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‘ vTORQUE RISE LIMITING DEVICE 

[BACKGROUND OF THE INVENTION 
‘ Conventionally, governors are utilized to position a 
fuel pump feed rack of a compression ignition engine 
normally to maintain the engine speed within a prede 
termined operating range. Such governors are shown in 
US Pat. Nos. 3,145,624 and 3,532,082 issued to Parks 
et al. and Clouse et al.; respectively, both of which are 
assigned to the assignee of the present application. 
With such governors, when the load of the engine is in 
creased the engine speed tends to decrease and the fuel 
rack is advanced to supply more fuel to the combustion 

- chambers of the engine. When the load on the engine 
decreases, engine speed increases and the fuel pump 
feed rack is automatically retracted to reduce the sup 
ply of fuel to the engine. 
A ?xed, full load rack stop is normally provided to 

limit the maximum volume of fuel directed to the en 
gine for establishing the full load speed of the engine. 
When the engine is operating at the full load speed and 
a greater load is applied to the engine, the engine speed 
will decrease rapidly toward a lug condition. However, 
the efficiency of the fuel pump increases as the engine 
speed decreases and a greater volume of fuel is deliv 
ered to the combustion chambers resulting in an inher 
‘ent increase in the brake means effective pressure 
(BMEP) and the torque of the engine. In some engines, 
particularly turbocharged engines, the natural torque 
rise under'such conditions is detrimental to effective 
control of noxious exhaust emissions from the engine. 
When the torque rise is too great, inefficient and in 
complete buming of fuel results in excessive engine 
heat and an increase in the exhaust smoke. 

OBJECTS OF THE INVENTION 

Accordingly, an object of this invention is to provide 
an7 improved torque rise limiting device for an internal 
combustion engine. ' 
Another object of this invention is to provide such a 

torque rise limiting device which limits the amount of 
torque rise experienced by the engine when its speed is 
decreased below a‘full load speed when a lug producing 
load is imposed on the engine. I 
Another object of this invention is to provide an im 

proved torque rise limiting deviceof the character de 
scribed which automatically decreases the volume of 
fuel directed to the engine when the engine speed de 
creases below a predetermined full load speedsetting 
due to a load imposed thereon to minimize the noxious 

_ exhaust emissions from the engine. 
Other objects and advantages of the present inven 

tion will become more readily apparent upon reference 
to the accompanying drawings and following descrip 
tion. ‘ ‘ i - v 

I , BRIEFDESCRIP'I‘ION OF THE DRAWINGS 
FIG. 1 is a longitudinal vertical‘section through a 

torque rise limiting device embodying the principles of 
the present invention as associated-with a‘ speed re 
sponsive engine governor. ‘ ' ' ‘ - ' 1 =' ' ‘ 

FIG. 2 is a fragmentary elevational view of the‘torque 
rise limiting device taken along line II-II of FIG. 1. 
FIG. 3 is a partial sectional‘ view 'of am'odification of 

the torque rise limiting device of FIG; 1. 
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2 
FIG. 4 is a longitudinal vertical sectional view of an 

alternate embodiment of the torque rise limiting device . - 
taken along line lV-IV of FIG. 5. ' . 
FIG. 5 is an elevational end view of. the torque rise 

limiting device of FIG. 4. \ 
FIG. 6 is a sectional view taken along the line Vl-VI 

of FIG. 5. " 
‘ FIG. 7 is a graphic illustration of the torque curve of 
an engine having a prior art governor, a torque curve of 
an engine embodying the present invention and a 
horsepower curve common to both engines. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS ‘ 

Referring more particularly to FIGS. 1 and 2 of the 
drawings, a torque rise limiting device embodying the 
principle of the present invention is generally indicated 
by the reference numeral 10 in association'with a speed 
responsive governor 11 of an internal combustion en 
gine, not shown. The governor is generally‘of the type 
described in detail in the above cited patents to Parks 
et al. and Clouse et al. and is contained within a hous 
ing 12. The housing includes a generally vertical wall 
13 having a pair of spaced generally parallel bores 14 
and 15 formed therethrough. ' I 
The governor includes a pair of substantially L 

shaped ?yweights l6 pivotally mounted on a rotatable 
carrier, not shown. Each ?yweight has a radially in 
wardly extending arm.l7 adapted to contact a thrust 

member 18 mounted on a cylindrical sleeve W. sleeve extends within a bore 20 of a cylindrical collar 

