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UNITED STATES PATENT OFFICE 
2,635,428 

CONTROL MEANS FOR, HYDRAULCPUMP 
AND MOTOR SYSTEMS 

Walter H. Marsh, Crafton, and William E. Smith, 
Wilkinsburg, Pa., assignors to Rockwell Manu 
facturing Company, Pittsburgh, Pa., a corpora 
tion of Pennsylvania, 

Substituted for abandoned application Seria No. 
690,574, August 14, 1946. This application Au 
gust 9, 1948, Serial No. 43,324 

(C. 60-53) 17 Claims. 

This invention relates to control means for 
hydraulic apparatus and more particularly to 
simple and efficiently operating means for con 
trolling the transmission of hydraulic fluid from a 
constant displacement pump to a motor to drive 
the latter at a predetermined Speed with a mini 
mum loss of energy. The present application is 
substituted for application S. N. 690,574, filed 
August 14, 1946, now abandoned, which in turn 
is a continuation-in-part of an abandoned ap 
plication S. N. 504,130, filed September 28, 1943. 

It is one of the principal objects of the inven 
tion to provide a novel valve mechanism con 
nected between a constant displacement pump 
and fluid motor, whereby all or any part of the 
fluid discharged from the pump may by-paSS the 
motor so that only that portion of the fluid pres 
sure will be utilized, which is required to drive 
the motor at a predetermined Speed. 

It is another object of our invention to provide 
a valve mechanism having a Symmetrical port 
ing arrangement whereby the direction of Op 
eration of the motor may be reversed at Will. 
A further object of the invention is to provide 

control means for the hydraulic motor which 
will be effective to hydraulically lock the motor 
when the latter is not in operation. 

It is an additional object of the invention to 
provide a novel combination and arrangement 
of auxiliary by-pass valves within a main valve 
and controlling the effective fluid pressure Sup 
plied to the motor. 
Another object of the invention resides in the 

provision of a control valve assembly and con 
nections between said assembly and the pump 
and motor, whereby the main control valve and 
the auxiliary by-pass valves are operated by fluid 
pressure. 
A further object of the invention resides in 

the provision of a pilot valve of novel construc 
tion having means providing for the introduction 
of gradual intake, exhaust and stabilizing clear 
ances to effect smoother operation of the control 
valve elements. 

It is also one of the objects of the invention 
to provide means in the control system driven 
by the motor to produce a slight pulsatory action 
of the fluid in the valve mechanism which Will 
materially augment the sensitive response of the 
movable valve elements to the fluid pressures. 
With the above and other objects in view, the 

invention comprises the improved control means 
for hydraulic apparatus and the construction and 
relative arrangement of its several parts as will 
hereinafter be more fully described, illustrated in 
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2 
the accompanying drawings and subsequently 
incorporated in the subjoined claims. 
In the drawings, wherein we have illustrated 

One practical embodiment of the invention, simi 
lar reference characters designate corresponding 
parts throughout the several views. 

Figure 1 is a diagrammatic plan view illustrat 
ing one arrangement of the principal control 
unitS in the fluid transmission connections be 
tween the pump and motor. 

Figure 2 is a Similar diagrammatic view taken 
at Section 2-2 of Figure 1 in elevation showing 
the connections between the pilot valve and the 
main control valve. 

Figure 3 is a semi-diagrammatic sectional view 
on the line 3-3 of Figure 1 illustrating the con 
nections between the main control valve and the 
pump and motor. 

Figure 4 is a vertical sectional view on an en 
larged scale illustrating the main valve assembly 
With the valve elements in neutral or normal 
position and showing the dither valve connected 
With Said main valve assembly and with the pres 
Sure regulating unit. 

Figure 5 is a horizontal sectional view taken 
Substantially on the lines 5-5 of Figure 4. 

Figure 6 is a detail view partly in section, 
showing the dither valve connected to the pump 
shaft. 

Figure 7 is a sectional view illustrating a con 
ventional type of pilot valve. 

Figure 8 is a similar view showing our im 
proved pilot valve construction. 

