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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 empioyed 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 contrelled
engine thus sets into motion a train of events
which tends to overcome or cancel such change
of state. :

WWhile the broad governor prineiple 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 whieh 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
50 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.
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 ra.pidly,,

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

This over-shoot will in.
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able to restore engine speed to normal quife
rapidly after a change in load, without either
over-shoots or hunting. .
Prior-art spesd governors for internal-com-
bustion engines have, however, had a substantial
operating defect notwithstanding 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
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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-
bensating means could never be adjusted to an
optimum settihg 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 whatever of developing a vacuum
in the apparatus. :

A further objeect 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
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engine without -necessity for adjustment of or
tampering with the delicately .balanced. pilot
valve which constitutes the sensitive control
member. 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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. 3
vide a hydraulic: governor wherein & simbplified
bimetalli¢ elément uilt into the governor frame"
structure affords automatic compensation for

1oss of force of the speeder spring with increased” -

temperature and thus eliminates or greatly. re-= gy

duces the falling off of speed ordinarily occur-
ring as the speeder spring
a cold start.

Still another object of my invention is to pro-

vide a means for achieving maximum -pilot-valve~

sensitivity which involves placing a non—positive_

warnis up- followihg -

10

coupling between a rapidly rotating shaft ahd -

the body member of the pilot valve. This cou-
plihg: causes: the' pilot valve member. to rotate
and. thus maintain at a minimum the frietional:
resistance offered by the- pilot valve: to: axial
movement: .
Still:another object of
wvide, in: a -hydraulic governor for internal-com-
pbustion enhgines; a novel and simplified- variable:
“gpeed: droop!’ mechanism: which 'is dependable,
firiely: variable and inexpensive -to construct:.
_Still another object of -my inventien is to pro-
vide =- fly-weight  governor  for internal-com-
bustion-engines which can regulate the speed of
the- engine :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 sp‘eedér -spring- effective to
maintain contact and . tension between . the
' speeder spring and pilet: valve even at zero speed.
Another- objéct- of -my invention is. to -provide,
in & hydraulic governor, -an automatically actu-
ated-hydraulic pump. which is, energized by the
contrpllgd._enginé; and-in:which automatic  con-
trol- means. are provided for mainfaining. the
raaximum pressure at-the optimum value for con-
- trol of-the particular engine with which the BOV~
ernor is being used. _ '
_ Another object of my

invention-is to provide,

in a hydraulic governor, means for adjusting the
 Speed. of response of the servo Meclianism. £o
 shitts in pilot. valve position £0 2 ; valie within.
wide. limits, this permitting the governor char-
tics to-be “tailored” to suit. the character-

. istics- of- the gine T
_oth hd advantages of my invention
will appear. as the specification. pfoceeds. -

. Ilh,aye_sh"ownvfci,v‘tif;}";‘i?ial“éi:nﬁbgll jent '
véntion in the accompanying. drawings. Figlre

acteris oe. “tailored’ 10 S
stics. of the controlled engine. .
_ ‘Other objects and ad s of
‘ jent of ry. in-

1is & plan view of my illistiative governor,
faen with the casiiig in place as for normal use.
Tiz. 2'is & bottom view of the Fig. 1 structire.

¥ig. 3 is & View in side elévation of ‘the illustfa-
tive sbéed goverriot, tHe view Being takeh from’
the left as the observer faces the govern
4 is'a front elevation view ‘of thie illstrative
governor, showing in detail the ¢ontrol ard -
¢ panel. Fig. b is'a disgrammiatic view il-
Nistrating the mantier in which My speed gov-
érfior might be contiected t0 ‘% large ifiterral-
combustion engine for maintaining” the speed
thereof ot a constant value ‘déspite yaristions in
load. Fig. 6 is'a top view ‘of my governor ap-
phratus as it appears with the top ‘daginig ‘plate
removed; alternatively, it might be-deseribed as

a-sectional view taken alorng the line 66 of Pig:

3, Tig. 7 is a plan sectional view of my speed
governor taken along the line* 77 -of Fig: 3.
Fig: 8 is 'a sectional side elevation: view showing
fiy illustrative governor ‘as it would ‘appeat frofil
the side with one side wall-of the ‘casing ‘broken
away: -Alternatively, Fis. 8 ‘might be described
54 ‘sectional view takeri-along the e g8 of
Fig. 7. Fig. 9 isa perspective ~view 'of -a mex=
chanical linkage ‘structure ‘whith is ‘employed in