21 and is secured to the collar and a fuel control mem 
ber or rack 22 with a pin 23. The'collar includes an end 
wall 24 having a centrally disposed bore 25 extending 
axially therethrough. A bifurcated throttle control 
lever 26 is pivotally mounted on a shaft 27 secured 
within the housing 12. The throttle control lever is 
adapted for engagement with a spring retaining seat 28 
which is disposed in concentric axially slidable relation 
on a support member 29. The support member ‘is 
?xedly secured to the housing wall 13 in substantially 
coaxial alignment with the bore 14 and includes a con 
centric axial bore 31 extending therethrough. A gover 
nor spring 32 is concentrically disposed in a ‘precom 
pressed condition between the retainer seat and the 
collar. 
The torque rise limiting device 10 of the present in 

vention includes a hydraulic reaction or servo mecha 
nism 34 reciprocably mounted within the bore 15in the 
wall 13 of the housing 12. An annular groove 36 is 
formed in the bore, and is adapted to receive pressur 
ized oil from an engine oil pump, not shown. The servo 
mechanism includes a hollow cylinder 37 slidably dis 
posed within the bore 15. The cylinder has a coaxial 
bore 38 and includes a closed end 39 which is disposed 
adjacent to the control lever 26. An exteriorly extend 
ing protuberance 40 is centrally formed on the closed 
end of the cylinder. An ori?ce 41 extends radially 
through the wall of the cylinder adjacent the closed end 
thereof to communicate the bore of the cylinder with‘ 
the groove. A cap 42 is screw threadably secured to the 
open end of the cylinder and has a centrally disposed 
bore 43 and a plurality of angularly spaced apertures 
44 extending therethrough. A slotted tan‘g’portion 46 is 
provided on the end cap for slidably embracing an en 
larged shank 47 of a guide member 48 which is screw 
threadably secured to the wall adjacent to the cylinder.‘ 



3,916,862 
3 

A~piston 49 is reciprocably mounted within the cylin 
der 37 and has a medially‘ disposed annular wall 51 
forming within the cylinder a pair of axially spaced 
chambers 52 and 53. A centrally disposed aperture 54 
extends axially through the annular wall to provide 
communication; .between the» chambers. A pair‘ of 
springs 56 and 57 are individually disposed within the 
chambers on opposite sides of the piston and act in op 
:posite directions normally to center the piston within 
the cylinder. A bleed valve 58 is partially disposed 
within the chamber 52 and has a reduced diameter 
guide and actuation portion 59 slidably extending 
through the central bore 43 of the cap 42. A recess 61 
is provided in the end of the bleed valve adjacent to the 
annular wall and is formed in part by anannular axially 
extending .valve seat 62. The valve seat is adapted for 
‘selective sealing engagement with the annular wall to 
block communication between the chambers 52 and 53 
through-the aperture54. 
A lever 63 is secured to the free end of a leaf type 

spring 64 which is in turn secured by a capscrew 65 to 
the wall ‘13 of the housing 12 to permit limited pivotal 
:movement of the lever. The lever extends upwardly 
therefrom and includes a distal or free end 66 which'is 
adapted for abutment with the guide portion 59 of the 
bleed valve 58. A pair of generally vertically spaced 
clearance holes 67 and 68 are provided in the lever in 
termediate itsends. ‘ 
An elongated sensor and actuator member 69 is slid 

ably disposed within the bore 31 of the support mem 
ber 29. An end 71‘ of the member extends through the 
bore 25 in the end wall 24 of the collar 21 and has an 
enlarged ?ange 72 formed thereon for unidirectional 
force transmitting engagement with the end wall. An 
opposite end 73 of the actuator member extends 
through the bore 14 of wall 13 and the hole‘68 of the 
lever 63 and includes a circumferential groove 74 
fomied therearound. A bracket 76 includes a through 
' bore 77 which is slidably received on the end 73 in radi 
allygaligned relation to the groove. The bracket is se 
cured thereon by the clamping action of a capscrew 78 
which spans a slot 79 provided in the bracket and en 
gages the groove 74. The bracket further includes a 
threaded bore 81 for ‘screw threadably receiving an ad 
justable stop member 82 having a spherical end 83 
adapted for selective engagement with the lever 63 in 
termediate its ends. A‘ jam nut 84 is provided on the 
stop member for locking it in an adjusted position. The 
bracket is further provided with a notch 86 which slid 
ably embraces a rod 87 secured to the housing 12 for 
preventing rotation of the bracket and‘ the actuator 
member. - I g 

" A cam 88 is secured between the bifurcated-portions 
of the control lever 26 for rotation therewith and has a 
cam lobe 89 formed thereon for engagement‘with the 
protuberance 40 of the cylinder 37. 

Modified First Form 

A modi?cation of the above embodiment is shown in 
FIG. 3 and includes an inwardly opening hole 90 which 
is formed in the closed end 39 of the cylinder 37 and is 
concentric with the bore 38. An elongated stop pin 91 
is pressed into the hole and has an enlarged head por 
tion 92 in abutment with the annular wall 51 of the pis 

- ton 49. A recess 93 and a plurality of radially extending 
slots 94 are formed in the head portion adjacent to the 
annular wall for communicating the chamber 53 with 
the aperture 54 in the annular wall. The length ofv the 
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4 
pin is selected to position the piston slightly to the left 
bf its position in FIG. 1 to unbalance the springs 56 and 
57 with spring 56 having a greater preload than the 
spring 57. ‘ ' . 

