in its
Inner position and the switch group for the axle \
having the lesser braking effect produced thereof
is in its central position, the return circuit for

-the magnet valve devices for the axle having the

greater braking effect is interrupted, whereas the
return circuit for the magnet valve devices for
the axle having the lesser braking effect produced
thereon is maintained. The braking effect on
the axle which had the greater braking effect pro-
duced thereon is thus reduced, whereas the brak-
ing effect on-the axle which has the lesser brak-
ing effect produced thereon continues to be in-
creased. - When the braking effect on the two
axles are again equalized the switch groups are -

-again both in the inner position thereof wherein

the magnet valve devices for both axles are ener-
gized to maintain the application of the brakes,
subject of course to the control exercised by the
drum controller. o ,

In the event that one axle starts to slide while
the cther continues to roll, during an application
of the brakes, the switch group corresponding to
the cliding axle is actuated to its outer position,
whereas the switch group for the axle which con-

. tinues to roll is maintained in its inner position.

" One of the individual switches of the switch group

70

corresponding to the axle which starts to slide is
closed in the outer position of the switch group’
and completes the circuit for energizing a magnet

‘valve device which supplies fluid under pressure.

from the main reservoir to a pneumatic switch.
device which establishes a holding circuit for the

* return wite of the application and release magnet

valve devices corresponding to the axle which

21

continues to roll, while another switch of the
switch group, corresponding to the axle which
starts to slide, opens and interrupts the return
circuit for the application and release ‘magnet
valve devices corresponding to the axle which
starts-to slide. .

The retarding force exerted on the axle which

" starts to slide is thus relieved while the retarding
force is maintained on the axle which continues-

to turn. : o

A timing reservoir, supplied with fluid under
pressure through a choke under the control of
the magnet valve device which controls the
supply of fluid to the pneumatic switch device
last mertioned, times the operation of a relay
valve device to take place a predetermined. inter-
val of {ime after the pneumatic switch device is
operated to establish the holding circuit pre-
viously mentioned, the relay valve device being
operated to supply fluid under pressure from a
local reservoir to another pneumatic switch de-
vice which re-establishes the: ‘energizing circuit
for the application and release magnet valve
devices corresponding to the axlé which starts
to slide. Re-application of the brakes on the

‘axle which starts to slide is thus effected. The.

fluld supplied to the last mentioned pneumatic
switch device is vented to atmosphere through
a choke so designed that after a second predeter-
mined interval of time has elapsed, the last men-
tioned pneumatic switch device will be returned
to its normal position, wherein the energizing
circutt for the application and release magnet
valve devices for the axle which starts to slide
Is again interrupted unless the switch group cor-

* responding to that axle is in the meantime re-
" turned to iis central or inner position. If the

switch group corresponding to the axle which

. starts to slide has been returned to its central
position the equipment then functions as before.

described for minor differences in the braking
effect produced on the two axles,” equalization
of the braking effect on the two axles being
eventually effected. If the switch group corre~
sponding to the axle which starts to slide re-
mains in its outer position the energizing circuits
for the application and release magnet valve de-
vices for the axle which starts to slide is again
interrupted and the braking effect on the slid-
ing axle is again relieved. .

A signal lamp located on the control car of
the train is connected to a train wire which ex-

- tends throughout the length of the train and the

closure of one individual switch of each switch

‘group when thé switch group is in outer posi-
- tion, causes battery to be connected to the train .

wire and illumination of the signal lamp effected
to indicate the wheel-sliding condition.

Full service or emergency application of the

brakes may be effected by manual operation of
the brake switch device to the fullest extent out
of the release position whereby all of the train
wires associated with the brake switch device are

. energized, thus requiring greater movement of

the drum controller operated through the torque
responsive and load responsive mechanisms be-

fore cutting off ‘further increase in the degree

of the brake application. '

Emergency applications of the brakes may be
effected independently of the position of the
brake switch device by means of an emergency
relay controlled by a.“deadman” switch on the
control car of the train and conductor’s switches
connected in series relation and located one on
each car of the train. The emergency rel\ay is
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normally energized snd when deenergized by

opening of the “deadman” switch or any one of -

‘the conductor’s switches, the relay drops out and
establishes a connection for energizing the last
two train wires associated with the brake. switch
device, whereupon the application of the brakes

. is automatically effected in the manner previous-
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1y described.
In Figure 9 a modified arrangement is provided
for cutting off the excitation of the eddy cur-

‘rent brake coils when the vehicle or train of cars

comes to a stop. In this modification the ener-
gizing circuit for the eddy current brake coil
relay is normally completed through a pneumatic
switclh device which is normally maintained in
circuit-closing position and which is actuated
to. eircuit-opening position when the pressure in
the local reservoir, previously mentioned, for each
axle attains s maximum value, such as seventy
pounds per square inch, which value is not at-
tained until the braking efiect of the eddy cur-
rent brake’ associated with the axles has been re-
duced substantially to zero by the stopping of
the vehicle or train of cars.

In Figure 10 another,modified arrangement is

- shown wherein the pneumatic switch device em-
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ployed in the modification of Figure 9 serves to
interrupt the energization of the train wire from
which the eddy current brake relay and the mag-
net device controlling the load measuring de-

vice are energized as in Figs. 6 and 7, the pneu- -

matic switch device being thus effective to con-
trol both the eddy current brake and the load
measuring device.

In Figs. 11, 12 and 13, & modified arrangement
whereby the braking effect produced on each axle
is electrically transmitted to the operating mech-
anism for the drum controller is illustrated. Es-
sentially the modification comprises & flexible

- or quill type gear wheel constituting a part of

the driving mechanism between the driving mo-
tor and the axle, in which a spider wheel keyed
to the axle and. having & ‘plurality of spokes
1ad1ating from the hub thereof is associated with
the gear wheel in such manner, by means of the
coil springs interposed between successive spokes
on the gear wheel, that when braking force is
applied to the gear wheel,"one of the spokes of
the spider wheel at opposite ends of one of the

coil springs acts to compress the-coil spring in-
accordance with the degree of braking effect pro-

duced on the gear wheel.

