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[57] ABSTRACT 
An automatic control system for use with a hydraulic 
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drive system which includes a source of pressurized 
hydraulic ?uid and ?rst and second hydraulic drive 
motors deriving their power from’ said source of pres 
surized hydraulic ?uid, comprising a differential valve 
in ?uid communication with the source of pressurized 
hydraulic ?uid and a ?ow divider in ?uid communica 
tion with the differential valve and with a ?ow com 
pensator. The ?ow compensator is in ?uid communi 
cation with the ?rst and second hydraulic drive means. 
A compensator valve member is carried by the ?ow 
compensator for controlling the relative rates of ?ow 
of hydraulic ?uid to the ?rst and second hydraulic 
drive motors in response toload variations encoun 
tered by the hydraulic drive means. A control unit is 
in ?uid communication with the source of pressurized 
hydraulic ?uid and with the ?ow divider and includes 
a control valve member for controlling hydraulic ?uid 
signals being sent therefrom to the ?ow divider. An 
actuator is operatively connected to the control valve 
member for actuating the control valve member in re 
sponse to stimulus from a source external to the auto 
matic control system. A ?ow divider valve member is 
carried by the ?ow divider for controlling the relative 
rates of ?ow of hydraulic ?uid through the ?ow di 
vider in response to the hydraulic ?uid signals from 
the control unit. 

17 Claims, 10 Drawing Figures 
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AUTOMATIC > CONTROL SYSTEM ‘FOR: USE 'W 1TH 
A.-H,YDRAULIC DRIVE SYSTEM 

BACKGROUND OF THE‘INVENTION 
l . -Field of ‘the Invention 
The-invention .relates generally to automatic control 

systems foruse with hydraulic drive systems, and more 
speci?cally, butnot by way. of limitation, to automatic 
.controlsystems for-use with heavy construction‘ ma— 
.chinery such as paving'machines or .the‘like. 

2. Brief Description of-the Prior Art 
Known-examples of the prior art teach various sys 

tems for automatically controlling hydraulic drive sys 
tems-Certain of these systems employcornplex and ex 
pensive mechanically and .electrically actuated valving 
wto provide a desired ‘degree of control. Many prior art 
systems have not beenentirely satisfactory due to the 
expense involved’in both the ‘manufacture and mainte 
nance of various component parts thereof. Others of 
the priorartsystems‘have notbeen entirely satisfactory 
due to delay inresponse of the drive system to .thecon 
.trol signals sent thereto by the automatic control-sys 
tem, and .due to wander or oscillation inherent'in the 
automatic control .system. 

SUMMARY OF THE INVENTION 

The present invention contemplates an improved au 
tomatic, control system for use with .a hydraulic drive 
system of the type which includes a source of pressur 
ized hydraulic ?uid and ?rst and second hydraulic drive, 
means deriving .their-power-from said source of pressur 
ized hydraulic ?uid. The automatic control systemv 
comprises differential valve means, having an inlet in 
?uid communication with the source of pressurized vhy 
draulic ?uid and having an outlet, for providing a hy 
draulic pressure differential between .the inlet and out 
let thereof. A flow divider having first and second sig 
nal inlets, a powerinlet, and first and second power 
outlets communicates with the outlet of the differential 
valve means via the'power'inlet thereof. A ?ow com 
pensator having first and second power inlets and ?rst 
and second power outlets, is connected to the ?ow di 
vider viathe ?rst and second power inlets thereof in 
?uid communication with the ?rst and 'secondpower. 
outletsof the flow divider, respectively. The ?ow com 
pensator is further in ?uid communication with the ?rstv 
and second hydraulic drive means by means of ‘the ?rst 
and second power outlets, respectively, thereof. Com 
pensator valve means is carried by said ?ow compensa 
tor between the ?rst power inlet and the firstpower. 
outlet, and vbetween the second power inlet and the sec 
ond power outlet thereof for controllingthe relative 
rates of ?ow of hydraulic ?uid to said ?rst and second 
hydraulic drive means from said ?ow compensator in 
response to load variations encountered by said ?rst 
and second hydraulic drive means. A ?rst control unit 
having an inlet in ?uid communication with the source 
of pressurized hydraulic ?uid and having ?rst and sec 
ond signal outlets is in ?uid communication with the 
first and second signal inlets of the ?ow divider by 
means of the ?rst and second signal outlets thereof, re 
spectively. First control valve means is carried'by the 
first control unit betweenthe inlet thereof and the first 
and second signal outlets thereof for controlling the rel 
ative rates of ?ow of hydraulic ?uid through the ?rst 
and second signal outlets of the ?rst control unit to the 
?rst and second signal inlets of the ?ow divider, respec 
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,2. 
tively. First actuation means is operatively connected. 
to the ?rst control -valve .means for. actuating-'the?rst 
control valve means in responseto stimulus from a 
source external to the automatic control system. Flow 
divider valve means is carried by the ?ow divider-be-v 
tween the power inletthereofandthe ?rst and second. 
power outlets thereof, and in ?uid communication with 
the ?rst and second signal inlets thereof for controlling 
the relative rates of ?ow of hydraulic ‘?uid from the 
power-inlet to the first power outlet and from the power 
inlet to the second power outletin‘response to the rela 
tive ?ow rates of hydraulic ?uid "from ‘the l?rst control 
unit into the ?rst and second signal inlets» of ‘the ?ow di- . 
vider. 
An object of "the ‘present invention is to iprovidean 

improved automatic control system for use with'aéhy 
draulic drive system ‘which will automatically compen 
sate ‘for deviation of the ‘hydraulic drive system from a 
desired path. 1 
Another‘ object of the present'invention is'to provide 

an improved automatic control vsystem for use with :a 
hydraulic drive system which will automatically ycom 
pensate for variations in the loads encountered’vby ‘the 
individual hydraulic drive motors of the hydraulic drive 
system. 
Yet another object of the present'invention is to pro 

vide an improved automatic control system for:use with . 
a hydraulic drive system which is all-hydrauli'c-in opera 
tion. 
A still further object of the present inventionis-to 

provide an automatic ‘control ‘system foruse with ya h'y 
draulic drive system employing components which‘are 
inexpensive to manufacture and ‘maintain. 
Other objects and advantages of ‘the present-inven- . 

tion will be evident ‘from the following detailed descrip‘? 
tion when read in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a substantially diagrammatical ‘perspective 
view illustrating the apparatus of the present invention‘ 
installed on a hydraulically driven self-propelled vehi 
cle. 
FIG. 2 is a schematic diagram illustrating one form of 

the automatic control system of the present invention. 
FIG. 3 is a cross-sectional view of one form ‘of ?ow 

divider for use with the present invention illustrating 
the details of construction thereof. 
FIG. 4 is a cross-sectional view of ' one form of ?ow. 

compensator for use with the present invention illus 
trating the details of construction thereof. 
FIG. 5 is a schematic diagram illustrating‘ another 

form of the automatic control system of the present in 
vention. 
FIG. 6 is a cross-sectional view of another form of 

?ow divider for use with the-present invention illustrat 
ing the details of construction thereof. 
FIG. 7 is a cross-sectional view of another form of 

?ow compensator for use with the present invention ll’. 
lustrating the details of construction thereof. 
FIG. 8 is a cross-sectional view ofv one form of 'bi-. 

directional differential valve for use with the present 
invention illustrating the details of construction 
thereof. 

FIG. 9 is a cross-sectional view of the valve of FIG. 
8 showing the disposition of the valve member when 
the pump is driven in the forward direction. 
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FIG. 10 is a cross-sectional view of the valve of FIG 
8 showing the disposition of the valve member when 
the pump is driven in the reverse direction. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

‘Referring now to the drawings, and to FIG. 1 in par 
ticular, the apparatus of the present invention is gener 
ally designated by the reference character 10. The ap 
paratus 10 includes a self-propelled vehicle 12 com 
prising a frame 14 and four hydraulic motor-driven 
track units 16 positioned at each of the four corners of 
the frame 14 and supporting the frame 14 on the 
ground. 
While the vehicle 12 is described herein to include 

four hydraulic motor-driven track units 16, i6 will be 
readily understood that the present invention is equally 
well suited for use with vehicles having two drive units 
disposed respectively on opposite sides of the vehicle. 
Mounted on and supported by the frame 14 is an au 

tomatic control assembly 18. Details of the construc 
tion of the automatic control assembly 18 will be de 
scribed in greater detail hereinafter. 
A track drive pump 20 is mounted on the frame 14 

and is connected to the automatic control assembly 18 
by means of a pair of hydraulic conduits 22 and 24. The 
track drive pump 20 is driven by a power take-off 
which‘ is driven by a suitable engine such as an internal 
combustion engine of the piston or turbine type (not 
shown). A hydraulic ?uid reservoir 26 is mounted on 
the frame 14 and is in ?uid communication with the 
track drive pump 20 by means of a hydraulic conduit 
28. A hydraulic ?uid ?lter 30 is interposed in the con 
duit 28 between the track drive pump 20 and the hy 
draulic ?uid reservoir 26. In certain applications, alter 
nate or additional ?lters may be desirable. 
Hydraulic track drive motors 32, 34, 36 and 38 are 

mounted respectively on and drivingly connected to 
the hydraulic motor-driven track units 16. The first 

' port 32a of the track drive motor 32 is in ?uid commu 
nication with the automatic control assembly 18 via hy 
draulic conduits 40 and 42. The second port 32b of the 
track drive motor 32 is in ?uid communication with the 
automatic control assembly via hydraulic conduits 44 
and 46. The first port 34a of track drive motor 34 is in 
?uid communication with the automatic control assem 
bly 18 via hydraulic conduits 40 and 48. The second 
port 34b of track drive motor 34 is in ?uid communica-. 
tion with the automatic control assembly 18 via hy 
draulic conduits 50 and 44. 

It should be noted that it may be desirable in certain 
circumstances to include a conventional flow divider at 
the junction of conduits 42 and 48 to divide the flow of 
hydraulic ?uid therethrough from conduit 40. Simi 
larly, it may also be desirable to include a second con 
ventional ?ow divider at the junction of conduits60 
and 54. to divide the ?ow of hydraulic ?uid there 
through from conduit 52. In addition, a conventional 
?ow divider may also be included at the junctions of 
conduits 46 and 50 to divide the ?ow of hydraulic ?uid 
therethrough from conduit 44. Similarly, it may also be 
desirable to include a conventional flow divider atthe 
junction of conduits 62 and 58 to divide the ?ow of hy 
draulic ?uid therethrough from conduit 56. Such ?ow 
dividers may suitably be of the 50—50 type which is 
well known to those skilled in the art. 
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4 
The ?rst port 36a of track drive motor 36 is in ?uid 

communication with the automatic control assembly 
18 via hydraulic conduits 52 and 54. The‘second port 
36b of track drive motor 36 is in ?uid communication 
with the automatic control assembly 18 via hydraulic 
conduits 56 and 58. The ?rst port 38a of track drive 
motor 38 is in ?uid communication with the automatic 
control assembly 18 via hydraulic conduits 52 and'60. 
The second port 38b of track drive motor 38 is in ?uid 
communication with the automatic control assembly 
18 via hydraulic conduits 56 and 62. 
A hydraulic manual steering control assembly 64 is 

mounted on the frame 14 and is in ?uid communication 
with the automatic control assembly 18 via hydraulic 
supply conduit 66 and hydraulic signal conduits 68 and 
70. 
A sensor control assembly 72 is mounted on and to 

one side of the frame 14. The sensor control assembly 
72 is in ?uid communication with the automatic con 
trol assembly 18 via hydraulic supply conduit 74 and 
hydraulic signal conduits 76 and 78. The sensor control 
assembly 72 includes a sensor unit 80 operatively con 
nected thereto by means which will be described in 
greater detail hereinafter. Each sensor unit 80 is pro 
vided with a tracer 82 which engages a string line or 
grade line 84 which is supported above the surface of 
the ground to provide a suitable reference datum to fa 
cilitate the automatic steering of the apparatus 10. A 
shut-off valve 86 is installed in the hydraulic supply 
conduit 74 intermediate the sensor control assembly 72 
and the automatic control assembly 18 to provide 
means for manually deactivating the sensor control as 
sembly 72 when desired. 
The sensor control assembly 72 is preferably 

mounted on the vehicle 12 proximate the forward end 
, thereof when the vehicle 12 is moving in the forward 
direction. Conversely, the sensor control assembly 72 
is preferably mounted on the vehicle 12 proximate the 
rear end thereof when the vehicle 12 is moving in the 
reverse direction. 
A heat exchanger 88 is mounted on the frame 14 and 

is in ?uid communication with the hydraulic ?uid reser 
voir 26 via conduit 90. The bypass outlet 92 of the 
track drive motor 32 is in ?uid communication with the 
heat exchanger 88 via hydraulic conduits 94, 96 and 
98. The bypass outlet 100 of the track drive motor 34 
is in ?uid communication with the heat exchanger 88 
via hydraulic conduits 102, 96 and 98. The bypass out 
let 104 of the track drive motor 36 is in ?uid communi 
cation withthe heat exchanger 88 via hydraulic con 
duits 106, 108 and 98. The bypass outlet 110 of the 
track drive motor 38 is in ?uid communication with the 
heat exchanger 88 via hydraulic conduits 112, 108 and 
98. The track drive motors 32, 34, 36 and 38 are 
adapted, by means of their internal valving, to direct 
excess ?uid volume through the respective bypass out 
lets 92, 100, 104 and 110 through the associated hy 
draulic conduits to the heat exchanger 88. At the heat 
exchanger 88 the excess hydraulic fluid is cooled and 
directed from the heat exchanger 88 through hydraulic 
conduit 90 to the hydraulic ?uid reservoir 26 for re-use 
in the hydraulic drive system of the apparatus 10. 