- ' Another modi?cation which may be made to the 
above embodiments is that by employing the stop pin in 
the chamber 53, the spring 57 in the chamber 53 can be 
deleted. However, the spring rate of the spring 56 in the 
chamber 52 and the cross sectional area of the bleed 
valve 58 may require slight adjustments to obtain the 
same torque rise as the previous embodiments. 

Operation of First Form 

While the operation of the present invention is be 
lieved clearly apparent from the foregoing description, 
further ampli?cation will subsequently be made in the 
following brief summary of such operation. The gover 
nor 11 functions to maintain the engine speed within a 
predetermined operating range by adjusting the posi 
tion of the fuel control member 22 in the usual manner 
as the load on the engine varies. The predetermined 
speed range is established by manual positioning of the 
throttle control lever 26 to provide a preload force on 
the governor spring 32 to act against the centrifugal 
force of the ?yweights 16. Rotating the control lever in 
a counterclockwise direction results in movement of 
the fuel control member to the right to increase the vol 
ume of fuel injected into the engine to increase the en 
gine speed. Clockwise rotation of the lever results in 
moving the fuel control member to the left to reduce 
the supply of vfuel to the engine to decrease engg?e 
speed. When the desired speed of the engine is . - 
tained, the centrifugal force on the ?yweights exertsan 
axial force through the arms 17 to counterbalance the 
axial force of the governor spring, thus establishing an 
instantaneous position of the fuel control member. 
When the load on the engine is increased, engine 

speed decreases resulting in a corresponding reduction 
in the axial force of the ?yweights ‘16 thereby allowing 
the governor spring 32 to move the fuel control mem 
ber 22 to the right for supplying more fuel to the engine 
,to maintain the engine speed within the desired range. 

During normal engine operation, with the throttle 
control lever 26 in its maximum engine speed setting as 
shown in FIG. 1, and the engine lightly loaded, the en 
gine runs at the high idle speed. As shown in FIG. 7, the 
torque curve of an engine embodying the present in 
vention is shown by the solid line curve indicated by the 
letter A with the torque at high idle speed indicated at 
point B. Pressurized engine oil is directed to the groove 
36 in the bore 15 of the housing 12 and through the ori 
?ce 41 of the cylinder 37 into the chamber 53. The pis 
ton 49 is balanced between the springs and 57 and 
the oil entering the chamber unseats the valve seat 62 
of the bleed valve 58 permitting substantially unre 
stricted oil flow through the aperture 54 and into the 
chamber 52 where it is exhausted through the apertures 
44 of the cap 42 and into the housing. 
As the fuel ‘control member 22 is moved to the right 

under increasing engine loads, the end wall 24 of the 
collar 21 engages the ?ange 72 of the actuator member 
69 moving it and the bracket 76 to the right. At a pre-' 
determined position, thespherical end 83 of the stop 
member 82 engages’the lever 63 causing its distal end 
66 to engage the bleed valve 58. This moves the bleed 
valve to the right until the valve seat 62 restricts the 
?ow of engine oil through the aperture 54 sufficiently 
to cause a pressure rise in the oil in the chamber 53. At 
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this point, the pressurized ?uid acting on the bleed 
valve creates a force thereon acting against the distal 
end of the lever sufficient to balance the force of the 
governor spring 32 thereby stopping" the rightward 
movement of the fuel control member thus establishing 
the full load speed condition of the engine. The torque 
of the engine at the full load speed is indicated at point 
C in FIG. 7. The torque curve up to this point is identi 
cal with that of an engine without the present inven 
tion. - ‘ 

As the. load on the engine continues to increase 
above the normal operating range, engine speed drops 

, and the centrifugal force of the ?yweights 16 acting on 
the governor spring 32 also decreases. This causes the 

, governor 11 to become‘ imbalanced such that the gov 
ernor spring force urges the collar 21, actuator member 
69, lever 63, and the bleed valve 58 to the right. This is 
effective to move the bleed valve to the right until the 
valve seat 62 blocks the ?ow of oil through the aperture 
54 of the piston 49. The resultant increase in?uid pres 
sure in the chamber 53 causes the piston and the bleed 
valve to move to the left against the distal end 66 of the 
lever causing it to rotate counterclockwise with the 
spring 64 acting as a pivot. This moves the actuator 
member, collar, and the fuel control member to the left 
to decrease the volume of fuel directed to the engine 
thereby decreasing the rate of torque rise of the engine. 
The leftward movement of the piston 49 continues 

