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HYDRAULIC TRANSMISSION INCLUDING’f._'
ONE PUMP AND APLURALITY OF MOTORS:

Walter. Ferrrs, Milwaukee, Wis., assignor.to. The:
Oilgear Company, Mllwsukee Wis., a corpora- -

tlo:n of’ Wlsoonsm

L 14 Clmms

This invention- relstes to hydrsuho transmls—

[T

-pump to Wthh the 1111ets of the motors sre con-

nected in parallel with each other and the. speed

of each motor is controlled by passing the out-

flow from each motor through a choke which im- -
poeses: a. back pressure-on the motor: SO- thst the

total load. on: sach motor: oonslsts of the me-

chanical, load: thereon snd the bs,ck pressure A
- - ther

| thereon.

In: suoh a4, transmlssmn the pump must be
capable of delivering liquid. st a rate great enough

to.enable-all of the: motors: to operste simultane-

- ously at the- maximum.. speeds Whloh msy hef._l-.!i

if it delwers 11qu1d at. the rs.te_

required. bu,.

Apphcatmn Aprnl 3, 1947 Serls:l No:. 739 208
| ( CL | |
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's1on of the above. type be. moressed or. decreased
s1ons of the type 111 Wthh a plurshty of motors_-

sfter the motor speed. has. been: determlned by

-_a,dgustment of the choke which throttles the. out-

low irom the motor and if no means. be. pro-
1r1ded to compensate for Vsrlstlons in slip, then
euoh shsnge in.load will cause. the speed. of thst
motor to. vary from the desired. Speed |
The: present mventwn has an. an. object to

| prowde a hydrsuhc transmlsswn in Wthh a. plu- -

10

when one.or:more of the motors are operating at
a speed or-speeds:less.than such maximum, the

'-hqsld discharged by the pump W111 exceed the
Tquid required to energize- the motors and the

excess liquid must be exhausted through a. re~-

lief: valve-or an- equwslent demoe Whlch will re-

- sult in- loss of power and excesslve heating of

the: liguid. Therefore in -order. to obtsm eco-
homical operstlon snd to svold excessive hest-
ing- of the liquid, it is: necessary to. increase .or
decrease the rate st Wthh the pump delivers
Yquid- whenever the trsnsmlssmn is sdJusted to

rality of 1MOoLors. are: energlzed Py 11qu1d supphed-
eto from the ssme pump to which the mo-
tors are connected ‘in. parallel with esch other
the speed of each motor is. sdJusted and oon-
trolled by uhrotthng the outflow therefrom the
pump is sutomstroslly adjusted to.deliver liquid

at the rate required to cause the several motors
to operste atb thelr sdJusted speeds and at the
pressure reqmred to. enable the. most heamly

loaded motor to drive its. load, and the speeds
,of the mdlwdus,l motors are mamts,med w1th1r1 |

 closer limits than was. heretofore pos51b1e in
~transmissions of this type.

20

increase. or deoresse the. speed of one or more: .

B of. the motors
- Pumps . and- motors when operstlng under losd

30

esoh heve as an. mherent ohalsoterlstro there- |

.of. e “slip” which varies. in response to varia-

-tions-in the.drop in. pressure across the pump
. or motor snd. whloh consists of a number of

small factors. For example, the slip of a.pump

-includes liquid which.leaks.out of the cylinders,

liquid which leaks out of the pump valve, liquid
‘which: passes across. the face of. the pump valve

from its high pressure port to its 16w pressure
-port .and: the- compression. of the. 11qu1d due to

,orestmg pressure therein.

. I In a transmission -of the above type no
means. were provided to oompensate for varia-.

-tions in slip and if the pump were adjusted to
deliver. liguid at. just. the rate and pressure re-

- Another obJeot is. to provide a trsnsmlssmn
of the above type ih which. the pump is suto-

__,mstloslly sdJusted to oompensste for V&I’l&thI’J.S

in _slip in response to a Vsrlstlon 111 the losd on

any of the motors

This_is. scoomphshed by passing the outflow

from each motor through a “speed control,”

which throttles the fiow therethrough to there--'
0y oontrol the speed of the motor and by sdJust- |

“ing. the displacement of the pump either in re-
sponse .to adjustment of the speed control;or in

response. to variations in the speed of the mo-
tor which carries the heswest load. -
Esoh speed control may. be slmply a ohoke if

- some variation in motor speed is permissible or
it may be more complicated if the motor. speed._

- is to ke more. aoourstely controlled.

40

-quired to enable each. of" the motors to- operate

.at the desired speed, the variation in slip re-

sulting from a. change in the mechanical load
on any of the motors would" make the rate: of

pump . delivery. either. too little or too great to-

| -_.,:mamts,m the motors at the same speeds at which
‘they were operstmg before the chsnge in Iosd
~occurred.
~ Ifthe.load driven by a motor of a transmis-

b5’

The invention is exemplified by the tr snsrms-
sions.shown . sohemstloally in the. scoompanymg
_drawmgs 111 Whloh the. Vlews are as follows B

~of a trsnsmlsslon having a smgle motor snd a
; speed control. WhICh consists of a_single throttle
‘valve, a means for sdmstmg the pump bems
_-1]1ustrsted and the. parts being shown. in the
| "pontlons occubied. when the trsnsmlssmn is idle.

Fig. 2/ is a view. slmllsr "¢} Flg 1 but showmﬂ'

‘the pump promded Wlth a control in. sdd1tlon to
- the oo:otrol shown in Flg 1 and showing the speed
-oontrol as moludlng & oonstsnt pressure valve

in addition to the- throttle valve, the parts: bemg
shown in the positions: oooupled When the- trans-
mission- is operatmg
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Fig. 3 is o view similar to Fig. 2 but showing
the speed control as including means t0 compen-
‘sate for variations in the slip of the motor.

Fic. 4 is a view similar to Fig. 3 but showing

a speed control which will maintain the motor
speca proportional to a reference speed.
- Big. 5 is a diagram of the hydraulic circuit of
a transmission in which the invention is em-
bodied and in which the speed of each motor is
controlled by a speed control which may be any
one of the speed controls shown in Figs. 1-4.

The transmissions shown in Figs. 1-4 are not
claimed herein but are claimed in a divisional
application Serial No. 93,170, filed May 13, 1949,

| Figure 1

The transmission shown in this figure includes
a pump |, a motor 2 which is energized by liquid
delivered thereto by pump |, a choke or throttle
valve 3 which functions as a speed control for
motor 2, and a control valve 4 which functions
to effect adjustment of pump { until it is de-
livering liquid at the rate and pressure required
to enable motor 2 to operate at the speed de-
termined by the adjustment of throttle valve 3.

Pump | may be of any suitable type such as a
radial piston pump, an axial pump, a vane pump
or the like but it should have a control which is
adjustable in response to variations in the pres-
sure of the liguid discharged by motor <.

