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1

This invention relates to remote controls and,
in particular, to remote controls for use in hy-
draulic systems.

It is an object of this invention to provide a
simplified remote control for -hydraulically op-
erable means, in which the operation of a con-
" trol member or mechanism is hydraulically trans-
ferred to the hydraulic means to be controlled, to
bring about an operation thereof.

It is a further object to provide a hydraulic sys-
tem which includes hydraulic means to be con-
trolled and manually operable means arranged
remote from and hydraulically cohnected to said
hydraulic means, and in which the operation of
said manually operable control means brings
about a variation in the flow of fluid through said
means to be controlled. o

It is also an object of this invention to provide
a hydraulic system including fluid operable mo-
tor means, in which the motor means is operable
automatically to vary its speed during its move-
ment in one and the same ditection, and in which
the respective individual speeds during this move-
ment are adapted to be controlled by means re-
mote from and hydraulically connected to said
motor means. ) ¢

It is a further object to provide a throttle valve,
particularly for use in connection with hydraulic
remote control systems, in which the valve com-
prises a plurality of stationary choke valves, and
in which a variable choke valve cooperates with
said stationhary choke valves,

These and other objects and advantages of the
invention will appear more clearly from the fol-
lowing specification in connection with the ac-
companying drawings, in which; ‘

Figure 1 diagrammatically illustratés a first em-
bodiment. : .

Figure 2 illustrates the remote control of the
present invention in connection with motor means
adapted to be controlled so as'to run at different
speeds during one and the same stroke.

Figure 3 is a section through a valve which is
particularly advantageous when used in connec-
tion with the control systems of Figures 1 and 2.

Figure 4 is a section along the line 4—4§ of Fig-
ure 3. - o

GENERAL ARRANGEMENT

The control system according to the present in. 50

vention substantially comprises a plurality of sta-
tionary fluid flow restrictions and a fluid oparable

throttle hydraulically connected with a manually’
The arrangement is such that

operable choke.
once the manually operable choke has been ad-
Justed, a predetermined flow of fluid will occur
through the fluid operable throttle. By varying
the adjustment of the manually operable choke,
the pressure conditions at the fluid operable
throttle are changed in such & manner that the

2 ,
said throttle occuples a different position in
which a change in the flow of fluid through
said throttle will occur. By connecting this hy-
draulic control system with fluid operable mo-
6 tor means, the speed of the motor means can
-easily be controlled. ‘

STRUCTURAL ARRANGEMENT
First embodiment

10 Referring now to the drawings in detail, and
Figure 1 thereof in particular, the structure shown

therein comprises a fluid operable motor 10 which -

may be of any standard type adapted to be op-
erated by pressure fluld. The inlet side of the
15 motor #D is connected through a pressure line (1
with the delivery side of s fluid pressure source
of variable delivery which may be of any desired
type and, in this instance, is a variable delivery
pump 12. The pump has associated therewith a

20 spring chamber 13 housing a spring 14 which, by -

means of a plunger 15, continuously urges the
pump 12 into full delivery position. 'The thrust
of the spring {4 is adjustable by means of an
adjusting screw 6. Also connected to the pump
25 12 is a control cylinder 17 having reciprocably
mounted therein a fluid operable plunger (8
adapted, in response to fluid pressure acting

thereupon, to reduce the delivery of the pump 12 -

against the thrust of the spring (4. The suction

30 side of the pump 12 communicates through a suc-
tion line 19 with a fluid reservoeir or tank 20. Also
connected with the tank 20 is an exhaust line 21
leading to a fluid flow restriction 22 which, in its
turn, is connected to a conduit 23. The conduit

35 28 communicates with a fluid operable throttle
- valve generally designated 24, The valve 24 has
. reciprocably mounted therein g valve member 25
having connected thereto a piston portion 26 and

& piston portion 21. The piston portion 26 is re- -

0 ciprocable in a bore 28, whereas the piston por-
tion 27 is reciprocable in a bore 29. The bore 28
is in continuous fluid connection with the bore 29
through & passageway 30 extending from one end
of the valve member 25 through the other end
45 thereof. The dimensions of the piston portions
26 and 27 of the valve member 25 are preferably
such that the effective area on one side of the pis-
ton portion 26 equals the effective area on the
other side of the piston portion 26. It is, how-
ever, understood that the two opposed effective
areas need not necessarily equal or substantially
equal each other, but that the invention will also

work properly if the said opposed areas differ ma-

terially from each other. .