until an imbalance between the springs 56 and‘ 57 and 
the increasing bias of the governor spring 32,equal or 
balances the hydraulic force acting on the piston. At 
this point, ?uid pressure acting on the recess.61 of the 
bleed valve 58 is sufficient to unseat the valve seat 62 
permitting ?uid ?ow through the aperture '54. How 
ever, the valve seat will meter the ?uid flow and main 
tain sufficient pressure in the chamber 53 to retain the 
piston in its new position. If the load on the engine in 
creases sufficiently, the engine speed will drop to its 
lugging speed with a proportionate decrease in the vol 
ume of fuel directed to the engine. Referring to FIG. 7, 
the torque at the lugging speed is indicated at point D 
and the amount of torque rise between the full load 
speed and the lugging speed is represented by the por 
tion of the solid line curve A between points C and D. 
By comparison, the natural torque rise of an identical 
engine without the torque rise limiting device is repre 
sented by the broken line curve indicated at B». 
When the engine is running at a lugging speed below 

the full load speed, the piston 49 and fuel control mem 
ber 22 will be positioned to the left of that shown in 
FIG. 1 as described above. Should the throttle control 
lever 26 be rotated clockwise under such conditions, 
the force exerted on the bleed valve 58 by the governor 
spring 32 would be lessened. Reducing the force on the 
bleed valve permits an instantaneous greater volume of 
oil to flow past the valve seat 62 from the chamber 53 
reducing the pressure therein such that the piston 
moves toward the closed end 39 of the cylinder until 
the forces of the springs 56 and 57 and the governor 
spring acting on the bleed valve and piston are again 
balanced by the hydraulic force as described above. To 
compensate for such occurrence and prevent move 
ment of the fuel control member toward the increased 
fuel position, the cylinder is moved to the left by the 
cam lobe 89 as the throttle control lever is rotated 
clockwise. The change in the imbalance of the springs 
56 and 57 balances the changing force of the governor 
spring such that the piston remains substantially sta 
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tionary relative to ‘the wall i1_3_,§Thl_1S the position of the 
fuel control member is virtually unaffected by the repo 
sitioning of the throttle control‘le‘ver when the engine is 
operating at lugging speeds» below the full load speed. 
With ‘the engine being operated at an intermediate 

throttle setting ‘and the engine lightly loaded, the throt~ 
tle control lever ‘26 ‘is positioned clockwise from its 
maximum throttle setting. Likewise, since the cam 88 is 
secured ‘to the throttle=control ‘lever and rotates there? 
with, the ‘cylinder 37 will. be'repositioned to the left of 
that shown in FIG. 1 by the cam lobe '89. Thus, as the 
fuel control member is moved to the right by the gover 
nor 11 under increasing engine loads, the lever 63 en 
gages the bleed valve 58 earlier and stops the fuel con 
trol member in a predetermined position farther to the 
left than when the throttle control ‘lever is in the maxi 
mum throttle setting. This establishes a full load speed 
relative to the throttle controlllever setting and pre 
vents overfueling during luggingof the engine at an in 
termediate throttle setting?Thus, the torque rise limit 
ing device is effective through thelentire range of throt 
tle settings and engine speedsThe torque rise curve for 
an intermediate throttle control lever setting is shown 
at F in FIG. 7 with the curve joining the torque curve A 
at point G and continues to increase along the curve A 
to point D. By contrast, the torque curve of the engine 
without the present invention coincides with curve F 
with the torque continuing to increase past point G and 
joining the broken line curve E at point H. The horse 
power curve for the engine is represented by the line 
indicated by the letter J. ' 

Operation of Modified First’Form 
The operation of the modi?cation of the torque rise 

limiting device 10 shown in-FIG. 3 is essentially as de 
scribed above except that there is provided a greater 
preload in the spring 56 with the pin 91 causing a slight 
delay in the reaction of the servo mechanism 34. As in 
the ?rst form, the bleed valve 58 is moved to the right 
under increasing engine loads until the ?uid pressure in 
the chamber 53 acting on. the bleed valve creates a 
force thereon su?icient to balance the force of the gov 
ernor spring 32. At this point, the rigthward movement 
of the fuel control member 22 toward the increased 
fuel position is stopped establishing the full load speed 
condition of the engine. It is 'to be assumed that the stop 
member 82 has been adjusted to compensate for the 
slightly leftward positioning of the piston 49 so that the 
full load speed and thus, the torque, is the same as that 
established for the ?rst form. “ ' i 

As the engine speed continues to drop due to in 
creased loading, the governor spring 34 exerts a greater 
force on the bleed valve SS'which in turn causes the 
?uid pressure in the chamber 53 to increase. However, 
until the force exerted on the piston 49 by the pressur 
ized ?uid in the chamber, combined with the force of 
the spring 57, increases sufficiently to overcome the 
preload of the spring 56,‘the piston 49 will remain in 
abutment with the pin 91.‘ Thus the fuel control mem 
ber 22 will temporarily remain in the maximum fuel po~ 
sition and the engine torque will increase from point C 
in FIG. 7 along the broken _line E. At a predetermined 
point K, the force exerted on the piston by the ?uid and 
‘the spring 57 overcomes the:preload of the spring 56. 
As this occurs the piston moves to the left resulting in 
movement of the fuel control member to the left 
toward a decreased fuel position for controlling the 
torque rise of the engine with the torque being repre 
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sented by the phantom line-"L extending» from point K. 

