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HYDRAULIC THROTTLE ACTUATOR 

This application is a continuation-in-part of applica 
tion Ser. No. 105,411, ?led Jan. 11, 1971, now aban 
doned. 

BACKGROUND OF THE INVENTION 

This invention relates to hydraulic throttle actuators 
such as those used for accelerating and decelerating an 
internal combustion engine which drives a pump in a 
hydraulic system. Particularly. the invention is directed 
to that type of throttle actuator which is operated re 
sponsive to pressure changes within the system result 
ing from the positioning of a selector valve and work 
demand. 
Although the invention is primarily intended for use 

in conjunction with the prime mover of mobile equip 
ment, it is adaptable for use with other hydraulic sys 
tems where the pump of the system is driven by an in 
ternal combustion engine. In many cases the hydraulic 
system is used only when the mobile equipment is in a 
stationary condition, the system itself being operated 
on an intermittent basis. The hydraulic systems gener 
ally are designed in such a manner that during inopera 
tive periods, the valving in the system allows ?uid, 
which is being pumped on a continuous basis, to pass 
through certain portions of the system and return back 
to the reservoir-thus fluid is in a constant state of 
movement whether the system is doing work or is in an 
idle condition. This type of system is referred to as an 
open-center hydraulic system. To those skilled in the 
art it will be apparent that certain rotary control valves, 
not shown. may be used, but for the purpose of the 
present disclosure reference will be made to a spool 
selector valve. In a system as herein described, when 
work is demanded of the system, the speed of the inter 
nal combustion engine is increased to cause the pump 
to apply fluid at higher pressures and flow rates. The 
most common means for controlling engine speeds uti 
lizes ?uid pressure from the hydraulic system itself, and 
is actuated only upon demand. Such means are nor 
mally called hydraulic throttle actuators. Although sev 
eral hydraulically operated throttle actuators are pres 
ently available, they have operational disadvantages in 
that they are incapable of operating over the broad 
range of pressures encountered in such hydraulic sys 
tems and particularly are incapable of accurately sens 
ing lower pressures. 

SUMMARY OF THE INVENTION 

One object of the invention is to provide a hydraulic 
throttle actuator capable of sensing the full range of 
pressures encountered in the hydraulic system, 
whereby the engine can be accelerated and decelerated 
in a manner to achieve optimum performance of the 
hydraulic system. 
A further object is to provide, in an open center hy 

draulic system, spring adjustment means to overcome 
high back pressures encountered when the engine is 
running at a high speed and the selector valve is shifted 
to the no work demand position. 
Another object of the invention is to provide a ?uid 

intensi?er effective in a hydraulic system to intensify 
pressure pulses to overcome the force of a return spring 
acting on the throttle actuating piston under a work 
cycle condition wherein such pressure pulses are of less 
magnitude than the'system maximum back pressure. 
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Another object is to provide a hydraulic throttle ac 

tuator having means for accurately adjusting the stroke 
of the throttle actuating piston. 
These and other objects of the invention will become 

apparent from the following description and the ac 
companying drawings, 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a hydraulic system 
employing a throttle actuator according to the inven 

tion, 
FIG. 2 is an enlarged vertical sectional view of the ac 

tuator shown in FIG. 1 and showing the same con 
nected with the throttle lever of an internal combustion 
engine, 
FIG. 3 is a front elevational view of a clamp bracket 

for adjustably supporting the cylinder of the throttle ac 
tuator piston, and 
FIGS. 4, 5 and 6 illustrate further embodiments of 

the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The hydraulic system shown in FIG. 1 is for a mobile 
unit having a working cylinder 10 for operating any of 
various hydraulically operated implements, illustrated 
in block form at 10A, and which may include for ex 
ample cranes, packer blades in refuse trucks. tailgate 
hoists, back hoes on tractors, etc. The engine 11 shown 
is a prime mover for a vehicle and also drives a hydrau 
lic ?uid pump 12 which is part of the hydraulic system. 
The selector valve 13 is conventional and is not, there 
fore, herein described in detail. The valve 13 is con 