Referring in further detail to the drawings, in 
Figures 1 and 2 thereof, We have illustrated the 
principal units of our control means connected 
in the fluid transmission System between the 
pump N and hydraulic motor M. These units 
comprise a main valve assembly V having an 
inlet connection A. With the discharge side of 
the pump and Supply and discharge connections 
B with the ports of motor MI; the pilot valve P 
connected by conduits C with fluid pressure 
chambers at Opposite ends of the main valve; a 
dither valve unit D also connected by conduits 
E. With Said pressure chambers of the main Valve; 
and a regulator valve unit R interposed in the 
bleed line connection F between the pump dis 
charge conduit A and the dither valve D. 
For purposes of illustration, we have shown 

the pump and motor as identical hydraulic mech 
anisms which may be used interchangeably as 
a pump or motor. Therefore, the same reference 
numerals have been applied to corresponding 
parts of these two mechanisms. AS ShoWin in 
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Figure 3, the pump and motor are of the constant 
displacement type and comprise a housing Sup 
porting a division plate 2 between Spaced fluid 
inlet and outlet ports thereof. A cylindrical 
rotor 3 is keyed to a shaft 4 Suitably journailed 
in the end walls of housing . Semi-cylindrical 
vanes 5 are journalled in the l'otol and are l'O- 
tated by a gear system so arranged that the fiat 
Surfaces of the vanes remain alwayS parallel and 
thus have the proper clearance Over the division 
plate 2. Because of the symmetry of these mech 
anisms, operation in either direction is inher 
ently optional. In the System illustrated the 
pump rotates counter-clock Wise So that port & 
is the intake and port the discharge. The 
direction of operation of the motol depends upoin 
which of the ports 8 or 9 receives the fiuid fronn 
the pump. Fluid may be supplied to the intake 
port of the pump from a Sump or reservoir. Fur 
ther detail descrition of the pump and motor aire 
not required for the purposes of this present ex 
planation, for which reference may be had to 
Patent No. 2,274,206 issued February 24, 1942, to 
Water H. Marsh. 
The pump N is driven from an external power 

source and, assuming that the rotor 3 is rotated 
in anti-clockwise direction, the port 6 is the in 
take port while port T is the discharge port With 
which transmission conduit A is connected. 
The main valve assembly V includes the cored 

manifold suitably attached to both the pump 
and motor and so cored as to provide a fluid 
channel connecting the manifold bore 2 with 
pump outlet conduit A and the two motor ports 
8 and 9. The opposite ends of bore 2 are thread 
ed to receive suitable closure or cover members 
3. The pump intake port 6 may open directly 

into the sump through an opening provided in 
valve manifold . 
Mounted in the manifold bore 2 is a machined 

valve sleeve 4. The main valve 5 is axially 
slidable in this sleeve and is normally urged to 
a central or neutral position by means of coil 
springs 6 compressed between the closure mem 
bers 3 and suitable shoulders T formed on the 
ends of valve member 5. 
The manifold and the valve sleeve 4 are 

provided with a series of axially Spaced legister 
ing ports which includes control ports 8 at oppo 
site ends of the valve unit, a central port 2 
directly connected with pump outlet conduit A 
and intermediate motor connecting ports 20 and 
exhaust ports f 9 respectively. PortS 9 open 
through the manifold directly into the Sump or 
fluid supply reservoir. Preferably a baffle plate 
22 is mounted directly below the lower exhaust 
port 9 to prevent the fluid from taking the 
shortest path through the Sump back into the 
pump intake port 6. This baffle has a marked 
effect on lowering the temperature of the fluid, 
when space limitations require the use of a mini 
mum volume of fluid. 
The main valve member 5 is of generally 

cylindrical shape and provided with a central 
land 23 and two end lands 24. The reduced 
cylindrical terminal bosses 25 of the valve men 
ber are received within the Springs 6 and also 
serve to limit axial movement of the valve men 
ber by contact with the covers f3. The Spaces 
between the end lands 24 of the valve member 
and covers 3 constitute fluid pressure cham 
bers 26 which respectively open into the upper 
and lower control ports 8. From the outer 
surface of each land 24 the periphery of valve 
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diameter section adjoining the center land 23, 
for a purpose Which Will become apparent from 
the following description. 
The main valve 5 has an axial bore 27 in 