my-invention is to pro-:
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the fiovel shut-aswn cofitialivhich is dn€
features of my inventiohi ~Pig: 18 is*d-Semi-di-
agrammatic view of my governcr which is sub-
gtantially a sectional view in the vertical plane
along- the- irregular line 18—19 of Fig. 7. To
periit full showing in a single figure, however,
of certain- of - the  passageways and valves, the
T4t1vE Positi is‘of’such components are slightly
alfeted-in Fig: 107as compared with the other
figures-which - show. their actual position in the
representative embodiment of my invention.
™e: 117185 vertical sectional view of certain ap-
paratus located in the upper portion of the cas-
ing; the section being taken ajong the line El=11
in Fig. 6. Fig. 12 isa sectional view taken threugh:
the:central casting: whieh carries- the: bore: for.
the pilot valve; the plane -of; the -section.is in=
dicated by the line 12—{2in.Pig. 7. Fig. 13-4
sectional detail . view-of ' i

the - fiy-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-13—13 ih Fig. 10.
is g view, partly in section,

ih Fig. 10. Fig. 14
_ along the live 14—14
of Fig. 12, showing the structural details.of: the.
. gears which function-as an.oil pump andare also
part of the gear train which drives the fly-weight,

5.1 & sectional . view show--

mechanism. Fig. 1

ing »_modified form of governot in which
peak hydraulic pressulje_’-i_,sr..:'qopj}iqsll‘éd‘ as -a
tion of engine speed; aiid Figs. 16and 17 afe!

epective and sectional Views respectively of ab-

Ty govertior. in which- Tine
control is afforded over the fate of flow of hy-
draulic fuid: from ‘the. pilot. valve to. the setvo.
cylinder. - | » o

As partticularly. sHow- i Figs, 1-4, the illis-
trated governor is ‘enclosed within a cast hous-
ing 28, preferably formed of altiminum. ThHe
casing 26 is provided with a top plate 284 and
3 bottom plate 28D, respectively secured ‘to the
ain casing 20 Wwith sciews and effective to pro-
vide a fully enclosed, Tiguid-tight Hotsing. for- the
gOVernor apparatus. _

‘The ihterior of the housing, in addition to
caitying the operative elernents of the governor,
functions as a-sump.-or reservoit; ‘at atinospheric
pressure; for the light ol "ot other liguid- em-

othér modification o

: pI(}fiIed 'é.j§7~h1$fdfau1iC' flaid. If - desired; & suitable

50
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praperture 29 “be provided in the top plate
200 4s @ CoNvenient means of replenishing the
hydraulic fiuid when riecessary. 'TO insule that
the gas pressire within the ‘casing “is at’ atmos=
pHetic Vallle, an air’ vent' 29a may e ‘provided
ity the cap of oil inlet 28, ' '

The ‘ol 1ével within tHe ‘¢asing, in normal ob=
eration” of the ‘governor, stiould be slighitly ‘more
than half way up the side ‘of “the‘casing: In the
particular embodintent illustrated ih the draw-
iTigs, T-hive shown g tratisparent £l4ss or ‘plas:=
tic winido 25 i the front of tie casing 20" to
F‘i{ovidé "5 ‘cotivenient means of -observiig-the- ol
evel, ' '

Contiection between the’'shaft of the ‘contioted

engine ‘and overnor may be ‘hiade throtigh

drive shaft 21, e 5
downward m the bottom ‘0f the ¢

GriZentany
yHiE : iings’in ‘the
sidés ot ‘casing 20; for ‘doriverierice i installatioh
With @ varisty of €igines; shaft 22°is ‘gxterided
péyond the casing &t both '&nds. SHaft 22 s
secured agaifist axial niovement, its Totation be-
ing- governea vy ‘tHe "conirol- getion of the: gove
éryior. TIn“tise; thg shaft 22 ray beconnected
By suitable linkéige to the-fuel coritrel of the en=
gthe:- - R S S
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Fig. 5 shows, diagrammatically, a typical in-
stallation of my governor for the control of an
internal-combustion engine. Engine 19 is pro-
vided with an output shaft 19a, coupled by bevel
gears 19 to shaft 21 of my governor which, as
shown, is mounted at a convenient location ad-
Jjacent the engine. Control shaft 22 is provided
with a lever arm 22a keyed thereto, and arm 22¢
is coupled by conventional lever linkage to fuel
control 23 of:engine 19. As connected in Fig. 5,
my governor will control fuel control 23.in re-
sponse to the rotation of shaft 19¢ 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 308 which carries the
manual controls with which my governor is ad-
Jjusted 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 27 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 prompily
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 familiar

