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This invention relates to hydraulic speed 
governors; in particular, it concerns novel hy 
draulically actuated apparatus for controlling 
the Speed of an internal-combustion engine or 
other engine whose speed and torque are subject 
to continuous control by adjustment of a fuel 
control member. 
Speed governor apparatus may be employed for 

various purposes, but the commonest function 
of Such equipment is to hold an engine at con 
stant speed notwithstanding large variations in 
load. While my invention herein disclosed, and 
the novel structural features embodied therein, 
have broader application than merely in main 
taining an engine speed constant, their principal 
application is in that field. 

All constant-speed governors, whether hy 
draulic, mechanical, or electrical, operate broadly 
on the principle of negative feedback; that is, 
in all such devices a variation of speed is caused 
to produce in the fuel-control apparatus a 
change tending to restore the speed to its former 
value. Each change of state of the controlled 
engine thus sets into motion a train of events 
which tends to overcome or cancel Such change 
of State. 
While the broad governor principle defined in 

the preceding paragraph has been well known for 
many years, its practical employment to achieve 
truly constant speed notwithstanding substantial 
load variations has led to endless difficulties and 
Only limited Success. 
The greatest practical difficulty which has 

faced designers of constant-speed governor ap 
paratus has been the elimination of "hunting.' 
This effect arises when the counter-action taken 
in response to a change of State of the engine is 
So great as to cause the engine speed to 'over 
shoot' the desired speed. In other words, hunt 
ing will occur when, in response to an increase in 
load, the governor increases the engine fuel Sup 
ply to such an extent that the Speed increases, 
notwithstanding the added load, to a value be 
yond the desired value. This over-shoot will in 
turn react upon the governor and cause the fuel 
supply to be reduced to slow down the engine. 
Thereupon the fuel reduction may cause another 
Over-shoot in the direction of Slower-than 
desired Speed. If the engine is hunting on both 
Sides of the desired Speed, Several cycles of Over 
shoots may occur before the engine settles down 
to a constant speed again after its normal opera 
tion has been disturbed by a change in load. 
Means have in the past been devised for com 

pensating governors to avoid over-shoots and 
thus eliminate hunting. In the broad Sense, 
these compensating devices have all permitted 
corrective governor actions to be initiated rapidly 
but, near the end of a given corrective action, 
have delayed and opposed such action. If the 
compensation be correctly adjusted in quantity 
and timing, a compensated governor should be 
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able to restore engine Speed to normal quite 
rapidly after a change in load, Without either 
Over-shoots or hunting. 

Prior-art speed governors for internal-com 
bustion engines have, however, had a substantial 
operating defect notwitstanding the use of com 
pensation. This defect has resulted from the 
fact that in internal-combustion engines engine 
Speed is not a linear function of either fuel supply 
or load. As a result, when a governor-controlled 
engine is “hunting,' the speed over-shoots above 
and below the desired speed are almost never of 
equal magnitude. The recovery time on accel 
eration will be two or three times the recovery 
time on deceleration, or vice versa. As a result, . 
an engine governor provided with prior-art com 
pensating means could never be adjusted to an 
optimum Setting in which the governor gave 
rapid restoration of normal speed without hunt 
ing on both acceleration or deceleration. Com 
plete elimination of hunting in prior-art devices 
has in general been accompanied by sluggish 
response in at least on recovery direction. Since 
rapid restoration of normal Speed is usually 
important, practical engine governors, therefore, 
have normally been compensated on a compro 
mise basis. In other Words, the compensation 
has usually been set to that value, which seemed 
to give most nearly stable operation consistent 
With rapid response to load changes. 
One of the principal objects of this invention 

is to provide a Speed governor for internal-com 
bustion engines wherein the compensation can be 
Separately adjusted for accelerative and decel 
erative effects, with no mutual interaction be 
tween the adjustments. The attainment of this 
object represents a very important advance in 
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the art, Since it makes possible the construction 
of an engine governor which will maintain an 
engine at Constant Speed Within very wide load 
limits Without any over-shoots or hunting effects 
Whatever. 
Another object of my present invention is to 

provide a hydraulic Speed governor for a prime 
mover which Works entirely on super-atmos 
pheric pressures and wherein, therefore, there 
is no chance whatevel of developing a vacuum 
in the apparatus. 
A further object of my present invention is 

to provide a hydraulic speed governor for inter 
nal-combustion engines wherein a novel means 
is provided for closing down or shutting off the 
engine Without necessity for adjustment of or 
tampering with the delicately balanced pilot 
Valve which constitutes the sensitive control 
nienber. In my structure, the pilot valve, on a 
shut-down operation, performs its usual regulat 
ing function, and the course of flow of the hy 
draulic fluid within the governor is altered so 
as to shut off completely the fuel supply rather 
than to hold the engine at constant speed. 
A still further object of my invention is to pro 
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vide a hydraulic governor wherein a simplified 
bimetallic element built into the governor frame 
structure affords automatic compensation for 
loss of force of the speeder spring with increased - 
temperature and thus eliminates or greatly re 
duces the falling off of speed ordinarily occur 
ring as the speeder spring warms up 
a Cold Start. 

Still another object of my invention is to pro 
vide a means for achieving maximum pilot -valver 
sensitivity which involves placing a non-positive 
coupling between a rapidly rotating shaft and 
the body member of the pilot valve. This cou 
pling causes the pilot Valve merinber to rotate 
and thus maintain at a minimum the frictional 
resistance offered by the pilot valve to axial 
InOWement. - - 

Still another object of my invention is to pro 
vide, in a hydraulic governor for internal-com 
bustion engines, a novel and simplified variable 
'speed: droop' mechanism - which is dependable, 
finely variable and inexpensive to construct. 

Still another object of my invention is to pro 
vide a 2 fly-weight governor for internal-com: 
bustion engines which can regulate the speed of 
the engines down to any desired low value no 
matter. how slow. This desirable object is 
achieved in my invention by novel construction 
of the pilot valve and speeder spring-effective to 
maintain contact and tension between the 
speeder spring and pilot valve even at zero speed. 
Another. object of my invention is to provide, 

in a hydraulic governor, an automatically actu 
ated. hydraulic pump which is energized by the 
controlled engine and in which automatic con trol means are provided for maintaining the 
maximum pressure at the optimum value for con 
trol of the particular engine with which the gov 
ernor is being used. - my invention is to provide, Another object of in a hydraulic governor, means for adjusting the 

istics of the controlled engine. . . . . . . . Other objects and advantages of my invention will appear as the specification proceeds. 
vention in the accompanying drawings. Figure 
1 is a ive governor, 
taken. 
Fig. 3 is a view inside elevation of th tive speed governor, the view being taken fr 
the left as the observer faces the govern 
4 is a front elevation view of the illustrativ governor, showing in detail the control and in 
dicator panel. Fig. 5 is a diagrammatic view il 
lustrating the manner in which my speed gov 
ernor might be connected to a large internal 
combustion engine for maintaining the speed 
thereof at a constant value despite variations in 
load. Fig. 6 is a top view of my governor ap 
paratus as it appears with the top casing plate 
removed; alternatively, it might be described as 
a sectional view taken along the line 6- 6 of Fig. 
3. Fig. 7 is a plan sectional view of my speed 
governor taken along the line 72-7 of Fig. 3. 
Fig. 8 is a sectional side elevation view showing 
my illustrative governor as it would appear from 
the side with one side wall of the casing broken away. Alternatively, Fig. 8 might be described 
as a sectional view taken along the line 8, 8 of Fig. 7. Fig. 9 is a perspective view of a me 
chanical linkage structure which is "employed in 

following 

ent of my...in 

4 
the novel shut-down coitirol which is 6ne of the features of my invention: Fig. 16 is a semi-di 
agrammatic view of my governor which is Sub 
stantially a sectional view in the vertical plane 

; along: the irregular line 10-8 of Fig. 7. To 
permit full showing in a single figure, however, 
f the passageways and valves, the 

