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57 ABSTRACT 

A cooling system for a lift truck which includes a hydrostatic 
cooling fan mounted within a duct portion of the counter 
weight rearwardly of the engine and radiator to draw engine 
heat through the radiator and dissipate it from the rear of the 
truck. In one embodiment the fan motor is driven by a fixed 
displacement pump and is connected in series with other 
hydraulic accessories. A thermo-modulated pressure relief 
valve connected in parallel with the fan motor varies the dif 
ferential pressure across the fan motor and thus fan speed in 
response to changes in temperature of transmission oil and lar 
gely independently of system pressures and engine speed. In a 
second embodiment a hydraulic fan motor is driven by a varia 
ble pressure compensated, variable displacement pump. The 
motor is connected in series with a thermo-modulated pres 
sure-reducing valve and in parallel with other hydraulic acces 
sories of the lift truck to vary fan speed with variations in en 
gine temperature and independently of variations in system 
pressures and engine speed. 

25 Claims, 8 Drawing Figures 
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HYDRAULC COOLING SYSTEM 
This application is a division of prior copending application 

Ser. No. 727,442, filed May 8, 1968, now U.S. Pat. No. 
3,540,540, granted Nov. 11, 1970 for Cooling System for Lift 
Trucks, 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to cooling systems utilizing a 

hydraulic cooling fan and especially to such systems adapted 
for incorporation in a lift truck or other vehicle wherein multi 
ple hydraulic components including the cooling fan are sup 
plied with fluid from common engine-driven variable or fixed 
displacement pump means. 

2. Description of the Prior Art 
Conventional cooling systems of lift trucks and most other 

vehicles use a cooling fan which is belt-driven from and 
mounted on the engine that drives the vehicle so that fan 
speed varies with engine speed rather than engine tempera 
ture. Thus such a cooling system is inherently inefficient. 
The inherent inefficiencies of an engine-driven cooling fan 

for vehicles have lead others to experiment with hydraulic 
motor-driven cooling fans, with the hydraulic motor usually 
being driven by a pump which is in turn driven by the engine. 
Most of such systems have utilized a temperature-operated 
flow control valve or a temperature-regulated variable dis 
placement pump to control flow to the fan motor and thus 
regulate the speed of the fan motor. However, such prior 
systems have serious disadvantages, particularly for use in lift 
trucks. For example, a flow control valve which is responsive 
only to temperature is not responsive to variations in system 
flow rates or pressures caused by variations in engine speed, 
and thus variations in engine speeds still affect the speed of the 
cooling fan. Most importantly, such temperature-operated 
systems cannot readily incorporate other hydraulic accesso 
ries of a vehicle without the use of such other accessories af 
fecting the speed of the cooling fan. 

SUMMARY OF THE INVENTION 

The foregoing problems and disadvantages of prior vehicu 
lar cooling systems are obviated by the present invention 
through the provision of a hydraulic motor-driven cooling fan, 
the speed of which is varied with engine temperature by a 
thermo-modulated differential pressure-regulating valve 
which controls the differential pressure across the fan motor 
in response to engine temperature and independently of 
system pressures upstream or downstream from the motor. 
Thus fan speed is unaffected by variations in system pressures 
caused by other hydraulic components in the same system or 
by variations in engine speed throughout most of the engine's 
speed range. 
The improved cooling efficiency provided by the foregoing 

novel hydraulic cooling fan circuit enables a reduction in 
radiator area, fan blade length, fan blade tip clearance, and 
diameter of the air passage through the counterweight. These 
factors and the greater compactness of the new combination 
of cooling system components reduces substantially the 
volume of space required for the cooling system. As a result, 
space formerly needed for the cooling system is occupied by 
counterweight material, thereby enabling a substantial reduc 
tion in the overall length and turning radius of the vehicle as 
well as a more efficient use of engine power. Moreover, 
because rapid acceleration and deceleration of the fan is 
eliminated, plastic fan blades are used, reducing appreciably 
the noise level of the cooling system. 

Primary objects of the invention are to provide: 
1. a hydraulic cooling system including a cooling fan having 

a speed variable with system temperature and independently 
of engine speed throughout the major operating range of the 
engine; 

2. a cooling system as aforesaid including thermo-modu 
lated pressure-regulating valve means which controls fan 
speed by regulating the pressure differential across the fan 
motor in response to system temperatures; 
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2 
3. a hydraulic cooling system wherein a hydraulic cooling 

fan motor may be connected in series or parallel with other 
hydraulic components producing variable and high system 
pressures without affecting the speed of the fan; 

4. a cooling system for a lift truck providing more efficient 
engine cooling than prior cooling systems; 

5. a cooling system for a lift truck as aforesaid which occu 
pies minimal space; 

6. a cooling system for a lift truck as aforesaid which ena 
bles reduction in the overall length and turning radius of the 
truck; 

7. a cooling system for an internal combustion engine in 
cluding a thermo-modulated pressure-regulating valve sensi 
tive to transmission oil temperature rather than radiator 
water, thereby eliminating sealing problems within the valve 
and the possible intermixing of cooling water with hydraulic 
oil; 

8. a cooling system as aforesaid which is quieter than prior 
cooling systems; 

9. a cooling system as aforesaid adaptable for use with 
either a variable displacement pump or fixed displacement 
pump as desired, the former having the advantage of optimum 
efficiency, the latter having the advantage of maximum econo 
my. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and advantages of the 
present invention will become more apparent from the follow 
ing detailed description which proceeds with reference to the 
accompanying drawings wherein: 

FIG. 1 is a side view of a typical small lift truck incorporat 
ing the present invention, with the positions of the engine, 
radiator and cooling fan indicated in hidden lines; 

FIG. 2 is an enlarged front view of the counterweight of the 
lift truck as viewed along the vertical line 2-2 of FIG. 1 and 
with the positions of the fan and radiator being indicated in 
dashed lines; 

FIG. 3 is a vertical sectional view taken along the line 3-3 
of FIG. 2, with the radiator and cooling fan being shown in full 
lines; 

FIG. 4 is a diagram of a hydraulic circuit in accordance with 
the invention, incorporating a fixed displacement pump and a 
pressure-relief valve in parallel with the fan motor; 

FIG. 5 is a diagram of a modified form of the hydraulic cir 
cuit of FIG. 4 in accordance with the invention; 

FIG. 6 is a diagram of another hydraulic circuit in ac 
cordance with the invention, including a variable displace 
ment pump and a pressure-reducing valve in series with the 
fan motor; 

FIG. 7 is a diagram of a modified form of the hydraulic cir 
cuit of FIG. 6 in accordance with the invention; and 

FIG. 8 is a section through a valve block showing in axial 
section a thermo-modulated pressure-relief valve in ac 
cordance with the invention of a type suitable for use in the 
hydraulic circuits of FIGS. 4 and 5. 