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, etec. 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 Pigs. 10, 12, and
14, it may be seen that bottom plate 20b carries
on its upper surface a central casting 20¢, 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 ¢asing proper: aluminum or other light
metal is preferable for this purpose.
- Shait 21 is supported in the lower end of
bottom plate 20b by anti-friction bearings 36
and stuffing box 31. The upper end of shaft 21
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 hore in
bottom plate 200 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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40, together with recess 88, forin the principal
operative parts of a gear pump which performs
the function of supplying hydraulic: fluid under
bressure 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 41 and 4{a which communicate at their
lower ends with recess 39. A transverse bore.
42 connects the bores 41 and 4iq at their upper:
ends. A ball-check valve 43 is mounted in verti-.
cal bore 41 immediately below transverse bore
42, while a similar ball-check valve 43a is mount-
ed in vertical bore 41a below transverse bore. 42.
A-ball-check -valve 44, mounted in a branch bore
45, connects bore 41 to the outside of casting
28c; 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 4la. - Transverse bore 42 passes
through the center of the main vertical bore 35
in casting 28c. 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 annulai re-
cesses are denoted 47-5(1 respectively, taken in
order from the top of sleeve 46 to the bottom,
while the ports associated with the respective
recesses are denoted 47a, 48a, etc. Ports 41qa, 49a,
and Sla are relatively large in size and, .as will
become clear hereinafter with the description .of
the pilot valve, their dimensions are not. critical.
Ports 48a and 50a, as shall hereinafter be stated
in detail, are control ports, and their dimensions:
relative to lands 54b-and 54c are of .critical im-
portance. A transverse bore 52 through the wall
of casting 20c connects annular récess 47 with
sump. A similar bore 53 connects annular recess
51 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-
bressure into annular recess. 48 and thence
through port 49¢. 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 4la, and through, ball-check valve
43a 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 info vertical bore 41, 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 21, regardiess of the,
direction of rotation. : s

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 §4.. This spool is provided with an upper
land 54a which fits snugly the inner surface of
sleeve 48 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 48a. The thickness of land
540 is'accurately machined to a thickness slightly
less than the diameter of port 48g, the difference
being of the order of a few thousandths of an
inch.  The next lower land on valve member 54°
is"land 54c¢c which co-operates with vort 50a.



Poris-48c and 58c-are drilled-fo the same-¢iame.
eter, and land Blc-is structurally Jike-land -64D,.
‘their: axiglseparation’being identical kothe-cen-
ter-to-center separation -of sports; 48 and 524,
Phus the-lands-and. ports just deseribgd form. 2.
balanced by-pass:systerm earrying. the-output -0f
pamD. 38; 40 o :sump:-and maintaining -equal.
pressures. in -annular ‘recesses -48:and -85 when:
the:lands 54b and. 3c are positioned -symmetri-
cally with:respeet t0 :ports-48¢-and -50a.respee-
tvely.. .

“Below :port:Eia, valve member 54 has-a srelas-
tively-lengthy -enlarged-diameter portion which.
fitssnuely With: the inmer surface .of -sleeve-46:
At-its:lowermost:end, “slegve+48-is:bored oub to.
an enlarged:diamefer; and &:/Sump port 58 ex-
tends throvgh-the wail of-such -enlarged diameter
portian-anddhence through easting:28¢-4p SUMD..
A-land 52d- on valve:member 54.54s snugly-the:
ifiner-surfage of steeve 46:at the: altitude of port:
§5: nidis imachined toia thickness-equal, within:
appraximeately-one-thousandth: of -an:inch, o the.
diameter-ofport 85. ‘The-enlarged-diameter par-
tion:of sleeve. 46 -iselosed off-at the bottom-by
assea;l:;ringf56;-which=:is,-‘shrink;aﬁbtgd into-sleeve:
46: Member 55 Serves:as a lower- bearing -for
valve:member 54.

Walve- member ‘54 rests- on-a -eoil, spring: 51
whith-is earried. by & spring seat-formed in. the
upperssutface:of gear. member 38. The bottom.
surface of valve member. 54 -is modified -to-re-
céive ithe upper end:-of -spring 51, -and the- net
effect:.of ' the :spring ' is to: transmit . appreciable
tor.que'-d:o'i-Val‘v-.e?membm:v-'Ba when shaft 21 is in
vatatien. Spring -51
coupling, but-the: limited:amount of torque which
i transmitted by-it to-valve member. 54 serves to
maintain member 54 in -relative rotary: motion
within :sleeve: &6 - thereby maintaining & -continu-
ous-oil film around valve mnember 54 and greatly
reducing the’force necessary: to-move-valve mewm-
bers54.in' the -axial direction.. ‘This: increases: the
sensitivity:of -the.governor. Spring-51-also. par:-
foriist thesuseful function. of! meintaining-a; cohl~