, , - s of such components are slightly 
altered in Fig. 10 as compared with the other 
figures which show their actual position in the 
representative embodiment of my invention. 
Fig. 1 is a vertical sectional view of certain ap 
paratus located in the upper portion of the cas 
ing; the section being taken along the line ill-off 
in Fig. 6. Fig. 12 is a sectional view taken threugh, 
the central casting which carries the bore: for 
the pilot valve; the plane-of-the section is ins: 
dicated by the line 2-2 in Fig. 7. Fig.13 is a 
sectional detail view of the fly-weight-structure 
shown in Fig. 10, the section of Fig. 13 being in 
a plane at right angles to that of Fig. 10, as-in 
dicated by the line. 3-3 in Fig. 10. Fig. 14 
is a view, partly in section, along the line 4-4. 
of Fig. 12, showing the structural details of the 
gears which function as an oil pump and are also 
part of the gear train which drives the fly-weight 
mechanism. Fig. 15 is a sectional view show 
ing a modified form of governor in which the peak hydraulic pressure is controlled a 
tion of engine speed; and Fi and 
spective and sectional views respectively of 
other modification of my governor in which fine 
control is afforded over the rate of flow of hy 
draulic fluid from the pilot valve to the servo. 
cylinder. - 
As particularly shown in Figs. 1-4, the illus 

trated governor is enclosed within a cast hous ing 20, preferably formed of aluminum. The casing 26 is provided with a top plate 23d and 
a bottom plate 20b, respectively secured to the 
main casing 2G with screws and effective to pro 
vide a fully enclosed, liquid-tight housing for the 
governor apparatus. . - - - - - 

The interior of the housing, in addition to 
carrying the operative elements of the governor, 
functions as a sump or reservoir, at atmosphelic 

- - er liquid em 

c fluid. If desired, a suitable y be provided in the top plate 
. . lent means of replenishing the 

ydraulic fluid when necessary. To insure that 
the gas pressure within the casing is at atmos 

ric value, an air vent 29a may be provided 
in the cap of oil inlet 29. The oil level within the casing, in normal op 
eration of the governor, should be sightly more 
th alf way up the side of the casing. In the 
particular embodiment illustrated in the draw ings, f have shown a transparent glass or plas 
tic window 25 in the front of the casing 20 to provide a convenient means of observing the oil 
Ievel. 
Comection between the shaft of the controlled engine and the governor may be made thro 
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drive shaft 21, vertically disposed and projecting 
65 downward from the bottom of the casing 20. The ottput or control shaft 22 is horizontally 

oriented and mounted in suitable bearings in the 
sides of casing 20; for convenience in installation 
with a variety of engines, shaft 22 is extended 
beyond the casing at both ends. Shaft 23i is 
secured against axial movement, its rotation be. 
ing governed by the control action of the gove 
errior. In use, the shaft 22 may be connected 
by suitable linkage to the fuel control of the en 

70 
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Fig. 5 shows, diagrammatically, a typical in 
stallation of my governor for the control of an 
internal-combustion engine. Engine 9 is pro 
vided with an output shaft. 9a, coupled by bevel 
gears 9b to shaft 2 of my governor which, as 
shown, is mounted at a convenient location ad 
jacent the engine. Control shaft 22 is provided 
with a lever arm. 22a keyed thereto, and arm 22d 
is coupled by conventional lever linkage to fuel 
control 23 of engine 9. AS Connected in Fig. 5, 
my governor will control fuel control 23 in re 
sponse to the rotation of shaft 9a, so as to main 
tain the speed of the engine at that constant level 
set by manual adjustment of my governor. 
As may be best seen from FigS. 3 and 4, the 

upper portion of the face of casing 2 is provided 
with an instrument panel 30 which carries the 
manual controls with which my governor is ad 
justed and regulated. A manually operable knob 
26 serves as a Speed control, affording to the Op 
erator free choice of the Speed at which the gov 
ernor will hold the engine being controlled. . 
A shut-down control. 2 is the manual control 

which actuates a novel mechanism, which is One 
of the special features of my invention. As will 
be more fully described hereinafter, movement 
of the shut-down control to the “off’ position 
causes the governor to stop the engine promptly 
by cutting off the fuel supply without in any 
way interfering with the normal operation of 
the Sensitive pilot valve. 
Manual control 28, on the instrument panel 

immediately above the Speed control, is the 
'speed droop' control member. AS is familial 
to those versed in the engine-governor art, Speed . 
droop is what might be called intentional under 
regulation. That is, when speed droop has been 
introduced into a governor, it will, in response to 
load increases, Supply additional fuel but not 
quite enough to compensate for the added load. 
Speed droop is used when a number of engines 
are being Operated in parallel, as in electric gen 
erating Stations, etc. In Such stations, it is 
usually desired that a single engine take all vari 
ations in load, while the other engines are ex 
pected to operate under substantially constant 
load at all times. This effect can be achieved by 
introducing speed droop into the regulation of 
all of the engines except the one which is to take 
the load variations. The apparatus herein dis 
closed for providing speed droop is another of the 
distinctive features of my invention and it will 
be fully described hereinafter. 

Referring particularly now to Figs. 10, 12, and 
14, it may be seen that bottom plate 20b carries 
on its upper Surface a central casting 20c, which 
serves to support a considerable portion of the 
governor apparatus and which contains cylin 
drical bores for the pilot valve, the servo pis 
ton, and other important parts of the apparatus. 
A central bore 35 in casting 20c extends ver 

tically through the entire casting. Casting 20c 
should be made of the same metal as is employed 
for the casing proper; aluminum or other light 
metal is preferable for this purpose. 
- Shaft 2 is supported in the lower end of 
bottom plate 20th by anti-friction bearings 36 
and stuffing box 37. The upper end of shaft 2 
is keyed to a gear member 38 which is carried. 
in a recess 39 machined into the lower end of 
casting 20c. The respective hub portions of gear 
member 38 are supported in a vertical bore in 
bottom plate 20th and the lower end of bore 35 in casting 20c. 
Gear 38 is positioned to mesh tightly with a . 

second gear 40 of identical size. Gears 38 and 
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6. --- 
40, together with recess 39, form the principal 
operative parts of a gear pump which performs 
the function of Supplying hydraulic fluid under 
pressure to the pilot valve. This gear. pump is: 
shown in detail in Fig. 12. As may be seen from 
that figure, casting 20c contains a pair of verti 
cal bores 4 and 4 a which communicate at their 
lower ends with recess 39. A transverse bore. 
42 connects the bores 4 and 4a at their upper 
ends. A ball-check valve 43 is mounted in vertin: 
cal bore 4 immediately below transverse bore 
42, while a similar ball-check valve 43a is mount 
ed in vertical bore 4a below transverse bore. 42. 
A ball-check valve 44, mounted in a branch bore 
45, connects bore 4 to the outside of casting 
20c; that is, to the sump or oil reservoir. A 
similar ball-check valve 44a, mounted in a 
branch bore 45a, provides a connection to Sump. 
for vertical bore 4 a... Transverse bore 42 passes 
through the center of the main vertical bore 35. 
in casting 22c. A steel sleeve 46, shrink-fitted 
into bore 35, is provided with five annular re 
cesses, each of which is provided with a port 
connecting the annular recess to the interior of 
the sleeve. On the drawings the annular re 
cesses are denoted 47-5 respectively, taken in 
order from the top of sleeve 46 to the bottom, 
while the ports associated with the respective 
recesses are denoted 41a, 48a, etc. Ports 41a, 49a, 
and 5 a. are relatively large in size and, as will 
become clear hereinafter with the description of 
the pilot valve, their dimensions are not. Critical. 
Ports 480, and 500, as shall hereinafter be stated 
in detail, are control ports, and their dimensions 
relative to lands 54b- and 54c are of critical in 
portance. A transverse bore 52 through the wall 
of casting 20c connects annular recess 47 with. 
sump. A similar bore 53 connects annular recess 
5 with sump. The orientation of sleeve. 46 with 
in bore 35 places both branches of transverse: 
bore 42 in communication with annular recess 49. 
As may be seen from a study of Fig. 12, rota 

tion of gears 38 and 40 in either direction will 
result in the transmittal of hydraulic fluid under 
pressure into annular recess. 49 and thence 
through port 49a. If gear 38 is rotating in one 
direction, oil will be drawn from Sump through 
ball-check valve 44, around the periphery of re 
cess 39 between the teeth of gears 38 and 40, up 
vertical bore 4 ia, and through ball-check valve 
43d into transverse bore 42. Should the direc 
tion of rotation of gear 38 be reversed, oil is 
taken from sump through ball-check valve 44a, 
carried by the gears around the periphery of 
recess 39 into vertical bore 4, and thence to 
transverse bore 42 through ball-check valve 43. 
Thus liquid under pressure is supplied to the in 
terior of sleeve 46 through port 49a any time 
gear 38 is rotated by shaft 2 ?, regardless of the 
direction of rotation. 
The interior of sleeve 46 is machined with the 