For the purpose of illustration, pump | has
heen shown as being of the well known radial
piston type and as having & displacement varying
member or slideblock 5 which is constantly urged
toward its maximum displacement position by a
predetermined force such as by a spring 5. Pump

{ may be provided with a control including a

piston 7 which is fitted in a stationary cylinder 8
and is adapted to move slideblock 5 toward its
zero displacement position when liquid 1s sup-
plied to cylinder 8 under the control of valve 4.

The transmission may be started and stopped
by starting and stopping pump { but for the
purpose of illustration it has been shown pro-
vided with a start and stop valve having a valve
9 fitted in a cylinder 18 which is connected by a

channel il to the outlet of pump | and is con-

nected by a channel 12 to the inlet of motor 2.
 Pump ! is adapted to draw liquid through a
_channel {5 from a reservoir 16 and to discharge
it into channel {I. ‘fThe pressure created by

pump | is limited by a relief valve {7 which in

practice is arranged inside the pump casing but
which has been shown as having its inlet con-
nected to channel 11 and its outlet connected to
‘2 channel 18 which is connected to channel 5
and also to valve casing 10.

Motor 2 has its outlet connected by a chan-
nel 19 to the casing 20 of throttle valve 3. Casing
98 has an axial bore 21 and an annular groove
or port 22 formed in the wall of bore 21 and com-
municating with channel 18. Port 22 is con-
trolled by a hollow valve member or throtile 23
‘having one or more orifices 24 formed in its side
wall and adapted to register with port 22 to a
creater or lesser extent so that liquid may flow
from channel 19 through port 22, orifices 24 and
the interior of throttle 23 into the right end of

“bore 21 which is connected by a channel 25 to

reservoir 16. Since motor 2 can discharge liquid
only at the rate at which the discharged liquid
.can fow through orifices 24, throttle valve 3 con-
stitutes a speed control for motor 2.

Throttle 23 is urged ftoward the right by a
spring 26 and it is adapted to be moved toward

10

15

20

25

30

39

plunger 35 may be

4

the left by means of a rod 27 which is fixed to
throttle 23 and extends through the right end of
casing 20. Adjustment is made by moving rod
27 in one direction or the other. As shown, rod
27 encages an adjusting screw 28 which may be
turned in one direction to move throttie valve
23 toward the left or may be turned in the op-
posite direction to permit spring 26 to move
throttle 23 toward the right and thereby vary the
effective area of orifices 24. Throttle 23 may be
provided with a stem 29 which extends through
the left end of casing 20 and carries & g8age block
20 so that the distance between the edge of port
29 and the edges of orifices 24 may he determined
by measuring the distance between block 30 and
5 fixed point such as the end of casing 20.

Control valve 4 has heen shown as including
a valve plunger 35 which is fitted in a valve casing

36 having three annular grooves Ol ports 31, 38

and 39 formed therein. Port 3T may be of sub-
stantial width and the central piston 40 on
of the same width so that,
when plunger 35 is in its central position, port
27 will be blocked but a very slight movement of
plunger 35 in one direction or the other will
open port 37 to one or the other of ports 38

and 29.

However, port 37 has been shown as being rela-

tively narrow and piston 40 has been shown as
having a plurality of tapered grooves 4i extend-
ine toward each other from opposite ends there-
of and so located that, when valve plunger 39
ig in its central position as shown in Fig. 2, port,
27 will be substantially blocked, & slicht move-
ment of plunger 33 in one direction or the other
from its central position will cause & slight flow
of liguid to or from port 31 and a greater move-

- ment of plunger 3% will cause a sreater flow.

40

o0

59

60

" in channel 19.

65

70

16

Port 27 is connected to cylinder 8 by a chan-
nel 42, port 38 is connected to reservoir 16 by
o channel 43 and port 39 is supplied with motive
liquid in any suitable manner such as by being
connected to channel 12 by a channel 44, The
arrangement is such -that, when valve plunger

= 35 is shifted toward the richt from its central

position, ligquid may escape from cylinder 8
throuch channel 42, valve 4 and channel 43 to
reservoir 16 and thereby permit spring 6 to move
slideblock 5 toward the right to increase the dis-

placement of pump | and, when pump | is de-~

livering liquid to motor 2 and valve plunger 35

‘is shifted toward the left, liquid may flow from

channel 12 through channel 44, valve 4 and chan-
nel 42 to cylinder 8 and cause piston 1 to shift
slideblock 5 toward the left to decrease the dis-
placement of pump |.

Valve plunger 35 is urged toward the right by
a spring 45 and it is adapted to be moved toward

‘the left by a piston 46 fitted in a cylinder 47 which

is arranged upon or formed in the right end of
valve casing 36. The right end of cylinder 41 is
connected to channel 19 by a channel 48 so that
piston £§ is subjected to any pressure prevailing
When the pressure in channel
(9 rises to such a value that the force exerted
by the liquid upon piston 46 exceeds the force

exerted upon plunger 35 by spring 45, piston 46

will move plunger 35 toward the left, and when
the pressure in channel 19 drops below that value,
spring 45 will move plunger 35 toward the right.

1f channel 48 were unrestricted, a sudden rise
in pressure in channel 19 above the given value
misght cause liguid to flow so rapidly through
channel 48 to cylinder 47 that piston 46 would
move valve plunger 35 far enough to permit liq-




- uid to flow at g, ramd ra;i:e from channel 12 into '

cyhnder g and cause plston T 10 move shdeblock

b far enough tewerd the left to reduce. pump dis-
placement too much which wotild result in a drop

in. pressure Whleh then would cause slideblock L)

to. again move toward the. right. Slideblock § |

might be shifted. several tlmes before 1t stopped
in its correct pesﬂ;mn

In ordei to avoid the DOSSIblllty that, sllde- o
block B nught oscillate or hunt, the flow from
channel i9 to cylinder 47 is restricted such as by -
inserting a choke 49 in. channel 48. However |

1. is desirable that the. dlsplacement of pump

{ be mcreesed rapidly when. necessary. There-
fore means are provided for permlttmg free flow

. from cylinder 47 to channel 19 such as by con-
nectmg 2, check valve. 50 0 in parallel with. choke 49.

Opemtzon -
When pump i is lunnmg and valve 9 is in the

posmmn shown in Fig, 1, pump i will be at its

at the predetermmed back: pressure thereby- '

. ¢ansing- the back pressure to-increase and enzble
_plston 46 t0- move valve plunger 35 far-enough to

10
‘amount, such as 25 p: s i Tequired to enable
| pleton eﬁ to shlft valve plunger 35 agamst the

epen port 3T to port- 39. Then liguid will' flow

from channel 12 through channel 44, valve 4 and

channel’ 42 to cylmder 8 and cause piston 7 to
-shift slideblock 5 toward the left until pump- §

Is delivering  only enough: liguid: to' maintain a
pressure which exceeds the pressure required
by miotor 2 to drive its load only by the small:

reszstence of spring 45. |
“When the pressure drop across the: motor is

subtracted from the reduced input pressure in =

- channel12, the resulting back pressure in chan-

nél 19 is reduced by- the same: amount until the

- predetermined. value of say 20-p. 8. i is-reached.
At this point spring a5 overcomes the back pres-.

