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‘Theodore H. Schoepf and David M. Ritchie, Cin-
cinnatl, Ohio, assiznors to The Cincinnati Trac- -
tion Bldg. Company, Cincinnatl, Chlio, a cor-

poration of Ohio

Appllca.tlon April 8, 1935, Serial No. 15,278

. 22 Claims,

This invention relates to vehicle controls, and
in particular, to the automatic control of the
movements of vehicle bodies, especially artlcu-
lated railway cars.

One object of our invention is to provide 8 con-
trol mechanism actuated by photo-electric cells
and adapted to'set in motion devices for counter-
acting the tilt;ng and twisting of vehicle car
bodies.

. Another : object is to provide such a control
wherein the photo-electric cell control unit is
mounted at a remote distance from the con-

trolled mechanism for resisting the twisting and

tilting of the vehicle body.
Another object is to provide such a control
mechanism wherein the photo-electric: ceil unit

" is placed at the forward end of the forémost car
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in such a-position as to be the device first sub-
jected to the tilt or twist brought about by the
car entering a curve, the action for resisting this

force being set in motion by the controlled de-~
vices before the vehicle bodies, upon which they
are mounted, begin to twist or tilf. In other
words, the control device anticipates the correc-
tive movements necessary to be made by the con-
trolled devices.

Another. object is to provide a photo-electric :

cell control unit and a plurality, of electro-hy-

. draulically controlled units, the latter being re~
sponsive to the signals sent by the former, and .

adapted to set in motion forces which will ¢oun-
teract the forces brought abqut by irregularities
in the track, such as curves and banks. -

In the drawings:

. Figure 1 is a drawing of the control unit A, the
electrica,lly controlled unit B, which units are

"to be mounted in the cars of the train as indi-

_cated by the letters A and B, and the hydraulic
" corrective arrangement C which latter is mount-
ed on the truck.

Plgure 2 is a view of a train of cars in which
the control units A, and the electrically con-
trolled units B, are, in practice, mounted.

Figure 3 is a view of another train of cars in
which are mounted the control unit at the point

indicated by A in the forward part of the front -

end of the first car, and the electrically con-
trolled unit at the station indicated by B while
the second and third cars, which follow the mo-
torman’s front car, have mounfed in them the
.electrically controlled units at the point B in the
second car, and likewise at the points B, B in
the third car. :

Pigure 4 is g top pla.n view of the photo-electric

(CL 105—164)

cell control unit shown at the upper paxt of
Figure 1.

Figure 5 is a fragmentary wiring diagram of
a modified portion of the control arrangement
shown in Figure 1. ’

Referring -te the drawings in detall, Figure 1

shows the general arrangement, both electrical .

and hydraulic, of the control arrangement of

our invention. It will be understood that the

device consists generally of three parts:

1. A photo-electric cell control unit A, shown
in the upper part of Figure 1, and preferably ar-
ranged in the forward part of the foremost car
of the train as seen in Figure 3;

2. A controlled unit B, shown in the central

part of Figure 1, and consisting of electrical mech-~

anism responsive to the signals sent out by the
control . unit shown in the upper portion of Fig-
ure 1; and-

3. Hydraulic mechanism C for applying resist-
ing forces in response to the action of the electro-

hydraulic mechanism in order to resist the action :

of the undesirable forces set up by 1rregu1arities
or curves in the track.

It will be understood that while a single photo-
electric cell control unit A is used, a plurality of
controlled units B may be provided, one pref-

10 -

15

20

Sa

25

‘erably for each circult of the car or for each end ‘

of each car.
‘This invention is applica.ble to ordinary trains,
with & plurality of trucks on each car, but it is

trains. The latter are used increasingly for ex-
tremely high-speed travel, where the irregulari-
ties and curves of the track aggravate the twist-

‘ing, torsion or tilting of the car floor, resulting in

great discomfort to the passengers.
For example, when the foremost car of a train

'enters a curve, the combination of centrifugal
-force, banking of the curve, and other factors

30 .