greatest care and accuracy, since it serves as the 
cylinder which co-operates with the pilot valve. 
spool 54. This spool is provided with an upper 
land 54a, which fits Snugly the inner surface of 
sleeve 46 and serves to limit the upward move 
ment of the valve member 54. The next land on 
valve member 54, counting downward from its 
upper end, is land 54b which in normal operation 
Co-operates with port 4.8a. The thickness of land 
54b is accurately machined to a thickness slightly 
less than the diameter of port 48a, the difference 
being of the order of a few thousandths of an 
inch. The next lower land on valve member 54 
island 54c which co-operates with port 50a. 
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Ports 8a and 59a are: drilled to the same giances 
eter...and land 54e is structurally like-land:54b, 
their axialiseparation being identical-to-the-teen 
ter-to-center separation of ports: 48a and -52a. 
Falls the:lands; and ports just described:fornia: 
balanced by-pass: System carrying the output of 
pp. 38, 30 to stump; and maintaining equal. 
pressures, in annular recesses - 48; and 5), when: 
thre:lands-5b and .54g are positioned Syrametri 
cally with: respect to ports:48a and 5.0a respec 
tively. 
iBelow port:5a, valve member 54...has a rela tively:lengthy 'enlarged-diameter-sportion which 

fits::snugly with the inner surface-of-sleeve: 46. 
At its:lowermost end, sleeve,46 is bored out to. 
an enlarged diameter, and a sump port 55 ex 
tends through the Wall of such enlarged diameter 
portian and thence-through casting:28c to Slimp. 
A:land 53d on valve member 54-fits snugly the 
inners surface of sleeve 46 at the: altitude of port. 
55; and is machined to a thickness equal, within 
approximately, one-thousandth of an inch, to the 
diameter of port 55. The enlarged-diameter: pour 
tion.6fi sleeve. A6 is closed off at the bottom-by. 
a sealising:56:which is shrink-fitted into sleeve. 
46 Member 55 serves as: a lower-bearing for 
waiwei member 54. 

Waive member 54 rests on a coil. Spring 5. 
which is carried by a spring seat forthed in the 
uppersurfaces of gear-member '33. The botton. 
surface of valve member 54 is modified to re 
ceive the upper end-of-spring 57, and the net 
effect, of the spring is to transmits appreciable 
torque' to valve member 54 when shaft 2 is in 
rotation. Spring 57 does not form a positive : 
coupling, but the limited: amount of torque which 
is transmitted by it to valve member 54 serves to 
maintain member-54 in relative rotary motion 
withingsleeve;6, thereby maintaining a continuin 
oussoil: film around valve member 54 and greatly 
reducing the force necessary to move:Vaize.nea 
ber:54 in the axial direction. This increases: the 
sensitivity of the governor. Spring 351 also. per 
forms: theiuseful function of maintaining: a Con 
tinuous upward force on valve member 54, a very 
useful-effect since it keeps the upper end of valve 
meniber 54 railways in contact under tension: With 
the-speeder spring presently to be described, thus 
permitting effective regulation of the engine. 
down to zero speed. A gear 58 provided with a carefully. machined 

0. 

liji 

8. 
interfering with the frees movement of the fly 
Weights. . . . . . . . 

Cup-member-59;is formed with a pair of parale 
lel cross walls 59b which carry the bearings that: 
support the fly-weights. Anti-friction bearings. 
63, support. I fly-weights 64. Each of the fly 
Weights is provided with a laterally extending. 
frager: 64a (see: Fig. 13) the inner tend of which 
presses on: the under side of anti-friction; bears. 
ing structure 60. Thus, when the fly-weights. 
move outward, due:to centrifugal: force of rotar. 
tion, the fingers: 64d. press on the under iside of 
bearing structure. 60:and thus raises valve men, 
ber 54. Conversely, when fly-weights S4 slow. 
down, they permit valve member:54: to lower its 
position, - - - 

The upWard movement of bearing structure;69, 
and thus of valye member 54, is opposed by 
Speederispring 65. ::Spring 65 is a coil spring, 

20. which seats at its; lower end in a spring seat formed on the uppersurface of bearingstructure 
60. . 
The speed at which the controlled engine is 

held is governed by the tension of speeder:Spring 
65. The apparatus which accomplishes control. 
of that tension...is. Supported by a bracket: 66. 
which extends outward...in a horizontal plane. 
from the front face; of panel:30, terminating at 

30. 

40 

htub member on one side is fitted into a co-op 
erating bearing machined into the upper end of 
sleeve'46. Gear 58- is keyed to: a coaxially dis 
posed eup member 59 which serves as support for 
the fly-weight mechanism. Valve member 54 ex 
tends upward through suitable apertures in the 
centers of members -58 and 59, terminating in 
anti-friction bearing structure 60. Gear mem 
ber 58 meshes with a gear 61 supported in a sta 
tionary bearing which may be carried by casting 
member 20c and driven by shaft 62 which ex 
tends vertically to gear 40 at the lower end of 
the casing. All of the gears 38, 40,61, and 58 
are identical in size, and accordingly cup member 
59 rotates at the same speed and in the same 
direction as shaft 2 . Cup member 59 has a 
raised rim.59a around its periphery, the function 
of which is primarily to keep sump oil from get 
ting into contact with and thus affecting the 
operation of the centrifugal flyweights. The 
normal oil level in the casing is lower than the 
altitude of cup member. 59, but the rim 59a. 

S 3. 

its inner end in a jhollow cylindrical portion. 
The inner:Surface: of the cylindrical portion of 
bracket 66 is accurately, machined for: smooth 
ness and constant curvature. Within said inner 
surface a sleeve 67 is slidably carried. A spring 
seat 68 rests upon the upper-end of speeder spring 
65, and sleeve; 67 in turn rests: upon the upper 
surface of spring seat: 68 (see: Figs. 10 and 11). 
A plunger 69.is slidably carried within-sleeve Sil; 
the relative position of plunger 469 and sleeve; 67 
is governed by the position of a rack-and-pinion. 
Structure about to be described. A shaft 26a, 
which carries the speed control knob.26, is jour 
nailed in the front portion of panel:30 and cou 
pled by a flexible coupling to another shaft 26b. 
Shaft 26bpasses through a slot in bracket SS and 
a corresponding slot in sleeve 67, terminating in 
a pivot coupling to a sector:pinion.0 which is 
mounted within a recess: li in plunger: 69. The 
teethin sector pinion: 70 mesh with the teethin 
a rack 2 which is bolted to the side of sleeve 6. 
and slidably carried in a vertical slot 73 in brack 
et 66. Rack. 72, by thus:"riding. in slot 3, -se 
cures: sleeve 67 against rotation in bracket. 66, 
while allowing it full freedom to move in the 
axial direction. As may be seen from Figs. 10 

5 and 11, rotation of shaft 26a-accomplished by 
manual turning of knob 26 will shift the rela 
tive position of pinion 70-and-rack 72, thus alter 
ing the relative axial positions of plunger 69 
and sleeve 67. It should be borne in mind that, 

60, 

65: 

: ment of knob 26 in one dire 

due to the flexible couplings at each-end of shaft 
26b, the plunger 69 and sleeve 67 are free-to 
move axially within bracket 66, although their 
positions relative to one another are governed 
by the position of knob 26. The upward move 
ment of plunger'69 is limited by cam member 
28g, which will be described, with its associated 
Structure, in a later paragraph hereof. For the 
present, it Will Sufilee to state that since the up 
Ward movement of plunger 69 is limited, adjust 

ion results in low 
ering sleeve 67 and spring seat 68, thus produc 
ing increased tension in speeder spring 65. Ad 
justment of knob 26 in the opposite direction re 
duces the axial separation of members ST and 69, 

serves as an added precaution against the oil's 25- thus raising spring seat 68 and reducing the ten 
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sion on speeder spring 65. Thus by appropriate 
adjustment of speed control knob 26 the amount 
of centrifugal force necessary to raise pilot valve 
54 a given distance against speeder Spring 65 
can be accurately controlled. In this manner 
the speed at which the governor will maintain 
the controlled engine may be accurately regul 
lated. 
I shall now describe the structure by which 

shifts in the position of the pilot valve responsive 
to movement of the fly-weights results in rota 
tion of control shaft 22. 
A vertical bore 74, shown in Fig. 10, passes 

entirely through casting 20c, parallel to and ad 
jacent the main central bore 35. A transverse 
bore 75 connects annular recess 50 in sleeve 46 
with bore 74; a similar transverse bore 76 con 
nects annular recess 48 in sleeve 46 to bore 74. 
A relatively large vertical bore 77 in casting 

20c forms the cylinder which carries servo piston 
78. Servo piston T8 is mounted on piston rod 79, 

0 

5 

20 

which extends both above and below piston T8. 
The lower end of rod 19 terminates in a receSS 
80 in bottom plate 20b, functioning as a stop 
member to limit the downward movement of 
servo piston 78. The upper end of rod 79 passes 
through a bearing drilled in casting 20c and is 
attached by a pivot coupling 8 to link 82. An 
indicating pointer 83 is bolted to coupling mem 
ber 8 immediately above its junction with rod 
79. Pointer 83 extends forward to a point im 
mediately behind the transparent window 24 in 
the front of casing 20, shown in Fig. 4 and 
marked 'load indicator.' Window 24 may be 
provided with graduated markings. Since the 
position of the servo piston, and consequent po 
sition of the engine fuel control, are a function 
of the engine load, the position of pointer 83 pro 
vides an accurate visual indication of the degree 
of load on the engine being controlled. 
A transverse bore 84 joins the upper end of 

cylinder 77 with bore 74, while a similar trans 
verse bore 85 joins the lower end of cylinder T. 
to the lower end of bore 74. A packing ring 86 
closes the bottom portion of cylinder 77 while al 
lowing the lowermost end of rod 79 to pass 
through into recess 80, already described. A went 
80a connects recess 80 to sump to avoid trapping 
in recess 80 any oil which might escape past pack 
ing ring 86. A similar vent 74a prevents liquid 
being trapped in the lowermost portion of bore 
4. 
A spool valve member 87 is carried in bore 74. 