20

maximum displacement and will draw liguid

| threugh cha,nnel 15 from reservoir 16 and dis-
charge it 1111:0 ehennel R
by pump [ will flow through channel 11, valve
casing {8 and channels {8 and i5 back to the
| mlet of pump f.
‘velve £ will be held by spring 48 at the limit of
~ its movement toward the right due to the 1ack-
- of any pressure in ¢hannel {9. "
When valve-§ is shifted to the position shown
| m Fig 2, the liquid dlscharged by pump ! will
ﬂow threugh channel §i, valve casing 19 and
~channel {2 to motor ) and cause it to start to
~ operate and to dlscharge liguid. through chan-

nel 19, throttle valve 3 and channel 25 to reser-
“yoir 16. Since motor 2 ¢annot msta,ntly acceler-

ate its load to full speed, the displacement of
pump { will remain at maximum, pump { will

~ continue to discharge liquid at its full volumetric

rate and bump pressure will rise to maximum
and open relief valve {1 so that the liquid d1s-
charged by pump [ in excess of the 11qu1d re-
quired by motor 2. may flow through relief valve
17 and channels 18 e,nd {5 back 1:0 the inlet of
the pump..

- Motor 2 will gra,dueﬂly accelerate and it will
dlscha;rge liguid at a gradually increasing rate

~ through channe! {8, throttle valve 3 and chan- |
nel 2§ to reservoir !5 Throttle valve 3 will at :

'ﬁrst offer but llttle resistance to the flow of lig-
"lud therethrough. but its resistance will gradually

The 11qu1d discharged

Valve plunger 35 of control.

sure aeting on piston 46 and moves valve plinsger
35 toward the right until port-37 is open to port
3% only enough to enable the pressure in chan-

~ nels 12 and 44 to maintain in cylinder '8- just

| e*ﬁeugh pressure to enable p1ston 1 to hold slide=
- block "

in its adjusted p931t10n against the.
thrust of spring 6.

Thereafter, if- the speed of motor 2 should tend
tio increase. ahove the speed determined by the

| ‘adjustment of throttle valve 3, motor 2 would

30

35

4D

tend to discharge liquid at an increased rate bui

this tendency would he resisted by throttle valve
3 which will cause the back- pressure:to rise and

shift piston 4§ and valve plunger 35 toward the
laft to effect a reduction in the displacement of

pump - and thereby overcome the tendency of
motor 2 to increase its speed.

Conversely, if the speed of motor 2:shonld tend
to decrease below the speed determined by the
adjustment of throttle valve 3. motor 2 would
tend to discharge liguid at a reduced rate which
would cause the back pressure to drop and per-
mit spring 4% to move valve plunger 35 toward
the right to effect an increase in the displace=

“ment of pump | and thereby overcome the ten-
; '_dency of motor 2 to decreaseits speed. -

Pump [ thus delivers only eriough liquid to en-
able motor 2 to Opere,te at the speed defermined
by the adjustment of throttle valve 3 and it
creates only enough pressure to enable motor 2 to

‘drive its load and to enable piston 2§ to- shift

- valve plunger 35 thereby avoiding the waste of

increase as the flow therethrough inereases and -

this increasing resistance will impose upon motor
2 a back pressure which gradually increases and
which extends from channel 1§ through channell

48 and acts upon plston 46.

Orifices 24 are so propmtmhed that, at e,ny'

- power and the heatmg of liquid which is inherent
in the prior transmissions in which motor speed
is controlled by throttling motor outflow.

Since the flow through an orifice varies 'Wlth

the drop in pressure thereacross, the speed of

motor 2 will vary somewhat from the speed de-

| "termmed by the adjustment of throttle valve 3

adjusted motor speed the entire d1scharge frem |

- motor 2 will flow through throttle valve 3. at a

60

.predetermmed low back pressure, such’ as 25

p. 8. i, in ehannel 18.. This low back pressure
is. sufﬁclent to cause piston 46 to move plunger
85 of control valve .4 into its neutral position as
shown in Fig. 2. Therefore when motor 2 reaches

its adjusted speed as determmed Dy the ad,]ust-_
ment of throttle valve 8§, the back. Ppressure in

channel 19 will be at the predetermmed value,
euch as 25 p. s. 1.,
W111 be in its. neutrel p051t10n |

Since at this time pump | is-: stlll dlschevglng
- liquid- at its maximum- rate, rzoter 2 will start to
run- faster than. its . edjusted syeed and to dlS-

-charge liquid at.a rate in- excess of the ratejat

‘Which 11q1.11d can ﬂow through throttle Valve 3

but the speed of motor 2 will be maintained with-
in a narrow enough range for many installations.

If it is desired to maintain the spesd of motor
2 within a narrower range, a constant pressure

~valve may be inserted into channel {9, as indi-

o5

-and control velve plunger 35
' 0

eated at 5l in Fig. 2, to maintain a substantlally

-- ..gensta,nt pressure at the inlet of throttle valve 3.

- Figure 2

| lﬂ this ﬁg"ule the transmission has been

_:-shown provided with two pump controls instead -

0f one. One of the controls includes a piston T

ftted in a cylmder 8 and a valve to control the

fiow-of liquid to and from cylinder 8 the same a8

in Fig. 1.

The othei' control is of the type which. permlts

75 the pump to mscharge hquid at its- full volu-
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- 7
metric rate until pump pressure reaches a given
maximum and then it reduces pump displace-
ment until the pump is delivering Just enough
liquid to maintain that maximum pressure col-
stant. This control may be of any suitable type,
such as that shown in Patent No. 2.080,810, but
for the purpose of illustration it has been indi-
cated schematically as having a piston 52 fitted
in a cylinder 53 which is connected to channel
{1 by a channel 54 having a choke 55 inserted
therein to limit the rate of flow from channel 1
to cylinder 53, a check valve 56 being connected
in parallel with choke 55 to permit free fiow irom
cylinder 53 to channel 1. A relief valve is bulit
~ into the pump or into the control according to

common practice but the relief valve has been
omitted from the drawing in order to avoid com-
plicating the view. |
~ Servo motor 52—53 has been shown arranged
outward from servo-motor T—38 with the stem of
its piston 52 adapted to engage piston 1 which
has its stem in contact with slideblock 5 but the
positions of the two servo-motors may be
reversed.

Also, a constant pressure valve 51 is arranged
in channel 19 to maintain a substantially con-
stant pressure at the inlet of throttle valve 3.
Since motor 2 can discharge liquid only at the
rate at which the discharged liquid can flow
through the orifices 24 of throttle valve 3 and
since valve 5 maintains a substantially constant
pressure at the inlet of throttle valve 3 so that
the drop in pressure across orifices 28 is substan-
tially constant, throttle valve 3 and constant
pressure valve 51 constitute a speed control for
‘motor 2. -

The transmission is otherwise the same as
shown in Fig. 1. Therefore, like parts have been
indicated by like reference numerals and further
description thereof will not be given.