A rheostat which is adjusted in accordsnce
with the degree of compression or shortening of
the coil springs between the spokes of the gear

. wheel and which is connected in the circuit of
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solenoids actuating the torque rods of the torque

- responsive mechanism by mesans of collector rings
on the hub of the gear wheel is effective to in- °

crease the current in.the ‘solenoids to increase

the force with which the torque rods are applied -

to opposite ends of the torque spring 'in the
torque responsive device in accordance with the

degree of the braking effect produced on the.

axle,
The circuit for energizmg the solenoids 85s0~

ciated with the torgue rods of the torque re- .

sponsive device is not completed uniess the brake
switch device is in an application position, thus
preventing corsumption of power by the sole-

noids except during an application of the brakes. -

It will be apparent, thérefore, that I have pro-
vided a brake controlling system for. producing

" & substantially uniform degree of braking effect
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or degree of adhesion utilization on all the wheels

2,096,438

of the vehicle or train of cars whéreby the pos-
sibility of cliding of the wheels due to non-uni-
formity in the degree of braking on the various

wheels of the train of cars is obviated. It will -

also be apparent that I have provided a brake
controlling system which acts automatically to
equalize the braking effect produced on the sev-

* eral axles of an individual wheel-truck in the
event that the braking efiect produced on the .

several axles differs by a small amount while
both axles continue to turn.

Tt will also be apparent that I have provided

a brake controlling system effective when one
of the wheels or axles on a wheel-truck starts
to slide while another continues to roll, to main-
tain the application of the brakes on the axle
which continues.to roll and to automatically re-
lieve the retarding force applied to the axle which
starts to slide for a predetermined interval of
time and then automatically effecting the re-
application, for a predetermined time of the re-
tarding force to the axle which had started to

.slide.

It will, in addition, be seen that I have pro-
vided a brake control system for preselecting dif-
ferent degrees of adhesion utilization or braking
effect and for automatically regulating the de-
gree of adhesion utilization or braking effect pro-
duced on each wheel of each wheel-truck indi-
vidually to the degree selected.

It will also be seen that I have provided means
on one car of g train for signaling the occur-
rence of a wheel-sliding condition on any of 'the

* wheel-trucks of the vehicle or train and that I

have also provided novel means whereby the

excitation of an eddy current brake coil, illus-,

trative of any type of electric brake, may be cut
off when the vehicle or train of cars comes to a
stop.

While I have illustrated and described only
several embodiments of my invention, it will be
apparent that various changes, omissions or ad-
ditions may be made therein without departing
from the spirit thereof. It is, therefore, not my
intention to limit the 'scope of my invention ex-
ccpt as.necessitated by the prior art and deﬁned
in the appended claims. -

Having now described my invention, what I
claim as new and desire to secure by Leiters
Patent, is:’

1. In g vehicle brake system, in combination,
brake means for producing a braking effect on
a vehicle wheel, control means operative to effect
application and release of said brake means,
means actuated responsively according to the
torque exerted on the brake means upon appli-
cation thereof, means ‘conditioned responsively
according to the load supported by the wheel,
and means operated out of its normal position
by the torque responsive means to different de-
grees, for a given torque exerted on the brake
means, dependent upon the condition of the load
conditioned means, for effecting operation of the

.~control means to control the degree of braking

~

‘effect produced by the brake means.

2. In a vehicle brake system, brake means for
producing a braking efiect on a vehicle wheel,
control 'means operative to cause application of
said brake means, control means operative to
cause the release of said brake means, and means
actuated responsive to the torque exerted on the
brake means when the brake means is producing
a braking effect and controlled according to the
load carried by the vehicle wheel for effecting
such. operation of said applicatxon control means
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and said release control means as to regulate
the degree of braking effect produced by the
brake means to a substantially uniform degree,
3. In a vehicle brake system, brake means for
5 Producing a braking effect on a vehicle wheel,
control means operative to cause application and
release of sald brake means, means actuated to
different degrees out of a normal position re-
sponsive to the torque exertéd on the brake
10 means when the ‘brake means is. producing a
braking effect for effecting such operation of the
control means as to regulate the braking effect
produced by the brake means to s substantially
uniform degree, and means conditioned accord-
15 ing to the load carried by the wheel and effec-
tive to so vary the degree of response of said last
. means to a given torque that the same uniform
degree of braking effect is produced by the
brake means for different loads carried by the
20 Wwheel, )
) 4. In a vehicle brake system, brake means for
producing a braking effect on a vehicle wheel,
electrically operated means operative to cause

application and release of said brake means, -

"25 switch means actuated to different degrees out

of a normal position responsive to the torque-

exerted on the brake means when the brake
means is producing a braking effect for so con-
trolling the eleétrically operated means as . to
30- regulate the braking effect produced by the brake
- means to a-substantially uniform degree, and
Ineans conditioned according to the load carried

by the wheel for so varying the degree of re-.

sponse of. said switch means to a given torque
exerted on the brake means that said electrically
operated means is effective to so control the
brake means as to cause it to produce the same
uniform degree of braking effect for different
loads carried by the ‘wheel, -

5. In a vehicle brake system, in combination,
brake means for producing a braking effect on a
vehicle wheel, valve means for effecting applica-

. tion and release of said brake means, means actu-

33

40

ated according to the torque exerted on the brake.