tersected by a plurality of spaced radial holes 28 
drilled through the center land 23. Also Small 
diameter radial holes or apertures 29 are drilled 
radially through each of the end lands 24 at its 
inner end portion and in diametrically opposite 
sides thereof. The openings 28 and 29 provide 
flow portS for the fluid to and from the axial 
bore 27 and are so located as to permit partial 
or total blocking of the fluid flow through bore 
27 by the unbroken Surfaces of the main valve 
sleeve 4 upon movement of the valve member 
5. In the preferred construction of this valve 
member, the center land 23 is of Slightly less di 
ameter than the end lands 24 to avoid any pos 
Sibility of binding between the edges of the cen 
tral land and the edges of the central slotS or 
ports in the sleeve 4. The end chambers 26 
are each connected through the upper and lower 
control ports 8 and couplings f8 to the dither 
valve D and also through the connecting con 
duits C to the pilot valve P. The two motor 
ports 20 are connected by transmission conduits 
B with the motor ports, while as above noted, 
the central port 2 is in filuid communication with 
the pump discharge port 7. 
An auxiliary by-pass valve is positioned in each 

end of the axial bore of the main valve mem 
ber 5. Each of these auxiliary by-pass valves 
includes the member 3 which is axially urged in 
one direction to normal position by Spring 32 
interposed between One end of Said valve mem 
ber and a tubular plug 33 secured in the end 

40 

45 

50 

55 

60 

70 

of the valve member 5 by a pin 34 extending 
transversely through the boss 25. 
The axial travel of valve member 3 under 

the pressure of Spring 32 is limited by a trans 
verse pin 35 fixed in Valve member 5 and ex 
tending across the axial bore 27 thereof through 
diametrically opposed slots 37 and the axial bore 
36 of valve member 3. The tubular stops 33 
permit equalization of fluid preSSure between 
the chambers 26 and the Outer ends of valves 
3 and prevent hydraulic locking of said valves 
in fixed position with respect to the main valve 
5. The two legs 38 formed by slots 37 coact 
ing with pin 35 restrain the valve member 3 
against rotative movement relative to valve mem 
ber 5. The bore 36 in Spaced relation from the 
outer end of the valve member is intersected by 
diametrically opposite openings 39 in Said mem 
ber Which are in axial alinement With the respec 
tive groups of OpeningS 29 in the Valve member 
5 for movement into and out of registration 

therewith. By this construction, the passage 
of fluid through the Openings 29 in the main 
valve may be controlled not only by movements 
of the main valve With respect to sleeve 4 but 
also by the relative movement of the auxiliary 
valves 3 f. It Will thus be apparent that any 
fluid entering the bore of the main valve 5 
through the openings 28 must flow axially along 
the bores of the two valve members and through 
the openings 39 in the valve members 3 before 
it can be exhausted through the openings 29 in 
the main Valve and the exhaust ports 9. 
The pilot Valve assembly P is shown in a pre 

ferred embodiment thereof in Figure 8 of the 
drawing. This valve, which controls the opera 
tions of the main valve assembly, includes the 
housing 40 having a cylindrical bore 4 into 

member 5 gradually tapers inwardly to a Small 75 Which a sleeve 42 is pressed, an upper port 43 
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and lower port 44 of said sleeve being respec 
tively connected to the end chambers 26 of the 
main valve assembly W by the conduits C. Bore 
45 of sleeve 42 is open at its upper and lower ends 
to the Sump or fluid supply reservoir. 
An axially adjustable pilot valve member 46 is 

mounted Within the bore of the Sleeve 42. 
valve member is provided substantially for its 
full length with the thread 47, the intermediate 
convolutions of which are in contact with the 
wall of bore 45. The opposite end portions of 
the thread 47 gradually decrease in diameter as 
indicated at 48 in successively increasing radially 
spaced relation from the Wall of bore 45 to the 
terminal convolutions. A pin 49 is diametrically 
disposed across the lower end of bore 45 in sleeve 
A2 to limit the downward axial movement of 
valve member 46 therein. Suitable means 50 is 
provided at the upper end of the valve member 
by which it may be readily shifted in the bore 
45 either manually or by a suitable mechanical 
connection thereWith. 