When the transmission is started and pump
pressure rises to maximum, liquid will flow from
channel {1 through channel 34 1o cylinder 93
and cause piston 52 to shift slideblock 5 toward
the left and thereby reduce pump displacement
until pump f is delivering just enough liquid to
maintain that maximum pressure constant.
Thereafter, the transmission will function in the
previously described manner. However, valve 51
will maintain a substantially constant pressure
at the inlet of throttle valve 3 and, when motor
9 tends to accelerate beyond the speed deter-
‘mined by the adjustment of throttle valve 3,
constant pressure valve 51 will cause the back
pressure in channel {8 to rise very abruptly and
promptly effect a reduction in pump displacement
- whieh is just sufficient to overcome the tendency
of motor 2 to accelerate. The speed of motor 2
is thus maintained within closer limits than would
be possible if valve 51 were omitted.

Figure 3

In this ficure, the transmission has been
cshown provided with means to compensate for
variations in the slip of the motor due to varia-
tions in motor Iocad. The pump may be provided

a

with a single control as shown in Fig. 1 or it may

be provided with two controls as shown in Fig.
Since the transmission is otherwise un-
changed, like parts have been indicated by like
reference pumerals and further description there-
of will not be given. -
When a motor is operating under load, liquia
will pass across the face of the motor valve from
the inlet port to the outlet port thereof and will
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augment the volume of liquid discharged from
the motor cylinders, and the liquid discharged
from the motor cylinders will expand into &
oreater volume due to the drop in pressure across
the motor. The liquid which passes across the
face of the motor valve and the expansion of the

liquid discharged from the motor cylinder causes
the motor during each revolution thereof to dis-

charce 2 volume of liquid in excess of the volume
of high pressure liquid contained in its cylinders,
that is the liquid actually used in driving the
motor, and this excess liquid will be referred to
herein as the “slip” of the motor.

Compensation for variations in motor slip may
be made by varying the effective area of orifices
24 in throttle valve 3 in response to variations in
the drop in pressure across the motor but the
transmission has been shown provided with a
separate choke or slip compensator 51 which is
connected in parallel with throttle valve 3 and is
adjusted in response to variations in the drop in
pressure across the motor.

The slip compensator may take various forms
but for the purpose of illustration it has been
shown as including a body 58 having an inlet
chamber 59 formed therein and connected by a
channel 50 to channel {8 at a point between

throttle valve 3 and constant pressure valve 9.

Chamber 59 intersects a bore 61 which is formed
in body 58 and communicates at its lower end
with a discharge channel 62 shown as heing con-
nected to discharge channel 25, A throttle 63 is
closely fitted in bore 6 and has an axial nore 6d
extending inward from its lower end into com-
munication with one or more orifices 65 formed
in the wall of bore 64 and adapted to register to a

- greater or lesser extent with chamber 59 when the
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slip compensator is functioning.

Body 58 also has provided therein a back pres-
sure chamber 66 which is connected to the out-
let of the motor to be controlled such as by heing
connected by a channel 87 to channel 13 at &
point between motor 2 and constant pressure
valve 51. A plunger 68 is closely fitted in the

lower part of body 58 and extends into chamber

66 so that its upper end is subjected to any pres-
sure prevailing in chamber €6. Plunger 68 is
adapted to transmit motion to a lever 69 which is
pivoted intermediate its ends upon the upper end
of throttle 63. Preferably, one end of lever 69 is
connected to the lower end of plunger 48 by &

yoke which extends around body 88 but for the

purpose of illustration plunger §8 has been shown
as being connected to one end of lever 68 by a rod
10 formed integral with plunger 68 and as being
urged upward by a spring Ti which encircles rod
10 between the top of body 58 and adjusting nuts
12 which are threaded upon rod 79, upward
movement of plunger 68 being limifed by a stop
13 arranged upon its lower end. '
Body 58 also has formed therein a high pres-
sure chamber 14 which is connected to the inlet
of the motor to be controlled such as by being
connected to channel §2 by a channel 5. Closely

fitted in the upper part of body &8 is a plunger
18 which extends into chamber T4 and is con-

nected at its upper end to the other end of lever
69. Plunger 16 has a stop 17 fixed to or formed
upon the intermediate portion thereof and it is
urged downward by a spring 718 arranged be-
tween stop 77 and an abutment 19 which is fas-

tened to body 58.

The arrangement is such that the pressure pre-
vailing at the inlet of the motor tends to move
plunger 16 upward and the pressure prevailing
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at the outlet of the motor tends te meve plunger |

- 68 downward. When the inlet pressure exceeds

the value determined by the adjustment of spring
18, the liquid in chamber 14 will move plun er 15
-._upward and compress spring 18 until the force

o

exerted by spring 18 equals the force exerted by o

the liguid upon the lower end of plunger 78.

‘When the outlet pressure exceeds the value de-

termined by the adjustment of spring i, the
liguid in eua,m‘her 68 will move plunger 68 dewn-.

ward and compress spring T1 until the force ex~
erted Ry the-

erted by spring 71 equals the force ex
liguid upon the upper end of plunger 88,
Upward movement of e1the1 one of the twe

plungels 68 and 16 without a eerreeperdme-

downward movement of the et‘lel one of the two
plungers will cause lever 69 to raise throttle 63
- and thereby increase the eff
65. That. is,
register with ehamber 53. Conversely, downwerd

10

" fected by means of a lever 88 which engages the
control rod 27 of throttle valve 3§ and has one
of its ends pivoted to nut 85 and its other end
"ﬂpire ted upon a normally stationary pin 89.

- which leg 81 of the di
eetwe area of orifices.

a greater area of orifices 85 will
20

movement of either one of the two plungers 58
and 78 without a correspendmg upward move--

ment of the ofher one.of the two plungers. will

cause lever 89 to lower throttle 83 and thereby -, 5

~ decrease the effe ective area of orifices 65.
When the motor is drwmg a, substentlel load,

the inlet pressure will be high enough to have

raised plunger 18 part way to the limit of its
movement, the back preesure or outlet pieqsure

will be high enough to have moved plunger 68 .
downward a short distance and the relative posi-

tions of the two plungers will be such that lever

88 will have raised throttle §3 to uncover a part of
the area of orifices §5. If springs T1 and 18 are

properly calibrated, the positions .of plungers 63
and ‘7§ will be such that the effective area of ori-

fices 65 will be just lar ge enough to permit hquld-;

10

~ Throttle Valve 3 is adjustable in any suitable

manner in response to rotation of leg 82. As
shown, leg 82 is adapted to rotate a screw 84 hav-
ing a nut 85 threaded thereon and restrained from
rotation in any suitable marnner so that rotation
of screw 84 in one direction or the other will
cause nut 85 to move axially in one direction or
the ether axial movement of nut 85 being limited

by two steps 86 and 87. Adjustment of throttle

valve 3 in 1esponee to movement of nut 85 is ef=-

Inorder that the motor speed may be adjusted,
Means may be provided to regulate the speed at
Terential is driven. As
shown, leg 81 is driven from a power source
through a friction trane‘nmsmn having a cylinder
90 which is connected tc leg 81 by a suitable drive

'9! a, frletlen disk ‘92 which is driven at a refer-

ence speed, two balls 93 which transmit motion
from disk 92 to cylinder 90, and an adjusting

- member 94 which retains balls 938 in adjusted po-

30

sitions and alvo carrles the pin 89 upon which
lever 88 is pivoted. o
Disk 92 may be drlven at any desired speed

 which may be constant or varied. As shown, disk
82 is driven through a sulteble drive 95 from g
constant speed electric moter 96.