56 The upper portion of the bore 28 communicates
through a pilot line 31 with the conduit 238, while
the lower portion of the bore 28 communicates

through a conduit 32 with the conduit 33. The -

conduit 33 has one end in fluid communication
60 with a fluld flow restriction 34, the other end of
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which communicates through conduit 35 with the
conduit 21. The fluid flow restrictions 22 and 34

‘are preferably so dimensioned. that the section
of the bore 36, pertaining to the fiuid flow re-
striction 22, is greater than the secticn of the g
‘bore 37 pertaining to the fluid flow restriction 34.
~The conduit 33 contains a manually adjustable
“choke 38 and communicates with the outlet con-
duit 39. One end of the conduit 39 leads to an !
annular recess 40 in the valve 24. The fluid con- 19
nection between the recess 40 and the outlet port
in the throttle 24 is controlled by the valve means
'25, Branching off from the conduit 33 is a con-
' duit §2 leading to the control cylinder (7.

Operation.

It may be ‘assumed that the pump 12 has been

. started while all parts occupy the posxtlon shown
in Figure 1. Pressure fluid will then be deliv- -~
ered by the pump 12 through the pressure line {1 20

_to the motor {0 and actuate the same. ,The ex-
haust fluid expelled from the motor 10 passes
"through conduit 39 through the partially opened

. choke 38 and from here in part through the fluid .
flow restriction 34 into the exhaust line 24, and 25
in part through conduit 32 beneath the lower

. area of the piston portion 26. Another portion

-of the fluid expelled by the motor 10 into the
outlet conduit 39 passes through the recess 40
and the port 41, into the conduit 23. From here 30

- g portion of the fluid passes through conduit 31

- into the upper portion of the bore 28 where it

acts upon the upper area of the piston portion

26, while the other part of the fluid passes

through the fluid flow restriction 22 into the ex- 35

_ haust line 21. It may be assumed that the choke:

38 is so adjusted that the pressure difference act-
ing upon the effective upper area of the piston
portion 26 and the effective lower area of the
piston portion 2§ causes the valve member 25 to 40
occupy the position shown in Figure 1. It will

' now be clear that in view of the respective posi-
tions of the choke 38 and the valve member 25,

. a predetermined back pressure will prevail in the
outlet conduit 39. This back pressure will react 45
through conduit 33 and the conduit 42 upon the
plunger {8 so as to place the same in a position
in which the fluid pressure acting upon the -

- plunger 18 and the thrust of the spring .13 are

. balanced. The pump (2 will therefore occupy 59
a predetermined delivery position, and the motor

. 18 will’be operated at a predetermined speed.

If it is now desired to vary the speed of the
motor ‘10, for instance, to increase the speed of

- the motor 10, it is merely nzacessary to decrease 55
the pressure in the conduit 89. To this end the
operator actuates the choke 38 so ‘as- to reduce
the restriction thereof. Consequently, the pres-
stire between the choke 38 and the fluid flow re-
striction 34 wil! increase, which increased pres- @0
sure will act upon the lower effective area of the

. piston portion 26, thereby moving the valve mem-

: - ber 25 scmewhat upwardly. As g result thereof,
" the restriction between the annular recess 40 and
the outlet port 41 is reduced so that more fluid 65

. passes therethrough. Consequently, the pressure .
in the conduit 23 will increase and this increased -
pressure will be conveyed through the pilot line
31 to the upper-effective area of the piston por-
tion 26. 'The pressure upon the upper and lower 70
effective areas of the piston portion 26 will move
the valve member 25 into a balanced position, the
net result of which will be a decreased pressure
in the conduit 39. This decreased pressure will
be. conveyed  through conduits 33 and 42 to. the 75

15
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control cylinder i7 so that the spring {4 will in-
crease the delivery of the pump 12. Therefore,
an increased quantity of fluid will now be deliv-
ered by the pump 12 to the motor §6 which, there-
fore, will increase its speed. '