45 means upon application thereof, means condi-
tioned according to the load supported by the
.wheel, means controlled jointly by both said
last” two means for effecting operation of the
valve means to control the degree of braking effect

50 produced by the brake means, and means respon-

- sive to lack of motion of the vehicle for so con-
trolling the load conditioned means as to cause
1t to be conditioned responsive to, variations in

_ . the load supported by the wheel only when the

“55 vehicle is stopped. '

6. In a vehicle brake system, brake means for
‘producing a braking effect on the vehicle, means
operative to control the brake means including

- means conditioned responsively according to the

60 load carried by the vehicle, and means operative
"by the vibration of the vehicle, when in motion,
to render the load responsive means unrespon-
sive to changes in load on the vehicle and opera-
tive upon lack of vibration of the vehicle when

_ 65 the vehicle is stopped for rendering the said-load

responsive ‘means resporsive to changes. in the.

load carried by the vehicle. .

7. In a brake system, in combination, a rotary-

- element, brake means for producing a brake effect
70° on said ‘rotary element, means mounting ‘said
brake means for rotary movement in opposite di-
rections about the axis of the rotary element, re-
silent means' yieldingly opposing rotary: move-
ment of the mounting means in the direction of
75 rotation of the rotary element caused by the

23

torque exerted on the mounting means upon an
application of the brake means, means effective

-upon rotary movement of the said mounting

means in one direction or in the opposite direc-
tlon to cause application of the ‘torque force
exerted on the mounting means to the said re-
silient means in the same direction, and means

controlled according to the effect produced by the

torque force on the resilient means for controlling
the brake means.

8. In a vehicle brake system, brake means ef-.

fective upon application thereof to produce a
braking effect on a vehicle wheel, means operative
to control application and release of the brake
means and to select any one of g plurality of
degrees of braking effect, and means operatively
responsive to the torque exerted on the brake
means upon application thereof for so controlling
the brake means as to regulate the braking effect

" produced by the brake means to that degree

selected.

9. In a vehicle brake system, brake means ef-
fective upon application thereof to produce a
braking effect on a vehicle wheel, means opera-
tive to control application and release of the
brake means and to select any one of a plurality of
degrees of braking effect, and means operatively
responsive to the torque exerted on the brake
means upon application thereof -and controlled
according to the load supported by the wheel for
so controlling the brake means as to regulate the
braking effect produced ‘by the brake means to
that degree selected notwithstanding that the
wheel may support different loads at different
times. ) )

10. In a vehicle brake system, brake means
effective upon application thereof to produce a
braking effect on s vehicle wheel, means opera-
tive to control application and rélease of the
brake means and tp select any one of a plurality
of degrees of braking effect, means operatively
responsive to the torque exerted on the brake
means upon application thereof for so controlling
the brake means as to regulate the braking effect
produced by the brake means to that degree se-
lected, and means conditioned according to the

- load supported by the wheel for varying the degree

of operative response of said Iast means to a given
torque exerted on the brake means and there-
by causing said last means to so control the brake
means as to cause it to produce the selected degree

of braking effect notwithitanding that the wheel -

may support different loads at different times.
11. In-a vehiclé brake system, brake means ef-
fective upon application thereof to produce a

braking effect on a vehicle wheel, means operative °

to cause application of the brake means and to
select any one of & plurality of degrees of adhesion
utilization, and means controlled by both the
braking effect produced by the brake means on

. ‘the associated wheel and by the lcad supported by

the wheel for so controlling ‘the brake means
as to cause it to produce a substantially uniform
degree of braking effect corresponding to the se-
lected degree of adhesion utilization. = - -

12, In a vehicle brake system, a brake device,
an application magnet device, a Telease magnet
device, said magnet devices being effective to in-
itiate application of the brake device upon simul-
taneous energization thereof and to cause release
of the brake device upon simultaneous deener-
gization thereof, manually operative means for
effecting at one time simultaneous energization
and at another time simultaneous deenergization
of the magnet devices, and means operatively
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controlled in accordance with the torque force
exerted on the brake device for controlling the
energization and deenergizatlon of the magnet
devices individually, to regulate the degree of
braking effect ultimately produced by the brake
device to a substantially uniform degree.

13. In a vehicle brake system, a brake device,"

an arplication magnet device, a release magnet
device, said magnet devices being effective to
initiate application of the brake device upon
simultaneous energization thereof and to cause
release of the brake device upon simultaneous
deenergization thereof, manually operative means
for etfecting at one time simultaneous energiza-

-tion and at another time simultaneous deenergi-

zation of the magnet devices, and means oper-
atively controlied in accordance with the torque
force exerted on the brake device for controlling
the energization and deenergization of the mag-
net devices individually, said last means being
operative to cause deenergiZation of the appli-
cation magnet device and the release magnet de-
vice in succession and energization of the release
magnet device and the application magnet device

in succession, to regulate the degree of braking -

effect produced by the brake device to a substan-
{ially uniform degree.

14. In a train brake system, an applicatmn
magnet device and a release magnet device adapt-
ed upon simultaneous energization to initiate ap-
plication of the brakes and upon simultaneous de-
energization to effect release of the brakes, said
magnet devices each operating on a normally

open circuit, a plurality of train wires, manually |
operative means normally in a position to inter--
rupt the circuit for each magnet device and oper-:

ative to selectively close the circuit through. one
of the said train wires.or in pa,rallel through two
or more of said train wires, and circuit-control-
ling means for each magnet device actuated in
accordance with the degree of breking effect pro~
duced by the brakes for successively cutting the
train wires out of the circuit or successively into

‘the circuit of the corresponding magnet device,

said magnet devices being thereby individually
cocntrolled to regulate the degree of braking effect
produced by.the brakes in accordance with the
number of train’ wires included in the circuit
thereof.