DETAILED DESCRIPTION 

Arrangement of Cooling System in Lift Truck 
With reference to the drawings, FIG. 1 discloses a typical 

lift truck 10 of moderate load capacity including the usual 
upright 12 at the front of the vehicle mounting a load fork 13 
for vertical movement. A driver's seat 14 is mounted on the 
engine compartment 15 of the lift truck body within which an 
internal combustion engine 16 is housed. Spaced rearwardly 
of the engine is the engine cooling system including a radiator 
18 and cooling fan 20. 

Referring to FIGS. 2 and 3, cooling fan 20 includes non 
metallic puller-type fan blades 21 preferably made of a plastic 
material to reduce noise level and rotated by a hydrostatic, 
fixed-displacement motor 22. Hydraulic motor 22 is mounted 
to a rear heat-dissipating grillwork 24 which in turn is secured 
to a counterweight portion 26 of the lift truck. The grillwork, 
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fan motor and blades are all mounted within a generally circu 
lar air passage 28 which extends rearwardly from a rectangu 
lar recess 34 in a frontal portion 29 of the counterweight, 
which recess receives radiator 18. A fan shroud 30 is mounted 
within air duct 28 in closely surrounding relationship to the 
tips of fan blades 21 so as to provide a minimum tip clearance 
between the blades and the shrouding for maximum cooling 
fan efficiency. A seal 32 provided between the periphery of 
the shroud and the inner wall of the air passage prevents 
leakage of air at this point to provide optimum fan efficiency. 
Fan motor 22 is supplied with pressure fluid through hoses 

(not shown) leading through appropriate passages (not 
shown) in the counterweight core from a pump (not shown) 
driven by engine 16. Fan motor 22 is in a hydraulic circuit to 
be described in detail shortly which rotates the fan blades at 
speeds dictated by engine temperature rather than by engine 
speed to provide more efficient use of engine power, more ef 
ficient engine cooling and far less rapid and less frequent ac 
celeration and deceleration of the fan blades. The fan blades 
draw engine-heated air rearwardly through radiator core 18 
and push such air through air duct 28 and out through the rear 
end of the truck. 
The mounting of hydraulic fan motor 22 independently of 

the engine and rearwardly of the radiator core enables mount 
ing of the core closely behind the engine to conserve space 
and permit placement of counterweight material about the fan 
and further forward toward the engine than heretofore possi 
ble. Use of the temperature-responsive puller type fan behind 
the core also reduces the size of the air duct 28 through the 
counterweight required to conduct air from the engine and 
radiator, reduces the required frontal area of the radiator 
core, and reduces the required length of the fan blades as 
compared with those of prior systems to conserve additional 
space which is filled with counterweight material. As a result, 
the distance counterweight 26 extends rearwardly of the en 
gine is significantly reduced, enabling considerable shortening 
of the overall length and turning radius of the truck. 

EXAMPLE 

In one prototype truck, use of the described cooling system 
enabled a 25 percent reduction in radiator frontal area, a 50 
percent reduction in peak air flow required, and shortening of 
the overall length of the lift truck to an extent enabling a 3 
inch reduction in the turning radius of the truck. The 
described arrangement also resulted in a significant reduction 
in the required length of fan blade from 17 to 14 inches and a 
reduction in blade tip clearance from 3% - % inch to 1/16 inch. 
The described cooling system required three horsepower to 
move peak airflows, whereas a conventional lift truck cooling 
system in a truck of the same capacity requires eight hor 
sepower to handle peak flows. 

Hydraulic Circuitry - Open Center System 

FIG. 4 Embodiment 

FIGS. 4 and 5 disclose alternative open center hydraulic cir 
cuits within which fan motor 22 may be connected, both such 
circuits having the advantage that a relatively inexpensive 
fixed displacement pump and fixed displacement motor can 
be used. The circuit of FIG. 4 has the additional advantage of 
enabling the cooling fan motor to be connected in series with 
other hydraulic components of the lift truck such as the lift 
cylinder, tilt cylinder, steering cylinder or hydraulic transmis 
sion, even though such other components demand high system 
pressures. 
With reference to FIG, 4, the illustrated circuit includes a 

fixed displacement pump 40 driven by internal combustion 
engine 16a of a lift truck or other vehicle to pump pressure 
fluid from a sump 42 through a section line 43 and pressure 
line 44 to a fixed displacement hydrostatic cooling fan motor 
22a. The fan motor is connected in series with other hydraulic 
components of the lift truck represented by the variable re 
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4 
sistance 46. A portion of the fluid flow is directed through a 
transmission line 48 and through the transmission elements of 
the lift truck including a transmission valve 49, torque con 
verter 50, oil cooler 51 and a transmission lubricating and 
cooling element 52, before the transmission fluid rejoins the 
main return flow in passage 54 to sump. 
A thermo-modulated pressure-relief valve 56 is connected 

in parallel with the fan motor 22a by lines 58, 59 but in series 
with the other variable resistance elements 46 so as to mea 
sure pressure drop across the fan motor. Relief valve 56 in 
cludes an expansible thermal element 60 which senses system 
temperature, in this case the temperature of engine 16a, in 
directly by sensing the temperature of transmission oil 
directed to the thermal portion of the valve 56 through lines 
61 and returned to transmission cooling element 52 through 
line 62. Thermal element 60, through its expansion and con 
traction with engine temperature, transmits a variable force to 
a variable pressure-applying spring means 64 to influence the 
opening and closing of valve S6. Valve 56 is also sensitive to 
fluid pressures upstream and downstream of the valve through 
pilot lines 65 and 66. Thus, at any given time the pressure dif 
ferential across valve 56 will equal the pressure differential 
across fan motor 22a. Since the pressure drop across valve 56 
is controlled by thermal element 60 through spring 64, such 
element also controls the pressure drop across fan motor 56, 
and thus the speed of such motor. 
The circuit of FIG. 4 also includes a high pressure relief 

valve 68 connected in parallel with the fan motor and relief 
valve 56 by lines 69, 70. Valve 68 overrides relief valve 56 to 
reduce inlet pressure at the fan motor and thus fan speed re 
gardless of engine temperature in instances of abnormally high 
system pressures. This might occur, for example, when all or 
several of the hydraulic components of resistance 46 are being 
used at once so as to affect the capacity of the engine to drive 
the lift truck. 