If it.is desired to decrease the speed of the
motor 10, it is merely necessary to actuate the

.choke 38 so as to increase the flow restriction
- therethrough. It will be clear that in view of

such operation, the pressure drop across the choke
38 will increase, or, in other words, the back
pressure in conduit 39 will-increase whereas the
pressure in the conduit 32 will decrease. Conse- "
quently, the pressure acting upon the upper effec-
tive area of the piston portion 26 will increase
relative to the pressure acting upon the lower
effective area of the piston portion 26. Asa re-
sult thereof, the valve member 25 will be moved
downwardly, therefore restricting the fluid com-
munication between the recess 48 and the ocutlet
port &1, and a new balancing position will be

restablished for the valve member 25. In view of

the increased back pressure in conduit 39, which
pressure acts through conduits 83 and 42 upon
thie plunger 8, the pump {2 is moved info a
reduced delivery position against the thrust of
the spring {4. A reduced quantity of fluid will
now be delivered to the motor 10 so that the
speed thereof will be reduced.

. Second embodzment

Referring now t.o Pigure 2, the structure dlS—
closed therein comprises a motor cylinder 43 hav-
ing reciprocably mounted therein a plunger 44
with a piston portlon 45. The left end of the
motor cylinder 43 is connected through a conduit
46 with a four-way valve 41 of any standard
design. ‘The valve 4T communicates through a
conduit 48 with the right hand end portion of the
cylinder 43. Also conneécted to the cylinder 41 is
a pressure line 48 communicating with the deliv- '
ery side of the pump (2¢. The pump i2¢ and
the control means connected thereto fully corre-
spond to the pump 12 and the control means’

thereof so that the respective parts in Figure. 2 - '

have been numbered accordingly but with the
additional reference character ¢. The pump I2¢
communicates through a suction line {8q with a
tank or fluid reservoir 20a. Connected to the
tank 20a is g conduit 21¢ leading to a-stationary
fluid flow restriction 22¢ with a bore 36a. The .
restriction 22¢ communicates through a conduit
23q with a throttle 24a fully corresponding to the
throttle 28 and, therefore, having the same ref-
erence numerals, however, with the additional
character a applied to the parts thereof. The
throttle 24a is connected through a conduit 50
with the four-way valve 41. The four-way valve
47 is adapted in one position to establish fluid
connection between the-conduit 46 and the pres-
sure line 49 while simultaneously connecting the
conduit 48 with the conduit 50. When the valve

. 47 is in another position it will interconnect the-

conduit 48 and pressure line 49 while simulta-
neously connecting the conduit 46 with the con-
duit 50.

" Branching off from the conduit 50 is a- conduit
51 leading to a two-way valve 52 whi~h. when in
open position, establishes fluid communication
between the conduit 51 and the conduit 53. The
two-way valve 52 ig continuously urged ‘into its

.open position by means of a spring 54 and is
- provided with a roller §5 adapted to cooperate

with a cam generally designated 56. The cam
56, which is connected in any convenient manner
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to the plunger 44, has cam areas 87 and 58 which,
when engaging the roller 85, allow the spring 54
to move the two-way valve 62 into its open posi-
tion. The cam 56 Is also provided with a cam
area 59 which, when engaging the roller 85, closes
the valve 52 against the thrust of the spring 54.
The conduit 53 contains a manually operable
choke 60 and leads to the lower portion of the
bore 28a pertaining to the throttle 24a. Branch-
ing off from the conduit 51 is a conduit 61 leading
to a two-way valve 62 of the same construction
as the valve 62. The valve 62 is also provided
with a spring 68 continuously urging the valve
62 into its open position in which fluid commu-
nication is established between the conduit 64
and the conduit 64. The valve 62 also includes
a roller for cooveration with a cam generally
designated 66. 'When the roller 85 engages the
cam area 67, the spring 63 opens the valve 62.
However, when the roller 65 is engaged by the
cam area 68 the valve 62 is closed against the
thrust of the spring 63. The cam 86 is likewise

. o . 6 '
of the choke 79 and the inlet of the fiow restric-

10

15

20

connected in any convenient manner to the

prlunger 44 and. if desired, may be integral with

" the cam 56. The conduit 64 comprises a man-
ual’y operable choke 69 and leads to the conduit
53.