“especially valuable in its application to articulated .
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will tend to rock and twist the bodies around their .

horizontal axes, a reverse twist being given as

- the -car leaves the curve. This twist is experi-

enced .in succession by each car, and results in a
repetition of the twisting movements given to
the foremost car. Accordingly, the photo-electric
cell control unit A, hereinafter described, is pref-

45

erably mounted in the forward end of the fore-

mést car (see Fig. 3) so that its orders. will be
transmitted to the regulatory mechanism B in
the following cars so that the ‘regulatory forces
will be set in- motion slightly before the car

‘reaches the curve or track irregularity. In this

60

manner any time lag of the apparatus is com- - '

pensated for, such & time lag being otherwise.
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liable to bring the mechanism into operation after
the twist has taken place and too late for the cor-
rective measures.

Referring particularly to Figure 1, there is
shown at the left side a photo-electric cell con-

_trol unit, generally designated A; in the upper

middle portion of Figure 1, there is shown an
electrically-controlled unit, generally designated
B; and in the lower portion of Figure 1 there is
shown a hydraulic correctlve arrangement, gen-
erally. designated C.

Referring to Figure 1, the photo-electric con-
trol unit A consists of a pendulum (!, mounted
to oscillate around a pivot point 10, and carrying
on its lower end a light source 12, provided with
a suitable shield. Arranged beneath this light

-source 2 is a mirror {3.. On the right-hand and

left-hand sides of the light source 12 are arranged
suitably shielded photo-electric cell units {4 and
15, respectively. - On each side of the photo-elec-
tric cell unit 14 are mounted photo-electric cell
units 16 and I1. Simﬂarly, on either side of the
photo-electric cell unit 15 are mounted photo-
electric cell units 18 and 19, o ‘
The photo-electric cell units 16; 17, 18 and 19
are shielded to admit rays of light in a narrower

bundle and over a narrower angle than the photo-

electric cell units (4 and (5. The purpose of
this feature is to cause the light source 12 to send
illumination by reflection from the mirror 13 to
the photo-electric cell units 14 or 15, while the
pendulum is tilted generally in their direction,

- o restrict the entrance of rays to the photo-elec-

40

tric cell units 14 arnd 16 or 5 and (8, respectively,

-when the pendulum tilts through but a small _
- angle; and to the°photo-electric cell units 14, 16

and 17 or {5, 18 and 19, respectively, when the

-pendulum tilts through a large angle.

The tiltig of the pendulum is brought about
by the tilting of the car containing the.photo~

. electric cell unit A, the pendulum 11 remaining
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5 having an armature 22,

vertical while the other apparatus tilts relatively
thereto. The photo-electric cell unit 14 is con-
nected by the line 20 ta a solenoid winding 21,
This solenoid is arranged
in the controlled unit B. The solenoid armature
22 is connected in a manner hereinafter described
to a hydraulic valve 23, which serves to actuate
a portion of the hydra.ulic corrective mechanism
C. In a similar manner the photo-electric cell
unit 15 is connected by the line 24 to the solenoid
winding 25, having the armature 26 arranged to
operate the hydraulic valve 21.

The energization of the solenoid windings 2i
and 25, together with the remainder of the elec-
trical circuit, is brought about by the battery 29.
The line 28 from one pole of the battery 29 con-
nects the latter to one set of the terminals of the
photo-electric cells 14; 15, 16, 11, {8 and (9. The
opposite terminals of the photo-electric cells {4

and -9 are connected, as previously described, to-

the lines 20 and 24. The connections of the op-
posite terminals of the remaining photo-electric
cells 16, 17, 18 and 19 will be subsequently de-
seribed.