OPERATION OF FIG. 4 EMBODIMENT 

It is to be understood that FIG. 4 is a simplified schematic 
diagram showing only the elements of the circuit essential for 
purposes of understanding the present invention. For exam 
ple, additional flow control and pressure relief devices might 
be required in conjunction with the various other hydraulic 
components of the circuit, but these are omitted here for the 
sake of clarity. 

Because the circuit has a fixed displacement pump, fluid 
flow will vary with engine speed. Since engine speed changes 
constantly during operation of the vehicle, flow for purposes 
of the present circuit is uncontrollable. However, the pressure 
of oil in the circuit depends on the demands of the circuit. For 
example, if only the fan motor is used, pump pressure and thus 
system pressure will be low, but if the other components such 
as the power steering or lift cylinder is used, pump discharge 
pressure will be high. The pump is preferably selected so that 
it is capable of producing sufficient pressures to meet system 
demands even at low engine speeds and thus low flow. 
Valve 56 functions as a pressure-regulating means to regu 

late pressure differential across the fan motor and thus fan 
speed. Fan speed is proportional to the square root of the pres 
sure differential across the fan motor (fan speed and flow 
through the fan motor - KVAP) Relief valve 56 performs the 
demand response function of allowing only enough hydraulic 
power to the fan motor to perform the necessary cooling. As 
pump 40 operates, upstream pressure tends to open valve 56 
while downstream pressure tends to close it. Since both pres 
sures are acting on equal areas, the result is a pressure dif 
ferential tending to push the valve open. Because valve 56 is in 
parallel with the fan motor, this pressure differential is always 
the same as that across the fan motor. Variable pressure spring 
64 opposes the effect of upstream pressure on the valve and 
thus determines the magnitude of pressure differential neces 
sary to open the valve. In general, as engine temperature rises, 
the temperature of the transmission oil rises also, expanding 
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thermal element 60 proportionately and thereby compressing 
spring 64, so that the force applied by the spring tends to close 
valve 56 to increase the available flow through the fan motor 
and therefore increase the speed of the fan. Conversely, as the 
engine temperature drops, the thermal element contracts to 
relieve compressive force on the spring so that a smaller pres 
sure differential will open the valve and therefore relieve flow 
to the motor to slow the fan. 
From the foregoing it will be apparent that there are three 

variables in the circuit of FIG. 4 for which relief valve 56 must 
compensate to make the fan rotate at the desired speed in 
cluding: 

1. variable engine speed, causing variable pump flow; 
2. variable resistance to flow of the various hydraulic com 

ponents of the circuit and therefore variable system pressure 
or pump discharge pressure; and 

3. variable engine temperature. 
The operation of valve 56 as it compensates for the above 

variables is as follows: 

EXAMPLE 1 

Assume starting conditions including (1) the engine running 
slowly with the pump moving 3 gallons per minute (gpm), (2) 
downstream variable resistance components off and 
downstream resistance 200 psi, and (3) a cold engine. Under 
such conditions a flow of 3 gpm through the fan motor pro 
vides a sufficient fan speed to do the necessary cooling. A 300 
psi pressure drop across the fan motor is necessary to move 3 
gpm through it (fan flow and fan speed = KVAP). Valve 56 is 
calibrated so that its thermal element 60, reacting to engine 
temperature, applies a spring force which will enable a dif 
ferential pressure at the valve of more than 300 psi to open the 
valve. Thus under the existing circumstances valve 56 closes 
because the pump develops no more than 300 psi differential 
pressure across the fan motor to push the 3 gpm flow through 
the fan motor. Total pump discharge pressure developed 
equals the 300 psi differential pressure plus the 200 psi 
downstream pressure, or a total of 500 psi discharge pressure. 

EXAMPLE 2 

Assume now that the operator presses the accelerator and 
doubles engine speed. A doubled pump flow of 6 gpm results. 
If all of this increased flow went through the fan, the fan speed 
would double and pressure drop across the fan motor would 
increase four times and would thus rise to 1,200 psi. However, 
assuming that the engine is still cold, the valve spring 64 is still 
set to counteract a pressure drop of only 300 psi. Therefore 
valve 56 opens and relieves upstream pressure to an extent 
sufficient to provide only a 300 psi pressure drop across the 
valve and thus a 300 psi drop across the fan motor. Assuming 
that downstream pressure is still only 200 psi, but now at 6 
gpm flow, the pump delivers 6 gpm at the same discharge pres 
sure of 500 psi, with 3 gpm through the fan motor as before 
and with the remaining 3 gpm flowing through relief valve 56. 

EXAMPLE 3 

Now assume that one of the downstream hydraulic accesso 
ries, such as power steering, is activated to increase 
downstream pressure to 1,200 psi while engine speed remains 
the same so that the pump continues to discharge at a rate of 6 
gpm. The pump must now deliver 6 gpm at 1,500 psi (300 psi 
for the fan motor and 1,200 psi for steering). Thus inlet pres 
sure at the fan motor and at valve 56 suddenly increases 
greatly to 1,500 psi. However, since downstream pressure has 
increased to 1,200 psi, the pressure differential across the 
valve and fan remains exactly the same as before (300 psi) so 
that the valve maintains exactly the same throttle opening as 
before. In other words, insofar as the fan motor and valve 56 
are concerned, nothing has changed, and flows through the 
valve 56 and fan motor and fan speed are maintained at the 
same levels as in example 2, despite the fact that the pressure 
drop is from 1,500 psi to 1,200 psi across the motor and valve 
rather than 500 psi to 200 psi. 
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6 
If valve S6 were an ordinary pressure relief valve sensitive 

only to upstream pressure, with its spring set to open at a pres 
sure of 300 psi, it would obviously spring wide open under the 
foregoing condition so that there would be little pressure drop 
across it, and thus little pressure drop across the fan, resulting 
in a drastic reduction in fan speed. However, since the valve 
and fan are sensitive to changes in pressure differential across 
them rather than to system pressures, the fan continues to 
operate at the same speed. 