Also branching off from the conduit 81 is a
conduit 70 leading to a two-way valve 71 of the
same construction as the valves 62 and 52. The
valve Tl is continuously urged into its open posi-
tion by the spring 12 ang is provided with g roller
13 for cooperation with a cam generally desig-
nated 74. Until the roller 13 engages the cam
area 15 or the cam area 76, the valve Tf is in its

. open position and when engaged by cam 17T it is
moved to its closed position. The cam 74 is like-
wise connected to the plunger 44 and, if desired,
may be integral with the cams 56 and 66. When
the valve Tl is in its open position, fluid com-
munication is established between the conduit 79
and a conduit 18, The conduit T8 comprises a
manually operable choke-79 and leads to the con-
duit 53. The conduit §3 communicates through g
fluid flow restriction 34a having a bore 87a with

-the conduit 2la. The conduit 5! is also con-
nected through a
inder {7a. '

Operation

It may be assumed that the primp {2a has been
started and that the valve 87 occupies a position
in which fluid connection is established between
the pressure line 49 and the conduit 46 while
simultaneously the conduits 48 and 56 communi-
cate with each other. It may furthermore be
assumed that the chokes 60, 68 and 79 are dif-
ferently set, and that the cams 58, 66 and 74 cc-
cupy the position shown in the drawing. With
these assumptions, it will be clear that pressure
fluid delivered by the pump {2e¢ passes through
conduit 46 into the left hand portion of the
motor cylinder 43 where it will act upon the piston
45 and move the laitter rightwardly, valves §2,

- 82 and Tf being in open position. The fluid ex-
pelled during the beginning of the rightward

movement of the plunger 44 escapes through con- .

duit 48 into the conduit 50. Since at this time
the two-way valves 52, 62 and 71 are in open po-
sition, a part of the fluid in conduit 50 passes
through'conduit 51, the valves 52, 62 and 71, and
.the chokes 60, 69 and 19 into the conduit 83.

From here the fluid passes through the fluid flow

conduit 80 with. the control gyl- )

a0

40.

:tion 34a is conveyed to the lower portion of the

bore 28a. . The other portion of the fluid in con-
duit 60 passesthrough the recess 40¢ and the port
4le into the conduit 23¢. From here the fluid
passes through the flow restriction 224 and the
line 21q to the tank 20a.

The pressure prevailing in the conduit 23¢ is
conveyed through the pilot line 31a into the up-
per portion of the bore 28a. It may be assumed
that the pressure acting upon the upper and lower
effective area of the piston portion 26a causes "
the valve member 25¢ to assume the position
shown therein,

When the plunger 44 has moved rightwardly a
predetermined distance, the cam area 17 comes
into engagement with the roller 73 thereby caus-
ing the valve 11 to close. - Consequently, fluid
communication between the conduits 70 and 18
is interrupted and the back, pressure in conduit
80 will increase, This increased pressure is con-
veyed through the recess 40a, conduit 23a¢ and
pilot line 3fa to the upper portion of the bore 28a
where it acts upon the upper valve member 25a
in the manner described above so as to cause the
valve member 25a to move downwardly. As a re-
sult thereof, the fluid flow from conduit 50 into
conduit 23q is reduced. The increased back pres-
sure in conduit 50 also acts through conduit 80
upon the control plunger (8a so that the latter
decreases the delivery of the pump 12a. Conse-
quently, the speed of the plunger 44 will be re-
duced.

When the plunger 44 has thus advanced right-
wardly at a reduced speed, the cam area §9 en-
gages the roller 55 and causes the valve §2 to
close. This in turn creates an increased pressure
in conduit 50, and as g result thereof, the delivery
of the pump 12a and the speed of the plunger 44
will be further reduced in the manner described
above. '

When the plunger 44 has advanced at this sec-
ond reduced speed a predetermined distance, the
cam area 53 will leave the roller 55 so that the
valve 52 opens again. At about the same time
the cam area 68 engages the roller 65 and closes
the valve 82. Assuming that the chokes 60 and
69 have the same dimensions and that the choke

- 60 has been set for a smaller restriction than the

55

@e

choke 69, it will be clear that the plunger 44 will-
now advance at a speed greater than the second
reduced speed. . ) .