From the pole of the battery 29, opposite that
to which the line 28 is connected, the line 30
runs, branching in one direction to continue in
the line 32, serving to energize the solenoid wind-
ing 33 having an armature 3(. The line 32 also
serves to energize another solenoid winding 34.
The branch 35 of the battery line 30 serves to
energize the opposite terminals of the solenoid
windings 21 and 25, previously described. The
other terminals of the inner photo-electric cells

2,095,677

i6 and 18 are connected by the line 36 to the line
38, the latter running to the solenoid winding 33,

previously described, and completing the ener-

gizing circuit to the battery 29 when the photo-
electric cells 16 or 18 are energized by light fall-
ing upon them. Similarly, the other terminals

. of the outer photo cells 1T and 19 are connected

by the line 37 to the line 39, running to the sole-
noid winding 34 and completing the energization
circuit thereof when the photo-electric cells {1
and 19 are energized by light falling upon them.

The armature 31 of the solenoid winding 383 is
mechanically connected to the switch blades 40
and 41, these switch blades controlling the ener-
gization of the armature 42 of a motor employed
for creating the hydraulic pressure used for ap-
plying the corrective forces to the car. The ar-
mature 42 is provided with a brush 43, from which
the line 44 runs to the terminal 45 engageable by
the switch blade 41, and from the opposite ter-
minal 46 thereof, the line 47 runs to the line 32,
previously mentioned. Similarly, the opposite
brush 48 of the motor armature 42 is connected
by the line 49 to the switch terminal 50 engage-
able by the switch blade 40, and from the oppo-
site terminal 51 thereof the line 52 runs to the
armature series resistance 53. The opposite end
of the latter is connected by the line 54 to the
same pole of the battery 29 as the line 28, pre-
viously described.

From the line 54 the branch line 5% runs fo the
terminal 98, engageable by the switch blade 56
operated by the solenoid armature 59. . The op-

'posite terminal 57 thereof is connected to the

line 52. In this manner the energization-of the
solenoid windings 33 and 34 is controlled, respec-
tively, by the energization of the inner or inner
and outer photo-electric cells (6 or 18 or 16 and
i7 or I8 and 19, according. to the amount of tilt
of the pendulum; and the armature series resist-
ance 53 is inserted or withdrawn from the circuit

as.a consequence by the energization or deener-

gization of the solenoid 34.

The motor field 61 is likewise: electrically con-
trolled by the solenoid windings 21 and 25, previ-
ously described. The motor field 61 is connected
on one side by the line 62 and its branches 65
and 66 to the upper switch blade 61, operated by
the solenoid armature 22. From the opposite
lower terminal thereof the line 68 runs to the
fleld discharge resistance 69, the opposite side
of which is connected to one terminal engageable
by the upper switch blade 10, operated by the
solenoid armature 26. Similarly, the upper inner
terminals engageable by the upper switch blades
67 and 70 are interconnected by the line 13, from
which the line 14 runs to the battery 29.

The remaining upper terminals engageable by
the upper switch blade 10 are joined by the branch
lines 60 and 63 to the line 71, joining the line
72, which runs to the remaining pole of the motor
field winding 6f. The line 12 also runs to one
of the switch terminals engageable by the lower
switch blades 11, operated by the solenoid arma-
ture 22. The opposite terminal thereof is con-
nected by the line 76 to the nearest terminal en-
gageable by the switch blade 18, operated by the
solenoid armature 26. The line 16 is connected
by the line 75 to the battery 29. The remaining
terminal engageable by the switch blade 18 is con-~
nected by the line 19 to the line 62 running to
the motor field winding 61, as previously de-
scribed.

The hydraulic correctwe mechanism C is sup-
plied with pressure fluid by the piston rod 88,
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operating the piston 8 in the hydraulic cylinder
82, these being mechanically operated by the mo-
tor armature 42. 'The piston head 8f, on its op-
. posite sides, bears against the coil springs 83 and
84. One end of the hydraulic cylinder 82 is con-
nected by the pipe line 858 to the hydraulic valve

23, above the ported partition 86 thereof. The.

valve member 87 connected to the solenoid arma-
ture 22 is rranged to .open and close the port in
the partition 86, according to the action of the
solenoid/winding 21.