EXAMPLE 4 

The overriding relief valve 68 is sensitive only to line pres 
sures upstream of the fan motor and is calibrated to open at a 
predetermined high upstream or pump discharge pressure. As 
an example, overriding valve 68 might be set to open at a 
pump discharge pressure of 1,900 psi to limit parasitic power 
losses of the engine, in which event the valve would be closed 
at all discharge pressures below 1,900 psi. Thus in the previ 
ous Example 3, if steering demands should reach 1,700 psi, 
the total system pressure at the pump would be 2,000 psi at 6 
gpm. Although relief valve 56 strives to ensure that the fan 
motor has allotted to it a differential pressure of 300 psi as de 
manded by engine temperature to drive the fan at a predeter 
mined speed, overriding relief valve 68 overrides valve 56 and 
permits no more than 1,900 psi to enter the fan. Thus, pres 
sure differential across the fan drops to 200 psi (1,900 psi 
1,700 psi), and fan speed slows to 0.82 of its former speed. 

EXAMPLES 

Assuming that the pump is still discharging at a pressure of 
1,500 psi as in Example 3 (300 psi to the fan motor and 1,200 
psi to the steering) at 6 gpm (with 3 gpm going through the fan 
and 3 gpm through valve 56), assume also that engine tem 
perature increases to the point where 3.5 gpm flow is needed 
to pass through the fan motor rather than 3 gpm to increase 
fan speed by one-sixth. Because fan speed and fan flow are 
proportional to the square root of pressure drop across the fan 
motor, and because pressure drop across the fan motor was 
300 psi at 3 gpm, pressure drop across the fan must be in 
creased to 400 psi 

3.5Y2 (i) X300 
to obtain 3.5 gpm flow through the fan motor. Thermal ele 
ment 60 and spring 64 are calibrated so that engine tempera 
ture requiring a fan speed corresponding to 3.5 gpm flow ex 
pands the wax and compresses the spring enough to demand 
400 psi pressure differential before opening valve 56 rather 
than 300 psi as before. Thus under the increased pressure of 
spring 64, valve 56 throttles until a 400 psi differential pres 
sure is recorded across the valve and thus across the fan mo 
tor. Under these circumstances the pump continues to deliver 
6 gpm and downstream pressure resistance remains at 1,200 
psi. Yet the pump now delivers its 6 gpm at 1,600 psi pressure 
rather than at 1,500 psi to give the necessary 400 psi drop 
across the fan motor. The 400 psi drop across the fan motor 
requires a flow of 3.5 gpm, and fan speed is correspondingly 
increased. However, since 3.5 gpm flow now moves through 
the fan motor, a flow of only 2.5 gpm remains to move through 
valve 56. 

THERMO-MODULATED RELIEF VALVE WITH BUILT 
NOVERRIDE 

Referring to FIG. 8 there is disclosed in section a thermo- . 
modulated pressure relief valve 56a corresponding to valve 56 
of FIG. 4 with a built-in overriding relief mechanism cor 
responding to the override valve 68 of FIG. 4. The illustrated 
valve is suitable for use in the circuits of FIG. 4 and FIG. 5. 
Valve 56a is incorporated in a valve block 72 which may in 
clude other valves such as any flow control, steering or other 
relief valves required in addition to the basic elements shown 
in FIG. 4. The valve block has a valve cavity including a first 
cavity portion 74 into which upstream pressure fluid is ad 
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mitted through an inlet at 76 and from which fluid is 
discharged downstream through an outlet section 78, A 
second cavity portion 80 separated from the first cavity por 
tion by a valve body 82 admits transmission fluid at 83 and 
discharges it at outlet 84. The cavity is closed by a threaded 
plug 86 in the top of the valve block. 
A primary valve spool 88 slidable up and down within a 

valve sleeve 89 controls fluid flow from the high pressure side 
76 to the low pressure side 78 of cavity 74 through a valve 
opening 90 to regulate the pressure drop across such opening, 
which is in parallel with the fan motor. Valve spool 88 is 
biased downwardly toward a position closing valve opening 90 
by a compression spring 92 extending between spool 88 and 
valve sleeve 89. An internal orifice 94 in spool 88 restricts the 
flow of pressure fluid through a spool passage 96. Valve sleeve 
89 is also provided with an orifice 98 against which a pilot 
poppet valve member 100 is seated. Poppet 100 is urged 
toward its seated position by a spring 102 which corresponds 
to the spring 64 of FIG. 4. A variable pressure is transmitted to 
the spring by a plunger rod 106 to which force is transmitted 
from an expansible wax portion 112 of a thermal unit 108 
through a U-shaped strip 109, override spring 110 and disc 
member 111. 

Transmission oil is conducted into upper cavity 80 directly 
from the transmission oil cooler which is dependent upon the 
engine radiator for its cooling. Thus the temperature of the 
transmission oil taken at this point is a good indication of en 
gine temperature. Transmission oil temperature is measured 
rather than radiator water temperature because the use of 
water could lead to the intermixing of water and oil should a 
leak develop within the valve. 

Expansion of the wax causes a thermal unit to transmit force 
through strip 109 and spring 110 to plunger 106, which in turn 
compresses poppet spring 102 to determine the modulating 
force exerted by the spring against poppet 100. The position 
of valve spool 88 with respect to valve opening 90 is deter 
mined by the pressure drop across the spool's orifice 94, 
which in turn is determined by the flow permitted through 
such orifice. This flow in turn is controlled by the flow rate 
through orifice 98 permitted by pilot poppet 10. Poppet 100 is 
sensitive not only to variable pressure of spring 102 as deter 
mined by the thermal element, but also to the difference in 
pressure at the upstream and downstream sides of the poppet. 
Thus poppet 100, controlled by fluid pressure differential and 
the small thermal element, controls through force amplifica 
tion the position of the larger spool valve 88. A return spring 
116 extends between valve body 82 and strip 109 to ensure re 
lief of pressure on the plunger 106 upon contraction of the 
thermal element. 