It will be readily apparent to those skilled in the art 
that the apparatus 10 may be propelled over the ground 
by means of the four hydraulic motor-driven track units 
16 which are driven respectively by the track drive mo 
tors 32, 34, 36 and 38, which track drive motors derive 
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their power from the ?ow of hydraulic ?uid emanating 
from the track drive pump 20 and- conveyed thereto 
through the previously described hydraulic conduits 
and the automatic control assembly 18. Control of the 
relative speed and power outputs of the track‘ drive mo 
tors 32, 34, 36 and 38 is achieved by the automatic 
control assembly 18 interposed between thetrack drive 
pump 20 and the track drive motors. Preferred embodi 
ments of the automatic control assembly 18 will be de 
scribed in detail hereinafter. 

DESCRIPTION OF THE EMBODIMENT OF FIGS. 2, 
3 AND 4 

FIG. 2 generally illustrates, in. schematic form, the 
automatic control assembly 18 in ?uid communication 
with the hydraulic manual steering control assemblyv 
64, the sensor control assembly 72,the shut-off‘valve 
86, and the track‘ drive motors 32 and 38' as described 
in detail above. The track drive motors 34 and 36 are 
not illustrated in FIG. 2, it beingbelieved that it will be 
readily apparent to one skilled in the art that the opera 
tion of the motors 34 and 36 is substantially identical 
to the operation of motors 32 and 38 which will be de 
scribed in detail herein. FIG. 2 also illustrates the track 
drive pump 20 in ?uid communication with the auto 
matic control assembly‘ l8'as described above. 
The automatic control-assembly‘ 18 includes a differ 

ential valve 114.The inlet 1161’of the differential valve 
1 14 is in ?uid communication with the ?rst port 20aof 
the track drive pump 20 via hydraulic conduits 118 ‘and 
22. . 

The automatic control assembly 18 also includes a 
flowldivider 120 having first and ‘second signal inlets 
122 and 124, a power inlet 126 and ?rst and second 
power outlets 128 and 130. The power inlet 126 of the 
flow divider 120 is in ?uid communication with the out 
let 132 of the differential valve 114 via conduit 134. 
A shuttle valve 136 having an outlet 138 is in ?uid 

communication with'the ?rst signal inlet 122 ‘of the 
?ow divider 120 via conduit 40. A second shuttle valve 
142 having an outlet 144 is in ?uid ‘communication 
with the second signal inlet 124 of the ?ow divider 120 
via conduitl 146. ‘ > 

The shuttle valve 136 also includes a ?rst inlet 148 
and a second inlet 150. The ?rst inlet 148 is in ?uid 

- communication with the sensor control assembly 72 via 
conduits 152 and 76. The second inlet 150 is in ?uid 
communication with the hydraulic manual steering 
control assembly 64 via conduits 154, 156-‘and 68. 

' The second shuttle valve 142 includes a ?rst inlet 158 ‘ 
and a second inlet 160. The first inlet 158is in ?uid 
communication with the sensor control assembly 72 via 
conduits 162 and 78. The second inlet 160 is‘in fluid 
communication with the hydraulic manual steering 
control assembly 62 via conduits 164,166 and 70. 
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?rst and second power outlets 182' and 184. The ?rst 
and second power inlets 178 and 180 are in ?uid com‘ 
munication with the ?rst and second power outlets128 
and 130 of the ?ow divider 120, respectively. 
Included in the automatic control assembly 18 is'a 

forward-reverse control valve 186. The valve 186 in-v ‘ 
cludes an inlet port 188, a foward outlet port 190 and 
a reverse outlet port 192. The inlet port 188 is in ?uid 
communication with the ?rst port 20a of the track 
drive pump 20 via conduits 194, 196, 118 and 22. The 
valve 186 is illustrated in the forward mode with the 
inlet port 188 and the forward outlet port 190 in ?uid 
communication with one another. It will be readily ap 
parent that the valve 186 may be placed in the reverse 
mode by placing the inlet port 188 in ?uid communica 
tion with the reverse outlet port 192 by moving the 
control lever 198 in the direction indicated by the 
arrow 200 to the reverse position. ' 
The automatic control assembly 18 further includes 

a pair of forward-reverse spool valves 202 and 204. The 
spool valve 202 includes power ports 206,208,210 and 
212. The spool valve 202 also includes a pair of control 
ports 214 and 216. 

. The spool valve 204 includes power ports 218,220, 
222~and 224. The spool valve 204 also includes a pair 
of control ports 226 and 228. 
The forward outlet port 190 of the forward-reverse 

control valve 186 is in ?uid communication with the 
control port 214 of spool valve 202 via conduits 230 
and 232. The forward outlet port 190 is also in ?uid 
communication with the control port 226 of spool 
valve 204 via conduits 230 and 234. The reverse outlet 
port 192 of the forward-reverse control valve 186 is in 
?uid communication with the control port 216 of spool 
valve 202 via conduits 236 and 238. The reverse outlet 
pport 192 is also in ?uid communication with the con 
trol port 228 of spool valve 204 via conduits 236 and 
240. 
The ?rst power outlet 182 of the ?ow compensator 

176 is in ?uid communication with the power port 206 
of spool valve 202 via conduit 242. The second power 

' outlet 184 of the ?ow compensator 176 is in ?uid com 
munication with power port 218 of the spool valve 204 
via conduit 244. 
The power port 208 of spool valve 202 is in ?uid 

communication with the second port 20b of the track 
‘ drive pump 20 via conduits 246, 248 and 24. The 

55 

The second inlet 150 of the shuttle valve 136 is also . 
in ?uid communication with the power inlet 126 of the 
flow divider 120 via conduits 154, 168 and 134. An ori 
?ce 170 is interposed in conduit 168 intermediate con 
duits 154 and 134. The second inlet 160 of the shuttle 
valve 142 is also in ?uid communication with the power 
inlet 126 of the ?ow divider 120 via conduits 164, 172 I 
and 134. An ori?ce 174 is interposed in the conduit 
172 intermediate the conduits 164 and 134. 
The automatic control assembly 18 further includes 

a ?ow compensator 176. The ?ow compensator176 
includes ?rst and second power inlets 178 and 180, and 

60 

65 

power port 220 of spool valve 204 is in ?uid communi 
cation with the second port 20b of the track drive 
pump 20 via conduits 250, 248 and'24. The power port 
210 of spool valve 202 is in ?uid communication with 
the track drive motor 32 via conduits 252, 40 and 42. \ 
The power port 212 of spool valve 202 is in ?uid com 
munication with the track drive motor 32 via onduits 
254, 44 and 46. The power port 222 of spool valve 204 
is in ?uid communication with the track drive motor 28 
via conduits 256, 52 and 60. The power port 224 of 
spool valve 204 is in ?uid communication with the 
track drive motor 38 via conduits 258, 56 and 62. 
The hydraulic manual steering control assembly 64'" 

preferably includes a conventional hydraulic differen 
tial ?ow control valve 260 having an inlet port 262 and 
a pair of signal outlet ports 264 and 266. The valve 260v 
may be suitably actuated by a manually operated con 
trol lever or the like as shown at 268. The inlet port 262 " 
of the contorl valve 260 is in ?uid communication with‘ 
the automatic control assembly 18 and the ?rst port 
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20a .of the track drive pump 20via conduits 66, 196, 
118 and 22. The signal outlet 264 vis'in ?uid communi 
cation with conduit 68 and the signal outlet 266 is in 
?uid communication with the conduit 70. 
The sensor control assembly 72 includes a conven 

tional hydraulic differential ?ow control valve 270 hav 
ing an inlet port 272 and a pair of signal outlet ports 
274 and 276. The signal outlet port 274 is in ?uid com 
munication with conduit 76 and the signal outlet port 
276 is in ?uid communication with conduit 78. The 
inlet port 272 is in ?uid communication with the auto 
matic control assembly 18 and the track drive pump 20 
via conduits 74, 278,, 118 and 22. As described above, 
a shut-off valve 86 is installed in the conduit 74 inter 
mediate the inlet port 272 of the sensor control assem 
bly 72 and the automatic control assembly 18. The hy 
draulic differential ?ow control valve 270 is of conven 
tional construction and its operation willbe readily ap 
parent to those skilled in the art. 
The sensor unit 80 is operatively connected to‘ the hy 

draulic differential flow control valve 270 of the sensor 
control assembly 72 in order to actuate the valve 270 
in response to variation in the position of the sensor 
unit 80 relative to the string line or grade line 84. The 
sensor unit 80 may be directly connected to the valve 
270 by mechanical means or may be connected electri 
cally to the valve 270 to provide actuation thereof. 
Such sensor units are well known in the art and need 
not be described in detail herein. 
The valves 260 and 270 are commonly referred to as 

selector or directional control valves. The valve 260 is 
preferably of the low gain type while the valve 270 is 
preferably of the high gain type. In each of the valves 
260 and 270 the cross-sectional ?ow area to one or the 
other signal outlet ports is directly proportional to the 
input signal from the control lever 268 or the sensor 
unit 80, respectively. 
As shown in FIG. 3, the ?ow divider 120 comprises 

a valve body 280 and a valve member 282 slidably dis 
posed therein. The valve body 280 includes a bore 284 
extending therethrough and intersecting the opposite 
end portions 286 and 288 thereof. A counterbore 290 
is formed in the bore 284 intersecting the end portion 
286 and forming an annular wall 292 in the valve body 
280. A counterbore 294 is formed in he bore 284 inter 
secting the opposite end portion 288 of the valve body 
280 and forming an annular wall 296 therein. 
A central annular chamber 298 is formed in the me 

dia] portion of the valve body 280 and includes oppo 
site annular walls 300 and 302 interconnected by a cy 
lindrically shaped annular surface 304. The annular 
chamber 298 is coaxial with the bore 284. 
A second annular chamber 306 is formed in the-valve 

body 280 coaxial with the bore 284 and intermediate 
the counterbore 280 and the central annular chamber 
298. The annular chamber 306 includes opposite annu 
lar walls 308 and 310 interconnected by a cylindrically 
shaped annular surface 312. ’ 
A third annular chamber 314 ‘is formed in the valve 

body 280 coaxial with the bore 284 therethrough and 
intermediate the central annular chamber 298 and the 
counterbore 294. The annular chamber 314 includes 
opposite annular walls 216 and 218 interconnected by 
a cylindrically shaped annular surface 320. 
The ?rst signal inlet v122 of the ?ow divider 120 com 

municates with an annular chamber 322 formed by the 
counterbore 290. The second signal inlet 124 of the 
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?ow divider 120 communicates with an annular cham 
ber 324 formed by ‘the'counterbore 294. The power 
inlet 1260f the ?ow'divider 120 communicates with 
the central annular ‘chamber 298. The ?rst and second‘ 
power‘outltes 128 and '1 30 of the ?ow divider 120 com; 
municate with the annular chambers 306 and 314, re 
spectively. ' ' 'l 