15. In a brake system for a train of cars, a

- prake.device, an application magnet device and

3 release magnet device, each of the magnet de-
vices operaiing on a normally open circuit and
effective when simultaneously energized to cause

‘applicaticn of the brake device to be initiated and

when simultaneously deenergized to cause release
of the brake device; a plurality of train wires,
means manually operative to selectively close the
normally open circuit through one of the train

wires or through two or more successive train

wires in parallel relation, whereby simultaneous
energization of thé magnet devices is effected,

“and circuit-controlling means normally connect-

ing the magnet devices to each of the train wires
and operative in accordance with the degree of
the torque force exerted on the brake device upon
an application thereof, to successively interrupt
the connection of the magnet devices to each of
the train wires, said circuit-controllirig means be-
ing effective to open the circuit first for only the
application - magnet device and then for both
the magnet devices, the maximum degree of brak-
ing effect produced by the brake device being
different depen\dmg upon which of the train wires
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is last included in the circuit of the magnet de-
vices.

16. In a vehicle brake system, in-combination,
a pair of separate brake means associated respec-
tively with different wheels, means operative to &
control the application of the brake means, means
operative to control the release of the brake
means, and means confrolled jointly by  the
torque forces exerted on the separate brake means
and operative to control the operation of both 10
the application and the release control means for
the brake means.

17. In a vehicle brake system, in combination,
a pair.of separate brake means associated respec-
tively with different wheels, means, operative to 15
control the application of the brake means, means
opera,tlve to control the release of the brake
means, means operated in accordance with the
relation of the torque forces exerted on the sepa-
rate brake means, and means actuated by said. 20
last means for controlling the operation of both
the application and the release control means for

the brake means,

18. In a vehicle brake system, in combination,
a pair of separate brake means associated respec- 25
tively with diffirent wheels, means operative to
control the application and release of the brake
means, and means controlled in accordance with
the greater of the torque forces exerted on the
separate brake means and operative to control 30
the operation of the control means for the brake
means.

19. In a vehicle brake system, in combination,
a pair of separate brake means associated réspec-
tively with different wheels, means operative to 35

- control the application and release of the brake

means, means operably responsive to the greater
of the torque forces exerted on the separate brake.

- means, and means controlled by said last means
_for controlling the operation of the control means 49

for the brake means. ~

20. In a vehicle brake system, in combination,
a pair of separate brake means associated respec-
tively with different wheels, means operative to.
control the application. of the brake means, 45
means operative to control the release of the
brake means, means controlled jointly by the
torque forces exerted on the separate brake
means and operative to control the operation of
both the application and the release control 50
means for the brake means, and means efiective
to vary, in accordance with the load on the ve-
hicle wheels, the effect of given torque forces act=

- ing to control said last means.

21. In-a vehicle brake system, in combination,, 55

. & pair of separate brake means associated respec-

tively with different wheels, means operative to
control said brake means, means operably re-
sponsive to the opposing forces of the torque ex-’
erted on the separate brake means, and means 60"
controlled by said last means for controlling the
operation of the control means for the brake
means. N
- 22, In a vehicle brake system, in combination,
a pair of separate brake means dssociated respec- g5
tively with different wheels, means operative to -
control said brake means, resilient means yield-
mgiy subject to and conditioned by the opposing
forces of the torque exerted on the separate brake
means, and means conditioned according to the -y¢
condition of the said resilient means for-control-
ling the operation of the control means.

23.'In a vehicle brake system, in comblrxatmn,
a pair of separate brake means associated respec-
tively with different wheels, means operative to 75



control said brake means, resilieit means yeld-

ingly subject to and conditioned by the opposing

forces of the torque exerted on the separate brake
means, means conditioned according -to the con-
dition of the said resilient means for contralling
the operation of the control means, and mesns

for causing’ sald last means to be conditioned dif-

ferently for a given condition of said resilient

- means depending upon.the load carried on the

10

15
~ tion thereof, to control-the

- 24. In a vehicle brake system,
‘tively with different wheels,

vehicle wheels. .
in combination,
& pair of separate brake means
means operative to
control the brake means, and means »
sponsive to the difference in the torque forces ex-
erted on the separate brake means upon applica-
operation of the con-
trol means for the brake means, - - .

25. In a vehicle brake system, in combination,
& pair of separate brake means associated respec-
tively with différent wheels, means operative to
control the application and release of the brake

- means, means operably responsive to the differ-

25

30

ence in the torque forces exerted on the separate

9,000,488

associated respec-
operably re-

brake means upon application thereof, and-

means. operated by said last means for so con-
trolling the operation of the control means for
the brake means as to cause the control means to
regulate the braking effect produced on the sepa-~
rate wheels to a substantially uniform degree. *
26. In combination, a pair of rotary elements,

"sepo,r.ate brake means assoelated respectively

35
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with each of said rotary elements and movable in
accordance with the torque exerted thereon upon

25

forces exerted on the separate brake means and
the direction of shift being in the direction of the
greater torque force, and means actuated respon-
sive to the direction and degree of shift of said
first. resilient means for also controlling the
brake means. - ~ o

29. In a vehicle brake system’in combination,
& pair of separate brake means associated respec-

tively with different wheels, means. operative to .

control one of the said brake means, means op-
erative to control the other of the said brake
means, means operably responsive to the differ-
ence in the torque forces exerted on the said
one brake means and the said other brake means,
and means operated by said last means for caus-
Ing operation of the control means for said one
brake means or for said other brake means to
effect a reduction in the braking effect produced
by the corresponding brake means, that control
means being operated which corresponds to the
brake means having. the greater torque force ex-
erted thereon, - e .
30. In a vehicle brake system, in éom| on,
& palr of separate brake meang assoclated respec-
tively with different wheels, electroresponstye
means for controlling one of said brake means,
electroresponsive means for controlling the other
of said brake means, means operably responsive
to the difference in the torque forces exerted on