In order that the operational advantages of the 
pilot valve $6 may be clearly understood and for 
purposes of Comparison, we have shown a Con 
ventional type of pilot Valve in Figure 7 of the 
drawing. This valve comprises a cylindrical rod 
a having two lands b and c axially Spaced apart 
to coincide with the inlet ports d and e respec 
tively. The width of these lands is slightly less 
than that of the ports d and e. Therefore, Whsn 
the valve is in a central or neutral position, there 
are slight clearances as indicated at f and g be 
tween the lands and the upper and lower Sides of 
the respective ports. These clearances may be 
referred to as exhaust and stabilizing clearances 
respectively. It will be seen that any fluid en 
tering one of the ports d or e when the pilot Valve 
is centrally positioned, will have several possible 
paths of escape. Thus, the fluid may flow 
through the upper exhaust f into the Surrounding 
sump, or through the upper stabilizing clearance 
g into the space between the lands b and c and 
hence, through the opposite Stabilizing clearance 
g into the conduit connection which leads to the 
other end chamber 26 of the main valve, or mainly 

This 
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around the land c and into the Surrounding Sump. 
Normally, the clearances f-f provide relief for 

the pressures in valve chambers 26. If however, 
the valve member d is given an axial movement 
so that the exhaust clearance f of one land is 
closed simultaneously with the closing of the 
stabilizing clearance g of the other land, then 
the full pressure developed by the regulator unit 
R, will bear on that end of the main valve men 
ber 5 corresponding to the port of the pilot valve 
whose exhaust clearance is closed. For Smooth 
and efficient action, such an hydraulic locking 
at, one end of the main valve may be prevented. 
This type of pilot valve has the additional unde 
sirable feature that in the axial movement of 
the valve member one of the stabilizing clear 
ances may be entirely closed, which can result 
in an unstable Operation of the main Valve men 
ber. 
Our new pilot valve construction Will avoid 

the difficulties above mentioned, since in the 
operation thereof, none of the clearances is ever 
entirely reduced to zero. When the pilot valve 
member 46 and main valve member 5 are in the 
central or neutral position, the fluid pressure in 
the end chambers 26 of the main valve will be-, 
come equalized as the fiuid may readily flow 
through the conduit connections C and ports 43. 
and 44 between the convolutions of the thread 41 

5 5 

60 

65 

70 

6. 
and into the Sump or reservoir and the rate of 
flow may be varied by movement of the pilot 
valve member 46 So as to change the number of 
convolutions between ports 43 and 44 and the 
Sump or reservoir. The variation in flow due to 
ovement of pilot valve member 46 may be in 

creased by tapering the end threads 47 so that 
When One of the tapered portions is opposite to 
the associated inlet port, there will be a larger 
flow of fluid from the corresponding end chamber 
26 of the main valve into the Sump or reservoir 
while the fiuid pressure regulator R. Will build 
up pressure in the other end chamber 26, not 
withstanding the continued relatively small flow 
of fluid from the latter chamber through the 
other inlet port between the full diameter con 
volutions of the thread 47 opposed to the latter 
part. The clearances f and g above referred to 
in connection with conventional type of pilot 
Valve are represented in the valve of Figure 8 
not only by the Space between the thread con 
Volutions but also upon sufficient movement of 
the valve by the space developed between the 
tapering portions of the valve and the bore of 
the valve sleeve, it being noted that the increase 
or decrease of Such clearances occurs gradually 
in the Shifting of the valve, resulting in a smooth 
Operation of the main valve mechanism. 
The dither Valve assembly is shown in Fig 