OPERATION OF THERMO-MODULATED VALVE OF 
FIG. 8 

Assuming first that the engine is cold, wax expansion will be 
at a minimum and thus spring force tending to close poppet 
100 is relatively small. Thus a relatively small pressure dif 
ferential across the poppet opens it substantially to permit an 
appreciable pilot flow across it. Such pilot flow will cause an 
increase in pressure differential across spool orifice 94, caus 
ing the spool to overcome the pressure of spring 92 and move 
upwardly to clear opening 90 and permit primary flow through 
such opening. Since opening 90 is in parallel with the fan mo 
tor, flow through such opening relieves upstream pressure at 
the valve and fan motor to reduce pressure differential across 
the fan motor and thus fan speed. 
Assuming now a high engine temperature and thus a high 

transmission oil temperature, wax 112 expands to increase the 
pressure applied by poppet spring 102 on pilot poppet 100. 
Accordingly, a higher pressure differential across the poppet 
and thus across the spool and fan motor is now required to 
permit the same rate of flow through poppet passage 98 as be 
fore, and thus across spool orifice 94 to maintain the same 
pressure differential across such orifice. As a result, poppet 
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8 
100 closes at least partially to slow pilot flow through the in 
terior of valve spool 88 and thus across spool orifice 94, caus 
ing a drop in pressure differential across the orifice and thus a 
movement of the spool downwardly to restrict flow through 
opening 90. This forces more flow across the fan motor, 
thereby increasing pressure drop across the fan motor and in 
creasing fan speed the required amount to give the necessary 
cooling. 
The mechanism of valve assembly S6a performs an overrid 

ing relief function as well as the thermo-modulated relief func 
tion, thus reducing both cost and space requirements. Spring 
110 serves as an override spring to give total pressure relief as 
well as an element in the transmission of thermo-induced pres 
sure to poppet 100. Plunger 106 is connected to spring 110 by 
disc 111 and has a cross-sectional area which is equal to the 
cross-sectional area of sleeve orifice 98. Downstream pressure 
at the upperside of poppet 100 exerts an upward pressure 
against the plunger at 114 effective over its cross-sectional 
area while at the same time differential pressure acts on pop 
pet 100 over an equivalent area to transmit an upward force 
through spring 102 to the plunger. Thus downstream pressure 
acting at 114 and differential pressure acting on the poppet 
combine to produce the equivalent of total system pressure 
acting against the cross-sectional area of the plunger, urging 
the plunger upwardly against spring 110. 
Because spring 110 exerts a force which is independent of 

the condition of the thermal unit 108, the force of spring 110 
is predetermined so that it will be overcome when total system 
pressure reaches a predetermined maximum, which in the 
foregoing examples was 1,900 psi. Thus when total system 
pressure reaches 1,900 psi, it moves plunger 106 upwardly to 
relieve the force exerted on poppet 100, regardless of trans 
mission oil temperature and the condition of thermal element 
108. When poppet 100 opens orifice 98, a high rate of pilot 
flow occurs through orifice 98 and therefore across spool ori 
fice 94. This raises the spool and opens primary valve passage 
90 to flow, thereby reducing differential pressure across the 
valve and fan motor to slow the fan speed. 

F.G. SEMBOEDIMENT 

FIG. 5 illustrates a hydraulic circuit similar to that of FIG. 4 
wherein a fixed displacement pump 4.0a driven by an engine 
16b supplies pressure fluid to a hydrostatic cooling fan motor 
22b. However, in FIG. 5 there are no other hydraulic motor 
components providing a variable resistance in series with the 
fan motor. A thermo-modulated pressure relief valve 56b, in 
cluding a thermal element 60a and variable pressure applying 
means 64a is connected in parallel with the fan motor. Valve 
56b is sensitive to fluid pressures upstream from the fan motor 
through pilot line 65a but not to downstream pressure, since 
downstream pressure remains constant in view of the absence 
of downstream hydraulic components. Thus, despite the lack 
of sensitivity to downstream pressure, valve 56b still in effect 
measures and regulates pressure differential across the valve 
and fan motor. The operation of valve 56b is the same as 
described with respect to valves 56 and 56a. 
The circuit of FIG. 5 does not include an overriding relief 

valve or overriding relief function within valve 56b. Such an 
overriding relief valve would be necessary only in cases where 
total system pressures might reach a point where they would 
influence the capacity of the motor to drive the vehicle. How 
ever, this would not be the case in the circuit of FIG. 5, since 
there are no fluid motor components other than the fan motor, 
and the fan motor requires relatively low pressures. 

CLOSED CENTERSYSTEM 

FIG. 6 Embodiment 

FIG. 6 illustrates a closed center hydrostatic fan circuit. The 
basic loop of the circuit includes a suction line 120 leading 
from a sump 121 to a variable displacement pump 122 driven 
by an internal combustion engine 16c and delivering fluid 
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through lines 124 and 125 to a hydrostatic fan motor 22c and 
thence through return lines 126, 127 back to sump 121. Other 
hydraulic components such as lift, tilt and steering motors as 
represented by the variable resistance 129 are connected in 
parallel with the fan motor 22c by lines 130, 131, 132 leading 
from line 124 back to sump 121. 
Connected in series with fan motor 22c upstream therefrom 

is a thermo-modulated pressure-reducing valve 134 which in 
cludes an expansible thermal element 136 sensitive to engine 
temperatures by means of line 137 and return line 138. The 
valve is connected to a variable pressure spring 140 applying a 
variable pressure as determined by the expansion of thermal 
element 136 to a movable valve element of valve 134. Valve 
134 is also sensitive to the inlet pressure at fan motor 22c 
through a pilot line 142, with fan motor inlet pressure being 
balanced against the pressure of spring 140. Valve 134 need 
only be sensitive to the pressure upstream of the fan motor to 
effectively measure pressure drop across the motor since pres 
sure downstream of the fan motor is constant, there being no 
other hydraulic components in series with such motor. 
The parallel circuit incorporating the variable resistances 

includes a manually operated spool valve 144 for selectively 
permitting flow through the parallel circuit to enable opera 
tion of hydraulic components other than the fan motor. Varia 
ble displacement pump 122 is pressure compensated to 
deliver a variable flow at a relatively constant pressure, that is, 
at a pressure within a small pressure range of, for example, 50 
psi of the compensator setting. However, pump 122 is com 
pensated to deliver a relatively constant low pressure when 
there is flow only through the cooling fan loop of the circuit, 
but to deliver a relatively constant high pressure when there is 
flow both through the cooling fan loop and the variable re 
sistance loop, such pressure depending upon the demand of 
the variable resistance loop. For this purpose a pressure ampli 
fying spool valve 146 operates to change the compensator 
setting of the pump from a low level as shown to a variably 
higher level when manual valve 144 is shifted upwardly in 
FIG. 6. When valve 144 is shifted upwardly, flow through a 
pilot line 148 to the left-hand side of amplifying valve 146 
tends to shift the amplifying valve toward the right, thereby in 
creasing the compensator pressure setting. 