As may be best seen in Fig. 9, valve member 87 
has a principal valve portion 87 a which is gen 
erally cylindrical in shape but provided with two 
fat cutaway portions, one of which begins inter 
mediate the ends of the cylinder and extends to 
the top while the other begins on the opposite 
side of the cylinder near the upper end and ex 
tends to the bottom. This valve member 87a is 
oriented on the main Spool shaft 87 in a posi 
tion such, as shown in Fig. 10, that the flat por 
tion extending to the top of member 87 a provides 
communication between transverse bore 84 and 
transverse bore 76 when the valve member 87 is 
in its normal, fully lowered position. In that po 
sition the other cutaway portion of member 8 a. 
affords communication between transverse bore 
5 and transverse bore 85. At the lower end of 

spool shaft 87 a cylindrical land 87b fits snugly 
within bore T4, thus normally blocking off trans 
verse bore 85 from vent 4d. 
At its upper end spool member 8 is rigidly 

coupled to an arm 88 extending outward at right 
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O 
angles to member 87. At its outer end, arm 88 
is joined by a universal joint to a vertical mem 
ber or link 89 extending upward. At its upper 
end member 89 is coupled by another universal 
joint to a lever 90 which is keyed to a shaft 27a. 
Shaft 27a is journaled in panel 30 and carries 
knob 27 on instrument panel 30. As may be 
noted from Figs. 4, 9, and 10, shifting of the man 
ual member 27 to the "off’ position will raise 
spool valve member 87. In the “off’ position, 
Spool valve 8 cuts off communication between 
transverse bore 76 and bore 84, providing instead 
communication between transverse bore 75 and 
bore 84. At the same time, land 87 b cuts off 
communication between transverse bore 85 and 
bore 75, instead connecting transverse bore 85 to 
sump vent 74a. 
At its upper end connecting rod 82 is pivoted 

to a crank member 9 which is rigidly keyed to 
control shaft 22. Accordingly, shifts in the ver 
tical position of servo piston 18 are reflected as 
rotational movements of shaft 22. Shaft 22, in 
turn, may be coupled by any suitable mechanical 
linkage to the fuel control of the engine being 
regulated. 
I shall now describe the novel structure by 

which compensation is introduced in my speed 
governor to stabilize its operation and to avoid hunting. 
A vertical bore 92 in casting 20c functions as 

compensation cylinder. It contains a central 
bore at the top which receives a vertical rod 93 
extending entirely through bore 92 and seating 
in a recess 94 in bottom plate 2Gb. Recess 94 is 
provided with a sump vent 94a. A packing ring 
95, shrink-fitted into the lowermost portion of 
bore 92, serves to hold rod 93 in alignment and 
to permit it free axial movement without bind 
ing. At its upper end, rod 93 is pivoted to a link 
96 which extends upward to a point near the 
top of the casing, at which it is pivotally secured 
to a member 9, which is, in turn, carried in a 
transverse slot 98 in a crank member 99, keyed 
to shaft 22. By a set screw 97a, member 97 can 
be locked in any desired position in slot 98, with 
in a Substantial range of movement. 
Rod 93 carries an upper spring seat f Oi and 

a lower Spring seat O2. These spring seats are 
machined to fit relatively loosely within bore 92. 
Floating on rod 93 is a plunger 93 which is ma-. 
chined to slide freely in bore 92. It is provided 
On both its upper and lower faces with annular 
flanges which serve as spring seats. A coil spring 
94 is seated on the upper face of plunger 03, 
where it presses upward against spring seat O. 
Correspondingly, a second coil spring 05 is seated 
around rod 93 between the lower face of plunger 
f03 and spring seat 02. 
A transverse bore 06 connects the uppermost 

part of the enlarged-diameter portion of sleeve 
46 with the lower portion of bore 92; a trans 
verse bore f7 connects the lowermost portion 
of the enlarged-diameter part of sleeve 46 to the 
upper portion of bore 92. A branch bore 106a 
connects bore 106 to a needle valve 108 communi 
cating with Sump. Similarly, a needle valve 09 
is connected by a branch bore Ta to bore OT, valve 9 exhausting also to sump. 
The needle valves fo8 and 109 are made man 

ually adjustable by rod links to and respec 
tively which extend upward toward the top of 
the casing, being secured at their upper ends to 
a bracket 2 which extends inwardly from cas 
ing 20. - 

As has been previously mentioned in the de 
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scription of Fig. 10, the needle-valves 68 and 
G9 are therein shown in order to make clear 

their function relative to their associated struc 
ture, although, as may be seen from Fig. 7 o' Fig. 
8, the actual position of those valves in the iiius 
trated embodiment of my invention is not on 
the section line 9-fo of Fig. 7. 

Irshall now describe the structure by which 
I-achieve controllable speed droop in my gover 
nor apparatus. 
As may be seen best from Figs. 6 and El, shaft 

22 has keyed to it at its midpoint a crank mein 
ber 3, to which is pivoted a link fiti. The upper 
end of link. f4 is pivoted to a bifurcated lever 
ffs which extends forward approximately half 
way across the casing. At the precise midpoint 
of the casing, directly over the center of plunger 
69, the lever member ff.5 is pivoted to a second 
bifurcated lever member 16. Fever if S has two 
points of support; at its extreme forward “end it 
is pivoted by a pivotirodi fi to a pair of brackets 
which extend backward from the panel 38. Trl 
termediate its ends, ever f6 is pivoted also to 
a bracket if 3 which is rigidly jolted to a steel 
rod 9. As may be best observed from Fig.11, 
bifurcated lever member if S is curved downward 
at the pivot point with bracket 8 so that the 
pivots which join member ffs to bracket if 8 
do not interfere with the linkage which joins 
shaft 28a to can member 28g. 
In the illustrative embodiment, as stated above. 

shaft if 9 is made of steel, while the casing and 
other structural supports of the governor appa 
ratus are formed of aluminum. I do not desire 
to limit myself to that particular combination 
of metals, but it is important in respect to one 
aspect of my invention, as will be more fully 
stated hereinafter, that shaft 9 be formed of 
a metal having a lower" coefficient of expansion 
than the metal of which the casing and other 
structural parts are formed. 
A pivot 28f, which joins lever members if 5 

and it 6, has an enlarged-diameter portion which 
fills the space between the respective forks of 
lever member "f 5; member 28f is provided with 
a transverse bore, perpendicular to its axis and 
spaced midway between its ends. Through the 
aforesaid transverse bore, a bolt Enember 28i is 
carried, oriented with its head 28h nearest the 
front of the casing. The head 28his pivoted to 
a link member 28d. The opposite end of link 
member 28dslides in an axial aperture in cou 
pling member 28c, being secured therein by a pin 
f2. A slot 22 in coupling 28c affords a limited 
range of sliding movement to link member 28d. 
The forward end of link member 28c is provided 
with a keyed-in extension 28b pivoted at its for 
ward end to shaft 28a, which in turn is journaled 
into a bearing in panel 30. 
"The rear portion of bolt 23i is threaded, and it 

carries, threaded thereto, a can member 28g 
which is shaped generally like the letter l. The 
shorter leg of member 28g is the portion threaded 
into belt 28i; the other leg extends forward under 
pivot menber 28f, the dimensions of cam 28g 
being chosen so that its horizontal surface en 
gages the lower surface of member 28f when 
bolt 28i is in a horizontal position. 