IreS 4 and 6. This valve is mounted in the axial 
bore 52 of a housing 5. This bore is interested 
by three radial openings 53, 54 and 55 respec 
tively Spaced apart 90°. The openings 53 and 
54 are outlet ports connected by the couplings 
18' to the respective end chambers 26 of the 
main Valve assembly, while opening 55 is an in 
take port connected with the outlet of pressure 
regulator R by the conduit 56 which is preferably 
provided with a suitable type of needle valve 57 
by means of which the volume of fluid flow to the 
dither valve may be regulated. 
The dither valve 58 is preferably driven from 

the Shaft 4 of the pump and comprises a short 
Steel cylinder having three flat, symmetrically 
arranged peripheral Surfaces 59 formed thereon. 
Into One end of this valve member 58 two pins 
60 are fixed in longitudinally projecting relation 
therefrom to fit into registering longitudinal 
bores 6 provided in one end of the pump drive 
shaft 4. Thus, the valve member 58 Will revolve 
in the bore 52 at the same speed as the pump 
rotor. By the provision of the flattened surfaces 
59 on the valve member, the rotation thereof 
results in a rapid succession of fluid impulses or 
pulsations which are transmitted through the 
portS 53 and 54 and couplings 3' to the end 
chambers 26 of the main valve assembly W. Thus, 
Static positioning of the valve elements is avoided 
With a more sensitive and rapid response of said 
elements to relative movement under the control 
of the pilot Valve P. The effective value of the 
pulsations from the movement of the valve 8 
may be altered by adjustment of valve 57 to 
change the rate of flow to the dither valve, as 
well as by the modification of the constructural 
design of the valve member. 
In the operation of the above described mech 

anisms, assuming first that the main valve 5 and 
pilot valve 46 are in neutral position as shown in 
the drawing, the entire Output of the pump N, 
with the exception of the small portion entering 
the intake of the regulator unit R, which is de 
livered under predetermined pressure through the 
dither valve unit D to the end chambers 26 of the 
main valve assembly V, enters the intake port 
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2 of the main valve assembly. Fluid flow into 
the sleeve 4 is substantially entirely blocked by 
the central land 23 of the valve member 5. 
Thus, the fluid must pass through the radial 
openings 28 into the axial bore 27 of valve men 
ber 5 and then axially in each direction through 
said bore and the bores 36 of auxiliary valve mem 
ber 3 where, in this neutral position, the fluid 
will flow through the holes 39 in the latter valve 
member and holes 29 in the main valve 5 and 
into the Sump or fluid reservoir through the ex 
haust ports 9 in the main valve manifold. 
The fluid pressures supplied through regulator 

R and dither valve assembly D to the end cham 
bers 26 of the main valve assembly are equalized, 
since there is a continual equal leakage of fluid 
from these end chambers through the pilot valve 
P to the sump or reservoir. Thus, the main valve 
5 will remain in its hydraulically balanced 

neutral position. 
Since all of the fluid except the small portion 

in the control passage-ways is by-passed through 
the main valve assembly, the motor unit M is not 
operated and no effective work is done. In fact, 
the motor is substantially hydraulically locked in 
a stationary position since a small volume of fluid 
will pass the centerland 23 of the main valve into 
the upper and lower motor ports 20. 

Referring now to Figure 3 of the drawing, 
assuming that it is desired to drive the motor in 
anti-clockwise direction, the pilot valve 46 is 
moved vertically upward to position the lower 
tapering convolutions of the thread 47 with 
respect to port 44, thus exhausting fluid from the 
lower chamber 26 of the main valve assembly in 
greater volume to rapidly reduce the pressure 
thereof. The relatively higher fluid pressure in 
the upper chamber 26 is then effective to move 
the main valve member 5 downwardly, uncover 
ing the port 2 in the valve sleeve so that the fluid 
may flow upwardly into upper port 20 and into 
the port 9 of the motor. The lower port 20 of the 
valve assembly is simultaneously connected With 
the lower exhaust port 9 so that the fluid will be 
exhausted through the notor port 8 and port 9 
of the valve assembly to the Sunp or reservoir. 
This downward movement of main valve 5 also 
results in a decrease in the by-pass flow of fluid 
through openings 29 into the exhaust port, there 
by increasing the fluid pressure within the bore 
of valve member 5 which can force the auxiliary 
by-pass valve members 3 outwardly with respect 
to the main valve member, moving the openings 
39 thereof wholly or partially out of registration 
with the openings 29 in valve member 5 and 
thus further decreasing the by-pass flow of fluid 
to exhaust port 9 which results in a secondary 
increase of the fluid preSSure Supplied to the 
motor port 9 to compensate for a sudden increase 
in resisting torque of the motor. Thus, by proper 
adjustment of the pilot valve member 46 and 
auxiliary by-pass springs 32 to control the release 
of pressure from the lower valve chamber 26 and 
the axial movement of valve members 5 and 3, 
the motor may be driven at any selected Speed 
from Zero to maximum over a broad range of 
motor resisting torques. 