The valve member 282 is slidably dispose in the bore 
284 of the valve body 280. The substantially cylindri 
cally shaped outer periphery 326 of the valve member 
282 has a diameter sized to provide a substantially 
?uid-tight seal between the outer periphery 326 and 
the walls of the bore 284. A cylindrically shaped exten 
sion 328 is formed on one end portion 329 of the valve 
member 282 and extends into the annular chamber 
324. The extension 328 is coaxial with the outer pe 
riphery 326 of the valve member 282. An annular 
shoulder 330 interconnects the cylindrical surface 332 
of the extension 328 and the cylindrically shaped outer 
periphery 326. 
A bore is formed in the cylindrically shaped exten 

sion 328 coaxial with the cylindrical surface 332. A 
counterbore 336 is formed in the valve member 282 in 
tersecting the end portion 338 thereof and communi 
cating with the bore 334 in the extension 328. A re‘ 
movable ori?ce 340 is threadedly secured in the end 
portion 342 of the extension 328. A plug 344 having an 
aperture 346 formed therein is threadedly secured in 
the counterbore 336 at the end portion 338 of the valve 
member 282. A removable ori?ce 348 is threadedly se 
cured in the aperture 346. 
Two ports 350 are formed in the valve member 282 

providing communication between the chamber 352 
formed therein by the counterbore 336 and the central 
annular chamber 298 in the valve body 280. 
A plurality of ports 354 are formed in the valve mem 

ber 282 proximate to the end protion 338 thereof. The 
ports 354 provide ?uid communication between the 
chamber 352 and the cylindrically shaped outer periph 
ery 326 of the valve member 282. Similarly, a plurality 
of ports 356 are formed in the valve member 282 proxi 
mate to the end portion 329 thereof. The ports 356 
provide ?uid communication between the chamber 
352 and‘ the cylindrically shaped outer periphery 326 
of the valve member 282. Preferably, the valve member 
282 includes ten ports 354 and ten ports 356. The di 
ameters of the ports 354 and 356 are preferably identi 
cal. As shown in FIG. 3, the ports 354 are divided with 
?ve ports on one side of the valve member 282 and ?ve 
ports on the opposite side diiametrically opposed 

- thereto. Similarly, the ports 356 are divided with ?ve 
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ports on one side of the valve member 282 and with 
?ve ports on the other side diametrically opposed 
thereto. The ports 354 and 356 are drilled or otherwise 
formed in the valve member 282 on centers substan 
tially equal to the diameter of the ports. It should also 
be noted that the centers of the ?ve ports 354 and 356 
on one side of the valve member 282 are preferably 
staggered approximately one-half the diameter of a 
port from the centers of the ports 354 and 356, respec 
tively, formed in the opposite side of the valve member 
282. The staggered relation of the ports 354 and 356 
provides smooth transition as the valve member 282 
moves left or right within the valve body 280. It should 

. be noted that the arrangement and/or diameter of the 
ports 354 and 356 may be varied to achieve other than 
linear ?ow response to movement of the valve member 
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282 within the valve body 280. lt‘should further be 
noted that other forms of ports such as long slots may 
be substituted for the previously described plurality of 
ports 354 and 356. 
As shown in FIG. 3, the valve member 282 is posi 

tioned in its center of medial position within the valve 
body,280. In this position, it will be vobserved that ?ve 
ports 354 communicate between the chamber 352 of ' 
the valve member 282 and the annular chamber 306 of 
the valve body 280. Similarly, ?ve ports 356 provide 
communication between the chamber 352 of the valve 
member 282 and the annular chamber 314 of the valve 
body 380. The remaining ports 354 and '356 are 
blocked by the cylindrical walls of the bore 284 and 
therefore provide no communication between the 
chamber 352 and the chambers 306 and 314. 
As will be readily apparent to those skilled in the art, 

as the valve member 282 moves either left or right of 
‘the central or medial position the cross-sectional area 
of the ports 354 and 356 providing ?uid communica 
tion between the chamber 352 and the cylindrically 
shaped outer periphery 326 of the valve member282 
always remains equal to the total cross-sectional area 
of 10 ports. 
The valve member'282 is urged into its central or me 

dial position relative to the valve body 280 as shown in 
FIG. 3, by means of a spring assembly 358 disposed 
within the chamber 324 formed by the counterbore 
294 in the valve body 280. The spring assembly com 
prises two identical annular spring seats 360 and 362. 
Each spring seat 360 and 362 has a cylindrically shaped 
aperture 364 formed therein and is L-shaped in cross 
section with an outwardly extending ?ange portion 366 
and a cylindrically shaped portion 368. An annular end 
wall 370 is formed on each flange portion 366. 
The spring seat 360 is slidably disposed on the cylin 

drically shaped extension 328 with the extension 328 
extending through the aperture 364-‘formed therein. 
The end wall 370 thereof abuts the annular shoulder 
300 of the valve member 282 and also abuts the annu 
lar wall 296 of the valve body 280 when the valve mem 
ber 282 is positioned in its central or medial position. 
The annularspring seat 362 is slidably disposed on the 
cylindrically shaped extension 328 with the extension 
328 extending through the aperture 364 therein and 
with the end wall 370 thereof facing away from the an 
nular spring seat 360. The annular spring seats 360 and 
362 are retained on the cylindrically shaped extension 
328 by means of a snap ring 372 disposed in an annular 
groove 374 formed in the cylindrical surface 332 of the 
extension 328. - 
The spring assembly 358 further includes a coil 

spring 376 disposed about the cylindrically shaped ex 
tension 328. The coil spring 376 is supported at each 
end thereof by the respective cylindrically shaped por 
tion 368 of‘ the respective annular spring seat 360 and 
362. An annular sleeve 378 having an L-shaped cross; 
section and having a ?rst end face 380 and a second 
end face 382 is disposed within the counterbore 294 
with the ?rst end face 380 thereof abutting the end wall 
370 of the annular spring seat 362. 
End plates 384 and 386 are secured respectively to 

the opposite end portions 286 and 288 of the valve 
body 280 by suitable means such as a plurality of 
threaded cap screws 388. A suitable ?uid-tight seal is 
provided between the end plates 384 and 386 and the 
valve body 280 by means of O-rings 390'disposed in an 
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nular grooves 392 formed in the end plates 384 and 
386. . ' 

The second end face 382 of the annular sleeve 378 
abuts the end plate 386. Movement of the valve mem 
ber 282 within the valve body 280 is yieldably resisted 
by the urging of the coil spring 376. Movement of the 
valve member 282 to the right, as viewed in FIG. 3, is I ' 
resisted by the urging of the coil spring 376 acting. 
through the end plate 386, the annular sleeve 378, the 
spring seat 362, the coil spring 376, the spring seat 360,‘ 
and the annular shoulder 330 of the valve member 282. 
Movement of the valve member 282 to the left, as 
viewed in FIG. 3, is resisted by the urging of the coil 
spring 376 acting through the annular wall 296 of the 

' valve body 280, the spring seat 360, the coil spring 376, 
the spring seat 362, the snap ring 372, and the cylindri 
cally shaped extension 328 of the valve member 282. 
As shown in FIG. 4, the ?ow compensator 176 com 

prises a valve body 394'and a valve member 396 slid 
ably disposed therein. The valve body 394 includes a 
bore 398 extending therethrough and intersecting. the 
opposite end portions 400 and 402 thereof. A counter 
bore 404 is formed in the bore 398 intersecting the end 
portion 402 and forming an annular wall 406 in the 
valve body 394. _ 
A ?rst annular chamber 408 is formed in the valve 

body 394 and includes opposite annular walls 410 and 
412 interconnected by a cylindrically shaped annular 
surface 414. The annular chamber 408 is coaxial with 
the bore 398. 
'A second annular chamber ‘416 is formed in the valve 

body 394 coaxial with the bore 398. The annular cham 
ber 416 includes opposite and annular walls 418 and 
420 interconnected by a cylindrically shaped annular 
surface 422. 
The ?rst power inlet 178 of the flow compensator 

' 176 communicates with the first annular chamber 408. 
The second power inlet 180 of the flow compensator 
176 communicates with the second annular chamber 
416. 
A third annular chamber 424 is formed in the valve 

body 394 coaxial with the bore 398 therethrough and 
intermediate the ?rst annular chamber 408 and the end 
portion 400 of the valve body 394.>The annular cham 
ber 424 includes opposite annular walls 426 and 428 
interconnected by a cylindrically shaped annular sur 
face 430. . 
A fourth annular chamber 432 is formed in the valve 

body 394 coaxial with the bore 398 therethrough and 
intermediate the second annular chamber 416 and the 
end portion 402 of the valve body 394. The annular 
chamber 432 includes opposite annular walls 434 and 
436 interconnected by a cylindrically shaped annular‘ 
surface 438. 
The ?rst power outlet 182 of the ?ow compensator 

176 communicates with the third annular chamber 
424; and the second power outlet 184 of the ?ow com 
pensator 176 communicates with the fourth annular 
chamber 432. ’ . 

The valve member 396 is slidably disposed in the 
bore 398 of the valve body 394. The cylindrically 
shaped outer periphery 440 of the valve member 396 
has a diameter sized to provide a substantially ?uid 
tight seal between the outer periphery 440 and the 
walls of the bore 398. The valve member 396 includes 
opposite end faces 442 and 444, each lying in a plane 
normal to the longitudinal axis of the valve member 
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396. A cylindrically shaped chamber 446 is formed in 
one end of the valve member 396 with one end thereof 
intersecting the end face 442. A second cylindrically 
shaped chamber 448 is formed in the opposite end of 
the valve member 396 with one end thereof intersect 
ing the end face 444. It should be noted that the cham 
bers 446 and 448 do not communicate with each other 
within the valve member 396. 
Two ports 450 are formed in the valve member 396 

providing communication between the chamber 446 
formed therein and the ?rst annular chamber 408 
formed in the valve body 394. Two ports 452 are 
formed in the valve member 396 providing communi 
cation between the chamber 448 formed therein and 
the second annular chamber 416 formed in the valve 
body 394. Two ports 454 are formed in the valve mem 
ber 936 providing communication between the chma 
ber 446formed therein and the third annular chamber 
424 formed in he valve body 394. Two ports 456 are 
formed in the valve member 396 providing communi 
cation between the chamber 448 formed therein and 
the fourth annular chamber 432 formed in the valve 
body 394. 
As shown in FIG. 4, the member 396 is positioned in 

its center or medial position within the valve body 394. 
It will be observed that the centerline of the ports 454 
and the centerline of the ports 456 are positioned sub 
stantially in the planes of the annular walls 426 and 436 
of the third and fourth annular chambers 424 and 432, 
respectively. 
End plates 458 and 460 are secured respectively to 

the opposite end portions 400 and 402 of the valve 
body 394 by suitable means such as a plurality of 
threaded cap screws 462. A suitable ?uid-tight seal is 
provided between the end plates 458 and 460 and the 
valve body 394 by means of O-rings 464 disposed in an 
nular grooves 466 formed in the end plates 458 and 
460. 
The valve member 396 is of such length that when it 

is displaced to the extreme left, as viewed in FIG. 4, 
with the end face 442 thereof abutting the end plate 
458, the cross-sectional area of ?uid communication 
between the chamber 446 of the valve member 396 and 
the third annular chamber 424 of the valve body 394 
via the ports 454 is closed off entirely. At the same 
time, the communication between the chamber 448 
and the valve member 396 with the fourth annular 
chamber 442 of the valve body 394 via the ports 456 
is at a maximum. Alternately, when the valve member 
396 is displaced to the extreme right, as viewed in FIG. 
4, with the end face 44 thereof abutting the end plate 
460, the cross-sectional area of fluid communication 
between the chamber 448 of the valve member 396 
with the fourth annular chamber 432 of the valve body 
394 is closed off entirely. At the same time, communi 
cation between the chamber 446 of the valve member 
396 with the third annular chamber 424 of the valve 
body 394 via the ports 454 is at a maximum. It should 
be noted that regardless of the relative position of the 
valve member 396 within the valve body 394 the com 
munication between the chamber 446 of the valve 
member 396 and the ?rst annular chamber 408 of the 
valve body 394 remains unchanged. Similarly, the com 
munication between the chamber 448 of the valve 
member 396 and the second annular chamber 416 of 
the valve body 394 via the ports 452 remains un 
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changed regardless of the position of the valve member 
396 relative to the valve body 394. 

It should be noted that the previously described ?ow 
divider 120 and ?ow compensator 176 may be advanta 
geously housed in a single unitary valve body. Such a 
valve body would include all of the features described 
for the valve bodies 280 and 394 of the ?ow divider 
120 and ?ow compensator 176, respectively, and 
would place the first and second power outlets 128 and 
130 of the ?ow divider 120 in ?uid communication 
with the ?rst and second power inlets 178 and 180, re 
spectively, of the ?ow compensator 176 within the 
combined valve body. Furthermore, the end plates 458 
and 384 may be advantageously combined into one end 
plate as may end plates 460 and 386. In either con?gu 
ration the functions of the ?ow divider 120 and the 
?ow compensator 176 would be identical. 