- nected with the pump 12 by a pressure line 14 and with 
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a ?uid reservoir tank 15 by a return line 16. Similarly, 
working lines 17 and 18 extend to the ends of the cylin 
der 10. The system as shown includes a regulator valve 
19 in the pressure line 14 and a bypass line 20 to the 
reservoir 15. To complete the primary system. there is 
a supply line 21 connecting the reservoir 15 with the 
pump 12. 
A throttle actuator according to the present inven 

tion operates the throttle lever 22 of the engine's car 
buretor 23 and, as shown, is mounted on the engine 
head 24 by means of a clamp bracket 25. A cylinder 26, 
herein referred to as an actuator cylinder, is mounted 
in the clamp bracket 25 parallel with the engine's ac 
celerator rod 27. A throttle actuating piston 28 (see 
FIG. 2) is slidably mounted in the cylinder 26 and has 
a circular flange 29 on the extending end of its piston 
rod 30 for contacting an adjustable stop 31 on the en 
gine‘s accelerator rod 27. Piston rings, cylinder seals 
and means for mounting the ?ange 29 on the piston rod 
are shown but not numbered. 
Within the actuator cylinder 26, and in the end 

thereof opposite the piston rod 30, there is a coiled pis 
ton return spring 32 which normally extends the‘ ?ange 
29 outwardly of the cylinder. A cylindrical spring ad 
juster 33 is threaded in and projects from the cylinder 
26 and adjusts the compression of the piston return 
spring 32. A stop 34 is threaded through the axis of the 
spring adjuster 33 and adjustably limits the stroke or 
travel of the piston 28. 
A pulsation intensifier cylinder 35 has one end 35A 

connected with the system's pressure line 14 by an aux 
iliary pressure line 36A. The other end 358 of the cyl 
inder 35 is connected with the cylinder 26 and is in 
fluid communication'therewith by way of an opening 
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26A formed in the cylinder 26 at the rod end of the pis 
ton 28, in the embodiment of FIG. 2. 

In FIG. 2, the intensi?er cylinder 35 is connected di 
rectly with the actuator cylinder 26. The intensi?er cyl 
inder 35 of FIG. 4 is the same as that of FIG. 2 except 
that it is connected with an actuator cylinder by way of 
a length of conduit 368. Reference will be made both 
to FIG. 2 and FIG. 4 for a detailed description of the 
intensi?er cylinder 35. 
Cylinder 35 has openings 35C and 35D in opposite 

ends thereof and bores 42 and 43 of different size diam 
eters respectively. Located within the cylinder 35 is a 
free-?oating intensi?er piston 37 having ends 37A and 
37B of different size diameters for sliding movement in 
the bores 42 and 43 respectively of the cylinder 35. The 
intensi?er piston 37 has oppositely facing surfaces of 
different areas to be exposed to the hydraulic ?uid for 
providing a differential in area across the piston for 
?uid pressure intensi?cation purposes. These surfaces 
include surfaces 37C and 37D facing in one direction 
and surface 37E facing in an opposite direction. Al 
though not illustrated in FIG. 2, the end of the cylinder 
35 surrounding the opening 35C may be curved or 
conical-shaped as illustrated at 35E in FIG. 4 to allow 
surface 37C always to be exposed to the hydraulic 
fluid. 
Extending through the intensi?er piston 37 is an axial 

passageway 39 which provides a continuously open. 
two-way ?uid ?ow path between the openings 35A and 
35B in opposite ends of the cylinder 35. The piston 37 
has an ori?ce 40 or restricted opening at one end to 
allow restricted ?ow through the piston 37 to and from 
the actuator piston. A coiled reset spring 41 around the 
smaller diameter 378 of the piston 37 normally posi 
tions the piston 37 adjacent the cylinder's connection 
with the auxiliary pressure line 36A. As illustrated the 
spring 41 seats on shoulders 35F and 37F formed in 
cylinder 35 and on piston 37 respectively. 
When the selector valve 13 is in its neutral or open 