- the said one brake means and the said other

application thereof, restlient means yieldingly.’

subject to the opposing torque forces transmitted

thereto from sald brake means, the degree of -

¥leld of said resilient means being in accordance
with the greater of the torque forces acting
thereon, and means actuated according to the de-
gree of yleld of sald resilient means for con»
trolling the brake means for both said rotary
elements. o : .
27. In combination, a pair of rotary elements,
separate brake means associated ‘respectively
with each of said yotary elements and movable
in accordance with the torque exerted thereon
upon application thereof, intervening means sub-
Ject to the opposing torque forces transmitted
thereto from sald brake means, resilient means

. yleldingly resisting shifting of said intervening

55.
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the intervening means is

- subject to the opposing torque forces

means when one of the torque forces exceeds the
other, the degree of shifting.of said intervening

ing to the direction in which and degree to which
shifted for controlling
the brake means for both rotary elements. o
28. In combination, a pair of rotary elements,
separate  brake mears assoclated respectively
with each of said rotary elements and movable in
accordance with the torque exerted thereon upon
application thereof, resilient means yieldingly
transmitted
thereto from sald brake means, the degree of
yleld of sald resilient means being in accordance
with the greater . of the torque forces acting
thereon, means actuated according to the degree
of yleld of said resilent means for controlling
the brake means for both said rotary elements,

Tesilient means yieldingly resisting the shifting

of said-first resilient means in either direction
when one of the torque forces exceéeds the other,
the degree of shifting of said first resilient means
being in accordance with the difference in torque

. means being in accordance with the difference -
In the torque forces, and means actuated accord-.

& pair of separate brake

" thereon.

" a palr of separate brake

brake means upon application thereof, and cir~
cuit-controlling means for controlling both of
sald electroresponsive means, said circuit-con-

10
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20-

25

trolling means being operated by said torque re- -

sponsive means to cause the electroresponsive
means which controls the brake means having
the greater torque exerted thereon, to effect re-
duction in the braking effect produced by that
brake means. N , _ .
31. In a vehicle brake system, in combination,
means associated respec-
tively with different wheels, means. operative to
control the brake means, means operably respon-
sive to the difference in the torque forces exerted
on the separate brake means upon application
thereof, -and means operated by said last means
and-effective when the difference in the torque
forces. exerted on the separate brake means is
less than a predetermined amount to so control
the control means for the brake means as to
cause it to effect a reduction in the braking effect
produced by the brake means having the greater
torque exerted thereon and effective when the

35

40

45

difference in the torque:forces exerted on - the

separate brake means-is greater than said prede-.

. termined amount to so control the control means

for the brake means as to.cause it to efféct re-
duction in the braking effect produced by the
brake means having the lesser ,\torque exertegi
*'32. In & vehicle brake system, in combination,
tively with different wheels, means operative to.
control one of the said brake means, means op-
erative to control the other of the said ‘brake

85

means associated respec--

65

Ineans, means operably responsive to the differ. -

ence in the torque forces exerted on the said one
brake means and the said other brake means,
and means operated by said torque responsive
means and effective when the ;
forque forces exerted on the said separate brake
means is greater than a predetermined amount
for causing operation of the control means for the
sald one or the said other brake means to effect
a reduction in the braking effect caused by the

difference in the-
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corrésponding brake means, that control means

‘being operated which corresponds to the brake

means having the lesser torque force exerted
thereon. : ' o

33. In & vehicle brake system, in combination,
a pair of separate brake means associated respec-

tively with different wheels, means operative to .

control one of the said brake means, means op-
erative to control the other of the said brake

‘means, means operably responsive to the differ-

ence in the torque forces exerted on the said one
brake means and the said other brake means,
means operated by said torque responsive means
and effective when the difference in the torque
forces exerted on the said separate brake means
is greater than a predetermined amount for caus-
ing operation of the control means for the said
one or the-said other brake means to effect a re-
duction in the braking effect caused by the corre-
sponding brake means, that control means being
operated which corresponds to the brake means
having the lesser torque force exerted thereon,
and means effective after the elapse of a prede-
termined time following the operation of said last
means for rendering the control means, previ-

ously operated to effect reduction in the braking

effect of the corresponding brake means, effective
to cause an increase in the braking effect pro-
duced by the corresponding brake means.

34. In & vehicle brake system, in combination,
a pair of separate brake means associated respec-
tively with different wheels, means operative to
control one of the said brake means, means op-
erative to control the other of the said brake
means, means operably responsive to the differ-
ence in the torque forces exerted on the said one
brake means and the said other brake means,
means operated by said torque responsive means
and effective when the difference in the torque
forces exerted on the said separate brake means
is greater than a predetermined amount for
causing operation of the control means for the
said one or the said other brake means to effect
a reduction in:the braking effect caused by the
corresponding brake means, that control means
being operated which corresponds to the brake
means having the lesser.torque force exerted
thereon, and means effective after the elapse of
a predetermined time following the operation of
said last means for rendering the control means,
previously operated to effect reduction in the
braking effect of the corresponding brake means,
effective to cause an increase in the braking ef-
fect produced by the corresponding brake means
for not more than a second predetermined inter-
val of time.