OPERATION OF THE EMBODIMENT OF FIGS. 2, 3 
AND 4 

In operation, the track drive pump 20 is driven by the 
engine and power take-off (not shown) to provide a 
source of pressurized hydraulic ?uid. The pressurized 
hydraulic ?uid provided by the pump 20 may be in ei 
ther a low pressure range of from 600 to 1,500 psi or 
in a high pressure range of from 1,500 to 3,500 psi. 
While these pressure ranges are disclosed as oreferable 
for the operation of the present invention, it is not in 
tended that the present invention be limited thereby. 
The pressurized hydraulic ?uid is directed from the 

?rst port 20a of the pump 20 through conduits 22 and 
118 to the inlet 116 of the differential valve 114. The 
hydraulic ?uid passes through the differential valve 1 l4 
and exits from the outlet 132 thereof. The differential 
valve 114 provides a pressure differential of approxi 
mately 75 psi between the high pressure inlet 1 16 in the 
lower pressure outlet 132. The hydraulic ?uid is then 
directed from the outlet 132 through conduit 134 to 
the power inlet 126 of the ?ow divider 120. 

Pressurized hydraulic ?uid is also directed from the 
pump 20 via conduits 22, 118, 278 and 74 to the inlet 
port 272 of the sensor control assembly 72. In order for 
the pressurized hydraulic ?uid to reach the inlet port 
272 of the sensor control assembly 72 it is necessary for 
the shut-off valve 86, installed in conduit 74, to be in 
its open position. If the shut-off valve 86 is in the closed 
position the sensor control assembly 72 is deactivated 
and performs no function in the operation of the pres 
ent invention. The pressurized hydraulic fluid ?ows 
from the inlet port 272 through the differential flow 
control valve 270 of the sensor control assembly 72 and 
exits therefrom through the signal outlet port 274 and 
276. The hydraulic ?uid emanating from the signal out 
let port 274 ?ows to the ?rst inlet 148 of shuttle valve 
136 via conduits 76 and 152. The hydraulic ?uid ema 
nating from the signal outlet port 276 ?ows to the first 
inlet 158 of shuttle valve 142 via conduits 78 and 162. 

Pressurized hydraulic fluid'also flows from the pump 
20 to the inlet port 262 of the hydraulic differential 
?ow control valve 260 of the hydraulic manual steering 
control assembly 64 via conduits 22, 118, 196 and 66. 
The hydraulic ?uid entering the inlet port 262 passes 
through the hydraulic differential ?ow control valve 
260 and exits therefrom through signal outlets 264 and 
266. A portion of the hydraulic ?uid emanating from 
the signal outlet 264 ?ows to the second inlet 150 of 
the shuttle valve 136 via conduits 68, 156‘ and 154. The 
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remaining portion .of the hydraulic ?uid emanating 
from the signal outlet 264 ?ows, to the power inlet 126 
of the ?ow divider 120 via conduits 68,- 156, 168 and 
134. It should be noted that the last-mentioned hydrau 
lic ?uid must also pass through ori?ce 170 in conduit 
168. The passage of the hydraulic fluid through the ori 
?ce 170 provides the pressure drop required in order 
for the hydraulic ?uid to reach the lowered pressure of 
the hydraulic ?uid emanating from the outlet 132 of 
the differential valve 114. 
A portion of the hydraulic ?uid emanating from the 

signal outlet 266 ?ows to the second inlet 160 of- the 
shuttle valve 142 via conduits 70, 166 and 164. The re 
maining portion of the hydraulic ?uid emanating from 
the signal outlet 266 ?ows to the power inlet 126 of the 
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?ow divider 120 via conduits 70, 166, 172 and 134. It ‘ 
should be noted that this hydraulic ?uid must also pass 
through ori?ce 174 in the conduit 172 which provides 
the necessary pressure drop for the hydraulic ?uid to 
reach the lower pressure of the hydraulic ?uid emanat 
ing from the outlet 132 of the differential valve 114. 
Pressurized hydraulic ?uid entering either of the in 

lets 148 or 150'of the shuttle valve 136 exits therefrom 
through outlet 138 and ?ows to the ?rst signal inlet 122 
of the ?ow divider 120 via conduit 140. Pressurized hy 
draulic ?uid entering either of the inlets 158 or 160 of 
the shuttle valve 142 exits therefrom through outlet 
144 and ?ows to the second signal inlet 124'of the ?ow 
divider 120 via conduit 146. 
The hydraulic ?uid entering the power inlet 126 of 

the ?ow divider 120 passes through the power inlet 126 
into the chamber 352 in the valve member 282 via the 
central annular chamber 298 of the valve body 280 and 
the ports 350 formed in the valve member 282. The hy 
draulic ?uid entering the ?rst signal inlet 122 of the 
?ow divider 120 ?ows into the annular chamber 322 of 
the valve body 280 through the ?rst signal inlet 122, 
and then ?ows from the annular chamber 322 into the 
chamber 352 of the valve member 282 through the ori 
?ce 348. The hydraulic ?uid entering the second signal 
inlet 124 of the ?ow divider 120 flows into the annular 
chamber 324 of the valve body 280 through the second 
signal inlet 124, and then ?ows from the annular cham 
ber 324 into the chamber 352 of the valve member 282 
through the ori?ce 340 and the bore 334 of the exten 
sion 328. 

It should be noted that the hydraulic ?uid in the an 
nular chambers 322 and 324 is at a pressure approxi 
mately 75 psi greater than the hydraulic ?uid contained 
within the chamber 352 of the valve member 282. As 
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the hydraulic ?uid enters the annular chambers 322 ' 
and 324 ?ows into the chamber 352 through the re 
spective orifices 348 and 340 the pressure drops to that 
of the hydraulic ?uid within the chamber 352 of the 
valve member 282. 
The hydraulic ?uid in the chamber 352 of ‘the valve 

member 282 ?ows therefrom through the ports 354 
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hydraulic ?uid exiting from the second power outlet 
150 of the ?ow divider 120 ?ows therefrom into the 
second power inlet 180 of the ?ow compensator 176. 
Ori?ces 170, 174, 340 and 348 can be sized to pro 

vide various steering rates in response to manual and 
sensor signal inputs. 
The hydraulic ?uid entering the ?rst power inlet 178 

of the ?ow compensator 176 ?ows therefrom into the 
chamber 446 of the valve member 396 through the ?rst 
annular chamber 408 of the valve body 394 and the 
ports 450 of the valve member 396. The hydraulic ?uid 
entering the second power inlet 180 of the ?ow com 
pensator 176 ?ows therefrom into the chamber 448 
formed in the valve member 396 through the second 
annular chamber 416 of the valve body 394 and the 
ports 452 formed in the valve member 396. The hy 
draulic ?uid in the chamber 446 of the valve member 
396 ?ows therefrom through the ports 454 formed in 
the valve member 396 and the third annular chamber 
424 of the valve body 394 and exits from the ?ow com 
pensator 176 through the ?rst power outlet 182. The 
hydraulic ?uid in the chamber 448 of the valve member 
396 ?ows therefrom through the ports 456 in the valve 
member 396 and the fourth annular chamber 432 of 
the valve body 394 and exits from the ?ow compensa 
tor 176 through the second power outlet 184. 
The hydraulic ?uid exiting from the ?rst power outlet 

182 of the ?ow compensator 176 ?ows therefrom to 
the power port 206 of the forward-reverse spool valve 
202 via conduit 242. The hydraulic ?uid exiting from 
the second power outlet 182 of the ?ow compensator 
176 ?ows therefrom to the power port 218 of forward 
reverse spool valve 204 via conduit 244. When the for 
ward-reverse spool valves 202 and 204 are in their for 
ward positions, the hydraulic ?uid entering power port 
206 of spool valve 202 exits therefrom through power 
port 210, and the hydraulic ?uid entering the power 
port 218 of spool valve 204 exits therefrom through 
power port 222. 
The hydraulic ?uid exiting from power port 210 of 

spool valve 202 ?ows therefrom through conduits 252, 
40 and 42 to track drive motor 32 thereby driving the 
motor 32 in a forward direction. Most of the hydraulic 
?uid passing through the track drive motor 32 is routed 
therefrom back to the power port 212 of the spool 
valve 202 via conduits 44, 46 and 254. Excess hydrau 
lic ?uid volume bypassed by the internal valving of the 
track drive motor 32 is directed from bypass outlet 92 
through conduits 94, 96 and98 to heat exchanger 88 
and from heat exchanger 88 through conduit 90 to res 
ervoir 26. _ 
Hydraulic ?uid exiting from power port 222 of spool 

valve 204 ?ows therefrom through conduits 256, 52 
and 60 to track drive motor 38 thereby driving the 
motor 38 in a forward direction. Most of the hydraulic , 
?uid passing through track drive motor 38 is routed 

I therefrom back to power port 224 of spool valve 204 

and 356 into the second and third annular chambers > 
306 and 314 of the valve body 280, respectively. The 
hydraulic ?uid entering the second annular chamber 
306 through the ports 354 exits therefrom through the 
first power outlet 128; and the hydraulic ?uid entering 
the third annular chamber 314 through the ports 356 
exits therefrom through the second power outlet 130. 
The hydraulic ?uid exiting from the ?rst power outlet 
128 of the ?ow divider 120 ?ows therefrom into the 
first power inlet 178 of the ?ow compensator 176. The 
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via conduits 56, 62 and 258. Excess hydraulic ?uid vol 
ume bypassed by the internal valving of track drive 
motor 38 is directed from bypass‘outlet 110 through 
conduits 108, 112 and 98 to heat exchanger 88‘ and 
from heat exchanger 88 through conduit 90 to reser 
voir 26. ‘ 
Hydraulic ?uid entering power port 212 of spool 

valve 202, when spool valve 202 is in the forward posi 
tion, exits therefrom through power port 208 and ?ows 
back to track drive pump 20 via conduits 246, 248 and 
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24. Similarly, when spool valve 204 is in the forward 
position hydraulic ?uid entering power port 224 exits 
therefrom through power port 220 and ?ows back to 
the track drive pump 20 via conduits 250, 248 and 24. 
To place the forward-reverse spool valves 202 and 

204 in the proper forward or reverse positions, hydrau 
lic ?uid is directed from the ?rst port 20a of the pump 
20 through the forward-reverse control valve 186 to 
the appropriate control ports on the spool valves 202 
and 204. Pressurized hydraulic ?uid flows to the inlet 
port 188 of the forward-reverse control valve 186 from 
the pump 20 via conduits 22, 118, 196 and 194. When 
the forward-reverse control valve 186 is in the forward 
position, as shown in FIG. 2, the hydraulic ?uid enter 
ing the inlet port 188 ?ows through the valve 186 and 
exits from the forward outlet port 190. The hydraulic 
?uid exiting from the forward outlet port 190 commu 
nicates with the control ports 214 and 226 of the spool 
valves 202 and 204, respectively. Fluid communication 
between the forward outlet port 190 and control port 
214 of spool valve 202 is accomplished via conduits 
230 and 232; and ?uid communication between the 
forward outlet port 190 and the control port 226 of 
spool valve 204 is accomplished via conduits 230 and 
234. 
When the forward-reverse control valve 186 .is 

placed in the reverse position by moving the control 
lever 198 in the direction of the arrow 200, the pressur 
ized hydraulic ?uid entering inlet port 188 of the valve 
186 exits therefrom through reverse outlet port 192. 
The reverse outlet port 192 is in ?uid communication 
with control ports 216 and 228 of spool valves 202 and 
204, respectively. The pressurized hydraulic ?uid ema 
nating from reverse outlet port 192 communicates with 
control port 216 via conduits 236 and 238 thereby 
placing spool valve 202 in the reverse position. The hy 
draulic ?uid emanating from reverse outlet port 192 
also communicates with control port 228 of spool valve 
204 via conduits 236 and 240 thereby placing spool 
valve 204 in the reverse position. 
At this point it should be noted that, while a single 