Obviously, owing to the Symmetrical porting 
arrangement of the main valve assembly, the 
motor may also be driven in the reverse or clock 
wise direction at any Selected Speed by moving 
the pilot valve member 46 downwardly from its 
neutral position to release the fuid pressure from 
the upper chamber 26 of the main valve assembly 
so that the main and auxiliary valve will function 
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8 
as above described to connect the port 2. With 
the lower motor port 28 while the fluid is ex 
hausted through motor port 9 and returned 
through the upper exhaust port 9 to the Sump or 
reservoir. 
From the foregoing description, it will be seen 

that we have provided simple and reliably func 
tioning means for establishing variable fluid 
pressures and rates of flow in the main valve 
mechanisrin Which control and determine the 
movement of the valve members l'elative to each 
Other and to the ports or paSSages in the Valve 
manifold. Thus, through a single control valve 
unit, the motor or other apparatus may be driven 
at any selected speed between Zero and maxi 
mum, and in either direction; while, when the 
motor is idle and the pump is in continuous oper 
ation, substantially the entire output of the pump 
is by-passed around the motor through the valve 
mechanism with little pressure drop, and hence 
Small loss of energy. Also, as above noted, by 
maintaining pulsatory or fluctuating fluid pres 
Sures in the end Chambers of the valve manifold, 
a static condition of the movable valve parts is 
avoided so that they will be sensitively responsive 
to any adjustment of the primary or pilot control 
valve 46. It will of course, be understood that 
the above description of the pump and motor is 
merely Suggestive, and that our improved valve 
control mechanism may be employed in connec 
tion. With similar units of well known mechanical 
construction. 
The invention may be embodied in other spe 

cific forms without departing from the spirit or 
eSSential characteristics thereof. The present 
embodiment is therefore to be considered in all 
respects as illustrative and not restrictive, the 
Scope of the invention being indicated by the 
appended claims rather than by the foregoing 
description, and all changes which come within 
the meaning and range of equivalency of the 
claims are therefore intended to be embraced 
therein. 
What is claimed and desired to be secured by 

United States Letters Patent is: 
1. In combination with hydraulically operated 

apparatus and a source of fluid pressure, a fluid 
distributing System comprising fluid transmis 
Sion channels to and from said apparatus and 
preSSule SOurce, and Valve mechanism intercon 
nected with Said transmission channels, said 
mechanism comprising a manifold having a cen 
tral inlet port and fluid Supply and exhaust ports 
connected with the apparatus at each side of said 
inlet port together with a chamber at each end 
of the manifold connected with the fiuid pressure 
Source, a main valve in said manifold, a by-pass 
valve subject to inlet fluid pressure mounted in 
each end of Said main valve, said main and 
by-pass valves having coacting means to by-pass 
fluid to the pressure source, and a control valve 
connected with said end chambers to hydrauli 
cally balance the main valve in neutral position 
and interrupt fluid flow through said mechanism 
to the apparatus, said control valve being oper 
able to selectively exhaust pressure fluid from 
Said end chambers and reverse the direction of 
operation of the apparatus at will. 

2. The combination defined in claim 1, together 
With Spring means biasing said by-pass valves to 
normal position to by-pass substantially the 
entire volume of fiuid from the inlet port to the 
fluid pressure source. 