Ad;lustmg

~ means 84 may be moved to and held in adjusted
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bosition in any suitable manner but for the pur-
‘pose of illustration it has been shown as being

adjusted by means of a:nut 87 which is threaded
upon one end portion of member 94 and is held

- against a stationary abutment 98 by the thrust |
- of the spring 26 in throttle valve 8. | |

to flow therethrough at a rate approximately

- equal to the slip of the motor. Thereafter, a vari-

“ation in the load upon the motor will cause a 10

variation in the drop in pressure across the motor
which will cause plu,n-rer 76 and/or plunger: 68 .
to readjush throttle 83 in eeﬂerdenee with the'-

“variation in. motor slip due to the wvariation in
45

motor load. Threttle valve 3, eeeeteat pressure

__a spe=d eentl ol for motor 2.

- The transmission will funetlen 111 the prewously-;
- described manner except that a- part of the liquid.
ischarged by motor 2 will flow through slip com-
~ pensator 57 and the rate of flow through com-
- pensator ET will be varied propertlenally to varia-

tions in. pressure drop across the motor to com-
,pensate for the varigtions in- meter Sllp

Fegm‘e 4

: In tﬁis 'ieure threttle velre 3 has been shown

The arrangement is sueh that, 1f ba,lls g3 wele

"en the axis of disk 92, no motion would be trans-
‘mitted from disk 92 to cvlinder 96 but, when disk
92 is rotated and balls 93 are off
of disk 92, cylinder 99 will be driven through balls
93 from disk 92 and it will drive leg 81 of the dif-
ferential through drive 81! at a speed determined :
by the dlStELIlCE balls 93 are offset frem the axis -

valve 51 and slip eempeneeter 57 thus eenst1tute __ef disk 92.

'set from the axis

The transmlssmn will operate in the. prevmusly

'_'jdeecrlbed manner -excent that a variation'in the

- Speed of motor 2 relative to the reference speed

50

N5 S
@

~as being adjusted in response to the speed of -

_meter 2 varying relatively to -a reference. Speedf
instead of having only a ‘manual adjustment as.
shown in Figs. 1, 2 and 2. Since the transmis-

60

sion is eth.ermse unehenged from the form shown .

in Fig. 3, like parts have been indicated by like

reference numerals-and further: deserlptmn there- -

_:.-ef will notbe given.

As shown, the speed of meter 2 15 eompared;j” -

"Wlth a reference speed. through 2. dlfferentlal hav- -

ing three. legs .80, 81 .and 82.

| The differential
‘has its first leg 88 drlven by meter 2 at g speed -
propoertional to the speed thereof as by means of

a suitable drwe 83 and its second leg 81 driven -

- at a reference speed so that its third leg 82 ro-
tetes in one dlreet‘*er or t11e other in response.

| .--ere-nee speed

- —

will ‘cause the diff

of liquid by motor 2 and thereby correct the varla.-
tmn In motor speed. | |

More specifically, an increase in meter speed
above the correct speed as determined by the ad-

__Justment of member 94 will cause drive 83 to in-

crease the speed of leg 86 of the differential rel-
atively to the speed of leg 81 and thereby cause
leg 82 to rotate. Leg 82 will rotate screw 84 which
will move nut 85 and the upper end of lever 88

- toward the left. Lever 88 through rod 271 will
‘move throttle 23 toward tbe left 1o deerease the

eﬁeetwe area of orifices 24 and thereby reduce

the motor speed: until motor 2 is operating at the
correct speed. Cenvereely, a decrease in motor
"-speed below the correct speed as determmed by
- the adjustment of member 94 will cause drive
. 83 to decrease the’ speed of leg 80 of the differ-
_ -ﬁ'ertze,l 1e1at1ve1y to the Speed of leg 8! and there-

70 i o
88 which will move nut 85 and the upper end of

- lever 388 teward the right. Mevmg lever 88 to-

oy cause leg 82 to rotate. Leg 82 will rotate screw

- ward the right will permit spring 26 .to move.
to the motor speed varying reletlvely te the ref-

75

throttle 23 toward the right to. merease the ef-
'-'feetwe e,ree, ef er1ﬁees 25 and theleby permlt the

erential to adjust throttle valve
3 which will vary the resistance to the discharge
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motor speed to increase until motor 2 is operat-
ine at the correct speed.

~ Throttle valve 3, slip compensator 57, constant
pressure valve 51 and the differential thus con-
stitute a speed control which maintains the speed
of motor 2 proportional to a reference speed.
However, if motor 2 is to operate only at a given
speed which may be either constant or varying,
friction transmission 90—94 and its drive 95—96
may be omitted, pin 89 may be fixed in a sta-
tionary position and leg 81 of the differential
may be driven at a given speed which may be con-
stant or varying.

Also, slivp compensator 57T may be omitted as the
differential will adjust throttle valve 3 to com-
pensate for variations in motor slip due to varia-
tions in motor load but a slight interval of time
is required for the differential to make such cor-
rection while slip compensator 51 responds sub-
stantially instantaneously to make the correction.
Therefore, the slip compensator should be in-
corporated in the speed control when prompt re-
sponse is desired.

At the same time that the speed control is
causing motor 2 to operate at the correct speed,
any variation in the back pressure on motor 2
causes control valve 4 to effect adjustment of
pumn displacement to cause pump | to deliver
liquid at a correct rate to enable motor 2 to oper-
ate at the speed determined by the speed control
and at the correct pressure to enable motor 2 to
drive its load as previously explained.

Figure 5

- The transmission shown in this figure includes
a plurality of hydraulic motors, a single pump for
energizing all of the motors, a speed control for
each of the motors and means for adjusting pvmp
displacement in response to variations in the back
pressure on the motor ha,vmg the lowest back
pressure,

As shown, a pump (01 supphes all of the liquid
for energizing a plurality of motors (02, five being
shown and designated (024, (028, 102C, 102D
and i02E. Pump 1901 may be of any suitable type
and it may have its displacement varied solely
in response to variations in motor back pressure
as shown in Fig. 1 or it may have its displacement
initially reduced in response to pump pressure
reaching a given maximum and thereafter have
its displacement varied in response to variations
in motor back pressure as shown in Fig. 2.

The transmission may be started and stopped
by starting and stopping pump (01 but for the

purrose of illustration it has been shown provided

with a start and stop valve having a valve {29
fitted in a cylinder {8 which is connected by a
channel ili to the outlet of pump 101 and is
connected by a channel 112 to the inlets of all of
the motors (02.