The opposite chamber of the hydraulic valve

‘ 23 is connected by the pipe line 88 to a branch

15

20

line 89, leading to the bottom of the-hydraulic
corrective cylinder 90. The latter is provided
with a piston §1{, having a piston rod 92 mechani-

cally connected to the body of the vehicle, as in- .

dicated diagrammatically by the reference
numersl 93, as shown in Fiig. 1. The opposite side
of -the cylind'er 98 is connected by the pipe line
94 to the pipe line 85, running to the lower cham-
ber of the hydraulic valve 7. The latter con-
tains the ported partition 98, having the valve
member 97 operating therein and controlled by

25 the solenoid armature 26, ¥From the upper cham-

30
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ber. of the hydraulic valve 27 the line 98 runs to
the left-hand end of the hydraulic cylinder 82.
From -the line 95 the branch line 95 runs to the
bottom of the hydraulic corrective cylinder {88.

The latter has a piston 181 with a piston rod 102 -

connected to the opposite side of the vehicle
body 93. Prom the opposite side of the cylinder
180 the pipe line 103 runs to join the pipe line 88,
leading to the lower chamber of the hydraulic
va,lve 23..

It will be observed by those skilled in the art

) that the wiring diagram of Figure 1 shows the

490

photo-electric - cells connected directly to the
various solenoid windings. This connection is
shown for the purpose of clarity and simplifica-
tion. It will be understood, however, that ordi-
narily amplifying and/or relay means are usuaily

. placed between the photo-electric cell and the
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devices controlled by it. Such amplifiers and re-

lays for use with photo-electric cells are conven-
tional and well known to those skilled in the art,
hence, require no detailed description. The ne-
cessity for such amplifiers and relays depends
upon the particular type of photo-electric cell
employed, and also upon other. conditions of the
instellation. Ordinarily,” a photo-electric. cell
alone does not deliver enough-current to operate
the solenoids intended to be controlled thereby,
resulting in the employment of amplifiers and/or
relays to accomplish this purpose.

Referring again to Figs. 1 and 3, in the opera-
tion of the mechanism of cur-invention, as the
forward car of the train enters a curve the bank
of the latter causes the car to tilt and the pen-
dulum {§ assumes an angular position with ref-

erence to the car floor. If the car tilts slightly

" to. the left (Figure 1) the pendulum {( appears

65
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to tilt to the left to an observer in the car. The

light rays from the light source {2 on the end of .

the pendulum are then reflected from' the mirror
§3into the interior of the phofo-electric cell unit
{5, energizing the latter and consequently the
solenocid winding 25 is energized by the completion

of its circuit with the battery 29. 'The consequent .

lifting of its armature 26 connects the switch
blades 78 and 76 to the switch terminals imme-
diately above these blades, resulting in the cut-
ting of the -field discharge resistance 69 out of
the motor circuit and the energization of the field
coll 61 with- current of one polarity. Similarly,

solenoid armatures 22 or 26, respdctively.

g

when the pendulum i1,in effect, tilts to the right -

by the tilting of the car, the photo-electric cell.

unit 14 is energized, as a consequence energizing

-the solenoid winding 21 from the battery 29, and

similarly, throwing the fleld discharge resistance

68 cut of the motor circuit and energizing the

fleld coil 61 with current of opposite polarity.

In the modification shown in Figure 5 the con-

struction is identical with that shown in Figure 1.
10

as concerns the electrical connections just de-
scribed, with the exception of the fact that a
capacitor 69¢ is used in place of the field dis-
charge resistance §9. The action, however, as
well as the electrical connections, are otherwise
substantially the same and no further descrip—
tion is necessary.