2 
nanual manipulation of knob. 25 will results ith 
forward or backward movement of cam28g; viith 
consequent shift in the line of contact between 
cam 28g and plunger 69 which, forced upward by 
spring 63, presses against "cam-23g on its under 
side. As cam 28g moves across the plunger:59 the 
relative position of arcuate extension #23 and 
pivot 28f is altered. . 
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The under side of cam 28g is provided with an 
arcuate downward extension 23 which is care 
fully machined to form - a sector of a circular 
cylinder. The open end of bolt 28i is provided 
with a keyed-on stop finember 28i which inits 
the outward movement of can member 28g. As 
may be seen from Fig.11, rotation of shaft 28a by 75 

: OPERATION 

It will be assumed for purposes of this discus 
sion of “operation' that ray invention has been 
suitably mounted adjacent an engine, that shaft 
2 has been mechanieally coupled to the engine 
driveshaft, that control shaft 22 has been coupled 
to the engine fuel control, and that the governor 
casing has been filled with oil or other stuitable 
hydraulic fluid approximately lip to the level of 
the top of central casting 2c, all passageways, 
cylinders, and other open spaces therebelow being 
filled also. - Initially the shut-down control.27 will be placed 
in the “on” position and the engine start 
Thereupon the shaft 2 will be set into 
and the fly-weight structure mounted on gear 58 
will rotate in exact synchronism with shaft 2-f. 
(Meanwhile the pilot valve member 54 wiFlak 
commence to rotate, due to torque supplied by 
spring 57.) As the fly-weights 64 move outward, pilot valve 
member 53 is raised until it occupies its normal 
operating position whereinlands-54 band 54c are 
centered with respect to ports-48a and 56a, re. 
spectively. When that condition is reached, the engine will stabilize its speed. Any subsequent 
departure from said "stable speedwill cause fly 
weights 64 to shift either inward or outward. 
Should the engine speed up as a result of a light 
ened load, fly-weights 64 will nove outward, cats 
ing pilot valve 56 to rise. This will result in in 
creased flow of hydraulic fluid out of port 48a into 
transverse bore f3. (It should be borne in mind 
that as scon as "rotation of shaft 2 commences, 
the gear pump formed by gears 33 and 40 creates 
and maintains a substantial fluid pressure in the 
chamber within sleeve'66 between lands 54b and 
5Ac.) With increased flow of hydraulic fittid out 
of port 46a into bore 76, the increased fluid pres 
sure is transmitted through bores 4 and 84 in 
the upper end of chamber 77. As oil flows into 
chamber 77, servopiston 78 is forced downward, 
the oil below, the piston being free to escape to 
sump through bores 85,73, and 75 and ports'50a 
and 5 fa. Lowering of servo piston f3 causes rota 
tion of shaft 22 and consequent reduction of the 
quantity of fuel supplied to the engine. This of 
coursesiows down the engine and restores the 
speed to normal. If, as a result of heavier load, the engine speed 
tends to decrease, an exactly similar series of 
events, initiated when pilat valve member 53 
drops, leads to upward movement of servo piston 
78 and consequent increase in the "engine fuel 
supply. . . . ". . 

Stabilization of the controlling action is accona plished by means of the compensating apparatus 
heretofore described in detail. Its cperation is 
briefly as follows: When, in response to an added 
load, pilot waive 5A drops, the Iowering of land 
54d at once creates a super-atmospheric pressire 
in bore 97 and the upper end of chamber '92. 
This reduces the tension on spring 64, since the 
tendency of the added pressure is to drive plunger 
FG3 downward and compress spring F65. Liquid 
under plunger is is free to escape, since tower 
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ing of land 54d results in partial uncovering of 
port 55 which leads to sump. When, in response 
to the lowering of the pilot valve 54, the servo 
piston 78 rises, it causes link96 to rise also, there 
by increasing the compression on Spring 5 and 
thus further decreasing the compression on 
spring G4. This increases the fiuid pressure with 
in bore to 7 and the chamber below land 54d. 
Meanwhile, however, hydraulic fluid has been at 
liberty to leak off slowly through needle valve 9, 
so that the hydraulic pressure below, land 54d 
which tends to oppose the downward movement of 
valve member 54 diminishes gradually with time 
as liquid escapes through valve G9. The magni 
tude of movement of link 96 resulting from rota 
tion of shaft; 22 may be controlled within Wide 
limits by adjusting the member 97 within slot 98, 
since the effective length of the crank member 99 
may be thereby varied. 
By careful adjustment of the position of mem 

ber 97 in slot 98 and the bleed rate of valve 99, 
the magnitude and duration of the counter-forces 
set up by the compensating mechanism can be 
made to eliminate hunting entirely and achieve 
a clean, rapid return to normal Speed following 
deceleration resulting from added load. The ob 
ject of the adjustment should be to avoid Over 
shoot and obtain precisely that degree of damping 
which accomplishes stabilization without Over 
shoot. That adjustment will provide the most : 
rapid return to normal speed following the imposi 
tion of added load on the engine. 
Should the engine rise in Speed as a result 

of lightened load, pilot valve 54 will rise, port 
55 Will be opened to bore 107, the hydraulic pres 
sure in bore 06 will become higher than normal, 
and plunger f03 will be forced upward, thus com 
pressing spring 04. The shift in the position of 
Shaft 22 following the lowering of ServO piston 
78 will cause link 96 to be lowered, thus increas 
ing still further the compression of Spring 04 
and the hydraulic pressure in bore 06. AS be 
fore, this Super-normal pressure is transient, 
since liquid is free to flow out to Sump through 
needle valve 108 at a controlled rate Adjust 
ment of needle valve O8 will thus permit stable 
operation of the governor to restore the engine 
to normal speed with maximum rapidity foll 
lowing acceleration due to lightened load. 

It is important to observe that the adjustments : 
of valves fo8 and 109 are entirely independent 
of one another, since any time one of the valves 
is functioning the other valve is effectively by 
passed to sump by port 55, the appropriate side 
of which is uncovered by any movement of pilot 
valve 54. Thus, with the structure I have de 
scribed, entirely independent compensation ad 
justment on both acceleration and deceleration 
is possible. Instead of seeking an adjustment 
which is at best a poor compromise between the 
two conditions, as prior-art structures required, 
my invention permits accurate and independent 
adjustment of compensation for both accelera 
tion and deceleration. - 
The magnitude of centrifugal force necessary 

to cause fly-weights 64 to attain normal operat 
ing position depends, of coul'Se, On the tension 
of spring 65. (The tension of Spring. 5, being 
constant, need not be considered in this connec 
tion.) Adjustment of the tension of Spring 65 
may be accomplished by any shift in the vertical 
Orientation of spring seat 68, Warious factors 
can accomplish movement of spring seat 68; cir 
cumstances under which these factors operate 
will not be described in detail. 
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First, spring seat 68 may be raised or lowered 

by manual adjustment of knob 26 on the instru 
ment panel. This causes pinion 7 O and rack 2 
to shift their relative positions, with the result 
that sleeve 67 moves up or down, thus raising 
or lowering spring seat 68. This adjustment is 
employed when the operator desires manually to 
change the Speed of the controlled engine. 
As the governor 'warms up' after a cold start, 

the temperature of all the components, includ 
ing speeder Spring 65, increases. It is a well 
known property of Springs that the force exerted 
is a function of temperature and, if the tem 
perature of a spring is raised, greater compres 
sion is required to achieve a given force. Since, 
in the present invention, the casing, central cast 
ing, and other Structural parts are made of a 
metal having approximately double the thermal 
coefficient of expansion as the material of which 
post 9 is formed, heating of the governor after 
a cold start results in raising the frame members 
Substantially more than the pivot by which 
bracket t f8 is anchored to lever 6. This results 
in gradually increased pressure on plunger .69 

5 by can 28g as the operating temperature rises. 
I have found that by using metals having a ratio 
of thermal coefficients of approximately two-to 
one, such as aluminum and steel, almost perfect 
compensation for thermal changes can be 
achieved in this manner. In other words, with 
the present invention, there is substantially no 
change in controlled engine speed between a 
cold start and the stable temperature at which 
the governor settles down after continued opera 
tion. This represents a great improvement over 
the operation of conventional governors, since 
they usually require almost continual readjust 
ment for a long period after a cold start. . 
Normally, when no speed droop is desired, knob 