Variable pressure-compensated pump 122 includes a pump 
compensator spring 150 which tends to hold the pump cam 
plate (not shown) at a maximum displacement angle. Pump 
output pressure is fed back through line 152 to a cylinder 154 
within which a piston 156 which operates the cam plate slides 
so that pump output pressure is balanced against the pressure 
of spring 150. Thus when the pump output pressure reaches a 
preset high pressure of, for example, 900 psi, the pressure 
compensated piston 156 is moved inwardly against the pump 
spring 150 by pressure fed to cylinder 154 through line 152 to 
adjust the angle of the cam plate to reduce pump displace 
ment. Reduction of pump displacement acts to reduce flow 
and thus reduce pump discharge pressure. Thus, for example, 
if output pressure reaches 950 psi, pump displacement is 
reduced to zero and no work is done. Conversely, if pump 
pressure drops to 850 psi, a drop in pressure at the outer side 
of piston 156 occurs, and as a result spring 150 urges the 
piston outwardly to increase displacement until pressure again 
reaches the predetermined 900 psi setting. The pump and 
motor displacements are selected to ensure that normal 
system demand pressures can be maintained independently of 
the number of demands. The pump normally produces flows 
at a pressure within the small preset pressure range of, say, 
875 to 925 psi which coincides with its maximum to minimum 
displacement range. It must be remembered that the pressure 
compensator setting varies depending on whether just the 
cooling fan is operating or whether both the cooling fan and 
other hydraulic accessories are operating. In the foregoing ex 
ample, the compensator setting would be 900 psi when only 
the fan is on, but would be changed to, for example, 2,000 psi 
when hydraulic steering is activated. 
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10 
OPERATION OF FEG, 6 CIRCUIT 

The circuit of FIG. 6 is shown with valve 144 off so that only 
the cooling fan is operating. As previously mentioned with 
respect to the open center circuits of FIGS. 4 and 5, fan speed 
and fan flow are proportional to the square root of the pres 
sure drop across the fan motor. Thermo-controlled pressure 
reducing valve 134 acts to limit the maximum pressure availa 
ble to the fan motor, and in this way regulates the pressure 
drop across the fan motor. 
As engine temperature increases, thermal element 136 of 

valve 134 expands to push against valve spring 140, tending to 
increase the size of the valve opening, thus increasing flow and 
reducing pressure drop across the valve. As a result, flow to 
the fan motor and inlet pressure at such motor are increased. 
The increased force applied by value spring 140 increases the 
level of fan inlet pressure that will be required to throttle valve 
134. The foregoing in effect reduces pressure drop across the 
valve and increases pressure drop across the fan motor to in 
crease fan speed. 
As the engine cools, thermal element 136 shrinks, relieving 

some of the force on valve spring 140 and causing fan motor 
inlet pressure acting through pilot line 142 to throttle back 
valve 134. This increases pressure drop across the valve and 
thereby decreases pressure drop across the fan motor to 
reduce fan speed, remembering that total system pressure at 
all times is substantially constant. Thus the pressure-reducing 
valve 134 acts as an automatic throttle to keep the fan motor 
inlet pressure at a predetermined level as determined by ex 
pansion of the thermal element regardless of the inlet pressure 
at valve 134 and thus independent of the discharge pressure of 
pump 122 which might be delivering, for example, 900 psi if 
only the fan motor is operating, or 2,000 psi if the other 
hydraulic accessories represented by variable resistance 129 
are also operating. 

EXAMPLE1 

As a first example, assume that all equipment except the fan 
in FIG. 6 is switched off, as shown. Assume the engine is cold 
and the fan motor needs only 3 gpm to turn the fan at a speed 
required to do the necessary cooling. This requires a pressure 
drop of 300 psi across the fan motor. The pump delivers fluid 
at constant pressure of 900 psi as determined by its compensa 
tor. Pressure reducing valve 134 is calibrated so that at this 
particular engine temperature the spring applies only enough 
force to require a 300 psi fan motor inlet pressure to cause it 
to throttle (assuming a fan outlet pressure of 0 psi). The valve 
automatically throttles down until it has taken up all but 300 
psi of the 900 psi total pump pressure available (600 psi). The 
pump continues striving to put out only 900 psi pressure 
(within 50 psi). Because no other systems are on, pump dis 
placement is cut back to produce only 3 gpm. Any more flow 
than this would cause line pressure to exceed the predeter 
mined 900 psi compensator setting. 

EXAMPLE 2 

Now assume the engine gets hotter, requiring a 3.5 gpm 
flow through the fan motor to produce the necessary increase 
infan speed. This requires 400 psipressure drop across the fan 
motor. The thermal element expands to increase the force ap 
plied by spring 140 tending to open valve 134, until the valve 
is balanced by 400 psi fan motor inlet pressure. Since the 
pump is still pumping only 3 gpm, pressure drop across the fan 
motor is still only 300 psi. However, because of the larger 
valve orifice, pressure drop across the valve drops from 600 
psi to a value below 500 psi. Thus, pressure against the pres 
sure compensator piston 154 drops below 800 psi, causing 
spring 150 to increase pump displacement until line pressure 
is again 900 psi. This occurs when pump displacement reaches 
3.5 gpm, all of which goes through the valve and fan motor to 
produce the necessary 400 psi pressure drop across the fan 
motor and the required increase in fan speed. 
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EXAMPLE 3 

Now assume that engine speed doubles to double pump 
speed. Pump output will now rise to 7 gpm unless pump dis 
placement is changed. Immediately, pressure drop across both 
the fan motor and valve 134 increases as the square of flow, 
and line pressure (the sum of the two pressure drops) is in 
creased four times. However, the increased fan motor inlet 
pressure acts to immediately throttle valve 134 to restore the 
400 psi fan motor inlet pressure. Thus pressure drop across 
the valve is momentarily very high. However, the greatly in 
creased line pressure immediately pushes on pressure com 
pensator piston 156 to cut back pump displacement until only 
3.5 gpm is again flowing, which restores the pre-set 900 psi 
line pressure. 

EXAMPLE 4 

Now assume that power steering is switched on and the vari 
able pump pressure compensator valve 146 is adjusted so that 
the pump will not cut back its displacement until line pressure 
reaches 2,000 psi. Because pressure-reducing valve 134 limits 
fan motor inlet pressure independently of pump pressure, fan 
speed will not be affected. Valve 134 throttles way down to 
absorb a 1,600 psi pressure drop and thus maintain fan motor 
inlet pressure at 400 psi, assuming engine temperature 
remains unchanged. 