center position and the engine 24 is operating at idle 
speed, hydraulic ?uid is circulated by the pump 12 at 
a low pressure and at which time the engine 11 is run 
ning at low speed. However, when the valve 13 is ma 
nipulated to actuate the working cylinder 10 the pres 
sure in the pressure line 14 and the auxiliary line 36A 
is increased and moves the actuator piston 28 away 
from the cylinder opening 26A against the force of the 
return spring 32 in the cylinder 26. The ?ange 29 on 
the piston rod 30 moves the stop 31 on the accelerator 
rod 27 and thus operates the throttle lever 27 to in 
crease the engine speed. After the selector valve 13 has 
been returned to neutral, the pressures are decreased 
and the return spring 32 extends the piston rod 30, and 
thus returns the throttle lever to its idle position. 
Since the spring biased intensi?er piston 37 has a dif 

ference in transverse area, any pressure pulse acting 
against the larger face of the piston 37 moves the piston 
in the cylinder 35 and. in turn, compresses ?uid against 
the actuator piston 28 at a rate faster than it can return 
through the pressure balancing ori?ce 40. Thus, any 
system ?uid pressure pulses are intensi?ed on the 
smaller side of the piston 37 in proportion to the differ 
ential in area across the piston, less the small loss back 
through the restricting ori?ce 40. 
During those portions of a work cycle of the hydrau 

lic system when working pressures are required that are 
lower than the maximum back pressure, ?uid intensi? 
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4 
cation by the ?uid intensi?er is very important in order 
to overcome the high compression force of the actuator 
piston return spring, the latter of which compression 
force is required in order to overcome the high back 
pressures encountered when the engine is running at a 
high speed and the selector valve is shifted to the no 
work demand position. 
One instance where the working pressures are lower 

than the maximum back pressure, occurs in the starting 
of a work cycle occasioned by shifting the selector 
valve, for example, to lower the boom of a crane. In the 
normal selector valve shifting operations, minute pres 
sure pulses generally are produced by the ?ats or lands 
of the spool valve passing over the ?ats or lands of the 
valve body. Further minute pressure pulses are pro 
duced in the beginning portion of the work cycle as var 
ious system components, such as cylinder pistons, rods, 
and seals, go through a transition from the static to the 
dynamic condition. The present intensi?er is capable of 
intensifying these small pressure pulses to values above 
the maximum pressure setting of the actuator return 
spring so that the actuator piston will be moved to ef 
fectively accelerate the engine during this portion of 
the work cycle. 
When a pressure pulse occurs, for example in the 

starting of a work cycle, it will rapidly move the piston 
37 to intensify the ?uid pressure on its smaller side and 
at the same time compress the reset spring 41. The re 
stricting ori?ce 40 delays bleed-back of the ?uid 
through the piston 37 and hence delays resetting of pis 
ton 37 to allow the next pressure pulse to shift the pis 
ton 37 further in the event that it has not reached its 
full stroke. The pressure pulses may occur. relatively 
close together such that the ori?ce 40 is effective to 
allow the intensi?er piston to continue to intensify the 
pressure pulses, thus causing the engine to be acceler 
ated. 
The restricting ori?ce 40 acts to delay bleedback of 

the ?uid through the piston 37 such that suf?cient pres 
sure is maintained on the actuator piston 28 to prevent 
any signi?cant return movement thereof during a pe 
riod of pressure rebalance, during which period, the in 
tensi?ed pressure on the actuator piston 28 is relatively 
constant while the working pressure is increasing 
toward the level of the intensi?ed pressure. When a 
pressure balance is reached across the piston 37 by way 
of the restricting ori?ce 40, the reset spring 41 returns 
the piston 37. When this occurs, the piston 37 is reset 
and hence is ready for any further pressure intensi?er 
action that may be required. The piston 37 is capable 
of doing work as long as there is stroke left in the actua 
tor piston. In the event that a pressure pulse shifts the 
piston 37 its full stroke and the working pressure is 
higher than the back pressure, the ?uid pressure will 
continue to ?ow through the passageway 39 to move 
the actuator piston as long as it has not reached its full 
stroke. 
When the boom of a crane is being raised, the selec 