28 is set at the position whereat arcuate portion 
23 of can 28g is in contact with the physical 
center of the upper surface of plunger 69. Since 
Surface 23 is a sector of a circular cylinder, and 
Since its center of rotation is pivot member 28f, 
centered directly above the midpoint of plunger 
69, crank.f3 can shift its position in response 
to movements of shaft 22 without affecting to 
any extent the position of plunger 69. If, how 
ever, manual knob 28 is rotated in either direc 
tion from the neutral point, cam 28g will be 
moved to an off-center position relative to pivot 
28f, and thereafter any rotation of shaft 22 will 
cause a shift in the position of plunger 69 with 
resulting variation in the tension of speeder 
Spring 65. Thus, by appropriate adjustment of 
knob 28, my governor can be made either to 
maintain constant speed under wide variations 
in load, drop slightly in speed in response to 
added load, or increase slightly in speed in re 
Sponse to added load. In other words, my inven 
tion may be caused to over-compensate or under 
compensate for load changes, should such result 
be for any reason desired. (As heretofore stated, 
the usual reason for employing speed droop is to 
permit control of load distribution between a 
number of engines being operated in parallel.) 
While speed droop is not of itself new, the novel 
physical structure with which it is accomplished 
in the illustrated embodiment gives a very pre 
cise and accurate control over the degree of 
Speed droop without in any way interfering with 
the normal functions of the governor and is ac 
cordingly considered by me to be an important 
and novel aspect of my invention. 
In prior-art structures, shut down of the 
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engine has normally been accomplished by some 
device which forced the pilotivalve in the direc 
ition-opposite to that in which it would normally 
Smove (responsively. to deceleration. Such ar 
3rangements are unsatisfactory in that they inter 
fere with the delicate balance of the most critical 
Belement in the entire.governor the pilot valve 
member. I consider that forcing that member 
to a given position by imposition of a force over 
riding the influence of the fly-weights is exceed 
ingly bad practice and one which is likely to 
i rest in lowered i-sensitivity and caccuracy of 
control. Enemy present invention, I have provided a 
tnovel and much more elegaft-shut-down means. 
"En my invention, when the manual shut-down 
control 27 is shifted to the “off” position, spool 
smember 87 is raised, with the result that trans 
verse bore 75, normally communicating with bore 
85, is placed in communication with bore 384, 
while bore 85 is vented to sump. As a result, 
the slightest downward movement of the pilot 
valve immediately produces downward movement 
of the servo-piston't8which in turn causes fur 
ther downward movement of the pilot valve 54. 
This process continues until the engine fuel sup 
ply is entirely shut off and the engine is stopped. 
Thus, by my invention, the pilot valve is caused 
to turn off the engine without being forced from 
its normal operation in anyway; on the contrary, 
it does exactly what it normally does in response 
to deceleration, but the effect of that action is 
to stop the engine. 

The Figure 15 modification 
Fig.15 shows a modified form of my governor 

in which provision has been made for control 
ling, as a function of the speed of the controlled 
engine, the maximum hydraulic pressure de 
veloped by the gear pump 38,40. When the con 
trolled engine" is being operated at a very high 
speed, the hydraulic pressure developed by gear 
pump 38, 40 can reachian excessive value, with 
the result that hydraulic fluid is driven into the 
servo-cylinder, and the servo is caused to func 
tion more rapidly than the engine can respond 
to changes in the rate of fuel feed. This state 
of affairs can, on occasion, cause jerky, unstable 
operation of the controlled engine. - - - 
The modification of Fig.15 discloses means whereby the pressure of the hydraulic fluid fed 

into annular recess 49 by gear pump 38, 40 can 
be held at a reasonable value even when the controlled engine is operating at a very high 
speed. ' ' ' . . . . " - - 

As may be seen from the portion of Fig.15 
which is broken away to show internal structure, 
I have provided a relief valve apparatus which 
communicates with passageway 42 by Way of 
passageway 51 and 5 fa. Passage 5a is drilled 
in a plug 55 which is screwed into the upper 
end of bore 4 in lieu of plug 42a of the embodi 
ment shown in Figs. 1-14. Conduit 5 inter 
sects a vertical passage 52, drilled in a valve 
housing 53 which is mechanically supported 
by plug 55. The lower end of passage 52 is 
open to sump, although it is normally closed off 
by a poppet valve 154 mounted at the extreme 
lower end of a valve rod 56 carried in passage 
52 and machined to slide snugly therein. The 

lowermost end of rod 156, immediately above 
poppet valve member 54, is machined to...form 
a tapered bleed valve 56a which will permit 
flowing of hydraulic fluid from passage f52 to 
sump when poppet member 54 is open; obvi 

ously, the rate of flow permitted will be depend 
rent On the position of rod $56, the rate of flow 
increasing as rod; 56 is lowered. 
About midway of its length, rod it 56 is pro 

vided with an annular shoulder 57 which forms 
the upper seat for a coil spring f58, the lower 
“spring seat 59 for spring 58 being formed. On 
the upper end of member 53. Spring 58-holds 
poppet 54 normally seated over the lower:end 

l0 of passage 52. 
Bracket 66 has, in this embodiment, been pro 

vided with a slot, 66a cut part Way down from 
its upper end to accommodate an arm E60. That 
arm has a vertical body with an extension at 

15 each end, each extension being at right: angles 
to the body and extending away from the body 
portion in opposite directions. The upper ex 
tension, denoted it 60a, is firmly secured to sleeve 
67; thus arm 60 is free to rise and fall with 

20 sleeve ST since slots 66a affords' vertical freedom 
to arm extension f60a. The lower extension of 
arm. 60, denoted 60b, is: drilled and threaded 
to receive a screw f6 f; screw i? 61, in the illus 
trated embodiment, has a large flat head at its 

25 lower end, and its upper end is slotted to permit 
adjustment by a screw driver. A lock-nut f62 
provides a means of locking screw 6 in any 
desired position. - 

In the operation of this form of my invention, 
80 the screw 6 can be manually adjusted so that 

the head of screw 6:-comes in contact with the 
upper end of valve rods 56 at the position of 
sleeve 67 which corresponds to 6ptimum hydratlic 
pressure from gear pump 38, 40. Ehat is, the 

5 

35 speed of the controlled engine is governed by the 
position of sleeve-67; the hydraulic pressure gen 
erated by the gear pump.38; 49 is directly respon 
'sive to engine'speed. Serew 46 f is adjusted to:en 
gage valve rod 56 at that setting of sleeve'67 40 which gives an engine-speed such that optimum 
hydraulic pressure is generated by the gear pump. 
what this optimum pressure is will varyi from 
installation to installation, sinces it will depend 
on the rapidity with which the e speed re 
sponds to changes in fuel supply. If the engine 
is very rapid in response, relatively large hy 
draulic pressure can be developed to advantage 
by the gear pump 38, 40. If, on the other hand, 
the engine is sluggish in its response to changes 

so in fuel supply, then relatively lower pressure is 
desirable, for operation of the servo mechanism 
of the governor. . . . . . . 
Once the proper setting for screw 6 has 

been determined, it is locked in place with lock 
55 nut f62. Thereafter, whenever sleeve '67 is pressed-downward sufficiently to raise the speed 

of the controlled engine...above that value at 
..which the hydraulic pressure is at optimum value, 
the head of screw. 6f-engages, valve rod-156 and 

60 opens, poppet. 54, permitting. hydraulie fluid to 
bleed out of the lower-end of aperture 52-around 
tapered valve member 156a. This results in maintenance of substantially: optimum-pressure 
within passage 42. 

65 
The modification of Figures 16-17 

Figures 16 and 17 show another modified form 
of my invention which makes possible fine con 

70 trol of the rate of flow of hydraulic fluid from 
the pilot valve to the servomechanism. 
The result of slowing down the rate of flow of 

fluid into the servo cylinder is to reduce the 
rapidity with which the fuel supply to the engine 