FG. 7 EMBODIMENT 

FIG. 7 discloses a closed center hydrostatic cooling fan cir 
cuit which is similar in many respects to that of FIG. 6. How 
ever, in the circuit of FIG. 7, variable resistance components 
160 are connected in series with the hydrostatic fan motor 22d 
rather than in parallel, and such components and the fan 
motor are supplied with hydraulic fluid from a pressure-com 
pensated variable displacement pump 122a driven by an inter 
nal combustion engine 16d to be cooled. A pressure-reducing 
valve 134a similar to the valve 134 of FIG. 6 is placed in series 
with the fan motor upstream therefrom and includes thermal 
element 136a which determines a variable pressure applied by 
variable pressure valve spring 140a. Thermal element 136a 
senses engine temperature through the passage means 162. 
However, reducing valve 134a differs from valve 134 of 

FIG. 6 in that valve 134a includes both a pilot line 164 for 
measuring the inlet pressure at fan motor 22d and another 
pilot line 166 which measures fan motor outlet pressure. Thus, 
reducing valve 134a is sensitive to differential pressure across 
the fan motor as modulated by the force of spring 14.0a as 
determined by engine temperature. Pilot line 166 is required 
to enable valve 134a to measure pressure drop across the fan 
motor because of the presence of downstream hydraulic com 
ponents 160 which produce a variable pressure resistance 
downstream of the fan motor as such components are 
switched on and off. 
With the foregoing modifications, however, valve 134a 

operates in the same manner as described with respect to pres 
sure-reducing valve 134 of FIG. 6 to regulate the pressure 
drop across the fan motor and thus fan speed. In FIG. 7 as 
shown, variable displacement pump 122a delivers a relatively 
constant pressure within a small pressure range, and the pump 
pressure compensator setting would be such that, with all 
hydraulic components operating, total line pressure would be 
sufficient to operate all components without affecting the 
driving capabilities of engine 16d. Of course, pump 122a 
could also be provided with a variable compensator similar to 
the one disclosed with respect to FIG. 6 if, for example, the 
various hydraulic components other than the fan motor 
developed exceptionally high pressure resistances. 

Having described what are presently several preferred em 
bodiments of my invention, it should be apparent to those 
skilled in the art that the same permit of modification in ar 
rangement and detail. I claim as my invention all such modifi 
cations as come within the true spirit and scope of the follow 
ing claims. 

I claim: 
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1. In a cooling system, a speed control for a hydraulic motor 

driving a coolingfan comprising: 
valve means for controlling fluid pressure at the inlet side of 

said motor, 
motor inlet pressure-sensing means including passage 
means interconnecting the inlet side of said motor and 
said valve means in a manner such that inlet fluid pressure 
acts on said valve means in a direction tending to reduce 
said inlet pressure, 

means for applying a variable pressure to said valve means 
in a direction tending to increase said motor inlet pres 
Sure, 

and system temperature-sensing means operable to vary the 
pressure exerted on said valve means by said pressure-ap 
plying means in response to variations in system tempera 
ture, 

motor outlet pressure-sensing means including passage 
means interconnecting the outlet side of said motor and 
said valve means in a manner such that outlet fluid pres 
sure acts on said valve means in a direction tending to in 
crease said inlet pressure. 

2. In a cooling system, a speed control for a hydraulic motor 
driving a cooling fan comprising: 

pressure-regulating means for controlling the differential 
pressure across said motor, 

said pressure-regulating means including differential pres 
sure-sensing means sensitive to differential pressure 
across said motor and operable to increase said dif 
ferential pressure upon a reduction in said differential 
pressure below a predetermined demand differential 
pressure necessary to maintain a predetermined fan speed 
and operable to decrease said differential pressure upon 
an increase in differential pressure above said demand 
differential pressure, 

and temperature-responsive means operable to increase the 
demand pressure setting of said pressure-regulating 
means upon an increase in system temperature and 
operable to decrease said demand pressure setting upon a 
reduction in system temperature. 

3. A system according to claim 2 including a second fluid 
motor connected in series with said fan motor, said pressure 
regulating means being connected in series with said second 
fluid motor. 

4. In a cooling system, a speed control for a hydraulic motor 
driving a cooling fan comprising: 

valve means for controlling fluid pressure at the inlet side of 
said motor, 

motor inlet pressure-sensing means including passage 
means interconnecting the inlet side of said motor and 
said valve means in a manner such that inlet fluid pressure 
acts on said valve means in a direction tending to reduce 
said inlet pressure, 

means for applying a variable pressure to said valve means 
in a direction tending to increase said motor inlet pres 
Sure, 

and system temperature-sensing means operable to vary the 
pressure exerted on said valve means by said pressure-ap 
plying means in response to variations in system tempera 
ture, 

said valve means comprising a thermo-modulated pressure 
relief valve means including: 

a pilot valve sensitive to variations in differential pressure 
across said motor controlling a pilot flow of fluid, 

and a primary valve for controlling a primary flow of fluid, 
said temperature-sensing means including an expansible 
thermal element operably connected to said pilot valve 
for controlling said pilot flow in response to temperature 
sensings of said element, 

said pilot flow being operable to control the positioning of 
said primary valve and thus the primary flow and degree 
of pressure relief. 

5. In a cooling system, a speed control for a hydraulic motor 
driving a cooling fan comprising: 

valve means for controlling fluid pressure at the inlet side of 
said motor, 



3,664,129 
13 

motor inlet pressure-sensing means including passage 
means interconnecting the inlet side of said motor and 
said valve means in a manner such that inlet fluid pressure 
acts on said valve means in a direction tending to reduce 
said inlet pressure, 

means for applying a variable pressure to said valve means 
in a direction tending to increase said motor inlet pres 
Sure, 

and system temperature-sensing means operable to vary the 
pressure exerted on said valve means by said pressure-ap 
plying means in response to variations in system tempera 
ture, 

said valve means comprising a thermo-modulated pressure 
relief valve means including: 

a valve member positionable for controlling fluid flow 
through said valve means and thereby the degree of pres 
sure relief, said valve member being responsive to dif 
ferential pressure across said motor means independently 
of system pressure under normal system pressures, 

said temperature-sensing means including means operable 
to modulate the position of said valve member in 
response to temperature-sensings of said sensing means, 

and pressure override means operable under predetermined 
abnormal system pressures to determine the position of 
said valve member independently of said temperature 
sensing means and the differential pressure across said 
notor means. 