To reverse the plunger &4, the operator shifts
the four-way valve 41 into position for establish-
ing fluid communication bétween the line 49 and
the conduit 48, while simultaneously intercon-
necting the conduits 46 and §0. The plunger 44
will then move leftwardly, while the speed of the
plunger will be controlled automatically in the
same manner as described above however, in the
reverse order. .

To bring about any variations in the speed of
the plunger 44, it is merely necessary to operate

- any of the chokes 60, €9 and 79. These chokes

65

may be arranged on a panel in easy reach of the
operator and remote from the motor or other

- parts of the hydraulic system.

70

_ Throttle
The valve shown in Figure 3 substantially con- :

- sists of a casing 81 closed at its ends by closures

restriction 34e and exhaust line 21« into the tank

20a.‘ The pressure prevailing between the outlet

(4]

82 and 83 which may be connected to the casing
8! in any convenient manner, for instance, by
screws 84 and 85. The casing 8f comprises a
stepped bore 86 in which is reciprocably mounted
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a plu'xger 81 with a piston portion 88. The
plunger 81 has a longitudinal bore 89 which in-
.- terconnects the ends of the bore 86.

. lower end of the plunger 89 are provided radial

bores 90 communicating” with the longitudinal
The lower portion of the plunger 87 .

bore - 89.

Near the’

has a reduced diameter so that it forms an an-

nular chamber with the adjacent wall of the
stepped bore 86. This annular chamber com-
- municates through a'restricted passageway 8l
with a port 82 adapted to be threadedly engaged
by a conduit 93. The restricted passageway i
communicates with a-restricted passageway 98
of materially smaller diameter which in its turn
connects with the lower area of the piston por-
tion 88. Also connected with the lower area of
the piston portion 88 is a conduit 95.

The annular chamber formed by the lower

10

8

motor, said variable restriction having fluid oper- ‘
‘able mweans associated therewith for effecting said -

variations, second conduit means connecting said '
motor outlet with exhaust and comprising & fixed
restriction adjacent said exhaust and an adjust-
able restriction adjacent said motor, means hy-
draulically connecting the inlets of said fixed re- .
strictions with the fluig operable means associ-
ated with.said variable restriction, and means hy-
draulically connecting said motor exhanist with
said fluid operable control means whereby the ad- .

. justment of said adjustable restriction is effective
* to vary the delivery of said source and, therefore,.

15

portion of the bore 86 and the lower ehd of the -

plunger 87 communicates with an annular recess
86 which, in its turn, communicates with a port
97 adapted threadedly to be engaged by a conduit
98. The port 97 also communicates with a con-
duit 99.

As will be seen from Figure 3, the effective
upper and lower areas of the piston portion 88
equal each other in the same manner as the
effective lower and- upper areas of the piston
portion 26 in the throttle 24. The passageway 94
corresponds to the fluid flow restriction 34 of
Figure 1, while the fluid flow restriction 22 of
Figure 1 has its equivalent in the restricted pas-
sageway 91 of Figure 3. The annular recess 96
_in PFigure 3 corresponds to the annular recess 40
of Figure 1 while the conduit 39 of Figure 1 has
its equivalent in the conduit 98 of Figure 3.
Conduits 83, 95 and 99 of Figure 3 correspond to
conduits 23. 32 and 33, respectively, of Figure 1.
The cperation of the throttle shown in Figures
3 and 4 corresponds to the operation of the
throttle 24 of Figure 1 so that no further deserip-
tion appears to be necessary.

It will be understood that the present inven-
tion is by no means limited to the particular
structure shown in the drawmgs, but also em-

20

the speed of operation of said motor.

3. In a hydraulic system, a fluid source of vari-
able delivery, fluid pressure responsive means ase
sociated with said source for varying the delivery
thereof, fluid operable motor means having the
inlet thereof connected with said source for re- -
ceiving actuating fluid therefrom, a first conduit
means connecting thé outlet of said motor with
exhaust and including a fixed restriction adja-
cent. said exhaust and a variable restriction ad-

' -jacent said motor, said variable restriction com-

25

30

35

40

s

braces any modifications within the scope of the -

-appended claims. .