.35. Tn a vehicle brake system, the combination

with a pair of axles and separate brake means -

associated respectively with said axles, an appli-
cation and a release magnet device for controlling
one of the brake means, an application and a
release magnet device for controlling the other
of the brake means, the application and release
magnet devices for each brake means being
adapted when simultaneously energized to effect
application of the brake means and when simui-

taneously deenergized to effect release ‘of the

brake means, means operative to establish cir-
cuits for effecting simultaneous energization of
the application and release magnet devices for
each of the brake means, circuit-controlling
means conditioned according to the difference

- in the braking effect produced by the two brak-

1]

ing means, for interrupting the circuits estab-
lished by said last means when one of the brake

2,008,433

means produces s braking effect more thaun a

predetermined amount less than that produced

by the other brake means, and a magnet device
for each brake means, controlled by said circuit-
controlling means, one of the magnet devices
corresponding to the brake means producing the
lesser braking effect being selectively operated

when the circuit-controlling means interrupts the

circuits, to cause other circuits to be established

for maintaining energized the application and
release magnet devices controlling the brake
means producing the greater braking efiect.

36. In a vehicle brake system, the combination
with & pair of axles and separate brake means
associated respectively with said axles, an appli-
cation and g release magnet device for controlling
one of the brake means, an application and a
release magnet device for controlling the other
of the brake means, the application and release
magnet devices for each brake means being
adapted when simultaneously energized to effect

_application of the brake means and when simut-

taneously deenergized to effect release of the
brake means, means opeérative to:establish cir-
cuits for effecting simultaneous energization of
the application and release magnet devices for
each of the brake means, circuit-controlling
means conditioned according to the diffierence in
the braking effect produced by the two brake
means, for interrupting the circuits established
by said last means when one of the brake means
produces & braking effect moré than a predeter-
mined amount less than that produced by the

10

26

25

30

other brake means, a magnet device for each .

brake means, controlled by said circuit-control-
ling means, one of the magnet devices corre-

sponding to the brake means producing the lesser .

braking effect being selectively operated when
the circuit-controlling means interrupts the cir-
cuits, to cause other circuits fo be established
for maintaining energized the application and
release magnet devices controlling the brake
means producing the greater braking effect, 2

switeh device for each of the brake means, each

switch device being operative to establish other

 circuits for effecting energization of the corre-

sponding application and release magnet-device,
and a relay device for each of said magnet de-

. vices controlled by the corresponding magnet

device and operative, a-predetermined time after
the controlling magnet device is operated, for
effecting operation of a corresponding one of the
said switch devices.

37. In g vehicle brake system, the combination
with a peair of axles and separate brake means
associated respectively with said axles, an appli-
cation and s release magnet device for controi-
ling one of the brake means, an application and
a release magnet device for controlling the other
of the brake means, the application and release
magnet devices for each brake means being
adapted when simultaneously energized to effect

_application of the brake means and when simul-

tanecously deenergized fo effect release of the
brake means, means operative to establish cir-
cuits for effecting simultaneous energization of

each of the brake means, circuit-controlling
megns conditioned according to the différence in
the braking effect produced by the two brake
means, for interrupting the circuits established
by said last means when one of the brake means

produces a braking effect more than a predeter--

mined amount less than that produced by the
other brake means, & magnet device for each
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the application and release magnet devices for
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* brake means, controlled by faid circult-contro]...
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- speed of the vehicle and upon
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-.erative to effect excitation of the
“tion of the brake device,

75,

ling means, one of the magnet devices corre-
sponding to the brake means producing the lesser
braking effect being selectively operated when the
circuit-controlling means interrupts the circuits,
to cause other circuits to be established for main-
taining energized the application and release
magnet devices controlling the brake means pro-
ducing the greater braking effect, a switch device
for each of the brake means, each switch device
establish other circuits for ef-
fecting energization of the corresponding appli-
cation and release magnet device, a relay device
for each of said magnet devices  controlled by
the corresponding magnet device and operative,
& predetermined time after the controlling mag-
net. device is operated, for effecting operation of
& corresponding one of the said switch devices,
and means effective to cause each of the said
switch devices to interrupt the circuits established
thereby upon the elapse of a predetermined time
after the circuits are established thereby.

38. In a vehicle brake system, an electric brake
device effective to produce a braking effect on
& vehicle wheel] variable upon variations in the
speed of the vehicle and upon variations in the
degree of excitation thereof, and means oper-
atively responsive to the torque exerted on the
brake device when said brake device produces a
braking effect on the wheel for so controlling the
excitation of the brake device as to cause it to
Produce a substantially uniform degree of brak-
Ing effect on the wheel as the speed of the vehicle
varies. )

39. In a vehicle brake system, an electric brake
device effective to produce a braking effect on
& vehicle wheel variable upon variations in the
speed of the vehicle and upon variations in the
degree of excitation thereof, means operative to
control the degree of excitation of the brake de-
vice, and means operatively responsive to the
torque exerted on the brake device when said
brake devi¢e produces a braking effect on the
wheel for effecting such operation of the excita-
tion control means as to cause the brake device
to produce a substantially uniform degree of
braking effect on the wheel as.the speed of the
vehicle varies, ' o C o

40. In a vehicle brake system, an electric brake
device effective to produce a braking effect on a
vehicle wheel variable upon variations in the
speed of the vehicle and upon variations in the
degree of excitation thereof, means operative to
control the degree of excitation of the brake de-
vice, and means operatively responsive tothe
torque exerted on the brake device when said
brake device produces a braking effect on the

tlon control means as to increase the excitation
of the brake device according to the diminution
in braking effect resulting from reduction in ve-

‘hicle speed and thereby cause the brake device

to produce a substantially
brakihg effect on
vehicle varies, o
41. In a vehicle brake system, an electric brake
device effective to produce a braking effect on a
vehicle wheel variable upon variations in.the
! variations in the
degree of excitation thereof, means manually op-
brake device,
means operative to control the degree of excita-
and means operatively
responsive to the torque exerted on the brake de-
vice'when the brake device produces a braking
B ' .

uniform degree of
the wheel as the speed of the

- of braking effect on

‘device effective to
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effect on the wheel for effecting such operation of
the excitation control means as to cause the brake
device to produce a substantially uniform degree
the wheel as the speed of the
vehicle varies.