6. In a cooling system, a speed control for a hydraulic motor 
driving a cooling fan comprising: 

valve means for controlling fluid pressure at the inlet side of 
said motor, 

motor inlet pressure-sensing means including passage 
means interconnecting the inlet side of said motor and 
said valve means in a manner such that inlet fluid pressure 
acts on said valve means in a direction tending to reduce 
said inlet pressure, 

means for applying a variable pressure to said valve means 
in a direction tending to increase said motor inlet pres 
Sure, 

and system temperature-sensing means operable to vary the 
pressure exerted on said valve means by said pressure-ap 
plying means in response to variations in system tempera 
ture, 

said valve means comprising a thermo-modulated fluid pres 
sure-regulating valve comprising: 

a valve body defining a valve cavity including first and 
second cavity portions separated from one another and 
having separate fluid inlets and outlets, 

a primary valve member movable within said first cavity 
portion for controlling primary fluid flow through said 
first cavity portion, 

pressure-sensitive control means for controlling the position 
of said primary valve member in response to fluid pres 
sure within said first cavity portion, 

a temperature-responsive, expansible thermal element 
within said second cavity portion, 

resilient means interconnecting said thermal element and 
said control means whereby said thermal element trans 
mits a variable force to said control means for controlling 
the position of said primary valve member. 

7. A system according to claim 6 wherein said hydraulic fan 
motor is in a hydraulic circuit having a pump means, 

said pump means supplying pressure fluid to said hydraulic 
fan motor, 

said thermo-modulated pressure relief valve being con 
nected in parallel with said fan motor, 

first passage means directing said pressure fluid through 
said second cavity portion whereby said thermal element 
senses the temperature of said fluid, 

and second passage means directing pressure fluid from the 
intake side of said fan motor into the inlet of said first 
cavity portion and from the outlet of said first cavity por 
tion to the discharge side of said fan motor. 

8. In a cooling system, a speed control for a hydraulic motor 
driving a cooling fan comprising: 
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valve means for controlling fluid pressure at the inlet side of 

said motor, 
motor inlet pressure-sensing means including passage 
means interconnecting the inlet side of said motor and 
said valve means in a manner such that inlet fluid pressure 
acts on said valve means in a direction tending to reduce 
said inlet pressure, 

means for applying a variable pressure to said valve means 
in a direction tending to increase said motor inlet pres 
Sure, 

system temperature-sensing means operable to vary the 
pressure exerted on said valve means by said pressure-ap 
plying means in response to variations in system tempera 
ture, 

said hydraulic motor and valve means being in a hydraulic 
circuit including a pump means for delivering pressure 
fluid to said motor, 

said hydraulic circuit including a variable resistance 
downstream from and in series with said hydraulic motor. 

9. A system according to claim 2 wherein said hydraulic 
motor is in an open center hydraulic circuit. 

10. A system according to claim 2 wherein said hydraulic 
motor is in a closed center hydraulic circuit, 

11. A system according to claim 2 wherein said hydraulic 
motor is in a hydraulic circuit having a variable resistance con 
nected in series with said motor downstream thereof. 

12. A system according to claim 2 wherein said hydraulic 
motor is a fixed displacement motor and is in a hydraulic cir 
cuit having a fixed displacement pump delivering pressure 
fluid to said motor. 

13. A system according to claim 2 wherein said motor is a 
fixed displacement motor in a hydraulic circuit having a varia 
ble displacement pump delivering pressure fluid to said motor. 

14. A system according to claim 2 wherein said motor is a 
fixed displacement motor in a hydraulic circuit including a 
fixed displacement pump, said pressure-regulating means 
being connected in parallel with said motor and connected in 
series with said pump, said hydraulic circuit including a varia 
ble resistance downstream of said pressure-regulating means 
and said motor. 

15. A system according to claim 2 wherein said hydraulic 
motor is in a hydraulic circuit including a variable displace 
ment pump means, and said pressure-regulating means in 
cludes a valve means in series with said motor and said pump 

earnS, 
16. A system according to claim 2 wherein said hydraulic 

motor is in a hydraulic circuit having a variable displacement 
pump means for delivering pressure fluid to said motor and a 
variable resistance, said pressure-regulating means being con 
nected in series with said motor and in parallel with said varia 
ble resistance. 

17. A system according to claim 16 wherein said variable 
displacement pump means includes variable pressure com 
pensator means operable to provide a predetermined low 
pump discharge pressure when only said hydraulic motor is 
operating and to provide a predetermined higher pump 
discharge pressure when said variable resistance means is 
operating. 

18. A system according to claim 2 wherein said hydraulic 
motor is in a hydraulic circuit including a variable displace 
ment pump means for delivering pressure fluid to said motor, 
said hydraulic circuit including a variable resistance, said vari 
able resistance being connected in series with said pressure 
regulating means and said motor downstream of said motor. 

19. A system according to claim 2 wherein said hydraulic 
motor is in a hydraulic circuit including a variable discharge 
pump, said differential pressure across said motor being con 
trolled by said pressure-regulating means in a manner so as to 
be unaffected by changes, if any, in the flow discharge of said 
pump and in the discharge pressure of said pump throughout 
at least a major intermediate portion of the flow discharge 
range and discharge pressure range of said pump. 

20. A cooling system including a hydraulic circuit compris 
ing: 

a coolingfan, 
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a fluid motor for rotating said fan, 
a variable displacement pump for driving said motor, 
and valve means connected in series with said fluid motor 

for controlling the pressure differential across said motor, 
said valve means being directly responsive to changes in dif 

ferential pressure across said motor and to changes in 
temperature of the system to be cooled in a manner such 
that the pressure differential across said motor changes in 
response to changes in said temperature and indepen 
dently of fluctuations in the output pressure of said pump. 

21. A system according to claim 20 wherein said pump is 
pressure-compensated to deliver a predetermined output pres 
sure at variable flow. 

22. A system according to claim 20 including a second fluid 
motor means driven by said pump. 
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23. A system according to claim 20 including a second fluid 

motor driven by said pump, said second motor being con 
nected in parallel with said fan motor and said valve means. 

24. A system according to claim 23 wherein said pump is 
compensated to deliver variable predetermined output pres 
sures at variable flow rates. 

25. A systern according to claim 6 wherein said control 
means includes a pilot valve means for controlling a pilot flow 
of fluid, said resilient means transmitting a variable force to 
said pilot valve means to affect said pilot flow, said primary 
valve member including means responsive to changes in said 
pilot flow for changing the positioning of said primary valve 
member and thereby controlling said primary flow. 

bit xt ak 