- ‘ . - $¢¢¢hd Fdrm , . . '- " 

An alternate embodiment of a torque rise limiting de 
vice of the present invention is disclosed in-FIGS. 4, 5 
and 6. It is noted that the samereference numeralsof 

~ the ?rst embodiment arerused to designate similarly 
constructed counterpart elements of this embodiment. 
In this embodiment, however, the torque rise limiting 
device is mechanically actuated . with the sleeve 19 
being slidably disposed in the bore 20 of the collar 2-1. 
A pair of elongated slots 96 are provided in the collar 
individually to receive the ends of the pin 23 for per 
mitting limited relative axial movement between the 
sleeve and the 'collar. A keeper band 97 encircles the 
collar to prevent dislodgement of the pin. The sleeve 
includes a reduceddiameter end portion 98 extending 
toward the end wall 24 of the collar. Aconcentric axi 
ally extending bore 99 is provided in the reduced diam 
eter portion and terminates at an end wall 101 having a 
central aperture 102 extending therethrough. A ring 
103 is disposed within the ‘bore 20 of the collar with a 
spring 104 concentrically disposed between thejring 
and the sleeve and preloaded to a predetermined‘v value 
for resiliently urging the sleeve and collar inopposite 
directions. . ‘ , . 

The torque rise limiting device 10 of the alternate 
embodiment includes a mechanical reaction mecha 
nism 106 which includes an adapter 107 disposed adja 
cent to the wall 13 of the housing 12. The adapter has 
an annular extension 108 slidable within the bore 15 of 
the wall. An aperture 109 is provided in the adapter 
and slidably receives a shank 110 of a guide member 

_ 111 screw threadably secured to the wall to prevent ro 
tation of the adapter. A threaded bore 112 is provided 
through the annular extension for receiving an adjust 
able stop member 113 adapted for engagement with 
the cam lobe 89 of the control lever 26.. The adapter 
further includes a depending stop portion .114 for a 
later de?ned purpose. , M , v ' 

A sensor tube 116 is reciprocably disposed in the 
bore 31 of the support member 29 and is provided with I 
an axial bore 117 which slidably receives an elongated 
actuator rod ‘ 1 18. The actuator rod extends through the 
aperture 102 in the end wall 101 of the sleeve 19 and 
has an enlarged head portion 1 19 formed on its end for 
‘unidirectional force transmitting engagement with the 
end wall of the sleeve. ' 

' The bracket 76 secured to the end 73 of the sensor 
tube 116 has an inner surface 121 disposed‘adjacent to 
the wall 13 of the housing 12 and an opposite outersur 

1 face 122. A recess 123 is formed in the inner surface to 
provide clearance for the stop portion 114 of the 
adapter 107 disposed between the bracket and the wall. 
A pair of spaced lugs 124 are fixedly secured to the 
‘outer surface 122 and extend outwardly therefrom. A 

- . bore 126 extends though the bracket in spacedsubstan 
tially parallel relation to the bore77. A pin 127 slidably 
extends through the bore 126 for engagement with the 

‘ stop portion of the adapter and has alspherical head 
128 disposed adjacent to the outer surface of the 
bracket. A lever 129 having a distal end 130 is pivotally 
secured between the lugs by a pivot pin 131. An elon 
gated slot 132, as best shown in FIGS. 5 and 6, extends 
through the lever adjacent to its distal end with the'ac 
tuator rod 118 extending therethrough. A spherical 
washer 133 is disposed on the rod for engagement with 
the lever and retained thereon bynut 134. A projection 

is formed on the side of the lever intermediate the 
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pivot pin and slot and is adapted for engagement with 
the spherical head 128 of the pin 127. An adjustment 
screw 137 is screw threadedly secured to the proximal 
end of the lever and has a jam nut 138 provided 
thereon for locking the adjustment screw in the ad- _ 
justed position. 

I _ 'Operation of Second Form ‘ 

The governor 11 associated with the alternate em 
bodiment of the torque rise limiting device 10 shown in 
FIGS. 4, 5 and 6 operates the same asthat described 
above in connection with the ?rst form in that when the 
load on the engine is increased the fuel control member ' 
22 is normally adjusted to the right by the governor for 
supplying more fuel to the engine to maintain the en 
gine speed within the desired operating range. The 
torque rise limiting device and the governor are shown 
in thefull load speed condition in FIG. 4 with the fuel 
controlmember 22 in a position for supplying a prede 
termined maximum volume of fuel to the engine. At en 
gine speeds between the highidle and full load speed, 
the fuel control member, the collar21, and the sleeve 
19_ arepositioned slightly to the left of that shown in 
FIG. 4 such that the head 119 of the actuator rod 118 
is spaced somewhat from the end wall 101 of the sleeve 
and the enlarged ?ange 72 of the sensor tube 116 is 
spaced somewhat from the end wall 24 of the collar. 
Under such conditions the governor 11 operates in the 
usual manner. . 