Having thus fully described my invention what
I claim as new and desire to secure by Letters
Patent is:

1. In a hydrailic system, a fluid source of vari-
able delivery, fluid operable motor means having
its inlet connected with said source to receive ac-
tuating fluid therefrom. a first conduit means
_.connecting the outlet of said motor with exhaust
‘and including a fixed restriction adjacent said
exhaust and a variable restriction adjacent said

50

prising s, movable valve member having opposed
fluid operable actuating means associated there-
with, a second conduit.means connecting said
motor outlet with exhaust and including a fixed

‘restriction adjacent said exhaust and a manu-

ally adjustable restriction adjacent said motor,
conduit means hydraulically connecting one of
said fluid operable actuating means with the inlet-
of one of said fixed restrictions and the other of
said fluid operable actuating means with the in<
let of the other of said fixed restrictions whereby
the actuation of said valve member is responsive
to the pressures at the inlets of said fixed re-
strictions, and means hydraulically connecting
said fluid pressure responsive means with the in--
et of said manually adjustable restriction where-
by the adjustment of said manually adjustable
restriction is effective to vary the delivery from
said source.

4, In a hydraulic system, a fluid source of vari-
able delivery, a fluid operable motor having its

" inlet connected with said source for receiving ac-

tuating fluid therefrom, fluid pressure responsive
means associated with said source for varying the
delivery thereof and hydraulically connected with
the outlet of said motor, and rmeans for main-

- taining a predetermined pressure gt said motor

b5

motor outlet, a second conduit means connecting -

said motor outlet with exhaust and including a
fixed restriction adjacent said exhaust and an
adjustable restriction adjacent said motor, means
automatically operative in response to variations
in-pressure at the inlets of said fixed restrictions
for varying said variable restriction, and means
responsive to the pressure at said motor outlet
.for varying the delivery of said fluid source.

2. In a hydraulic system, a fluid source of vari-
able delivery, fluid operable control means asso-
ciated with said source for varying the delivery
thereof, fluid operable motor means having its

- 'inlet connected with said source for receiving

‘actuating fluid therefrom, first conduit means
-conneécting said motor outlet with exhaust and
comprising a fixed restriction adjacent said ex-
haust and a variable restriction adjacent sald

80

65

70

75

outlet comprising a first conduit means connected
from said motor outlet to exhaust and comprising
a fixed restriction adjacent said exhaust and a
variable restriction adjacent said motor, said var-
iable restriction comprising a reciprocable valve
‘member having associated therewith opposed and
substantially equal fluid operable areas for recip-

_rocating said valve member, a second conduit

connecting said motor outlet to exhaust and in-
cluding a fixed restriction adjacent said exhaust
and a manually adjustable restriction adjacent
said motor and conduit means respectively con-
necting said fluld operable areas with the inlets
of said fixed restrictions whereby the adjustment
of said manually adjustable restriction is effec-
tive to vary said variable restriction-and the vary-
ing of said variable restriction is effective to actu-
ate said fluid pressure responsive means associ-
ated with said source.

5. In a hydraulic system, a fluid operable mo-
tor, a fluid source connected with the inlet of said
motor for supplying actuating fiuid thereto, fluid
pressure responsive means associated with said
source for varying the delivery thereof and hy-
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draulically connected with the outlet of said
motor, means for varying the pressure at said
motor outlet thereby to actuate said fluid pres-
.sure- responsive means to vary the delivery of
said source and, therefore, the speed of said mo-
tor comprising a first conduit means connecting
said motor outlet to exhaust including a fixed
restriction adjacent said exhaust and a variable
restriction adjacent said motor, said variable re-
striction comprising a valve member -having op-
posed fluid operable areas thereon, a second con-
duit means connecting said motor outlet to ex-

10

areas with a point on said second conduit be-

. tween the restrictions therein, said fluid operable

(13

10

haust ‘and including a fixed restriction adjacent _

said exhaust and a plurality of manually adjust-
able restrictions connected in parallel adjacent
said motor, each of said manually adjustable re-
strictions having associated therewith valve
means effective to-disconnect said manually ad-
justable ' restrictions from said motor outlet,
means responsive to the travel of said motor for
selectively actuating said valve means, and means
hydraulically connecting said opposed fluid oper-
able areas of said variable restriction respectively
with the inlets of said fixed restrictions.