3. In combination with hydraulically operated 
apparatus and a volumetrically constant source 
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of fluid pressure; a fluid distributing System com 
prising fluid transmission channels to and from 
said apparatus and pressure Source, and valve 
mechanism including a main valve operative in 
response to differential fluid pressures to distrib 
ute fluid from said constant volume Source in 
variable volume to said apparatus and from the 
apparatus to the pressure source, relatively mov 
able auxiliary valves mounted at opposite ends of 
the main waive, said main valve having a paSSage 
Way in fiuid communication with the pressure 
source and means controlling the volumetric flow 
of fluid from the pressure source to the apparatus 
and return flow to the pressure Source, said main 
valve having a by-pass at each end, said auxiliary 
valves being operable by fluid pressure in the 
said passageway and each having means Cooper 
ating with the respective by-passes of the main 
valve to control the volume of by-passed fluid 
and modify the fluid pressure Supplied to the 
apparatus. 

4. The combination defined in claim 3, where 
in the auxiliary valves and the flow transmitting 
connections between the main Valve and the ap 
paratus are arranged with respect to the Con 
nection between said Valve and the fluid preSSure 
source for the controlled operation of Said ap 
paratus in reverse directions. 

5. The combination defined in claim 3, together 
with a pilot waive in fuid communication with 
the main valve and the fluid pressure Source and 
operable to create differential fluid pressures in 
said main valve to actuate the main and aux 
iliary valves as a unit in each direction. 

6. The combination defined in claim 3, together 
With differential preSSure producing nean S COn 
necting the fluid supply source with the main 
valve to selectively move said valve and the aux 
iliary valves as a unit in each direction, and a 
power driven dither valve connected with the 
main valve and operative to pulsate the fluid 
medium and prevent static positioning of the 
relatively movable valve partS. 

7. The combination defined in claim 3, together 
With a pressure regulating valve and means con 
necting said valve with the main Valve and With 
the constant fluid pressure Source, and a power 
driven dither valve interposed in the connecting 
means between the main and regulating valves 
to produce a pulsatory movement of the fluid 
medium and the main and auxiliary valves. 

8. In combination with a hydraulic motor and 
a constant fluid pressure supply punp, fluid flow 
control means between the pump and motor 
comprising a valve assembly including main and 
auxiliary reciprocating valve members operative 
respectively to produce a primary modification of 
fluid pressure Supplied to the motor by Said pump 
and a secondary modification of fluid pressure 
to compensate for varying loads on the motor, 
said auxiliary valves being subjected on One Side 
to the fluid pressure from Said pump, ?neans 
forming pressure chambers at each end of Said 
main valve and the other side of Said auxiliary 
valves, said pressure chambers being hydraulical 
ly connected to said pump, and pilot Valve means 
connected with said pressure chambers and Op 
erable to control the pressure in said chambers 
and thereby the effective operation of Said main 
and auxiliary Valves. 

9. The combination defined in claim 8, together 
with means operatively connected with a driven 
part of the pump operable to control the Supply 
of fluid to said pressure chambers to produce 
pulsatory fluid pressures in said pressure cham 

5 

O 

20 

40 

45 

50 

60 

65 

70 

75 

10 
bers acting upon said main and auxiliary valve 
members. 

10. The combination defined in claim 8, to 
gether with a pressure regulating valve in fluid 
communication with said chambers and with the 
discharge side of the pump, said pilot Valve in 
fluid communication with said chambers Com 
prising spaced means constructed to control the 
exhaust of fluid pressure from the respective 
chambers and to maintain stabilizing pressures 
therein when the exhaust is fully closed. 

11. In combination with a hydraulic motor and 
a constant fluid pressure Supply pump, fluid flow 
control means between the pump and motor, 
comprising a valve manifold having an inlet port 
connected with the discharge side of the pump, 
a port at each side of Said inlet port connected 
respectively to inlet and discharge ports of the 
motor, exhaust ports to discharge fluid from the 
respective last named manifold ports to the in 
take side of the pump, and a fluid pressure cham 
ber at each end of the manifold; a main recip 
rocating Valve in Said manifold having a bore 
and a port variably controlling the distribution 
of fluid between said manifold inlet port, the 
motor ports thereof and said valve bore, said 
bore being in fluid communication with said end 
chambers, auxiliary valve members reciprocat 
ing in opposite ends of said bore and actuated 
by fluid pressure therein, means connected with 
said chambers operative to create differential 
fluid pressures in said end chambers and move 
the main and auxiliary valves as a unit in One 
direction, said main and auxiliary valves having 
co-acting by-pass means connecting said bore 
With the exhaust ports to variably modify the 
fluid pressure Supplied to the motor under the 
control of Said main Valve. 