With the control lever 26 in the position shown and 
the engine lightly loaded, the engine is set to operate at 
the high idle speed. Increasing the load on the engine 
results in the governor 11 moving the collar 21, sleeve 
19, and fuel control member 22 to the right to increase 
the volume of fuel to the engine as previously de 
scribed. At a predetermined speed, the end wall 24 of 
the collar engages the enlarged ?ange 72 of thesensor 
tube 116 and the end wall 101 of the sleeve 19 engages 
the head 1 19 of the actuator rod 1 18. This prevents fur 
ther rightward‘ movement of the fuel control member 
and establishes the full load speed condition of the en 
gine. . Y . . 

As the load onthe engine is further increased, the en 
gine-speed drops below its full load speed and the cen 
trifugal force of the flyweights 16 acting on the thrust 
member 18 and collar 2lis reduced permitting the gov 
ernor spring32 to exert a greater force on the collar. 
This- moves the collar, .the sensor tube 116, and the 
bracket 76 to the right. The pin 127 abuts the stop por 

, tion 114 of the adapter 107 with the spherical head 128 
of the pin providing a fulcrum for the lever 129. As the 

55 

6,0 

bracket and pin 131 move to the right thelever pivots - 
about the spherical head causing the distal end 130 of 
ythe lever to be moved to the left. This. results in the ac 
tuator rod 118 moving the sleeve 19 and fuel control 
member 22 to the left against the bias of the spring 104, 
thereby reducing the volume of fuel supplied to the en 
gine to control ‘the amount ofitorque' rise of the engine 
.during lugging. The leftward movement of the sleeve 
and fuel control member continues until the bias of the 
spring 104 balances the available force‘from the gover 
ejnorspring._.Further vreduction in the engine speed as a 
result ‘of greater loading will consequently result in fur 
ther leftward movement of the fuel ,control member de 

_ creasing the supply of fuel to the engine." 
.As .with._t_he previous embodimentsthe cam lobe 89 

of the cam 88 moves the mechanical reaction mecha 
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nism 106 to the left at intermediate throttle settings. 
This moves the pin 127 to the left to establish the full 
load speed ‘condition in accordance with the throttle 
control lever setting. ‘ 
The torque rise curve of the engine equipped with the 

alternate embodiment torque rise limiting device, is 
identical to that of the ?rst form. However, by increas 
ing the initial preload of the spring 104, the torque of 
the engine will increase along the broken line E in FIG. 
7 until the force exerted by the governor spring 32 be 
comes suf?cient to overcome the preload of the spring 
104. At this point, which is represented by the letter K 
in FIG. 7, the torque rise limiting device becomes effec 
tive for controlling the torque rise with the torque 
being depicted by phantom line L. 

In view of the foregoing, it is readily apparent that the 
structure of the present invention provides an im 
proved torque rise limiting device which limits the rate 
of torque rise of an internal combustion engine when 
the engine speed is decreased below its full load speed 
due to greater loading of the‘ engine thereby reducing 
the volume of fuel injected into the engine. This per 
mits more efficient and complete combustion of the 
fuel to minimize the emission of noxious matter from 
the engine. This is accomplished by automatic move 
ment of the fuel control member to a reduced fuel set 
ting in response to a conditional change of the governor 
created when the centrifugal force of the ?yweights, 
balancing the force of the governor spring, is reduced 
to a decrease in engine speed. The torque rise limiting 
device further automatically positions itself in response 
to a change in the throttle control lever setting so that 
the device effectively limits torque rise and minimizes 
exhaust emissions throughout the full range of throttle 
settings and engine operating speeds. 

‘ While the invention has been described and shown. 
with particular reference to the preferred embodi 
ments, it will be apparent‘ that variations might be pos 
sible that would fall within the scope of the present in 
vention which is not intended to be limited except as 
de?ned in the following claims. 