Continuing with reference to Figure 1 the
armature fleld resistancé 53 meanwhile is thrown
into or out of the circuit of the motor armature
42 by the energization of the solenoid windings
33 or 34 as controlled by the inner or outer groups
of photo-electric cells {8 and i8 or {7 and (8,
respectively. When the car tilts through but a
small angle the pendulum light source {2 reflects
rays into the inner photo-electric cells 16 or 18,
energizing the latter and consequently energizing
the solenoid winding 33 from the battery 25. The
armature 31 of the latter moves upward, closing
its switch blades 40 and 4! across the lines con-
nected thereto. This action places the motor

armature series resistance §3 in the-armature cir--
‘cult and causes the motor armature §2 to revolve.

with: a predetermined torque, with a consequent
effect upon the hydraulic pressure cylinder 82

"and its piston 8§ operated ﬁy the motor armature

82. On the other hand, when the car rounds a
steep curve the light rays from the light source

' §2 of the tilting pendulum are also reflected by

the mirror-"13 into the outer photo-electric cells
{7 or i8, energizing these and maintaining ener-
gization of the inner photo-electric cells 16 or
{8. The middle photo-electric cells {4 or 15,
also, remain energized throughout the tilting of
the pendulum because their shielding is not as
selective as that of the other photocells.

The energization of the outer photocells i1 or
§9 results in the consequent energization of the
solenoid winding 34 and the deenergization of
the solenoid winding 33. This results in the con-
nection of the lines 52, 58 and 55 through the

- switch blade §8, operated by the solenoid arma-

ture 58 and engaging the switch terminals §7 and
§8. This short-circuits the opposite terminals of
the motor armature series resistance 83, causing
the motor armature 42 to revolve with increased
torque, with an increased effect, upon the pro-
duction of hydraulic” pressure fluid within the
hydraulic eylinder 82. At the same time the en-
ergization of the solenoid winding 33 causes its
armature 31 and its switch blades 40 and 4f to
remain up, thus maintaining the circuit in the
lines 44 and 48 leading to the motor series arma-

_ture resistance 58.

Still continuing as. to Figure 1, the hydraulic
corrective mechanism is set in motion by the valve
members 87 or 97 connected mechanically to the
When
the solenoid 28 is energized the valve member 37
rises 50 as to pass pressure fluid from the cylinder
82 by way of the line 98, through the valve 27,
thence by way of the lines 35, 94 and 99 to the
upper side of the right-hand hydraulic’ cylinder
90 and to the lower end of the left-hand end hy-
draulic cylinder 109. This causes the piston 81 to
move downward and the piston 84 to move up-

.
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ward, creating a resisting force upon the car body
83 in opposite directions.

Similarly, if the solenoid winding 2! is ener-
gized in a manner previously described, the valve
member 87 rises from its port in the partition 86.
This permits pressure fluid to pass from the right-
hand side of the hydraulic cylinder 82 by way of
the pipe line 89 to and through the valve 23,
thence by way of the pipe lines 88, 89 and 103 to
the bottom of the hydraulic cylinder 90 and the
top of the hydraulic cylinder 100. The upward
motion thus given to the hydraulic piston 81 and
the downward motion given to the piston (81
cause g reverse effect to be given to. the vehicle
body 83 from that just described.

In Figure 2'we have shown in side elevation a
train of three cars and we have indicated by the
letters A and B the stations or places in the
respective cars where the control unit A will, or
may be, placed in each car, and where the electri-
cally controlled unit B will, or may be, placed in
each car. In this illustration each car has mount-

‘ed therein one control unit A and a plurality of
- controlled units B.

And fnally, referring to Figure 3, it will be seen
that in the forward part of the forward car, which
is’ at- the extreme left in the drawings, there is
located the control unit A, and at any suitable
place there is also located in each car one of the
electrically controlled units B.

In these connections we have not mentioned, as
yet, the location of the hydraulically corrective
arrangement C, which is comprised of the cylin-
ders 80 and 100, the pistons 91 and 104 and the

piston rods 82 and 102 and their connecting hy-.

draulic pipe lines 8% and {03, and 84 and 99, all
of which devices of unit C are carried by the
trucks.-

In Figure 1 we have also shown the truck mem-
bers comprising the bolster ¢ supporting the
socket plate b, and the articulation trunnion ¢,
the trunnions being carried by the car body or
underframe. .