tor valve is shifted to stop movement of the boom when 
its desired height is reached. At that time. the engine 
is running at its maximum throttle setting and ?uid is 
being pumped and bypassed at a maximum rate 
whereby a very high back pressure is created. As indi 
cated above, the setting of the return spring of the actu 
ator cylinder is adjusted to overcome the high back 
pressure to return the actuator piston to its normal po 
sition whereby the engine may be returned to idle after 
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the operating cycle. When the return spring pushes the 
actuator piston back to its normal position, ?uid is 
squeezed back through the intensi?er piston ori?ce to 
the larger side of the piston 37 thereby allowing the ac 
tuator piston to be returned to its normal position at a 
relatively slow rate and hence allowing the engine to be 
gradually decelerated. 
This somewhat delayed or gradual engine decelera 

tion action results in certain advantages. For example, 
since the engine does not immediately decelerate when 
a ?rst selector valve is centered, a second work valve 
may be shifted to start a second work function while 
the engine speed is still near its normal work speed. 
A further example where the ?uid intensi?er is useful 

in overcoming the high compression force of the return 
spring, occurs in the lowering of outriggers of a truck 
crane to stabilize the crane prior to a lifting operation. 
In the lowering of these outriggers, there is no high 
pressure required since the outriggers will almost “free 
fall." As the selector valve is shifted and the outriggers 
begin to descend, there is no high pressure buildup, so 
that the engine remains essentially at idle. Thus, nor 
mally it would take a long period of time for the outrig 
gers to descend to ground level. It is desirable, how 
ever, to have the engine operate at a higher rate of 
speed to obtain more ?uid ?ow to bring the outriggers 
down at a faster rate. This is accomplished with the 
present intensi?er which senses and intensi?es the 
small pressure pulses occurring during the beginning 
portion of this work cycle to cause the engine to speed 
up or accelerate so that the outriggers are lowered at 

a rapid rate. . 
In a typical application, the ratio of the larger surface 

relative to that of the smaller and oppositely facing sur 
face of the intensi?er piston 37 is 3.5 to l. The ori?ce 
40 has a length of 0.94 of an inch and a diameter of 
0.09 of an inch. The high pressure supply chamber 
comprising the volume of the bore 43, with the piston 
37 in its normal position, is 0.095 of a cubic inch. The 
actuator return spring 41 is capable of overcoming a 
maximum back pressure of 300 p.s.i. 
Now that one embodiment of the invention has been 

described. other embodiments and modi?cations will 
be discussed. In addition to the means 34 for adjusting 
the stroke of the piston 28, in the embodiment of FIG. 
2. the actuator cylinder 26 may be longitudinally ad 
justed in the bracket 25. As best shown in FIG. 3, the 
bracket 25 is provided with a split opening 44 for re 
ceiving the cylinder 26 and a bolt 45 in the bracket 
near the split end of the opening for adjusting the spac 
ing between the actuator cylinder 26 and the stop 31 
on the accelerator rod 27. 

Referring now to FIGS. 4 and 5, there will be de 
scribed alternative embodiments of the invention. In 
the embodiment of FIG. 4, the return spring 32 is lo 
cated on the outside of the cylinder 26 and seats against 
the cylinder face 268 and a washer 51 held in place by 
an adjustable nut 53 threaded to the piston 30. In this 
embodiment, the. spring also urges the rod 30 and the 
actuator piston 28 toward the left, as shown in FIG. 4, 
to normally maintain the piston 28 next to the opening 
26A. The compression force of the spring 28 may be 
adjusted by adjustment of the nut 53. The adjustable 
stop 34 is threaded into sleeve 55 and held securely by 
a nut 57. 