12. The combination defined in claim 11, in 
which said means connected with the end cham 
bers of the valve manifold comprises a pilot valve 
having means to selectively control the exhaust 
of pressure fluid from said chambers and to main 
tain a stabilizing pressure therein in all posi 
tions of said pilot valve. 

13. The combination defined in claim 11, in 
Which baffle means is interposed between the 
manifold exhaust ports and the intake side of 
the pump, together with additional means con 
necting each of said end chambers with the dis 
charge side of the pump including a power driven 
dither valve operative to produce a pulsatory 
movement of the fluid medium and the main and 
auxiliary valves. 

14. In combination with hydraulically op 
erated apparatus, a volumetrically constant 
Source of fluid pressure and fluid distributing 
means connected between said apparatus and 
preSSure Source, including a valve mechanism, 
fluid pressure means for operating said valve 
mechanism, a pressure regulating valve connect 
ing the pressure source and said fluid pressure 
means, and primary control means including a 
Valve Casing having spaced exhaust ports in fluid 
communication with said fluid pressure means 
and a pilot valve operable within said casing 
having adjustable means constructed to coop 
erate with Said exhaust ports of said casing to 
control the exhaust of fluid pressure from said 
fluid preSSure means while maintaining stabiliz 
ing pressures therein in all positions of said pilot 
Valve. 

15. In combination with hydraulically operated 
apparatus, a volumetrically constant source of 
fluid pressure, fluid distributing means connect 
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ed between said apparatus and preSSure Source, 
including a valve mechanism, fluid pressure 
means for controlling said valve mechanism, a 
pressure regulating valve connecting the pres 
sure source and said fluid pressure means, and 
primary control means for said fluid preSSure 
means including a valve casing having Spaced 
exhaust ports in fluid communication with Said 
fluid pressure means, a pilot valve operable with 
in said casing having means constructed to co 
operate with the exhaust ports of Said casing to 
control the exhaust of fluid from said fluid pres 
sure means while maintaining Stabilizing pres 
Sures therein in all positions of Said pilot Valve, 
said pressure source comprising a constant vol 
ume pump having an intake in communication 
with a fluid containing Sump in which the pilot 
valve casing is innersed. With its bore in fluid 
communication with the Sump, and wherein said 
pilot valve is reciprocable in Said Casing and Said 
control means thereof comprises Spaced helical 
threads on Said valve having tapering end por 
tions of progressively decreasing diameter to the 
terminals thereof and cooperating with the re 
Spective ports of said casing to exhaust fluid 
in variable Volume from Said fluid pressure mech 
anism and to maintain Stabilizing clearances be 
tween the pilot Valve and Casing in all positions of 
Said valve. 

16. In combination, a Source of fluid pressure, 
a reversible fluid motor having two ports, valve 
means connecting Said Source and Said tWO ports, 
Said valve means including a member movable to 
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connect either of said ports to said Source and 
vary the volume of fluid entering the connected 
port, a pressure chamber at each end of Said 
valve means for moving said member, each of 
said pressure chambers having separate inlet and 
outlet connections, means for introducing fluid 
under pressure from Said pressure Source into 
the inlet connections of both pressure challerS, 
and control means independent of Said fluid in 
troducing means for regulating the relative pro 
portions of flow of fluid in Said outlets. 

17. The combination defined in claim 16 in 
which the control means comprises a pilot valve, 
means for connecting both outlets to Said pilot 
valve, a member movable in said pilot valve to 
regulate the relative proportions of flow of fluid 
from said outlets and means for positioning Said 
member in any intermediate position between its 
two limiting positions. 

WALTER, H. MARSH. 
WILLIAM. I. SMITH. 
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