42, In a vehicle brake system, an electric brake
produce a braking effect on a
vehicle wheel variable upon variations in the speed
of the vehicle and upon variations in the degree of
excitation thereof, means operative to effect in-
itial excitation of the brake device, fluld pressure
operated rheostat means operative upon an in-
crease in the pressure of fluid supplied thereto to
Increase the excitation of the brake device, means

operatively controlling the supply of fluid under ]

pressure to and the release of fluld under pres-
sure from the rheostat means, and means condi-
tioned according to the torque exerted on. the
brake device
braking effect on the wheel for so controlling said
last means as to cause the pressure of the fluid
supplied to-operate the rheostat means to be so
Increased as the braking effect produced by the
brake device on the wheel tends to decrease that
the said brake device produces & substantially
uniform degree of braking effect on the wheel,
43. In a vehicle brake system, an electric brake
device effective to produce a braking effect on
the vehicle, a circuit for supplying exciting cur-
rent to said electric hrake device, said electric

_brake device being effective to produce a braking

effect variable with the voltage impressed on said
circuit, rheostat means operative to control the
voltage impressed on sald electric brake device
from said circuit, and means operative according
to the torque exerted on the brake device when
the brake device produces a braking effect for
automatically effecting operation of the rheostat
means fo control the voltage impressed on the
electric brake device. - »

44. In a vehicle brake system, in combination,
& palr of separate brake means associated re-
srectively with different vehicle wheels, means
operatively responsive to the difference in the

braking effects produced by the separate brake .

means on the corresponding wheels, and signal
mmeans controlled by said last means and operative
when the difference in the braking effects pro-
duced by the separate brake means is greater than
a predetermined amount.

45. In a vehicle brake system, in combination,
& palr of separate brake means associated re-
spectively with different vehicle wheels, means
subject to the torque forces exerted on the Sep-
arate brake means, the torque forces being exert-
ed on said means in opposing relation, said means

_ being moved responsive to the amount of the dif-

ference in the torque forces exerted on the sep-
arate brake means, and signa] means controlled
by said last means and operative upon the oc-
currence of a predetermined diffcrence in the
torque forces acting on the brake means.

46. In a vehicle brake system, in combination,
a pair of separate brake means associated re-
spectively with different vehicle wheels and adapt-
€d to be yieldingly moved, upon application there-
of, In accordance with the torque force exerted
thereon, means controlled jointly by forque move-
ment of both said brake means and actusted in
accordance with'the amount of difference in ‘the
torque forces exerted on the separate brake
means, and signal means controlled by said last
means and operated when the difference in the
torque forces acting on the separate brake means
exceeds a predetermined amount,
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47, In a train brake system, wheel brake means,
means manually operative from a normal release
position to initiate application of the brake
means, said manually operative means ‘being op-
erative from the normal position to a plurality of

different positions to select different degrees of -

braking effect, means operatively responsive to
ihe torque exerted on the brake means, upon ap-
plication of the brake means, to measure the
braking effect produced on the wheel by the brake
means and effective to so control the brake means
as to regulate the degree of braking effect pro-
duced by the brake means to that selected, and
manually cperative means adapted, independently
of the said first manually operative means, to

initiate application of the brake means. and to

select one predetermined degree of braking effect.

48. In a brake system for a train of cars, &
brake device, an application magnet device and
g release magnet device, each of the magnet de-
vices operating on a normally open circuit and

" effective when simultaneosuly energized to
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cause application of the brake device to be in-
itiated and when simultaneously deengrgized to
cause release of the brake device, a plurality of
train wires, means manually operative to selec-
tively close the normally open circuit through cne
of the train wires or through two or more suc-
cessive train wires in parallel relation, whereby
simultaneous energization of the magnet devices
is ‘effected, circuit-controlling means normally
connecting the magnet devices to each of the
train wires and cperative in accordance with the
degree of the torque force exerted on the brake
device upon an application thereof, to succes-
sively interrupt the connection of the magnet de-
vices to each of the train wires, said circuit-con-

"trolling means being effective to open the circuit

first for only the application magnet device and
then for both the magnet devices, the maximum
degree of braking effect produced by the brake
device being different depending upon which of
the train wires is last included in the circuit of
the magnet devices, and manually operative
means adapted, independently of the first said
manually operative means, to close the circuit of
said magnet devices through at least one prede-

termined -train wire, whereby a predetermined -

degree of braking eifect. is produced by the brake
device.

49. Tn g vehicle brake system, an electric brake
device, means operative to effect excitation of the
electric brake device, finid pressure operated rheo-
stat means operative upon an increase in the
pressure of fluid supplied thereto to increase the
excitation of the electric brake device, means ef-
fective to prevent operation of said rheostat
mesans to further increase the excitation of the
electric brake device when the pressure of fluid
supplied to the rheostat means exceeds a pre-
determined pressure, and fluid pressure operated
means subject to the pressure of fluid supplied to
operate the rheostat means and operative when
the pressure of the fluid exceeds a second pre-
determined pressure higher than the first pre=
determined pressure to effect interruption of the

‘exeitation of the electric brake device.

50. In a vehicle brake system, an electric brake
device effective to produce a pbraking effect on the
vehicle variable upon variations in the speed of
the vehicle and upon variations in the degree of
éxcitation thereof, means operative to effect in-

’itial excitation of the brake device, fiuid pressure

operated rheostat means operative upon an in-
crease in the pressure of fiuid supplied thereto

" effect pr
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to increase the excitation of the brake device,
means operatively controlling the supply of fiuid
under pressure to and the release of fluid under
pressure from the rheostat means, means condi-
tioned according to the braking effect produced
by the brake device for so controlling said last
means as to cause the pressure of the fluid sup-
plied to operate the rheostat means to be so in-
creased as the braking effect produced by the
brake device tends to decrease that the said
brake device produces a substantially uniform
degree of braking effect, and fluid pressure op-
erated means subject to the pressure of fluid sup-
plied to operate the rheostat and operative when
the pressure of the fluid exceeds a predetermined
pressure for effecting interruption of the excita-
tion of the electric brake device.