75 is altered in response to a change in load. Con 
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trol over that reaction time, is desirable to in 
Sure smooth, jerk-free, and stable operation of 
the controlled. engine. In other words, the ob 
jectives achieved by the modification about to be 
described are quite similar to those accomplished 
by the Fig. 15. modification, although the modes 
of operation of the two structures are different, 
and they are not exact equivalents. The Fig. 15 
modification merely naintains control over the 
hydraulic pressure developed by the gear pump 
in the governor to insure that it does not exceed 
a reasonable value at times, when the gear punap 
is being driven by the controlled engine at high 
speeds. The structure. about to be described, on 
the other hand, is not limited in its effects to 
high-speed engine operation, but, On the Con 
trary, permits “tailoring” of the governor re 
sponse-time to fit the behavior pattern of tine 
particular engine. to which the governor is con 
nected, whether it be operated at low speed or high speed. 
The structure about to be described is an added 

feature incorporated with the shut-down mech 
anism (already described) which utilizes Spool 
valve member 87. It will be recalled that, when 
the engine is running, valve member 87 in the 
embodiment of Figs. 1-14 normally occupies a 
lowered position effective to open fully port 85 to 
connaunication with port 5 and to Open fully 
port.84 to communication with port 6. 
As may be seen in Figs. 16 and 17, I have pro 

vided as an additional feature, to be used if 
desired, an adjustment means whereby the spool 
member 8, when in its “on' pesition, may be 
caused to close off any desired part of the ports 
84 and 85, thus giving a fine manual control over 
the rate at which hydraulic fluid can flow into 
and out of the respective chambers of servo cyl 
inder 1. As may be noted from Fig. 16, I have 
provided, on arm 88, a small projection 63 ex 
tending outwardly therefrom at right angles. 
Projection f65 rests, on the upper Surface. Of a 
calm 63, mounted adjacent projection 65, aid 
carried. On a vertical rod -6 the top end of which 
is supported in a suitable bearing 68 attached to 
ally conveniently located frame bracket. The 
upper end of rod 6 is slotted (for screw driver 
adjustment) and threaded to receive a lock-nut, 
69. As ghay be best seen from Fig. 17, the sur 

face of cam 66 is cut to rise gradually froa a 
minimum-level to a substantially higher level, and 
the portion of eam 66 engaged by pin 65 de 
pends on the position which rod 67, is occupy 
ing. When pin 65 is resting on the lowest por 
tion of cam 66, spool valve member 87 is in the 
same position that it, occupies, when in the “on' 
position, in the embodiment of FigS. 1-14. If, 
however, calm 66 be turned, by rotation of rod. 
-67, pin 65 gradually climbs up the curved edge 
of cam S6 and the "on' position of spool merinber 
8, is raised so that lands 8d, and 8b gradually 
covel, and thus reduce the effective apertures of, 
ports 34 and 85. By appropriate adjustinent of 
rod E.6, the effective size of ports 84 and 85, can 
be set to any desired value. The operation of 
spool nerber 85 as a shut-down' mechanism is 
entirely unaffected by: the:Stipplemental, appara 
tus just described, since novernent of glaznillal. 
control member 2 to the 'off' position raises 
arm 88 and spool member 8 as before. Without 
any interference from cam is 6 or its associated parts. 
While I have in this specification described for 

illustrative purposes a single embodiment of my 
invention, it will be understood that many varia 
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tions thereon and departures in matters of detail 
can be made by those skilled in the art, without 
departing from the spirit of my invention. It 
is accordingly my desire that the scope of my 
invention be not limited to the precise embodi 
ment shown but that such scope be determined 
by reference to the appended claims. 

I claim: 
1. In a hydraulic governor wherein movement. 

of a pilot valve regulates the speed-control 
mechanism of an engine, anti-hunt mechanism. 
comprising means operative on movement of the 
pilot valve to set up a transient hydraulic pres 
sure opposing such movement, said means.com 
prising an adjustable valve operable to control 
the duration and instantaneous magnitude of 
such opposing force when the pilot valve has 
moved in one direction, a second adjustable valve 
Similarly operable when the movement of the 
pilot valve has been in the opposite direction, 
and means for rendering inoperative each of the 
valves during periods when the other is func 
tioning. . . . 

2. In a hydraulic governor wherein movement 
of a pilot valve regulates the speed-control mech 
anism of an engine, anti-hunt means operative 
responsively to movement of the pilot valve to 
create a transient hydraulic pressure opposing 
such movement, a pair of independently adjust 
able valve means operative respectively to control 
the instantaneous magnitude and duration of 
such opposing pressure on acceleration and de 
celeration, and means effective to render inoper 
ative one of said adjustable means following 
acceleration of the controlled engine and the 
other of such adjustable means during decelera 
tion of the controlled engine. 

3. In a speed-control governor for engines, 
said governor being of the type wherein the 
movement of a pilot valve regulates the speed 
control mechanism of the engine and said pilot 
valve is connected in a hydraulic circuit having 
a pressure source and a sump, the improvement 
comprising anti-hunt means operative respon 
sively to movement of the pilot valve to set up 
a transient hydraulic pressure opposing such 
movement, a manually adjustable needle valve 
discharging to Sump and operative to control the 
duration and instantaneous magnitude of such 
force following acceleration of the engine, and a 
Second manually adjustable needle valve dis 
charging to sump and operative to control in 
Stantaneous magnitude and duration of Such 
Opposirag force following deceleration of the 
engine, 

4. Apparatus according to claim 3 wherein 
means including a land carried by the pilot valve 
and Cooperating With a Sump port, operates to 
by-pass to Sump the first needle valve following 
deceleration of the engine and the second needle 
Valve following acceleration of the engine. 

5. In a hydraulic speed-control governor for 
engines of the class described, a servo piston 
adapted for connection to the speed-control 
inechanism of an engine, and a hydraulic circuit 
comprising a pressure Source and a sump con 
necting the pilot valve and the servopiston, anti 
hunt apparatus comprising a closed chamber 
containing a port which discharges to sump, a 
piston in the chamber coupled to the pilot valve 
and operative to move axially in step therewith, 
a land on Said piston member operative to 
divide Said closed chamber into upper and lower 
portions and normally operative to close-off said 
Sump port, a pair of compensating pressure 
chambers, means coupled to the servo piston-op 
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erative to produce in one of said chambers a 
super-atmospheric hydraulic pressure, a pair of 
conduit means respectively connecting one of 
said pressure chambers to the upper portion of 
said closed chamber and the other of Said preS 
sure chambers to the lower portion of Said closed 
chamber, and an adjustable needle valve for 
each of said conduit means, said valves exhaust 
ing to sump and being operative respectively to 
control the duration and instantaneous magni 
tude of the hydraulic pressure within said con 
duit means. - 6. An engine governor having a drive shaft, 
fly-weights turned by rotation of the drive shaft, 
a pilot valve actuated by the fly-weights, and a 
speeder spring opposing the action of the fly 
weights on the pilot valve, said drive shaft, fly 
weights, pilot valve, and speeder spring being 
mounted coaxially, and a slip coupling connecting 
the drive shaft to the pilot valve operative to 
transmit a relatively small torque to the pilot 
valve during rotation of the drive shaft. 

7. An engine governor comprising a drive shaft, 
fly-weights turned by rotation of the drive shaft, 
a pilot waive actuated by the fly-weights, and a 
speeder spring opposing the action of the fly 
weights on the pilot valve, said drive shaft, fly 
weights, pilot valve, and speeder spring being 
mounted coaxially, and a spring member coul 
pling the drive shaft to the pilot valve operative 
to transmit torque to the pilot valve from the 
drive shaft and operative also to impose axial 
force on the pilot valve in opposition to the 
Speeder Spring. 

8. An engine governor comprising a casing and 
structural parts therewithin formed of One metal, 
fly-weights, a speeder spring mounted to oppose 
the force exerted by the fly-weights during ro 
tation, a movable spring seat for the Speeder 
spring adapted when moved to vary the tension 
of the speeder spring, said fly-weights and Speeder 
spring being connected to and supported by said 
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casing and structural parts, an elongated support 
member mounted on the casing and formed of 
a second metal having substantially lower ther 
mal expansion coefficient than said first-men 
tioned metal, and means Supported by Said Sup 
port member operative to press on said movable 
spring seat operative as the temperature of the 
casing increases to increase the tension of the 
speeder Spring. 

9. Apparatus according to claim 8 wherein the 
casing and structural parts are formed of alu 
minum and the elongated Support member is 
formed of Steel, - - 

10. Apparatus according to claim 8 wherein 
the support member is formed of metal having a 
thermal expansion coefficient Substantially one 
half that of the metal of which the casing and 
structural parts are formed. 

11. In a governor for engines, comprising a 
control element, fly-weights adapted to move the 
control element responsively to rotation, a Speeder 
spring imposing force on the control element in 
opposition to the forces exerted by the fly 
weights, and a speed control member adapted 
for connection to an engine speed-control mech 
anism, speed droop apparatus comprising a mov 
able spring seat for the Speeder Spring operative 
upon movement to vary the tension thereof, a 
cam mounted for rotation adjacent Said Spring 
seat and having an arcuate Cam Surface preSS 
ing on said spring seat, Said arcuate Surface be 
ing circular in section, adjustment means for 
sliding said cam across the Surface of Said Spring 
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seat to move the center of curvature of said cam 
face into coincidence with the axis of rotation 
of said cam and selectively to either side, a man 
ually operable control mounted externally of said 
governor, mechanical linkage flexibly coupling 
said external control to Said adjustment means 
operable responsively to external manual Opera 
tion of Said control means to actuate said adjust 
ment means continuously through its range of 
movement, and means coupled to the Speed-con 
trol member operative to rotate the cam about its 
axis of rotation responsively to movement of the 
Speed-control member. 