6. In a hydraulic system, a fluid source, a
fluid motor connected to receive fluid from said
source, fluid pressure responsive means operable
to vary the relative displacements of said source
. and motor and hydraulically connected with the
outlet of said motor, a pair of paralleled conduits

serially connected between said motor outlet and

an exhaust and each comprising a pair of re-
strictions in series, manual means for adjusting
at least one of the restrictions in one of said
conduits, opposed fluid operable areas for adjust-
ing one of said restrictions in the other of said
conduits,” and channel means connecting said
fluid operable areas to said conduits between said
restrictions.

7. In a hydraulic system, a pump and a motor
connected in series, means for varying the relative
displacéments of said pump and motor, fluid
pressure responsive means for actuating said dis-
placement varying means and. connected with
the outlet of said motor, a pair of paralleled con-

duits connecting said motor outlet with an ex-

haust and each comprising 3 pair of restrictions
in series, manual means for adjusting at least one
of the restrictions in one of said conduits, op-
posed fluid operable areas for adjusting one of
the restrictions in the other of said conduits,
and means hydraulically connecting said opposed
flui~ operable areas with points on said paralieled
conduits between the restrictions therein whereby
said fluid operable areas are actuated in response
to variations from a predetermined ratio of the
pressures at said points.

8. In a hydraulic system, a pump and a motor
connected in series, means responsive to the pres~
sure at said motor outlet for varying the relative
displacement of said pump and motor, first and
second conduits connecting said .motor outlet
with an exhaust and each including a pair of re-
strictions in series, one of said restrictions in
one of said conduits being adjustable and an-
‘other of said restrictions in the other of said
conduits being variable, opposed fluid operable
areas for effecting the variations of said variable
restrictor, means hydraulically connecting one of
said fluid operable areas.with a point on said
first conduit between the restrictions therein, and
means connecting the other of said fluid operable

15

areas being proportioned to exert equal thrusts
when the system is in a state of balance.

9. In a hydraulic system, a pump, & motor sup-
plied by said pump, fluid operable control means
for varying the relative displacements of said

- pump and motor, a first flow restriction connect-

ed between said motor outlet and an. exhaust, a
variable flow restrictor connected between sald
first restrictor and said motor outlet, a second’
restrictor connected between said motor outlet
and an exhaust, a manually adjustable flow re-
strictor interposed between said second restrictor
and said- motor outlet for varying the rate of

. fluid flow through said second restrictor, means
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connecting said fluid operable control means with
said motor outlet, and opposed fluid operable
areas operable to vary said variable restrictor and
connected to be responsive to variations in pres-
sure at the inlets of said first and second re-
strictors respectively. o

10. In a hydraulic system, & pump and motor
connected in series, fluid operable control means
hydraulically connected with said motor outlet
for varying the relative displacements of said
pump and motor, paralleled conduits connecting
said motor outlet with exhaust and each compris-

ing a pair of restrictions in series, at least one

of said restrictions in one of said conduits being
variable and another of said restrictions in the
other of said conduits comprising a plurality of
restrictions in parallel, means operated in re-
sponse to movements of the motor for making
said paralleled restrictions selectively effective,
and fluid operable areas operable to vary said

- variable restriction and each connected with a
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different of said conduits between the restrictions
therein,

11. In a hydraulic system, a pressure fluid
source, a fluid operable motor serially connected
with said source to be actuated by pressure fluid
therefrom, paralleled conduits serially connected
between said motor outlet and an exhaust and
each comprising a pair of flow restrictions in

_series, opposed fluid operable areas for adjusting

one of said restrictions, and means connecting
said fluid operable areas to be responsive to -
changes in the ratio of pressures in the said con-
duits at points between the restrictions: therein.
GEORGE A. WALDIE,
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