51. In a vehicle brake system, an electric brake
device, fluid pressure operated means operative
in response to a predetermined pressure to effect
excitation of the brake device, valve means op-
erative to control the supply and release of fluid
under pressure to and from the fluid preéssure
cpera‘ted means, and a second filuid pressure op-
erated means subject to the pressure of fluid
supplied to said first fluid pressure operated
means and operative in response to a second pre-
determined pressure higher than the first pre-
determined pressure for effecting interruption of
the excitation of the said brake device:

52. In a vehicle brake system, brake means,
control means operative to cause fluid under pres-
sure to be supplied or released to effect applica-
tion or releaze of the brake means, means opera-~
tive to control the operation of said control
means including means adapted to be conditioned
responsively according to the lcad carried by the
vehicle, and means effective when the pressure
of the fluid supplied upon cperation of the said
control means to effect application of the brake
means attains a predetermined value for render~
ing the load responsive means responsive to
changes in the load carried by the vehicle.

53. In a vehicle brake system, electric brake
means, fluid pressure operated rheostat means
operative to vary the excitation of the electric
brake means, -control means operative to cause
fluid under pressure to be supplied or released to
effect operation of the rheostat means, means
operative to control the operation of said control
means including means adapted to be conditioned
responsively according to the load carried by the
vehicle, and means effective when the pressure
of the fluid supplied upon operation of said con-
trol means attains a predetermined value for

rendering the load responsive means responsive-

to changes in the load carried by the vehicle and
for effecting interruption of the excitation of the
said electric brake means. - . o
54, In a vehicle brake system, in combination,
brake means for producing a braking effect on
a vehicle  wheel, power-transmitting means
through the medium of which the brake means
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produces braking effeci on the wheel, said power-

transmitting means having two parts adapted
to move yieldingly relative to each other to &
degree in_ accordance with the degree of braking
uced on the wheel, a rheostat condi-
tioned according to the degree of relative move-
ment. of the parts of the power-transmitting
means, electro-responsive means energized to a
degree according to the condition of the rheostat,
and means actuated according to the degree of
energization of the electro-responsive means eand
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thus according to the degree of braking effect pro- '
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duced 6n the wheel, for controlling the said brake
85. In a vehicle brake system, in combination,

" brake means for producing a braking effect on

10

& vehicle wheel, a power-transmitting device
through the medium of which the brake means
produces braking effect on the wheel, said device

‘having two parts adapted to move yleldingly relda-

tve to each other to a degree in accordance with
the degree .of braking effect produced on the

- wheel, means manually operative to effect appli-
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cation of the brake means, a rheostat conditioned -

according to the degree of relative movement of
the parts of the said device, electro-responsive
means energized to a degree according to the
condition of the rheostat and subject to the con-
trol of said manually operative means, and means
actuated in accordance with the degree of ener-
gization of the electro-responsive means and thus

according to the degree of braking effect produced .

on the vehicle wheel, for controlling said brake

§6. In a brake system, in combination, a driven.
element, driving means, means for braking said
driving means, power-transmitting means

through the medium of which said driving means -

drives the driven element, said power-transmit-

ting means including resilient “yielding means

whereby relative movement of the driven element
and the driving means occurs upon application
of the braking means to the driving means, the
degree of relative movement .of the driven ele-
ment and the driving means being in accordance
with the degree of braking effect produced on
the driven element, rheostat means conditioned

. according to the degree of relative movement of

the driving means and the driven element, elec-
tro-responsive means energized to-a degree cor-
responding to the condition of the said rheostat
means, and means actuated in accordance with
the degree of the energization of the electro-
responsive means and thus according to the brak-
ing effect produced on the driven element, for
controlling the braking means.

57. In & vehicle brake system, in combination,

8 pair of axles, individual driving means for each

Eo
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of sald axles, individual means for braking each

of the said driving means, power-transmitting
means through the medium of which each axld
is driven by its corresponding driving means, each
of the power-transmitting means having resilient
yielding means whereby relative movement of
the driving means and the axle driven thereby

may occur, the degree of relative movement being °

in accordance with the degree of the braking
effect produced on the axle, a rheostat device
associated with each power-transmitting means
and conditioned according to the degree of rela-
tive movement of the driving means and the cor-
responding axle, an electro-responsive device for
each axle energized to a degree in accordance
with the condition of the corresponding rheo-
stat device, and means controlled jointly by said
electro-responsive devices and actuated in ac-
cordance with the greater of the braking effects

produced on- the two said axles, for controlling -

the braking means for both axles.

58. In a vehicle brake system, in combination,
a palr of axles, individual driving means for each
of said axles; individual means for braking each
of the sald driving means, power-transmitting
means through the medium of which each axle
is driven by its corresponding driving means,

“each of the power-transmitting means having

resilient yielding means whereby relative move-
ment of the driving means and the axle driven
thereby may occur, the degree of relative move-
ment being in accordance with the degree of
the braking effect produced on the axle, s rheo-
stat device associated with each power-transmit-
ting means and conditioned according to the de-

gree of relative movement of the driving means

and the corresponding axle, an electro-responsive
device for each axle energized to s degree in ac-
cordance with the condition of the corresponding
rheostat device, and means controlled Jjointly by
sald electro-responsive devices and actuated in
accordance -with the difference of the braking
effects produced on the two said axles, for con-
trolling the brake means for both axles.

JOHN W. LOGAN, Jz.
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