There is also shown in dotted lines a trans-
verse car body member or bolster d having con-
tact parts e with which the hydraulic piston rods
82 and 102 make connection so as to control or
oppose the side tipping of the car bodies, which
is the primary object or result sought by this in-
vention.

In Figure 2 the arrows f indicate the connec-
tion between the control unit A and the several
controlled units B, each car being complete in

“having one unit A and two units B which are con-

trolled thereby. In Fig. 3, it is similarly shown
how the arrow lines ¢ and-the extended connect-
ing line h are used te transmit the control from
the control unit A to the controlled units B in the
several cars. In this Figure 3 we also have one
controlled unit B in each of two of the cars and
two controlled units B in one of the cars. This

is to illustrate such an installation if it be desir-

able or required.
‘We desire to comprehend within our invention

such modiﬁcations as may be embraced within the -

claims and the scope of the inventlon
Having thus fully described our invention, what
we claim as new and desire to secure by Letters
Patent, is: ‘
1. In a method of controlling the tilting move-
ments of a plurality of railway cars in a train,
recelving the tilting movements of the foremost

~ car at a position near the forward end thereof,

75

signalling these changes to the succeeding cars
ahead of the reception.of such changes by said

2,005,677

cars, and causing the thus anticipated action to
be resisted by setting up opposing forces before
the expected changes occur.

2. In a method of controlling the t11t1ng move-
ments of a plurality of railway cars in a train, re-

“ceiving the tilting movements of the foremost car

at a position near the forward end thereof, sig-
nalling these changes to the succeeding cars, and
causing the signals to release resisting forces op-
posed to the forces which will tilt the car as soon
as the anticipated changes occur but in advance
of the occurrence thereof.

3. In combination, a car, means for resmting
the tilting movements of the car, and means for
initiating the operation of said resisting means at
a point remote therefrom, said initiating means
comprising a photo-eiectric cell and a light source
adapted to be moved relatively to one another
during the tilting of the car.

4, In combination, a plurality of cars arranged
in a train, means on each car for resisting the
tilting movements thereof, and means in the fore-
most car for initiating the operation of said re-
sisting means prior to the tilting thereof by the
causes which tilt the foremost car, said initiat-
ing means comprising a photo-electric cell and a
light source adapted to be moved relatively to one
another during the tilting of the car. ’

5. In combination, a car, means for resisting
the tilting motion of said car brought about by
changes in the relative elevation of the rails of
the track, g light source and a photo-electric cell
movable relatively to one another and located
near the forward end of said car, and electrical
means for transmitting the signals of said photo-
electric cell ‘to said resisting means to operate
the same in anticipation of the changes in the
tilt of the car brought about by the changes 1n
the track. i

6. In combination, a car, means for resisting
the tilting motion of said car brought about by
changes in the relative elévatjon of the rails of
the track, a light source and a photo-electric cell
movable relatively to one another and located
near the forward end of said car, and electrical
means for transmitting the signals of said photo-
electric cell to said resisting means to operate the
same in anticipation of the changes in the tilt
of the car brought about by the changes in the
track, said resisting means comprising hydraulic
cylinder and piston assemblies connected to tilt

-said car, a source of pressure fluid and wvalve

means controlled by said photo-electric cells
to regulate the admissmn of fluid to said assem-
blies.

7. In combination, a plurality of cars connect-
ed in series, a tilt-responsive photo-electric cell
control unit arranged in the foremost car, and
tilt-resisting means in the succeeding cars con-
trolled by said unit.