Pump 101 is adapted to draw liquid throuvgh a
channel 115 from a reservoir 116 and to discharge
it into channel f{1{. The pressure created by
pump 01 is limited by a relief valve {17 which in
practice is arranged inside the pump casing but
which has been shown as having its inlet con-
‘nected to channel {11 and its outlet connected to
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any one of the speed controls shown in Figs. 1,
2, 3 and 4 or be a speed control such as shown in
Fig. 4 but with the friction transmission and/or
the slip compensator omitted therefrom. All of
the liguid discharged by each motor 102 flows
throvgh its speed control into a channel (25
which is connected to all of the speed controls
and discharges into reservoir 116.

Adijustment of pump displacement in response
to variations in motor back pressure is under the
control of a valve 104 which is identical tc the
valve 4 previously described and corresponding
parts thereof have been indicated by correspond-
ing reference numerals so that further descrip-
tion thereof is unnecessary. Confrol valve {04 is
conhected into the circuit in the same manner
as the control valve 4 previously described. That
is, it has its port 37 connected to the displace-
ment varving means of pump {68f by a channel
152, its cort 28 communicates with a channel 143
which discharges into reservoir {15 and its port
39 is connected to channel {i2 by a channel {44.

Also, control valve 184 functions in the same
manner that control valve 4 functions as pre-
viously explained. That is, an increase in the
pressure in cylinder 47 causes piston 45 to move
valve plunger 35 toward the left to permit lignid
to flow from channel {12 through channel {44,
valve 104 and channel 142 to the pump displace-

“ment varying means and thereby effect a decrease

in pump displacement, and a decrease in the pres-
sure in cvlinder 81 permits spring 45 to move
valve rlunger 35 toward the right to permit liquid
to flow from the displacement varying means
(42, its port 38 communicates with a channel 143
to reservoir 116 and thereby effect an increase in
pump displacement.

In order that valve 104 may be operated in re-

3 sponse to variations in the back pressure on the

40

‘motor having the lowest back pressure, the trans-

~ mission is provided with one or more selector

45

valves (59. The number of selector valves re-
auired is one less than the number of motors so
that only one selector valve would be reauired
if the transmission had only two motors. As
shovmn, the transmission is provided with fonr

" gelector valves which are designated (50A, 3053

150C and 159D resp<ctively, and each valve haﬁ
o, plunger 15 fitted in a valve body 152 having
three annular grooves or ports 153, (54 and {55

formed in its side wall and two portis 156 and

G0
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‘a channel ({8 which is connected to channel {i5

and also to valve casing {10.

‘Each motor 102 has its outlet connected by a
channel 119 to a speed control which controls the
speed of that motor, the channels being desig-
nated {19A, (198, ({9C, (19D and { (9% and con-
nected to motors 1024, 1028, {02C; 102D and {32E

70

157 formed in its opposite ends.

Valve I50A has its port {56 connected to chan-
nel {19A by a channel {60, its nort 157 connected
to channel 119B by a channel 161, its nort {54
connected to channel 16Q by a channel {62 having
o choke 183 arranged therein, its port (53 con-
nected to channel 161 by a channel 164 having
o, choke {65 arranged therein and its port 193

_connected to the port (56 of valve 160B by a

channel |66.

Valve 150C has its port 156 connected to chan-
nel 118C by a channel {567, its port 157 connected
to channel {18D by a channel 188, its port 154
connected to channel (67 by a channel {55 hav-
ing a choke 170 arranged therein, its port {53
connected to channel 168 by a channel {71 hav-
ing a choke 172 arranged therein, and its port 153
connected to port 157 of valve {508 by a channel
173.

Valve 1508 has its port I54 connected to chan-

nel 166 by a channel 174 having a choke 175 ar-

ranged therein, its port 155 connected to channel

respectively. Each of the speed conftrols may be 76 (13 by a channel {16 having a choke 117 ar-
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-¥anged-therein, and:its:port. 153 connected to the
;port 195 -ofvalve 150D by-a -channel .178.
“Valve ‘150D has-its port 157.connected to. chan-

nel :{HIE by-a channel:119,:its- port 458 connected
‘to-channel {19 by a channel . 180 having -a:choke

181 arranged therein, its port 154 connected: to

channel 1718 by a:channel 182 having a choke 183
| rarranged therein, -and -its port 153 connected to
the cylmder 47 of control valve (04 by-a:-channel

184 ‘having a-choke |85 - -arranged ‘therein -and .a. -
check: valve (86- connected ‘in: parallel W1th ch(}ke-'

1885,

- Ttisto be noted tha,t each V&IVE 359 has 1t<:
“ports 156 -and {57 connected to the motor outlets
through free passages and-‘its-ports ‘t54 -and {55

.:_connected to the - motor outlets : through choked

bassages which resist ‘the “flow -of Tiquid “there-

- through and thereby permlt liguid to flow freely -
- from the outlet of the: zrotm ‘having -the h1gher-

back pressure to- port 56 or 157 and shift-valve

18

14

Shown the lower “bressure in. channel 118 could
extend :therefrom - Ahrough .channel {82, ‘valve

190D -and channel 184 to cylinder &1 of control
"VELIVE i04. An increase in the pressure .in.cylin-
der. 4T above g predetermined minimum would

cause p1ston 46 to shift valve plunger 85. of valve
‘184 toward the left: to efiect a reductmn in pump

displacement, -and a decrease in the precsure in .
eylinder ‘47 ‘below the predetermined minimum )

would permlt spring 45 to shift plunger.35 toward

~‘the right to effect an increase in- pump d1splace- e

-ment:as previously. explamed |

It will.be-obvious that the plunger 15l of each
valve [50'is shifted by the higher of the two pres-
“sures prevailing at:its: ports 56 and {57 and that

~ each valve 150 ‘functions’ automatically -to .con-

nect: the lower of the two:pressures to its port 153

" :so-°that control vilve 184 is. always operated:and

- effects ad;ustment of -the displacement of pump

120

plunger ‘151 ‘to a -position “in-which ‘port 153 is
connected to the-outlet of the motor’ havmg the

lower back Pressure. . -

For example, if plunger 15! of V&IVE 150A were

gt the left: and the back- pressure -on-motor 192A

should ‘become gy eater than*the'back pressure on
-motor 1028, liquid-would tend to-flow from chan-
el TI9A through channels 180 and 162 and ports

181 in response to variations in. the back pressure
‘on the motor having the lowest back pressure
regardless of which ‘one Of the motms has the
-lowest back: pressure. -

‘Since all of ‘the motors are. conneﬂted 10 the{_
‘Pump in parallel with each other, pump pressure
prevails at the inlets of all of the motors and the

- ‘pump must create a pressure high enough to en-

4952 and ‘153 of valve: E58A “but the flow ‘there-

through ‘is restricted by choke ‘163. - Therefore,
since the pressure in-channel 1§ is: higher‘than
the pressure in channel
_unrestrmted liquid: will”:

channel 166.