forward-reverse control valve 186 is disclosed for si‘ 
multaneously controlling the forward-reverse spool 
valves 202 and 204, it will be understood that it may be 
preferable to control the spool valves 202 and 204 indi 
vidually by separate forward-reverse control valves 
similar to the previously described valve 186. In addi 
tion, the spool valves 202 and 204 may be individually 
controlled by separate mechanical means such as man 
ually operated levers directly connected to the valves 
202 and 204, respectively. Such individual control of 
the spool valves 202 and 204 will permit one spool 
valve to be placed in the reverse mode while the other 
spool valve is simultaneously placed in the forward 
mode thereby permitting the vehicle 12 to make spot 
turns to the left or the right about a vertical axis. 
When forward-reverse spool valve 202 is in the re 

verse position, hydraulic ?uid entering the valve 202 
through power port 206 exits the valve 202 through 
power port 212 and ?ows to the track drive motor 32 
via conduits 254, 44 and 46 thereby driving the track 
drive motor 32 in the reverse direction. Most of the hy 
draulic ?uid passing through track drive motor 32 ?ows 
therefrom through conduits 40, 42 and 252 'to power 
port 210 of spool valve 202. The hydraulic fluid enter 
ing power port 210 passes through spool valve 202 and 
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exits from power port 208 to return to the second port 
20b of the pump 20 via conduits 246, 248 and 24. 
When forward~reverse spool valve 204 is in the re 

verse position, hydraulic ?uid entering port 218 of the 
spool valve 204 exits therefrom through power port 
224 and ?ows through conduits 258, 56 and 62 to track 
drive motor 38 thereby driving track drive motor 38 in 
the reverse direction. Most of the hydraulic ?uid pass 
ing track drive motor 38 ?ows therefrom through con 
duits 52, 60 and 256 to power port 222 of spool valve 
204. Hydraulic fluid entering power port 222 passes 
through spool valve 204-and exits from power port 220 
to return to the second port 20b of the pump 20 via 
conduits 250, 248 and 24. 
When track drive motors 32 and 38 are driven in the 

reverse direction, excess hydraulic ?uid volume by 
passed by the intemal valving of the track drive motors 
32 and 38 is directed from bypass outlets 92 and 110, 
respectively, back to the reservoir 26 as previously de 
scribed in detail for the forward operation of the track 
drive motors 32 and 38. 

It will be readily apparent to those skilled in the art 
that the valving described for providing the reversing of 
the ?ow of hydraulic ?uid to the track drive motors 32 
and 38 may be actuated in any number of well-known 
ways. One such way would be by the application of di 
rect mechanical force to the valves 202 and 204 either 
in substitution for the hydraulic actuation means previ 
ously described, or as a back-up actuation system in ad 
dition to the hydraulic actuation system. Another suit 
able actuation means would be the utilization of elec 
tric solenoids for actuation of the valves 202 and 204. 
Automatic control of the output of track drive mo 

tors 32 and 38 is accomplished by properly setting the 
sensor control assembly 72 such that the tracer 82 will 
properly engage the string-line or grade-line 84 to pro 
vide actuation of the hydraulic differential ?ow control 
valve 270. When the sensor control assembly 72 is 
properly adjusted on the apparatus 10, as illustrated in 
FIG. 1, the shut-off valve 86 is placed in the open posi 
tion to permit‘ the ?ow of pressurized hydraulic ?uid 
from the pump 20 through conduits 22, 118, 278 and 
74 to the inlet port 272 of the hydraulic di?'erential 
?ow control valve 270. 
The forward-reverse control valve 186 is placed in 

the forward position thereby causing the spool valves 
202 and 204 to be placed in the forward position when 
the pump 20 is driven by the engine through the power 
take-off, as shown in FIG. 2. When the apparatus 10 is 
in proper alignment with the string line 84, as sensed by 
the sensor control assembly 72, pressurized hydraulic 
?uid from the pump 20 passes through the appropriate 
conduits through the differential valve 1 14 and into the 
?ow divider 120 where the hydraulic ?uid entering 
power inlet 126 thereof is equally divided and ema 
nates from the ?ow divider 120 through the ?rst and 
second power outlets 128 and 130 in‘streams having 
substantially equal ?ow rates. The hydraulic ?uid ema 
nating from the power outlets 128 and 130 enters the 
?ow compensator 176 through the ?rst and second 
power inlets 178 and 180 thereof, respectively. Assum 
ing that the loads encountered by track drive motors 32 
and 38 are equal, the separate streams of hydraulic 
?uid entering the ?rst and second power inlets 178 and 
180 exit the ?rst and second power outlets 182 and 
184, respectively, of the ?ow compensator 176 at equal 
?ow rates. The hydraulic ?uid emanating from the first 
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power outlet 182 ?ows'through appropriate conduits 
and the spool valve 202 to the track drive motor 32 
thereby driving the motor 32 in a forward direction. 
Similarly, the hydraulic ?uid emanating from the sec 
ond power outlet 184 ?ows'through appropriate con 
duits and the spool valve 204 to the track drive motor 
38 thereby driving the motor 38 in the forward direc 
tion. ‘ 1 

Since the rates of ?ow of hydraulic ?uid exiting from 
the ?rst and second power outlets 182 and 184 of the 
?ow compensator 176 are equal; the respective track 
drive motors 32 and 38 are therefore driven at'the same 
speed. It will, therefore, be readily apparent that the 
apparatus 10 will then be driven alongside the string 
‘line 84 on a path parallel thereto. 

If for some reason the apparatus 10 should deviate 
from the desired path parallel to the string line 84, the 
sensor control assembly 72 will sense the movement of 
the apparatus 10 away from or into the string line 84 
and, through the sensor unit 80 and the tracer 82, the 
hydraulic differential flow control valve 270 will be ac 
tuated to cause automatic correction of the path of the 
apparatus 10 to bring it back to the desired path paral 
lel to the string line 84. ' 

If the apparatus 10 deviates from the desired path 
toward the stringline '84 the deviation is sensed by the 
sensor control assembly 72 which causes the hydraulic 
differential flow control valve 270 to be actuated by the 
sensor ,unit 80 causing hydraulic ?uid to emanate. from 
the signal voutlet port 276 while there is no ?ow of hy 
draulic ?uid emanating from the signal outlet port274. 
The hydraulic ?uid exiting from the ‘signal outlet port 
276 ?ows through conduits 78-and 162 into the ?rst 
inlet 158 and out the outlet 144 of shuttle valve 142. 
The hydraulic ?uid exiting‘ from the outlet 144 ?ows 
through conduit 146. into the second signal inlet 124 of 
the ?ow divider 120. 1 
As best shown in FIG. 3, the hydraulic ?uid entering 

the second signal inlet 124 of the ?ow divider 120 ?ows 
into the annular chamber 324 formed therein and ex 
erts hydraulic pressure on the valve member 282 
thereby urging the valve member 282 to the left within 
the valve body 280, as viewed in'FlG. 3. The hydraulic 
?uid within the annularchamber 324 ?ows therefrom 
through ori?ce 340 into chamber 352 in the valve 
member 282. As the hydraulic ?uid ?ows through the 
ori?ce 340, the pressure thereof drops to that of the hy 
draulic ?uid within the chamber 352. 
Since hydraulic ?uid is entering the second signal 

inlet 124 while there is no flow of hydraulic ?uid enter 
ing the ?rst signal inlet 122, the hydraulic pressure 
urging the valve member 282 to the left is greater than 
the hydraulic pressure urging the valve member 282 to 
the right. Due to this pressure differential being exerted 
on the valve member 282, the valve member 282 is dis 
placed to the'left an amount proportional to the differ‘ 
ential in thesev two hydraulic pressures thereby over 
coming, to some extent, the urging of spring assembly 
358. 
When the valve member 282 moves from the center 

position within the valve body 280 to the left, it will be 
readily apparent that the cross-sectional area of ?uid 
communication between the chamber 352 and the 
third annular chamber 314 afforded by the ports 356 
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is increased an amount proportional to the displace- . 
ment of the valve member 282 to the left. Similarly, it 
will also be readily apparent that the cross-sectional ' 
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area of ?uid communication between the chamber 352 
and the second annular chamber 306 afforded by the 
ports 354 is decreased in an amount proportional to the 
displacement of the valve member 282 ‘to the left 
within the valve body 280. ' 
As a result of the previously described displacement 

of the valve member 282 to the left within the valve 
body 280, in response to the differential hydraulic sig 
nal received from the sensor control assembly 72, the 
rate of ?ow‘of hydraulic ?uid emanating from the third 
annular chamber 314 through the second power outlet 
'130 is proportionally greater than the rate of ?ow of 
the hydraulic ?uid emanating from the second annular 
chamber 306 through the first power outlet 128. The 
stream of hydraulic ?uid emanating from the second 
power outlet 130 ?ows through‘ the flow compensator 
176 and the spool valve 204 in the previously described 
conduits to the track drive motor 38 while the stream 
of hydraulic ?uid emanating from the ?rst power- outlet 
128 ?ows through the ?ow compensator 176 and the 
spool valve 202 and the previously described conduits 
to the track drive motor.v 32. vSince the rate of ?ow of 
the stream of hydraulic ?uid entering track drive motor 
38 is proportionally greater than the rate of ?ow of the 
stream of hydraulic ?uid entering track drive motor 32, 
the speed of the track drive motor 38 is increasedpro 
portionally over the speed of the track drive motor 32 
thereby. causing the apparatus 10 to swing away from 
the string line 84 back toward its proper line of direc 
tion parallel to the string line 84. 
As the apparatus 10 approaches proper alignment 

with the string line 84, the sensor control assembly 72 
senses the approach of the apparatus 10 toward proper 
‘alignment and causes the hydraulic differential ?ow 
control valve 270 to be gradually actuated back into its 
neutral position so that hydraulic ?uid ceases to ema 
nate from the signal outlet port 276 thereof when the 
apparatus 10 is again in proper alignment with the 
string line 84. When hydraulic ?uid ?ow from the con 
trol valve 270 ceases, the hydraulic pressures acting on 
the opposite ends of the valve member 282 of the ?ow 
divider 120 are equal thus permitting the valve member 
282 to be properly centered within the valve body 280 
by the spring assembly 358. When the valve member 
282 is in the center position the rates of flow of hydrau 
lic ?uid emanating from the ?rst and second power out 
lets 128 and 130 of the flow divider 120 are substan 
tially equal and the resulting speeds of the track drive 
motors 32 and 38 are also substantially equal. 
> If the apparatus 10 deviates from the desired path 
away from the string line 84, the deviation is sensed by 
the sensor control assembly 72 which causes the hy 
draulic differential control valve 270 to be actuated by 
the sensor unit 80 causing hydraulic ?uid to emanate 
from the‘ signal outlet port 274 while there is no ?ow 
of hydraulic ?uid emanating from the signal outlet port 
276. The hydraulic ?uid exiting from the signal outlet 
port'274'?ows into the ?rst signal inlet 122 of the ?ow 
divider 120 via the previously described conduits and 
shuttle valve 136. - ‘ - 

As described above, the hydraulic ?uid entering the 
second signal inlet 124 of the ?ow divider 120 ?ows 
into the annular chamber 324 and exerts hydraulic 
pressure on the valve member 282 thereby urging the 
valve member 282 to the left within the valve body 280, 
as viewed in FIG. 3. The hydraulic ?uid within the an 
nular chamber 324 ?ows therefrom through ori?ce 340 
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into chamber 352 in the valve member 282. As the hy 
draulic ?uid ?ows through the ori?ce 340 the pressure 
thereof drops to that of the hydraulic ?uid within the 
chamber 352. 
Since hydraulic fluid is entering the ?rst signal inlet 

122 while there is no ?ow fo the hydraulic ?uid enter 
ing the second signal inlet 124, the hydraulic pressure 
urging the valve member 282 to the right is greater than 
the hydraulic pressure urging the valve member 282 to 
the left. Due to this pressure differential being exerted 
on the valve member 282, the valve member 282 is dis 
placed to the right in an amount proportional to the dif 
ferential in these two hydraulic pressures thereby over 
coming, to some extent, the urging of spring assembly 
358. ‘ 