In the embodiment of FIG. 5, the return spring 32 is 
located within the cylinder 26 and normally urges the 
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6 
piston 28 towards the opening 26A. The piston rod 30 
is located on the same side of the piston 28 and extends 
through the spring 32 and through a sleeve 61 which is 
employed as the stop for adjusting the stroke of the pis 
ton. Sleeve 61 is threaded into sleeve 63 which in turn 
is threaded into cylinder 26. Sleeve 63 is employed for 
adjusting the compression force of the spring 32. Nuts 
65 and 67 are provided for securely holding the sleeves 
61 and 63 in place. Although not shown, suitable cou 
pling will be had between the piston rod 30 and the 
throttle lever 22, and the cylinder 26 will be located in 
a position whereby movement of the piston 28 and pis 
ton rod 30 away from the opening 26A will move the 
engine's throttle lever 22 in a direction to accelerate 
the engine. 

In the embodiment of FIG. 6, the passageway 39 and 
ori?ce 40 are formed by a conduit 71 which has oppo 
site ends 71A and 718 coupled to the conduits 36A and 
36B respectively to provide a stationary, two-way fluid 
passageway between the ends of the cylinder 35 and 
which bypasses the cylinder 35. In this embodiment the 
intensi?er piston 37' is a solid member with no passage 
way extending therethrough. The two-way passageway 
of FIG. 6, formed by conduit 71, and which bypasses 
the cylinder 35 and hence the piston 37’, provides the 
same functions as the axial passageway 39 and ori?ce 
40 of the embodiments of FIGS. 2 and 4. 
The invention is not limited to the exemplary con 

struction herein shown and described, but may be 
made in various ways within the scope of the appended 

claims. 
I claim: 
1. In a hydraulic system or operating a work perform 

ing apparatus and including a hydraulic fluid pump 
driven by a primary power source controlled by a hy 
draulic actuator having an actuator cylinder with an ac 
tuator piston located therein and coupled to said pri 
mary power source for control purposes, the improve 
ment comprising: 
a fluid pressure intensi?er including an intensi?er 

cylinder having a free-?oating intensi?er piston lo 
cated for movement therein. 

a line connecting one end of said intensi?er cylinder 
with a pressure line of said hydraulic system, 

the other end of said intensi?er cylinder being in fluid 
communication with said actuator cylinder by way 
of an opening in said actuator cylinder on one side 
of said actuator piston, ' 

biasing means for normally urging said actuator pis 
ton toward said opening in said actuator cylinder, 

said intensi?er piston having oppositely facing sur 
faces of different areas to be exposed to hydraulic 
?uid for providing a differential in area across said 
intensi?er piston for fluid pressure intensi?cation 
purposes, 

the larger of said surfaces facing said one end of said 
intensi?er cylinder, 

biasing means for normally urging said intensi?er pis 
ton toward said one end of said cylinder, and 

a continuously open passageway including a restric 
tive ori?ce communicating between the ends of 
said intensi?er cylinder on opposite sides of said 
intensi?er piston for providing a two-way fluid ?ow 
passageway between the ends of said intensi?er 
cylinder. 
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2. The hydraulic system of claim 1 wherein said con 
tinuously open passageway including said restrictive 
ori?ce extends through said intensi?er piston. v 

3. The hydraulic system of claim 1 wherein said con 
tinuously open passageway including said restrictive 
ori?ce comprise a two-way ?uid passageway coupled to 
opposite ends of said intensi?er cylinder and which by 
passes said intensi?er cylinder. 

4. The hydraulic system of claim 1 wherein: 
said means for biasing said actuator piston comprises 

a return spring‘ 
a spring adjustment means for adjusting the return 
force of said return spring, and 

15 

25 

30 

35 

45 

50 

55 

60 

65 

8 
an adjustable stop operable independently of said 

spring adjustment means for adjusting the stroke of 
said actuator piston. 

5. The hydraulic system of claim 1 comprising: 
a piston rod coupled to said actuator piston for move 
ment therewith and extending outwardly of an end 
of said actuator cylinder, 

said primary power source includes an internal com 
bustion engine having a throttle with an accelerator 

lever, and 
means coupling said piston rod to said actuator lever. 

* 1k 1k * it 