- If plunger l5! of valve I59C were at the left
- and the back pressure on motor 102C should he-~
come greater than the back pressure on motor E
102D, plunger 15! of valve 156C would he shlftecl.

to’the ‘right by the preponderance of ‘pressure in
‘channel (67 for the same ‘reason ‘that plunger
451 of valve 150A would he shifted to the right by
the prepanderance 0f ‘pressure ‘in cha;nnel 1864,
- With plunger 151 of Valve [58C in its right hand

30

‘able the most heavily loaded motor to drive its
load. The pressure-drop acr 0ss each motor varies
‘in-accordance with variations in the load on that

| motor and, ‘since the same pressure prevails -at

t81 and channel IBG s
ow therethrough:to port
. {96 and move plunger 15! of valve ‘{1 50A - toward
the right to the position shown so ‘that port ‘{53
- would-be-open to port 155 and the lower back: pres-.
~ sure could extend ‘from channel 9B ‘through
channels 161 and 164 and ports !55 and 553 m‘n’i;o .

35
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hpos:ttion Qs Qhown ‘the lower back pressure could

- extend from channel 119D thmugh channels 168
'and 171 and ports 155 and 153 into channel {73.
If plunger 151 of valve I50B were at the right
-and the back pressure on gither of motors 182C

-_and 492D should become glea,fer than the back
‘pressure of either of motors {82A and sz the

pressure in channel 113 would become greater

than the pressure in chgnnel 166 and: plunge1 [9¢

-of valve 150R would be shifted to the left by the

b0

55

Jbreponderance of pressure in channel 173 Tor the

~ -same reason that plunger 15! of Va,lve I59A would

'be shifted to ‘the right by the - ‘preponderance of

;;preesure in channel 150, With plunﬂer 151 of
- valve 1508 in ‘its 'left “hand posmon as shown

60

the inlets of -all of the :motors, the: most heavily
loaded motor will have ‘the greatest pressure drop

- thereacross -and, - consequentl;v the lowest back

DI'ESSI.II‘B

- By admstmg the dzsplacement Of - the pUump in
‘response to variations'in the back: pressure on the

‘motor having the laweqt back pressure as pre-
viously explained, the pump will: deliver liguid at

just the rate required to enable all of the motors
‘to operate at the- mdwzdua spgeds determined by

the individual speed controls and the pump will

create just enough pressure to-effect operation of
‘the motor requiring the h1g11est pressure, thereby
avoiding the waste of- power -and heating of the
Jiquid-which would result if the tranqmwsmn were -
othermse controlled

~The invention herein f-'fet for th may be: modmed
‘in various other-ways without departing from the
‘scope thereof which ‘is hereby clglmed as. fol-
lows: |

1. Ahydraulic tz ansrmssmn comprising: a pump

r‘hmmg means for varying 1’55 displacement, 4
‘plurality of motors having the inlets thereof con-
nected to the outlet of said pump and adapted to
‘be simultaneously enelglzed by liquid delivered

thereto by said pump, means for controlling the
speed of each of said motors ncluding a -choke
for 1*es1stmg the -discharge of liquid from that
‘motor-and to thereby impose a hack pressure on

that motor ‘and means for

compensating for
variations in the slip-of that motor: due to varia-

~ ions in the load on that ‘motor, and means for

the lower pressure in c¢hannel 166 conld extend

Ainto ‘channel 178.

Tf plunger 151 of Valxre l5!!D were at the rlght' "

. ‘therefrom through channel I'lf-l and valve !5BB ‘_-’“6'5_'

_a,nd the back pressure on motor 102 should be-
- fhavmﬂ' means for varying its disnlacement, g

-come greater t‘rmn tlne DY ecsme in channel 18,

| "*70

*"1 19 for the same reason that plunger !55 of mlve -

150A would be shifted to the right by the prepon-

~derance of pressure in ¢channel 188: ‘Wlth plunger

151 of valve l50D in its left ha,nd posﬂ:mn as

5

effecting operation of said d1sp1acement varying
means In response to variations in the back pres-~

- sure en the. mﬂtar having Lhe lo west back pres-
':SHI‘B | |

2. A hydraullc tra,nsmlssmn comprzsmg a pump

plurality of motors' having the inlets thereof con-
nected to the outiet of said pump:-and adanted to
‘be simultaneously. energlzed by liguid dslivered
‘thereto by said pump, means for controlling the
speed of - each of said ‘motors including & choke

for 1*esmtmg the chscha,rge of 11qu1d f1 om tha-,tf :
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motor and to thereby impose a back pressure on
that motor and a constant pressure valve con-
nected between that motor and said choke to
‘maintain a substantially constant pressure at the
inlet of said choke, and means for effecting opera-
tion of said displacement varying means Iln re-
 sponse to variations in the back pressure on the
‘motor having the lowest back pressure.

3. A hydraulic transmission, comprising a pump
having means for varying its displacement, means
- for supplying motive liguid to said displacement
varying means including a control valve having
 hydrauiic actuating means, & plurality of motors
having the inlets thereof connected to the outlet
of said pump and adapted to be simultaneously
energized by liquid delivered thereto by said
pump, means for controlling the speed of each of
said motors by throttling the outflow from each
motor and thereby imposing a back pressure on
each motor, and means for conneciing said valve
actuating means to the outlet of the motor hav-
ing the lowest back pressure. | *

4. A hydraulic transmission, comprising a
puinp having means for varying its displacement,
means for supplying motive liquid to said dis-
placement varying means including a control
valve having hydraulic actuating means, a plu-
rality of motors having the inlets thereof con-
nected to the outlet of said pump and adapted to
be simultaneously energized by liquid delivered
thereto by said pump, means for controlling the
speed of each of said motors by throttling the
outflow from each motor and thereby imposing
a back pressure on each motor, and means for
connecting said valve actuating means to the out-
et of the motor having the lowest back pressure
and including one less selector valve than there
are motors and each selector valve being con-
nected to the outlets of two motors and operable
by liquid from the outlet of the motor having
the higher back pressure to a position.to permit
liquid to flow through said valve from the outlet
of the other of those two motors.

5. A hydraulic transmission, comprising a
pump having hydraulic means Ior varying its
displacement and having means responsive to
pump pressure reaching a given maximum for
reducing its displacement until it is delivering
just enough ligquid to maintain that pressure
substantially constant, means for supplying
motive liquid to said displacement varying means
including a control valve having hydraulic
actuating means, a plurality of motors having
the inlets thereof connected to the outiet of said
pump and adapted to be simultaneously ener-
oized by liquid delivered thereto by said pump,
means for controlling the speed of each of said
motors by throttling the outflow from each motor
and thereby imposing a back pressure on each
motor, and means for connecting said wvalve
actuating means to the outlet of the moior hav-
ing the lowest back pressure.