When the valve member 282 moves from the center 
position within the valve body 280 to the right, it will 
be readily apparent that the cross-sectional area of 
?uid communication between the chamber 352 and the 
third annular chamber 314 afforded by the ports 356 
is decreased an amount proportional to the displace 
ment of the valve member 282 to the right. Similarly, 
it will be also readily apparent that the cross-sectional 
area of ?uid communication between the chamber 352 
and the second annular chamber 306 afforded by the 
ports 352 is increased an amount proportional to the 
displacement of the valve member 282 to the right 
within the valve body 280. 
As a result of the previously described displacement 

of the valve member 282 to the right within the valve 
body 280, in response to the differential hydraulic sig 
nals received from the sensor control assembly 72, the 
rate of ?ow of hydraulic ?uid emanating from the sec 
ond annular chamber 306 through the first power out 
let 128 is proportionally greater than the rate of ?ow 
of the hydraulic ?uid emanating from the third annular 
chamber 314 through the second power outlet 130. As 
described above, the stream of hydraulic ?uid emanat 
ing from the second power outlet 130 flows through the 
?owcompensator 176 and the spool valve 204 to the 
track drive motor 38 while the stream of hydraulic ?uid 
emanating from the ?rst power outlet 128 flows 
through the ?ow compensator 176 and the spool valve 
202 to the track drive motor 32. Since the rate of ?ow 
of ‘the stream of hydraulic ?uid entering track drive 
motor 32 is proportionally greater than the rate of ?ow 
of the stream of hydraulic ?uid entering track drive 
motor 38, the speed of the track drive motor 32 is in 
creased proportionally over the speed of track drive 
motor 38 thereby causing the apparatus 10 to swing 
back toward the string'line 84 and its proper line of di 
rection parallel to the string line 84. 
As the apparatus 10 approaches proper alignment 

with the string line 84, the sensor control assembly 72 
senses the approach of the apparatus 10 toward proper 
alignment and causes the hydraulic differential flow 
control valve 270 to be gradually actuated back into its 
neutral position so that hydraulic ?uid ceases to ema 
nate from the signal outlet port 274 thereof when the 
apparatus 10 is again in proper alignment with the 
string line 84. When hydraulic fluid ?ow from the con 
trol valve 270 ceases, the hydraulic pressures acting on 
the opposite ends of the valve member 282 in the ?ow 
divider 120 are equal thus permitting the valve member 
282 to be properly centered within the valve body 280 
by the spring assembly 358. When the valve member 
282 is in the center position the rates of ?ow of hydrau 
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lic ?uid emanating from the ?rst and second power out 
lets 128 and 130 of the ?ow divider 120 are substan 
tially equal and the resulting speeds of the track drive 
motors 32 and 38 are also substantially equal. 

It will be readily apparent to those skilled in the art 
that the operation of the sensor control assembly 72 
and the ?ow divider 120 during the forward movement 
of the apparatus 10 applies equally when the apparatus 
10 is operated in the reverse direction. The apparatus 
10 is placed in condition to operate in the reverse di 
rection by placing the forward-reverse control valve 
186 in the reverse position thereby causing the spool 
valves 202 and 204 to be placed in the reverse position 
when the pump 20 is driven by the engine through the 
power take-off. Automatic correction of the path of the 
apparatus 10 when deviating from the proper path par 
allel to string line 84 is accomplished just as described 
above for forward operation of the apparatus 10. 
When the apparatus 10 is moving in the forward di 

rection and is following the proper path parallel to the 
string line 84, it is not uncommon for the track drive 
motors 32 and 38‘driving the apparatus 10 through the 
respective hydraulically driven track units 16 to en 
counter different loads thereby requiring greater power 
from one track drive motor than from the other in 
order for the apparatus 10 to continue along the proper 
path. The apparatus of the present invention provides 
for the automatic adjustment of the power outlets of 
the track drive motors through the action of the flow 
compensator 176. 
As previously described above, when the apparatus 

10 is properly following a path parallel to the string line 
84 the ?ow rates of the streams of hydraulic ?uid ema 
nating from the ?rst and second power outlets 128 and 
130 of the ?ow divider 120 are equal. When the track 
drive motors 32 and 38 are each encountering the same 
amount of load, the streams of hydraulic ?uid entering 
the ?rst and second power inlets 178 and 180 of the 
?ow compensator 176 from the ?rst and second power 
outlets 128 and 130 of the ?ow divider 120, are also 
equal. The stream of hydraulic ?uid entering the ?rst 
power inlet 178 ?ows into the chamber 446 formed in 
the valve member 396 through the ports 450. 

Similarly, the stream of hydraulic ?uid entering the 
second power inlet 180 ?ows into the chamber 448 
formed in the valve member 396 through ports 452. 
The hydraulic ?uid in the chamber 446 ?ows through 
ports 454 into the third annular chamber 424 and out 
therefrom through the ?rst power outlet 182 of the 
?ow compensator 176. The hydraulic ?uid in the 
chamber 448 ?ows therefrom through the ports 456 
into the fourth annular chamber 432 and out therefrom 
through the second power outlet 184 of the ?ow com 
pensator 176. 
The stream of hydraulic ?uid emanating from the 

first power outlet 182 ?ows through the spool valve 
202 to the track drive motor 32 through the previously 
described conduits. The hydraulic stream emanating 
from the second power outlet 184 ?ows therefrom 
through the spool valve 204 to the track drive motor 38 
through the previously described interconnecting con 
duits. ' 

If the track drive motor 32, for example, encounters 
a greater load than the track drive motor 38 the rate of 
flow of hydraulic ?uid into the track drive motor 32 is 
reduced thus increasing the pressure of the hydraulic 
?uid in the conduits interconnecting the ?rst power 
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outlet 182 and the track drive motor 32 over the hy 
draulic pressure of the hydraulic ?uid in the conduits 
interconnecting the track drive motor 38 and the sec 
ond power outlet 184. The increase in hydraulic pres 
sure at the ?rst power outlet’ 182 over the hydraulic 
pressure at the second power outlet 184‘ is'communi 
cated through the ports 454 and 456 into the respective 
chambers 446 and 448. Since the hydraulic pressure in 
the chamber 446 is greater than the hydraulic pressure 
in the chamber 448, the valve member 396 is displaced 
to the right within the valve body 394 in an amount 
proportional to the pressure differential between the 
hydraulic ?uid in the chamber 446 and the hydraulic 
?uid in the chamber 448. ' 
As the valve member 396 is displaced to the right 

within the valve body 394, as viewed in FIG. 4, the 
cross-sectional area of ?uid communication between 
the chamber 446 and the third annular chamber v424 
afforded by the ports 454 is increased while the cross 
sectional area of ?uid communication between the 
chamber 448 and the fourth annular chamber 432 at" 
forded by the ports 456 is decreased. The maximum 
displacement of the valve member 396 to the right 
within the valve body 394 is mechanically limited by 
the abutment of the end face 4440f the valve member 
396 with the end plate 460. It should be noted that 
when the end face 444 abuts the end plate 460, ?uid 
communication between the chamber 448 and the 
fourth annular chamber 432 through the ports 456' is 
preferably completely eliminated. 

It will be readilyvapparent that displacement of the 
valve member 396 to the right within the valve body 
394 will decrease the cross-sectional area of ?uid com 
munication between the second power inlet 180 and 
the second power outlet 184 and simultaneously in 
crease the cross-sectional area of ?uid ‘communication 
between the ?rst power inlet 178 and the ?rst power 
outlet 182. In effect, a dummy load is introduced be 
tween the second power inlet 180 and the second 
power outlet 184 which results in substantially equal 
hydraulic pressure drops between the ?rst power inlet 
178 and the ?rst power outlet 182, and between the 
second power inlet 180 and‘the second power outlet 
184. Thus, the hydraulic ?uid streams emanating from 
the ?rst and second power outlets 128 and 130 of the 
flow divider 120 will encounter substantially equal 
loads regardless of the loads encountered by the track 
drive motors 32 and 38. 
On the other hand, if the track drive motor 38 en 

counters a greater load than that encountered by the 
track drive motor 32, the pressure of the hydraulic ?uid 
communicating between the chamber 448 and the 
track drive motor 38 will be increased proportionally 
over the pressure of the hydraulic fluid communicating 
between the chamber 446 and the track drive motor 
32. This differential in hydraulic pressure causes the 
displacement of the valve member 396 to the left 
within the valve body 394 in an amount proportional to 
the pressure differential between. the hydraulic ?uid in 
the chamber 448 and the hydraulic ?uid in the cham 
ber 446. 
As the valve member 396 is displaced to the left in 

the valve body 394, as viewed in FIG. 4, the'cross 
sectional area of ?uid communication between the 
chamber 448 and the fourth annular chamber 432 af 
forded by the ports 456 is increased while the cross 
sectional area of ?uid communication between the 

20 

25 

30 

35 

40 

45 

50 

60 

65 

22 
chamber 446 and the third‘ annular chamber 424 is de 
creased. The maximum' displacement of the valve 
member 396 to the left within the valve body 394'is me 
chanically limited by abutment of the end face 442 of 
the valve member 396 with the end plate 458. It should 
be noted that when the end face 442 abuts the end 
plate 458, ?uid communication between the chamber 
446 and the third annular chamber 424 through the 
ports 454 is preferably completely eliminated. 

It will be readily apparent that the displacement of 
the valve member 396 to the left within the valve body 
394 will increase the cross-sectional area of ?uid com 
munication between the second power inlet 180 and 
the second power outlet 184 and'simultaneously de 
crease the cross-sectional area of ?uid communication 
between the ?rst power inlet 178 and the ?rst power 
outlet 182. In effect, as noted above, a dummy load is ' 
introduced between'the ?rst power inlet 178'and the 
?rst power outlet 182 which results again in substan- I 
tially equal hydraulic pressure drops between the ?rst 
power inlet 178 and the ?rst power outlet 182, and be 
tween the second power inlet 180 and the second 
power outlet 184. Thus, again, the hydraulic ?uid 
streams emanating from the ?rst and second ‘power 
outlets 128 and 130 of the ?ow divider 120 will con 
tinue to encounter substantially equal loads regardless 
of the loads'encountered by the track drive motors 32 
and 38. 

It should also be noted that the operation of the ?ow 
compensator 176 when the apparatus 10 is in proper 
condition to move in the reverse direction is identical 
to that previously described. The displacement of the 
valve member 396 in either direction within the valve 
body 394 in response to load variations encountered by 
the track drive motors 32 and 38 is proportional to the 
differential between the respective loads encountered 
thereby. It will be readily apparent that as the differen 
tial between the loads encountered by the track drive 
motors continually increases or decreases, the resulting 
displacement of the valve member 396 within the valve 
body 394 continuously controls the hydraulic pressure 
drops between the ?rst power inlet 178 and ?rst power 
outlet 182, and between the second power inlet 180 
and second power outlet 184,- thus maintaining these 
hydraulic pressure drops substantially equal regardless 
of the loads encountered by the track drive motors 32 
and 38. 

It should also be noted that provision has been made 
for manually overriding the automatic control of the 
apparatus 10 by the automatic control assembly 18 by 
means of the hydraulic manual steering control assem 
bly 64. The hydraulic manual steering control assembly 
64 also provides the primary means of steering the ap— 
paratus 10 when the shut-off valve 86 is placed in the 
closed position thereby deactivating the previously de 
scribed sensor control assembly 74. 
' If the shut-off valve 86 is in the closed position with 
the sensor control assembly 72 deactivated, and the op 
erator desires to steer the forwardly moving apparatus 
l0‘to the right, the operator moves the control lever 
268 in the direction R as shown in FIG. 2. The move 
ment of the control lever 268 in the direction R causes 
the hydraulic ?uid entering the hydraulic differential 
?ow control valve 260 through the inlet port 262 to 
emanate from the signal outlet 266 in a stream having 
a greater ?ow rate than the stream of hydraulic ?uid 
emanating from the signal outlet 264. The differential 
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in‘the flow rates of the hydraulic ?uid streams emanat 
ing from the signal outlets 266 and 264 is proportional 
to the magnitude of the movement of the control lever 
268 by the operator. The stream of hydraulic ?uid ema-~ 
nating from the signal outlet 266 ?ows through the pre 
viously described conduits to the shuttle valve 142 and 
from the shuttle valve 142 through the conduit 146 to 
the annular chamber 324 of the ?ow divider 120. The 
stream of hydraulic ?uid emanating from the signal 
outlet 264 ?ows through the previously described con 
duits to shuttle valve 136 and from shuttle valve 136 
through conduit 140 to the annular chamber 322 of the 
?ow divider 120. 
As described in detail above for the automatic opera 

tion of the automatic control assembly 18, the differ 
ence in the hydraulic pressures acting on the opposite 
ends of the valve member 282 causes the displacement 
thereof to the left, as viewed in FIG. 3, within the valve 
body 280 and results in a proportionally greater ?ow of 
hydraulic ?uid to the track drive motor 38 than the 
?ow rate of hydraulic ?uid to the track drive motor 32 
thereby increasing the speed of the track drive motor 
38 over the speed of the track drive motor 32 and caus 
ing the apparatus 10 to swing to the right. 