8. In combination, g plurality of cars connected
in series, a tilt-responsive photo-electric cell con-

trol unit arranged in the foremost car, and tilt--

resisting means in the succeeding cars controlled
by said unit, said photo-electric cell control unit
comprising a light source and a photo-electric
cell movable relatively to one another by the
tilting of said car, said photo-electric cell being
shielded to receive illumination from said light
source only during the tilting of said car.
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‘9. In combination, a plurality of cars connected -

in series, a tilt-responsive photo-electric cell con- -

trol unit arranged in the foremost car, and tilt-
resisting means in the succeeding cars controlled

by sald unit, said photo-electric cell control unit

5
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-ed in séries, s tilt-responsive bhoto-electric cell
control unit arranged in the foremost car, and.

comprising a light source and a pair of photo-

" electric cells movable relatively to. one another

by the tilting of said car, each of said photo-
electric cells being shielded to receive illumination
from said light source during different positions
of tilt of said car whereby to vary the resisting
force applied to the car according to the degree

- of tilt experienced by the car.

10

10. In combination, a plurality of cars connect-

.ed in series, a tilt-responsive photo-electric cell

. -control unit arranged in the foremost car, and

tilt-resisting means in the succeeding cars con-

- trolled by said unit, said photo-electric cell unit

15
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comprising a light source on a pendulum and a
photo-electric cell attached to the car body, said
photo-electric cell being shiclded to receivé the
illumination from said light source only during
the tilting of said pendulum by reason of the
tilting of §aid car.

11, In combination a plurality of cars connect-
ed in series, a tilt-responsive photo-electric cell
control unit arranged in the foremost car, and

tilt-resisting means in the succeeding cars con-

trolled by said unit, said photo-electric cell con-

‘trol unit comprising a light source on & pendu-

lum and a pair of photo-electric .cells shielded

5

tilt-resisting means in the succeeding cars con-
trolled by said unit, said photo-electric cell con-
trol unit comprising a light source mounted on
a pendulum, g mirror, and a pair of photo-elec-

. tric cells mounted on each side of said pendulum

and arranged to receive the light réeflected from
said mirror, one photo-electric cell on each side
of said penduluth being arranged to receive light

- rays wheri, the pendulum is tilted through a nar-

to receive.light at different degrees of tilt of said

pendulum, each of said photo-electrie cells caus~
ing the application of a different amount of re-
sigting force to said car accordjng to the tilt
of said pendulum.

12. In combination, & plurality of cars con-

‘nected in series, a tilt-responsive photo-electric

¢ell control unit arrangetl in the foremost car,
and tilt-resisting means in the succeeding cars

_controlled by said,unit} said photo-electric cell
unit comprising a light source on a pendulum and’

a photo-electric cell’'mounted on each side of said
pendulum to' receive the illumination from said
light source only during opposite tilts of said

" pendulum, one of said photo-electric cells being

. to-electric cell being adapted to operate the tilt-
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" adapted when energized fo operate the tilt-re-

sisting means in one direction and the other pho-

resisting means in the opposite direction. _
13. In combination, a plurality of cars connect-
ed in series, a tilt-responsive photo-electric cell
control unit arranged in the foremost car, tilt-
resisting means in the succeeding cars controlled
by said unit, and a pair of photo-electric cells
mounted on each’side of said pendulum, each
pair of said cells being shielded to receive the
illumination from said light source only during
the tiliing of said pendulum in one direction,
the photo-electric cells on a given side. of said
pendulum being arranged to operate the tilt-re-
sisting means in one direction but at different
amounts according to the degree of tilt signalled
to said cells by the differing tilt of said pendulum.
14. In combination, & plurality of cars connect-
ed in series, & tilt-responsive photo-electric cell
control unit arranged-in the foremost car, and
tilt-resisting means in the succeeding cars con-
troiled by said unit, said photo-electric cell unit
comprising g light source on a pendulum, & mir-
ror, and a photo-electric cell mounted on each
side of said pendulum to receive the illumination
from said light source only as reflected fiom said
mirror during opposite tilts of said pendulum, one
of said photo-electric cells being adapted when
energized to operdate the tilt-resisting means in
one direction and the other photo-electrlc cell be-

ing adapted to operate the tilt-re51st1ng means in’

the opposite direction.
15..In combmation, a plurality of cars Qonnect-

row angle and the other photo-electric cell be-
ing arranged to receive light rays only when the
pendulum it tilted through a wide angle, where-
by said photo-electric cells are arranged to op-
erate the tilt-resisting means by different.de-
grees according to the degree of tilt of said pen-
dulum .as caused by differing degrees of tilt of
the car.