I What is claimed is: 
1. A torque rise limiting device, for an internal com 

bustion engine having a speed responsive governor 
adapted normally to urge a fuel control member toward 
an increased fuel position when the load on the engine 
is increased, comprising; ' 
sensor and actuator means operatively associated 
with such governor and such fuel control member 
initially ‘permitting the fuel control member to be 
moved toward an increased fuel position by the 
governor in response to a decrease in engine speed 
clue to a load imposed thereon; and 

reaction means operatively associated with said sen 
sor and actuator means and responsive to a condi 
tional change of the governor transmitted thereto 
‘by the sensor and‘actuator means when the speed 
of the engine decreases below a ‘predetermined 
speed due to the load imposed thereon to impart a 
reaction force through the sensor and actuator 
.means to reverse the direction of movement of the 
fuel control member and automatically move the 
fuel control member toward a decreased fuel posi 
tion so that the volume of fuel directed to the en 
gine is reduced for limiting the natural torque rise 
thereof and minimizing noxious exhaust emissions 
therefrom. ‘ 
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. 2.‘The torque rise-limiting device of claim 1 wherein 
the governor includes; ‘ 
a housing; 
a throttle control lever pivotal within the housing be 
tween a minimum and maximum engine speed set 
ting; ‘ 

a governor spring operatively disposed between said 
control lever and the fuel control member for resil 
iently urging the fuel control member toward the 
increased fuel position; and 

a ?yweight arrangement responsive to engine speed 
normally to counterbalance the bias of the gover 
nor spring to minimize changes in engine speed due 
to varying engine loads with said conditional 
change of the governor causing an actuating force 
to be exerted on said reaction means by said gover 
nor spring through said sensor and actuator means. 

3. The torque rise limiting device of claim 2 wherein 
said reaction means establishes said predetermined 
speed of the engine and includes cam means associated 
with said throttle lever for automatically adjustably po 
sitioning said reaction means relative to the setting of 
the throttle control lever for changing said predeter 
mined speed dependent upon the‘ throttle control lever 
setting with said torque rise limiting device being effec 
tive throughout the total range of throttle lever settings. 

4. The torque rise limiting device of claim 3 wherein 
said reaction means includes; ’ ‘ 

a source of pressurized ?uid; 
means forming a bore in said housing adjacent to said 
cam means; and 

ahydraulic servo mechanism reciprocably disposed 
in said bore and in communication with said source 
of pressurized fluid, said hydraulic servo mecha 
nism having opposite ends with one of said ends 
adapted for engagement with the cam means while 
the other of said ends is adapted for engagement 
with said sensor and actuator means, said hydraulic 
servo mechanism being operative in response to 
said actuating force imposed thereon by said sensor 
and actuator means to generate a reaction force 
substantially equal to said actuating force with said 
reaction force being transmitted by the sensor and 
actuator means to move the fuel control membe 
toward said decreased fuel position. ' , 

5. The torque rise limiting device of claim 4 wherein 
said sensor and actuator means includes; 5 
an actuator member having opposite ends with one of 

said ends operatively connected to the fuel control 
member; 

a bracket secured to the other end of said ends of said 
actuator member; . 

a lever having opposite ends with one of said ends 
being pivotally secured to said housing while the 
other of said ends is adapted for engagement with 
the other end of said hydraulic servo mechanism; 
and ‘ 

a stop adjustably secured to the bracket for engage 
ment with said lever intermediate said opposite 
ends. - 

6. The torque rise limiting device of claim 5 wherein 
said hydraulic servo mechanism includes; 
a cylinder having an axial bore formed therein, siad 
bore having anyopen end and an opposite closed 
end, and an ori?ce communicating said bore with 
said source of pressurized ?uid; ‘ ‘ 

a cap secured to‘said open end of said cylinder having 
a plurality of apertures and a centrally disposed 
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bore extending therethrough'with said bore being 
substantially concentric with said bore of said cyl 
inder; - - 

a piston reciprocably mounted in said bore of said 
cylinder forming a ?rst chamber between said pis 
ton and said closed end for receiving fluid from the 
source of pressurized ?uid, and a second chamber 
between the piston and said cap, said piston having 
a centrally disposed aperture extending there 

1 through for communicating the ?rst chamber with 
the second chamber; 

positioning means for initially positioning said piston 
' in said bore of the cylinder including a spring dis 
posed in said second chamber; and 

a bleed valve slidably disposed in said bore of said 
- cap and having opposite ends, a valve seat formed 

' on one of said ends normally positioned to permit 
substantially unrestricted ?ow through said aper 
ture in said piston and adapted for blocking ?uid 
?ow therethrough when said actuating force is ex 
erted in a ?rst direction on the other of said ends of 
said lever of said sensor and actuator means to gen 
erate said reaction force by increasing the ?uid 
‘pressure in the ?rst chamber to cause the piston to 
_move in an opposite direction until the actuation 
force on the valve is balanced by the reaction 
force. 

7. The torque rise limiting device of claim 6 wherein 
said positioning means includes a spring disposed in 
said ?rst chamber. 

8. The torque rise limiting device of claim 6 wherein 
said positioning means includes stop means associated 
with said cylinder to limit movement of said piston 
toward said closed end of said cylinder. 