It will be readily apparent to those skilled in the art 
that the movement by the operator of the control lever 
268 in the direction L, as shown in FIG. 2, will cause 
displacement of the valve member 282 to the right 
within the valve body 280 of the ?ow divider 120, 
thereby causing the track drive motor 32 to operate at 
a speed greater than that of the track drive motor 38 
thereby causing the apparatus 10 to swing to the left. 
The operation of the hydraulic manual steering con 

trol assembly 64 when used to override the control sig 
nals of the sensor control assembly 72 is identical to 
that described in detail above. Assuming the shut-off 
valve 86 is in the open position and the sensor control 
assembly 72 is activated, it will be readily apparent to 
those skilled in the art that if the ?ow rate of hydraulic 
?uid emanating from the signal outlet 264 of the hy 
draulic steering control assembly 74 is greater than the 
?ow rate of the hydraulic fluid emanating from the sig 
nal outlet 274 of the sensor control assembly 72, the 
shuttle valve 136 will check the ?ow of hydraulic ?uid 
entering the ?rst‘inlet 148 thereof thereby allowing the 
hydraulic ?uid entering the second inlet 150 to pass 
into the check valve and out through the outlet 138 to 
flow to the ?ow divider 120 through conduit 140. Simi 
larly, if the ?ow rate of hydraulic ?uid emanating from 
the signal outlet 266 of the hydraulic manual steering 
control assembly 64 is greater than the ?ow rate of hy 
draulic ?uid emanating from the signal outlet port 276 
of the sensor control assembly 72, the shuttle valve 142 
will act to close the ?rst inlet 158 thereof and open the 
second inlet 160 thereof, thereby passing hydraulic' 
?uid into the check valve 142 to exit from the outlet 
144 thereof and ?ow to the ?ow divider 120 through 
conduit 146. ' 

It should be noted that when the sensor control as 
sembly 72 is deactivated by placing the shut-o?‘ valve 
86 in the closed position, the shuttle valves 136 and 
142 will operate to close the respective inlets 148 and 
158 thereof. It should also be noted that when the sen 
sor control assembly 72 is activated by placing the shut 
off valve 86 in the open position and when the hydrau 
lic manual steering control assembly 64 is in the neutral 
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position,the shuttle valves 136 and 142 will operate to 
close the respective inlets 150 and 160 thereof. 

DESCRIPTION ‘OF THE EMBODIMENT OF FIGS. 5, 
i ‘ 6, 7 AND 8 

FIG. 5 generally illustrates, in schematic form, a 
slightly modi?ed automatic control assembly 18a in 
?uid communication with the hydraulic manual steer 
ing control assembly 64, the sensor control assembly 
72, the track drive pump 20, the shut-off valve 86, and 
the track drive motors 32 and 38 as previously de 
scribed in detail. The track drive motors 34 and 36 are 
not illustrated in FIG. 5 for the same reason as ex 
plained in the discussion of the automatic control as 
sembly 18 above. 
The automatic control assembly 18a comprises a bi 

directional differential valve 500. The bi-directional 
differential valve 500 includes a ?rst inlet-outlet port 
502, a second inlet-outlet port 504, a high pressure out 
let port 506 and a low pressure return port 508. The 
?rst inlet-outlet port 502 is in ?uid communication 
with the ?rst port 20a of the track drive pump 20 via 
conduits 118 and 22. 
The automatic control assembly 18a also includes a 

slightly modi?ed ?ow divider 120a having ?rst and sec 
ond signal inlets 122 and 124, a power inlet 126 and 
?rst and second power outlets 128 and 130. The power 
inlet 126 of the ?ow divider 120a is in ?uid communi 
cation with the second inlet-outlet port 504 of the dif 
ferential valve 500 via conduit 134. 
A shuttle valve 136 having an outlet 138 is in ?uid 

communication with the ?rst signal inlet 122 of the 
?ow divider 1200 via conduit 140. A second shuttle 
valve 142 having an outlet 144 is in ?uid communica 
tion with the second signal inlet 124 of the ?ow divider 
1200 via conduit 146. 
The shuttle valve 136 further includes a ?rst inlet 148 

and a second inlet 150. The first inlet 148 is in ?uid 
communication with the sensor control assembly 72 via 
conduits 152 and 76. The second inlet 150 is in ?uid 
communication with the hydraulic manual steering 
control assembly 64 via conduits 154, 156 and 68. 
The second shuttle valve 142 further includes a first 

inlet 158 and a second inlet 160. The ?rst inlet 158 is 
in ?uid communication with the sensor control assem 
bly 72 via conduits 162 and 78. The second inlet 160 
is in ?uid communication with the hydraulic manual 
steering control assembly 64 via conduits 164, 166 and 
70. 
The second inlet 150 of the shuttle valve 136 is also 

in ?uid communication with the low pressure return 
port 508 of the bi-directional differential valve 500 via 
conduits 154, 510 and 512 with an ori?ce 514 inter 
posed in conduit 510 intermediate conduits 154 and 
512. The second inlet 160 of the shuttle valve 142 is 
also in ?uid communication with the low pressure re 
turn port 508 of the vbi-directional differential valve 
500 via conduits 164, 516 and 512 with an ori?ce 518 
interposed in conduit 516 intermediate conduits 164 
and 512. 
The outlet 138 of shuttle valve 136 is in ?uid commu 

nication with the low pressure return port 508 of the 
bi-directional differential valve 500 via conduits 140, 
520 and 512 with an ori?ce 522 interposed in conduit 
520 intermediate conduits 140 and 512. The outlet 144 
of shuttle valve 142 is also in ?uid communication with 
the low pressure return port 508 of the bi-directional 
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differential valve 500 via conduits 146, 524 and 512 
with an ori?ce 526 interposed in conduit 524 interme 
diate conduits 146 and 512. 
The automatic control assembly 18a further includes 

a slightly modi?ed ?ow compensator 176a. The ?ow 
compensator 176a includes ?rst and second power in 
lets 178 and 180, and ?rst and second power outlets 
182 and 184. The ?ow compensator 176a further in 
cludes ?rst and second reverse-compensation inlets 
528 and 530. ' 
The hydraulic manual steering control assembly 64 

preferably includes a conventional hydraulic differen 
tial ?ow controlvalve 260, described above, having an 
inlet port 262 and a pair of signal outlet ports 264 and 
266. The valve 260 may be suitably actuated by a man 
ually operated control lever or the like as shown at 268. 
The inlet port 262 of the control valve 260 is in ?uid 
communication with the high pressure outlet port 506 
of the bi-directional differential valve 500 via conduits 
66, 532 and 534. The signal outlet 264 is in ?uid com 
munication with the conduit 68 and the signal outlet 
266 is in fluid communication with the conduit 70. 
The sensor control assembly 72 includes a conven 

tional hydraulic differential flow control valve 270, de 
scribed above, having an inlet port 272 and a pair of 
signal outlet ports 274 and 276. The signal outlet port 
274 is in ?uid communication with conduit 76 and the 
signal outlet port 276 is in ?uid communication with 
conduit 78. The inlet port 272 is in ?uid communica 
tion with the high pressure outlet port 506 of the bi 
directional differential valve 500 via conduits 74, 536 
and 534. As described above, a shut-off valve 86 is in 
stalled in the conduit 74 intermediate the inlet port 272 
of the sensor control assembly 72 and the automatic 
control assembly 18a. The hydraulic differential flow 
control valve 270 is of conventional construction and 
its operation will be readily apparent to those skilled in 
the art. 
The sensor unit 80 is operatively connected to the hy 

draulic differential ?ow control valve 270 of the sensor 
control assembly 72 for actuation of the valve 272 in 
response to variation in the position of the sensor unit 
80 relative to the string line 84. The sensor unit 80 may 
be directly connected to the valve 272 by mechanical 
means or may be connected electrically to the valve 
272 to provide actuation thereof. Such sensor units are 
well-known in the art and need not be described in de 
tail herein. 
The automatic control assembly 18a further includes 

a hydraulically actuated selector spool valve 538 hav 
ing ?rst and second control ports 540 and 542, ?rst and 
second inlets 544 and 546, and ?rst and second outlets 
548 and 550. The ?rst control port 540 is in ?uid com 
munication with the ?rst inlet-outlet port 502 of the bi 
directional differential valve 500 via conduits 552 and 
118. The second control port 542 is in ?uid communi 
cation with the second port 20b of the track drive pump 
20 via conduits 554, 556 and 24. The second control 
port 542 is also in ?uid communication with the track 
drive motor 32 via conduits 554, 558, 44 and 46. The 
second control port 542 is further in ?uid communica 
tion with the track drive motor 38 via conduits 554, 
560, 56 and 62. ' 
The ?rst port 32a of the track drive motor 32 is in 

?uid communication with the ?rst power outlet 182 of 
the ?ow compensator 176a via conduits 40, 42 and 
562. The ?rst port 38a of the track drive motor 38 is 
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in ?uid communication with the second power outlet 
184 of the ?ow compensator 176a via conduits 52, 60 
and 564. 
The ?rst power outlet 128 of the ?ow divider 120a 

is in ?uid communication with the ?rst power inlet 178 
of the ?ow compensator 1760 via conduit 566. The ?rst 
inlet 544 of the selector valve 538 is in ?uid communi 
cation with the ?rst power outlet 128 of the ?ow di 
vider 120a via conduits 568 and 566. The second 
power outlet 130 of the ?ow divider 120a is in ?uid 
vcommunication with the second power inlet 180 of the 

. ?ow compensator 176a via conduit 570. The second 
inlet 546 of the selector valve 538 is in ?uid communi 
cation with the second power outlet 130 of the ?ow di 
vider 120a via conduits 572 and 570. 
As shown in H6. 6, the flow divider 120a comprises 

a valve body 280 and a slightly modi?ed valve member 
282a slidingly disposed therein. The valve body 280 is 
identical to the valve body 28() described above for the 
?ow divider 120 and therefore will not be described in 
detail again. The valve member 282a is substantially 
identical to the previously described valve member 282 
of the ?ow divider 120 and the same reference charac 
ters will be used to designate those portions of the valve 
member 282 which are unchanged therefrom. 
The cylindrically shaped outer periphery 326 of the 

valve member 282a has a diameter sized to provide a 
substantially ?uid-tight seal between the outer periph 
ery 326 and the walls of the bore 284 through the valve 
body 280. A cylindrically shaped extension 328 is 
formed on one. end portion 329 of the valve member 
282a and extends into the annular chamber 324 of the 
valve body 280. The extension 328 is coaxial with the 
outer periphery 326 of the valve member 282a. An an 
nular shoulder 330 interconnects the cylindrical sur 
face 332 of the extension 328 and the cylindrically 
shaped outer periphery 326. _ 
A bore 336a is formed in the valve member 282a 

intersecting the end portion 338 thereof. The bore 
336a extends only partially through the valve member 
282a thereby forming a chamber 252a therein. A 
slightly modified plug 344a having no aperture formed 
therein is threadedly secured in the bore 336a at the 
end portion 338 of the valve member 282a. 
Two ports 350 are formed in the valve member 282a 

providing communication between the chamber 352a 
formed therein and the central annular chamber 298 of 
the valve body 280. 
A plurality of ports 354 are formed in the valve mem 

ber 282a proximate to the end portion 338 thereof. The 
ports 354 provide ?uid communication between the 
chamber 352a and the outer periphery 326 of the valve 
member 282a. Similarly, a plurality of ports 356 are 
formed in the valve member 282a proximate to the end 
portion 329 thereof. The ports 356 provide ?uid com 
munication between the chamber 352a and the outer 
periphery 326 of the valve member 282a.'Preferably, 
the valve member 282a includes 10 ports 354 and 10 
ports 356. The arrangement of the ports 354 and 356 
in the valve member 282a is identical to the arrange 
ment previously described for the valve member 282 
and will not be described in detial again. It should be 
noted that-the valve member 282a is positioned in its 
center or medial position within the valve body 280 as 
shown in FIG. 6. 
As will be readily apparent to those skilled in the art, 

as the valve member 282a moves either left or right of 
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the central or medial position, the cross-sectional area 
of ports 354 and 356 providing ?uid communication 
between the chamber 352a and the outer periphery 
326 of the valve member 282a always remains equal to 
the total cross-sectional area of 10 ports. 
The valve member 282a is urged into its central or 