16. A photo-electric cell control unit for regu-~
lating the tilt-resisting devices in a vehicle car,
comprising a light source mounted on a pendulum,
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and ‘a photo-electric cell arranged on each side .

of said light source, said photo-electric cells be-
ing screened to receive illumination only during
opposite tilts of said pendulum as caused by
opposite tilts of the car, said oppositely arranged
photo-electric cells being adapted to actuate the
tilt-resisting- devices in opposite directions ac-
cording fo the opp051te tilts given to said pen-
dulum,

17. A photo- electric cell control unit for regu-
lating the tilt-resisting devices of a vehicle car,
comprising 2 light source mounted on a pen-
dulum, a mirror, and a photo-electri¢ cell ar-
r.anged on each side of said light source to re-
ceive’ the radiation reflected therefrom by said
mirror, said photo-electric cells being screened
to receive illumination only during opposite tilts

"of said pendulum as caused by opposite tilts of

the car, said oppositely arranged photo-electric

cells being adapted to actuate the tilt-resisting -

devices in opposite directions according to the
opposite tilts given to said pendulum.

18. A photo-electric cell control unit for regu-
lating the tilt-resisting devices in a vehicle car,
comprising a light source mounted on a pendu-
lum and a pair of photo-electric cells mounted
on each side of said pendulum, said photo-electric
cells of each pair being shielded to receive il-
lumination only during different amounts of tilt
of said pendulum, each of said photo-electric
cells of each pair being adapted to operate the
tilt-resisting devices by & different degree ac-
cording to the amount of tflt given to said .pen-
dulum by the motion of the car.
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19. A photo-electric cell control unit for regu- .

lating the tilt-resisting devices in a vehicle car,
comprising & light source mounted on a pendu-
lum, & mirror, and & pair of photo-electric cells
mounted on each side of said pendulum and

: adapted to receive the illumination reflected from

said mirror, said photo-electric cells of each pair
being shielded to receive illumination only dur-
ing different amounts of tilt of said pendulum,
each of said photo-electric cells-of each pair being
adapted to operate the tilt-resisting devices by
a8 different degree according to the amount .of

"tilt given to said pendulum by the motion of the

car.

20. In combinuation, a8 plurality of cars con-
nected in series, a tilt-responsive photo-electric
cell control unit arranged in the foremost car,
and filt-resisting means in the succeeding cars
controlled by said unit, said photo-electric cell
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unit comprising a light source operatively con-
necte® to a pendulum and a photo-electric cell
attached to the car body, said photo-electric cell
being shielded to receive the illumination from
said light source only during the tilting of said

~ pendulum by reason of the tilting of said car.
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21. In combination, a plurality of cars con-
nected in series, a tilt-responsive photo-electric

cell control unit arranged in the foremost car,

‘and tilt-resisting means in the succeeding cars
controlled by said unit, said photo-electric cell
control unit comprising a light source operatively
connected to a pendulum and a pair of photo-
electric cells shielded to receive light at different
‘degrees of tilt of said pendulum, each of said
photo-electric cells causing the application of a

9,005,677.
_different amount of resisting force to said car

according to the tilt of said pendulum.

22, A photo-electric cell control unit for regu-
lating the tilt-resisting devices in a vehicle car,
comprising a light source operatively connected

to a pendulum, and a photo-electric cell arranged

on each side of said light source, said photo-
electric cells being screened to receive illumina-
tion only during opposite tilts of said pendulum
as caused by opposite tilts of the car, said oppo-
sitely arranged photo-electric cells being adapted
to actuate the tilt-resisting devices in opposite
directions - according to the opposite tilts given
to said pendulum.

THEODORE H. SCHOEPF.

DAVID M. RITCHIE.
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