9. The torque rise limiting device of claim 8 wherein 
said spring in said second chamber is initially precom 
pressed by said piston and said stop means to delay 
movementof said fuel control member toward said de~ 
creased fuel position until the engine speed decreases a 
preselected amount below said predetermined speed. 

10. The torque rise limiting device of claim 9 wherein 
said stop means includes a stop member disposed 
.within said first chamber between said closed end and 
said piston, said stop member having an end portion for 
engagement with said piston and passage means formed 
in said end portion for communicating said ?rst cham 
ber with said aperture in said piston. 
‘.11. The torque rise limiting device of claim 10 in 

cluding a spring disposed in said ?rst chamber between 
said piston and said closed end of said cylinder. 

12. The torque rise limiting device of claim 3 includ 
mg; 7 . i 

a cylindrical collar operatively disposed between the 
governor spring and the ?yweight, said collar hav 
ing an axially aligned bore formed itlierein and a 
pair of diametrically opposed elongated slots ex 
tending therethrough; 

a sleeve reciprocably disposed in said bore; 
an elongated pin ?xedly securing said sleeve to the 

fuel control member, said pin having opposite ends 
individually protruding into said elongated slots to 
permit limited relative axial movement lbetweeri 
the sleeve and collar; and _' 

a spring disposed between the sleeve and collar pre 
loaded to a predetermined value resiliently to urge 
the sleeve and fuel control member toward said in-‘ 
creased fuel position. 
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13. The torque rise limiting device of claim 12 

wherein said sensor and actuator means includes an 
elongated sensor tube having opposite ends with one of 
said ends connected to said collar for selective unidi 
rectional force transmitting engagement therewith, said 
tube having a bore extending axially therethrough; and 
an actuator rod slidably disposed in said bore of said 
sensor tube and having opposite ends with one of 
said ends having unidirectional driving connection 
with said sleeve for transmitting axial unidirec 
tional movement thereto. 

14. The torque rise limiting device of claim 13 ' 
wherein said reaction means includes a mechanical re 
action mechanism operatively attached to said sensor 
tube and to the other of said ends of actuator rod oper 
ative in response to said actuating force transmitting 
thereto by said sensor tube to generate a reaction force 
in the actuator rod for'moving the sleeve and the fuel 
control member toward the decreased fuel position 
against the bias of said spring disposed between said 
sleeve and said collar until the actuating force is bal 
anced by the bias of said spring. 

15. The torque rise limiting device of claim 14 
wherein said mechanical reaction mechanism includes 
an adapter having an annular extension slidably dis-W 
posed in said bore of said housing; 2; 
a stop adjustably secured to said adapter and dis 
posed for engagement with said cam means; 

a bracket secured to the other of said ends of said 
sensor tube and having a bore in spaced substantial 
parallel relation to said sensor tube; 

a fulcrum pin slidably extending through said bore of 
said bracket having opposite ends with one of said 
ends adapted for engagement with said adapter; 
and 

a lever pivotally secured to said bracket and having 
an end operatively connected to said other end of 7 
said actuator rod, said lever having an intermediate 
portion engageable with‘the other of said ends of 
said fulcrum pin so that movement of the sensor 
tube and bracket in a ?rst direction causes the 
lever to pivot about the fulcrum pin to move the ac 
tuating rod in an opposite direction. 

16. The torque rise limiting device of claim 12 
wherein said spring is initially preloaded a preselected 
amount-greater than said predetermined value to delay 
movement of said fuel control member toward said de 
creased ‘fuel position until the engine speed decreases a 
preselected amount below said predetermined speed. 

17. A torque rise limiting device for an internal com 
bustion engine having a speed responsive governor 
adapted normally to urge a fuel control member toward 
an increased fuel position when the load? on the engine 
is increased, comprising; . ' 

a source of pressurized ?uid; and 
reaction means including a hydraulic servo mecha 
nismcommunicating with said source of pressur 
ized ?uid having opposite ends with one of said 
ends operatively associated with such fuel control 
member, said hydraulic servo mechanism initially 
permitting the fuel control member to move 
toward an increased fuel position in response to a 
decrease in engine speed due to a load imposed 
vthereon and being operative in response to a condi 
tional change of the governor when the speed of 
the engine decreases below a predetermined speed 
due to the load imposed thereon to generate a reac 
tion force to reverse the direction of movement of 
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the fuel control member and move the fuel control 
member toward a decreased fuel position so that 
the volume of fuel directed to the engine is reduced 
for limiting the natural torque rise thereof and min 
imrzmg the noxious exhaust emissions therefrom. 

18. The torque rise limiting device of claim 17 in 
cluding sensor and actuator means operatively associ 
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14 
ated with such governor and said end of said hydraulic 
servo mechanism for sensing and transmitting said con 
ditional change of the governor to the hydraulic servo 
mechanism and being responsive to operation of the 
hydraulic servo mechanism to move the fuel control 
member toward the decreased fuel position. 

* * * * * 
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