medial position relative to the valve body 280, as 
shown in FIG. 6, by means of the spring assembly 358 
described in detail above. The spring assembly 358 is 
retained on the cylindrically shaped extension 328 by 
means of a snap ring 372 disposed in an annular groove 
374 formed in the cylindrical surface 332 of the exten 
sion 328. The previously described annular sleeve 378 
is disposed within the annular chamber 324 of the valve 
body 280 with the ?rst end face 380 thereof abutting 
the spring assembly 358 and with the second end face 
382 thereof abutting the end plate 386. 
FIG. 7 illustrates a slightly modi?ed ?ow compensa 

tor 176a comprising a slightly modi?ed valve body 
394a and a slightly modi?ed valve member 396a 
slidably disposed therein. Since the slightly modi?ed 
?ow compensator 176a is identical in many respects to 
the previously described ?ow compensator 176, like 
elements will be identi?ed by the same reference char 
acters used previously. 
The slightly modi?ed valve body 394a differs from 

the previously described valve body 394 only in the ad 
dition of the ?rst and second reverse compensation in 
lets 528 and 530 which provide ?uid communication 
between the exterior of the valve body 394a and the 
bore 398 extending through the valve body 394a. 
The valve member 396a is slidably disposed in the 

bore 398 of the valve body 394a. The cylindrically 
shaped outer periphery 440a of the valve member 396a 
has a diameter sized to provide a substantially ?uid 
tight seal between the outer periphery 440a and the 
walls of the bore 398. The valve member 396a includes 
opposite end faces 442a and 444a, each lying in a plane 
normal to the longitudinal axis of the valve member 
396a. A cylindrically shaped chamber 446a is formed 
in one end of the valve member 396a with one end 
thereof intersecting end face 442a. A counterbore 574 
is formed in the chamber 446a intersecting the end face 
442a. A second cylindrically shaped chamber 448a is 
formed in the opposite end of the valve member 396a 
with one end thereof intersecting the end face 444a. A 
counterbore 576 is formed in the chamber 448a 
intersecting the end face 444a. It should be noted that 
the chambers 446a and 448a do not communicate with 
each other within the valve member 396a. 

First and second circumferential grooves 578 and 
580 are formed in the medial portion of the valve mem 
ber 396a. The circumferential grooves 578 and 580 
communicate respectively with the ?rst and second re 
verse compensation inlets 528 and 530 of the valve 
body 394a. Each groove 578 and 580 is of suf?cient 
width to provide full ?uid communication with the re 
spective inlets 528 and 530 throughout the full range 
of displacements of the valve member 396a within the 
valve body 394a. 
A ?rst transverse bore 582 extends transversely 

through the valve member 396a communicating at 
each end thereof with the ?rst circumferential groove 
578. The bore 582 intersects the previously described 
bore 446a providing ?uid communication between the 
first reverse compensation inlet 528 of the valve body 
294a and the end face 442a of the valve member 396a. 
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A second transverse bore 584 extends transversely 
through the valve member 396a with its opposite ends 
intersecting the second circumferential groove 580. 
The bore 582 intersects the cylindrical chamber 448a 
thereby providing ?uid communication between the 
second reverse compensation inlet 530 of the valve 
body 394a and the end face 4440 of the valve member 
396a. 

First and second longitudinal grooves 586 and 588 
are formed in the cylindrically shaped outer periphery 
440a of the valve member 396a. The grooves 586 and 
588 provide ?uid communication between the ?rst an 
nular chamber 408 and the third annular chamber 424 
of the valve body 394a. The longitudinal groove 586 
includes a ?rst end wall 590 and a second end wall 592. 
The second longitudinal groove 588 includes a ?rst end 
wall 594 and a second end wall 596. While the grooves 
586 and 588 are preferred other forms of passages, 
such as an annular groove or the like, may be substi 
tuted therefor. _ 

Third and fourth longitudinal grooves 598 and 600 
are formed in the cylindrically shaped outer periphery 
440a of the valve member 3960. The longitudinal. 
grooves 598 and 600 provide ?uid communication be 
tween the second annular chamber 416 and the fourth 
annular chamber 432 of the valve body 394a. The lon 
gitudinal groove 598 includes a ?rst end wall 602 and 
a second end wall 604. The longitudinal groove 600 in 
cludes a ?rst end wall 606 and a second end wall 608. 
While the grooves 598 and 600 are preferred, other 
forms of passages, such as an annular groove or the 
like, may be substituted therefor. 
The valve member 396a is of such length that when 

it is displaced to the left, as viewed in FIG. 7, with the 
end face 442a thereof abutting the end plate 458, the 
cross-sectional area of ?uid communication between 
the annular chambers 408 and 424 of the valve body 
394a is closed off entirely by the respective end walls 
590 and 594 of the grooves 586 and 588. Altemately, 
when the valve member 396a is displaced to the ex 
treme right, as viewed in FIG. 7, with the end face 444a 
thereof abutting the end plate 460, the cross-sectional 
area of ?uid communication between the annular 
chambers 416 and 432 of the valve body 394a is closed 
off entirely by the respective end walls 606 and 604 of 
the grooves 598 and 600. It should be noted that re 
gardless of the relative position of the valve member 
396a within the valve body 3940 the cross-sectional 
area of ?uid communication between the grooves 586 
and 588 and the annular chamber 424 will preferably 
be equal to or greater than the cross-sectional area of 
?uid communication between the grooves 586 and 588 
and the annular chamber 408. Similarly, the cross 
sectional area of ?uid communication between the 
grooves 598 and 600 and the annular chamber 432 will 
preferably be equal to or greater than the cross 
sectional area of ?uid communication between the 
grooves 598 and 600 and the annular chamber 416. 

It should be noted that the previously described ?ow 
divider 120a and the ?ow compensator 176a may be 
advantageously housed in a single unitary valve body. 
Such a valve body would include all of the features de 
scribed for the valve bodies 280 and 394a of the flow 
divider 120a and ?ow compensator 176a, respectively, 
and would place the ?rst and second power outlets 128 
and 130 of the ?ow divider 120a in ?uid communica 
tion with the ?rst and second power inlets 178 and 180, 
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respectively, of the ?ow compensator 176a within the 
combined valve ‘body. Furthermore, the end plates 458 
and 384 may be advantageously combinedinto one end 
plate as may the end'plates 460 and 386. In either of 
the describedconfigurations the functions of the flow‘ 
divider 120a and the ?ow compensator 176a would be 
identical. 
As shown in FIG. 8, the, bi-directional differential 

valve 500 comprises a valve body 610 and a valve ' 
member 612 slidably disposed therein. The valve body 
610 includes a bore 614 extending therethrough and 
intersecting the opposite end of portions 616 and 618 
thereof. 
A counterbore 620 is formed in the bore 614 inter 

secting the end portion 616 and forming an annular 
wall 622 therein. A second counterbore 624 is formed 
in the bore 614 intersecting the opposite end portion 
618 of the valve body'610 and forming an annular wall 
626 therein. _ 
The counterbore 620 forms a ?rst annular chamber 

628 within the valve body 610 adjacent the end portion 
616 thereof. The counterbore 624 forms a second an 

20 

nular chamber 630 within the valve body 610 adjacent I 
the end portion 618 thereof. 
A third annular chamber 632 is formed in the valve 

body '610 coaxial with the bore 614 and includes oppo 
site annular walls 634 and 636 interconnected by a cy 
lindrically shaped annular surface 638. A fourth annué 
lar chamber 640 is formed in the valve body 610 coax 
ial with ‘the bore 614 therethrough and includes oppo 
site annular walls 642' and 644 interconnected by a cy 
lindrically shaped annular surface 646. ' 
The previously mentioned high pressure outlet port 

506 communicates with the bore 614intermediate the 
third and fourth annular chambers 632 and ' 640 
thereby providing ?uid communication between the 
bore 614 and the exterior of the valve body 610. A 
threaded plug 648 is threadedly secured in the counter 
bore 620. The threaded plug 648 includes an aperture 
650 formed therein coaxial with the bore 614 and pro 
viding the previously described ?rst inlet-outlet port 
502 of the valve 500. The plug 648 further includes an 
inwardlyfacing annular end face 652 formed thereon. 
A second threaded plug 654, identical to the threaded 
plug 648, is threadedly secured in the counterbore 624 
of the valve body 610. The aperture 650 formed in the 
plug 654 provides the previously mentioned second in 
let-outlet port 504 of the valve 500. The plug 654 also 
includes an inwardly facing annular end face 652 
formed thereon. 
The valve member 612 includes a cylindrically 

shaped outer periphery 656 and opposite end portions 
658 and 660. A first circumferential groove 662 is 
formed in the outer periphery 656 of the valve member 
612 and includes opposite annular walls 664 and 666 
‘interconnected by a cylindrically shaped circumferen 
tial surface 668. A second circumferential groove 670 
is formed in the outer periphery 656 of the valve mem 
ber 612 and includes opposite annular walls 672 and 
674'interconnected by a cylindrically shaped circum 
ferential surface 676. ' 
The valve member 612 further includes opposite 

blind bores 678 and 680 formed ‘therein coaxial with 
the axis of the valve member 612. A ?rst counterbore 

' 682 is formed in the blind bore 678 and a second coun 
terbore 684 is formed in the blind bore 680. The bore 
678 and the counterbore 682 formed therein form a 
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chamber 686 in the valve member 612. Similarly,_the 
bore 680 and the counterbore 684 formed therein form 
a chamber 688 in the valve member 612. 
A pair of ports 690 provide ?uid communication be 

tween the bore 678 and the cylindrically shaped cir 
cumferential surface 668 of the valve member 612. A 
pair of ports 692 provide ?uid communication between 
the bore 680 and the cylindrically shaped circumferen 
tial surface 676 of the valve member 612. 
The valve member 612 is yieldably urged into its nor 

mal, centered position, as shown in FIG. 8, by means 
‘of a pair of coil compression springs 694 and 695 dis 
posed respectively in the counterbores 682 and 684 of 
the vvalve member 612. Each coil spring 694 and 695 
is secured at the end thereof opposite the valve mem 
ber 612 in an annular spring seat‘ 696‘ having'an L 
shaped cross-section. The spring seats 696-bear respec 
tively against the end faces 652 of the threaded plugs 
648 and 654. > 
The previously described low pressure return port 

508 is in ?uid communication with the bore 614 
through the valve body 610 via passageways 698 and 

' 700 formed in the valve body 610. The passageway 698 
communicates with the bore 614 intermediate the first 
annular chamber 628 and the third annular chamber 
632 formed in the valve body 610. The passageway 700 
communicates with the bore 614 intermediate the sec~ 
'ond annular chamber 630 and the fourth annular 
chamber 640 formed'in the valve body 610. 

Operation of the Embodiment of FIGS. 5, 6, 7 and 8 

In operation, the track drive pump 20 is driven by the 
engine and power take-off (not shown) to provide a 
source of pressurized hydraulic ?uid. The pressurized 
hydraulic ?uid provided by the pump20'may be'in ei- _ 
ther a low pressure range of from 600 to 1,500 psi or 
in a‘ high pressure range of from 1,500 to 3,500 psi. 
While these pressure ranges are disclosed as preferable 
for ‘the operation of this embodiment of the present in 
vention, it is not intended that the present invention be 
limited thereby. 
Forward and reverse operation of the apparatus 10 is 

provided by alternately driving the track drive pump 20 
in what will be called the forward direction or, alter 
nately, driving the pump 20 in the reverse direction. 
This particular vmode of operation is contrasted with 
the previously described mode of operation wherein 
the track drive motors 32 and 38 were reversed by 
means of actuation of forward-reverse spool valves 
which served to switch the point of introduction of the 
stream of pressurized hydraulic ?uid in the respective 
track drive motors 32 and 38. 
Referring now to FIG. 5, it will ?rst be assumed that 

~ the apparatus 10 is to be driven in the forward direction 
which is accomplished by driving the pump 20 in a for 
ward direction. The pressurized hydraulic ?uid is di 
rected from the ?rst port 20a of the pump 20 through 
conduits 22 and 118 to the ?rst inlet-outlet port 502 of 
the bi-directional differential valve 500. The pressur 
ized hydraulic ?uid entering the port 502 forces the 
valve member'6l2 downwardly’ against the resistance 
of the lower coil spring 695 as best shown in FIG. 9. 
When the valve member 612 is displaced downwardly 
to a point where the annular wall 666 thereof is slightly 
below the annular wall 642 of the valve body 610, hy 
draulic ?uid will ?ow from the port 502 through the 
?rst annular chamber 628 of the valve body 610, the 


