12. In a governor for engines, comprising a 
control element, fly-weights adapted to move the 
control element responsively to rotation, a speeder 
Spring imposing force on the control element in 
opposition to the forces exerted by the fly 
Weights, and a speed-control member adapted 
for connection to an engine-control mechanism, 
Speed-droop apparatus comprising a movable 
Spring Seat for the speeder Spring operative upon 
movement to vary the tension thereof, a cam 
mounted for rotation adjacent Said spring seat 
and having an arcuate cam Surface pressing on 
the Sane, said arcuate Surface being circular in 
Section, Said cam being Supported at at least one 
point by a Support member formed of material 
having a thermal expansion coefficient substan 
tially less than that of the remainder of the gov 
ernor structure, means for sliding Said cam across 
the Surface of Said Spring seat to move the center 
of Curvature of Said cam face into and out of co 
incidence with the axis of rotation of said cam, 
and means coupled to the speed-control member 
Operative to rotate the cam responsively to move 
nient of the Speed-control member. 

13. In an engine governor having a drive shaft 
coupled to a governed engine and being rotatably 
driven thereby, a hydraulic circuit and a pressure 
Source energized by rotation of the drive shaft, 
and means for changing the speed-control set 
ting of the governor, an adjustable relief valve 
in the hydraulic circuit operable to limit the max 
imum pressure in said circuit when the controlled 
engine exceeds a predetermined speed, and link 
age arranged With said waive and said means to 
automatically actuate said valve when the speed 
Setting of Said means exceeds a predetermined 
Value. 

14. The structure of claim 13 wherein said 
linkage is mechanical and progressively opens 
Said valve as the Speed-control setting of said 
means exceeds progressively a predetermined 
value. 

15. An engine governor having a drive shaft, 
fly-weights turned by rotation of the drive shaft, 
a pilot valve actuated by the fly weights, a speeder 
Spring opposing the action of the fly-weights on 
the pilot valve, a servo piston, a hydraulic pres 
Sure Source energized by rotation of the drive 
shaft, a hydraulic circuit comprising the pres 
Sure source and a Sump connecting the pilot 
Valve and the servo piston, an adjustable relief 
Valve connected to the hydraulic circuit at sub 
Stantially the point of maximum pressure, and 
mechanical linkage inter-relating the relief valve 
and the Speeder Spring operative to open slightly 
the relief valve when the compression of the 
Speeder Spring exceeds a predetermined value and 
to open the relief valve further upon the impo 
sition of additional compression to the speeder 
Spring. . . . . . . . . . . 

16. A hydraulic governor for engines, compris 
ing a drive shaft, fly-weights turned by rotation 
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of the drive shaft, a pilot valve actuated by the 
fly-weights, a servo cylinder, a servo piston 
mounted in and reciprocable within said cylinder, 
a source of hydraulic pressure, a hydraulic cir 
cuit comprising the pressure source, the pilot 
valve, the opposite ends of the servo cylinder, and 
a sump, and a movable valve member having two 
extreme positions, operative in the first extreme 
position to supply hydraulic fluid to one end of 
the servo cylinder responsively to movement of 
the pilot valve induced by deceleration of the 
engine and operative in the other extreme posi 
tion to supply hydraulic fluid under pressure to 
the other end of the servo cylinder Under like 
conditions, said valve member being operative 
also to provide a path to Sump for the low-pres 
sure end of the cylinder in either extreme position, 
and manually adjustable means operative when 
the valve is in the first extreme position to Wary 
the position of the valve member within narrow 
limits and thereby to regulate the effective rate 
of flow of hydraulic liquid into and out of the re 
Spective ends of the servo cylinder. 

17. in a hydraulic governor of the type having 
a speeder Spring, a Sump and a pilot Valve slid 
ably mounted in a sleeve and being movable in 
said sleeve in response to loadings of a Speeder 
spring to regulate the Speed of a prime nover, 
anti-hunt apparatus operable in response to 
movement of said pilot valve, comprising a land 
fixedly carried by said pilot valve and being slid 
ably movable in a chamber provided by said 
sleeve, said sleeve providing also a port con 
municating with said chamber at Substantial 
ly the midpoint thereof and with the sump of 
the governor and having a diameter slightly 
Smaller than the width of Said land whereby 
When said land is aligned with Said port it 
blocks the flow of fluid therethrough, a pair 
of passages communicating respectively with 
said chamber adjacent each end thereof, said 
passages being separated from said port when 
said land is aligned with the port, and means 
communicating with said passages for applying 
transient pressures to said passages Selectively 
and in opposition to the direction of movement 
of said land and pilot valve, whereby when said 
pilot valve is moved in one direction in response 
to a change in the loading of the speeder Spring, 
said land is moved from alignment With said port, 
opening communication between one of Said pas 
sages and said port, while a transient pressure in 
the other of said passages acts against said Com 
pensating land and opposes the movement of Said 
pilot valve. 

18. In a hydraulic governor for engines, a 
sleeve, a pilot valve axially movable in said sleeve, 
a speeder spring for moving said pilot Valve in re 
sponse to changes in loading of the Spring, Con 
trol means for changing the speed setting of the 
controlled engine, means for actuating said Con 
trol means in response to axial movements of said 
pilot valve, a sump, and anti-hunt means con 
prising a double-acting valve equipped with a 
waive shaft coupled to said control means and 
movable in response to movement thereof, Said 
sleeve providing a chamber and a paSSage Com 
municating with each end of the chamber, Said 
passages communicating at their other ends with 
the opposite sides of said valve, said sleeve having 
a port therein communicating with said chamber 
at substantially the midpoint thereof, said port 
being connected to the sump of the governor, a 
land carried by said pilot Valve and movable in 
said chamber, and means in each of said passages 
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for slowly reducing a pressure increase therein to 
the Sump pressure, said double-acting valve and 
paSSages being interrelated with said pilot Valve 
and COntrol means to provide a pressure on One 
Side of said land resisting the movement of said 
pilot valve while at the same time the chamber 
portion on the other side of said pilot valve is con 
nected to the governor Sump through said port. 

19. In a hydraulic governor for a prime mover, 
a casing pl’Oviding a Sump, pump means in said 
casing for Supplying fluid under pressure to said 
governor, a Sleeve mounted in said casing and 
providing a pressure port, sump ports and control 
ports all Spaced apart, a servo-motor operable 
in either direction by the pressure of a fluid ex 
erted thereon, Said governor providing passages 
Connecting each of said control ports respectively 
to One side of the servo-motor, spaced-apart 
lands carried by said pilot valve and having a 
Width slightly less than the diameter of said con 
trol ports, means connecting said servo-motor 
with the Speed-control adjustment of the engine, 
and a Speeder Spring and fly weights for position 
ing Said pilot valve with the lands thereof in 
alignment With said control ports when the speed 
of the controlled engine is at the speed setting of 
the governor, Said speeder spring and fly weights 
being responsive to speed changes of the con 
trolled engine to move the pilot valve so that the 
lands carried thereby are moved out of alignment 
with said control ports. 

20. In a governor for a prime mover having a 
casing and structural parts therein formed of 
material having substantially the same coefficient 
of thermal expansion, a Speeder spring adapted 
to be adjustably tensioned to establish the speed 
control setting of the governor, a movable spring 
seat for the speeder spring adapted when moved 
to vary the tension of the speeder spring, said 
speeder Spring and spring seat being supported by 
said Casing and structural parts, a support men 
ber mounted on said casing and being formed of 
a material having a substantially lower coeffi 
Cient Of thermal expansion than the material 
from which said casing and structural parts are 
formed, and means Supported by said support 
member operative to press on said movable spring 
Seat Operative as the temperature of the casing 
increases to increase the tension of the speeder Spring. 

JOSEPH. S. DAIE. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Number Nanne Date 
1204,564 Grun -------------- Nov. 14, 1916 
1337,865 Wells -------------- Apr. 20, 1920 
1,600,542 Gagg -------------- Sept. 21, 1926 
1,846,716 GOehler et al. ------ Feb. 23, 1932 
2,204,640 Woodward -------- June 18, 1940 
2,268,230 Warner ------------ Dec. 30, 1941 
2,324,515 Kalin -------------- July 20, 1943 
2,333,184 Kalin -------------- Nov. 2, 1943 
2,364,116 Whitehead ---------- Dec. 5, 1944 
2,364,817 Reggio ------------ Dec. 12, 1944 
2,364,853 Kalin -------------- Dec. 12, 1944 
2,466,438 Kalin -------------- Apr. 5, 1949 
2,478,183 Drake -------------- Aug. 9, 1949 
2,478,752 Drake -------------- Aug. 9, 1949 

FOREIGN PATENTS 
Nurnber Country Date 

83,091 Austria ------------ Mar. 10, 1921 