6. A hydraulic transmission, comprising a
pump having means for varying its displacement,

a plurality of motors having the inlets thereoi

connected to the outlet of said pump and adapted
to be simultaneously energized by liquid delivered
thereto by said pump, means for controlling the
speed of each of said motors by throttling the
outfiow from each motor and therepy imposing &
back pressure on each motor, and means for ef-
fecting operation of said displacement varying
means in response to variations in the back pres-
sure on the motor having the lowest back pres-
sure. -
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7. A hydraulic transmission, comprising a
pump having means for varying its displacement,
a plurality of motors having the inlets thereof
connected to the outlet of said pump and adapted

1o be simultaneously energized by liquid delivered

thereto by said pump, means ior controlling the

speed of each of said motors by throttling the

outfiow from each motor and thereby imposing a
back pressure on each motor, means for effecting
operation of said displacement varying means in
response to variations in the back pressure on
the motor having the lowest hack pressure, each
of said motor speed control means including,
means for choking the outflow from fthe motor
with which it is associated, means responsive to
variations in the pressure of the liguid discharged
by that motor relative to the pressure of the liquid
delivered to that motor for adjusting said chok-
ing means to thereby compensate ior variations in
the slip of that motor due to variations in motor
load, and means for adjusting said choking means
in response to motor speed varying irom a given
speed. |

8. A hydraulic transmission, comprising &
pump having hydraulic means for varying its dis-
placement, means for supplying motive liguid to
said displacement varying mearns including a
control valve having hydraulic actuating means,
a plurality of motors having the inlets thereof
connected to the outlet of said pump and adapted
to be simultaneously energized by liquid deliv-
ered thereto by said pump, means for control-
ling the speed of each of said motors by throt-
tling the outflow from each motor and fhereby
imposing a back pressure on each motor and by
compensating for variations in the slip of that
motor due to variations in the load on that mo-
tor. and means for connecting said valve actuat-
ine means to the outlet of the motor having the
lowest back pressure.

9. A hydraulic transmission, comprising a
pump having hydraulic means for varying its dis-

 placement, means for supplying motive liquid to

09

60
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70

said displacement varying means including a con-
trol valve having hydraulic actuating means, a
plurality of motors having the inlets thereof con-
nected to the outlet of said pump and adapted
to be simultaneously energized by liquid deliv-
ered thereto by said pump, means for control-
ling the speed of each of said motors by throtiling
the outflow from each motor and thereby im-
posing a back pressure on each motor, and se-
lector valve means connected between said valve
actuating means and the outlets of said motors,
said selector valve means being responsive to the
differences in the pressures in said outlets for
subjecting said valve actuating means to the
pressure in the outlet of the motor having the
lowest back pressure. |

10. A hydraulic transmission, comprising a
pump having means for varying 1its displace-
ment, a plurality of motors having the inlets
thereof connected to the outlet of said pump
and adanted to be simultaneously energized by
liquid delivered thereto by said pump, means for
controlling the speed of each of said motors by
throttling the outflow from each motor and
thereby imposing a back pressure on each motor,
and means for effecting operation of said dis-
placement varying means in response to vari-

ations in the back pressure on the motor having

the lowest back pressure, each of said motor
speed control means including means for chok-
ing the outflow from the motor with which it
is associated, and means responsive to vari-
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atlons in the pressure of the liquid dlscha,rged
oy that motor relative to the pressure of the

18

| connected to the outlet of said pump end adapf~

- liquid delivered to that motor for adjusting said

choking means to thereby compensate for vari-

ations in the slip of that motor due to verl-

ations in motor load.

S

11. A hydraulic transmission oornprlsmg a

bump having hydraulic means for varying its dis~.
- placement, means for supplying motive liquid to

said  displacement varying means including a

ed to be simultaneously energized by liquid de-
livered thereto by said pump, speed control

“means connected to the outlet of each motor to

control the speed of each motor by +11rott11ng
the outflow therefrom and thereby imposing a
back pressure thereon, a selector valve having

two inlet ports connected to the outlets of two

~ control valve having hydraulic actuating means,
a plurality of motors having the inlets thereof

connected to the outlet of said pump and adapted
to be 51mu1taneously energized by liguid deliv-

18

ered thereto by said pump, speed control means
connected to the outlet of each motor to con-
trol the speed of each motor by throttling the

outflow therefrom and ther eby imposing a back

pressure thereon, and means for connecting said
valve actuating means to the outlet of the motor
having the lowest back pressure, each of said

- speed control means including a choke for Iimit-

ing the rate of discharge of liquid from the mo-

tor to which it is connected, a constant pressure .

valve connected between said choke and the out-
let of that motor to maintain a substantially con-

stant pressure at the inlet of said choke, and

means for compensating for variations in the

slip of that motor due to variations in the load

thereon.
- 12. A hydraulic trensmlssmn oompusmg a,
pump having hydraulic means for varying its

displacement, means for supplylnﬂ' motive louid
to said displacement varying means including a
control valve having hydraulic actuating means,
a plurality of motors he,vmg the inlets thereof

- connected to the cutlet of said pump and adapi-

ed to be simultaneously energized by liquid de-

livered thereto by said pump, speed control
means connected to the outlet of each motor to
control the speed of each motor by throttling
the outflow therefrom and thereby imposing g

of said motors respectively. and an outlet port |
1G -

adapted to communicate with one or the other
of said inlet ports, and means for connecting

said outlet port to said valve actuating means,
-~ said selector valve being responsive to a differ-

-~ ence in the back pr essure on said two motors for

connecting the outlet of the motor having the

| lo.wer back pressure to said outlet port.

14. A hydraulic transmission comprising a
pump having hydraulic means for varying its -

- displacement, means for supplying motive liquid

25

to said displacement varyineg means Including a
control valve having hydraulic actuasting means,
a DPlurality of motors having the inlets thereof
connected to the outlet of said pump and adapt-
ed to be simultaneously energrzed by liquid de-

livered thereto by said pump, sveed econtrol

means connected to the outlet of each motor to

control the speed of each motor by throttling

the outflow therefrom and. thereby imposing a

- back pressure thereon, and selector valve meens

30

one less in number than the number of motors
connected between said valve actuating means

~ and the outlets of all of said motors for causing

35

40

back pressure thereon, and means for connect-

“ing said valve actuating means to the outlet of -
- the motor having the lowest back pressure, each

of said speed control mesns including a 'main

choke for limiting the rate of discharge of llquld -

from the motor to which it is connected, a con-

stant pressure valve oonnected ‘between  said-

choke and the outlet of that motor to ma,lntaln*
a substantiaily constant pressure at the inlet of

50

sald choke, and a second choke connected in

parallel with said main choke and adjustable

in response to variations in the pressure at the
~outlet of that motor relative to the pressure at
~the inlet of that motor to vary the rate of flow L

therethrough to thereby compensate for varia-

. tions in the slip of that motor d.ue to Vermtrons'

in motor load.

13. A hydraulic transmlssmn eomprlsmg e’

‘pump having hydraulic imeans for varying its
displacement, means for Supplying motive liguid

60

- to said displacement varying means including a

conirol valve having hydraulic actuating means,
a plurahty of motors havmg the 1n1ets thereof

65

sald valve actuating means to be subjected to the

pressure at the outlet of the motor having the
lowest back pressure, each of said selector valve
means having two inlet ports connected to the
outlets of two motors and an outlet port con-

‘nectaple to said valve actuating means and
-adapted to communicate with one or the other

of said inlet ports, each of said selector valve .
means being responsive to a difference in the

~back pressures on the two motors to which it is

connected for connecting its outlet port to the
outlet of the motor ha.vmg the lower back pres-

45 sure. -
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