tiniious upward force.on valve member: 54,38 very 4

uséful-effeet since i keeps:the upper:end of valve
meifiber: b glways incontact under tension: with:
thé-speeder spring presently to he-described, thus
permitting . effective  regulation of “the -engine
down to-zero speed: ‘
“A-gedr 58 provided with-a carefully-machined

oes:-not ferm a_ positive &
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htib mentber ‘on one-side’is fitted-into- a O-0p~

erating ‘bearing machined into the upper sendnof
steeve 46, -Gear-88-is keyed to- a--coaxially -dis-
pbsed'c&p"mémbe,riw which serves as-support for
the fiy-weight mechanism. “Valve ‘member 5¥:ex-
tends upward through suitable -apertures in-the
denters of ‘members -58-and 89, termiinating: in
anti-friction bearing structure 60. Gear mem-
ber 58 meshes with a gear 3 {-supported in-a sta-
tionary bearing ‘which may be carried by casting
member 20c and driven by shaft 62 which “ex-
terids vertically to gear 40 at “the lower ‘end -of
the casing. “All of the gears 38, 40,761, and 98
gre jdentical in size, and-aceordingly cup member
59 rotates at: the same speed angd in the "same
direction ‘as shaft 21. Cup member 59 ‘has; 2
raised rimn 59a around’its periphery, the function
of which is primarily to keep sump oil from
ting:into confact with and thus &ffecting’ the
operation  of the centrifugal “fiy-weights. The
nofmal oil Tevel in the casing is lower than the
sltitide” Of cup, member- 59, “hut thé rim “§9a
setves: as an” added precaution against. the oil’s

get-
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interfering: with the: free-movement-of the fly-

63, zsupport: 1l
weights. is ;provided. wi . ing,
finger 8da. (see Fig.;13) the Inner-en hieh-
presses: on-the ‘under side -of-anti-friction:bears:
ing -structure. 60; ‘Thus, when: the: fiy=weights:
move. outward: due:to. centritugsl-{ oree- of xota-
tion, -the: fingers:64¢ .press: on: fhe under:sid of
bearing strueture 60-and thus:raise: valve: mems=
per 54, Conversely; -when. fly-weights 64 slow.
down, - they. permit. valve member:54:to Jower:its
position.: . - . .

“The:upward movement:of: bearing;structure:69;
and thus of valve member 54, is opposed:: by
speeder spring- §5. .:Spring B5:4s: 0. -coilspring,
which .seats--at its:lower -end “in e springseat
f%rmedzon.athempperssunface of bearing:structixe
60. o

The.speed at which :the controlled: -engine . is
held is governed by:the tension: of speeder;spring’
65. - The .apparatus swhich zaccomplishes : control
of: that- tension. is-supported: by a. bracket. &5
which ~extends -outward-.in-a ;horizental :plane:
from-the: front:face: of: panel\a-so,.?cermmsiting;}a;t
its sinner end. in-a ‘hoellow pylindrical:-portion.
The inner surface:of the eylindrical: portion:.of
bracket 66 is accurately.machinéd for::smooth-~
ness-and:constant curvature. - Within: said:inner
surface a sleeve 61.is:slidably carried: A spring
seat 68 rests upon theupper-end.of speeder spring
65, and sleeve: 61 in turn-rests:upon:the upper
surface of:spring seat: 88 (see Figs. A0andi11).
A-plunger 69:is slidshly carried within sleeve81;
the relative position: of -plunger £9-and:sleeve 6T
is-governed by the -position. of:a rack~and~pinion.
structure sbout to: be-:deseribed. A :shaft 26a,
which:earries ‘the speed control knob-26, is jour-
naled in: the front portion: of pan€l?3d and: cou~’
pled ‘by-a flexible coupling to: -another- shaft 26b.
Shaft 26b-passes through-a-slotin pracket §§-and
a corresponding: slot-in sleeve: 67, termiinating in
3 pivot. eoupling to. a:sector: ‘pinion 710 ‘which-is:
mounted within:‘a. recess: T47in plunger: 68, ' The
teeth in sector ‘pinion 10-mesh with the besthiin
o rack 12 which is‘bolted to-the-side:of sleeve 67
and:slidably carried in a-vertieal slot: 18-in brack-
et 6. ‘Rack’- 72, by’ thus-riding in- slot “13,-se-
cures: sleeve 671 against rotation- in- brackeb: 66,
while allowing it full freedom 4o “move “in the
axisl direction. As may be-seen: from Figs. 10

. and 11, rotatien of shaft 26a-accomplished by

manual turning of ‘knob 26 will shift the rela-
tive position 6f pinjon 70-and rack 12, thus alter-
ing the-relative “axial pesitions--of- plunger- 6%

_and: sleeve 6T,  It:should-be borne im ‘mind. that,

60:.

65:

5

due to-the flexible couplings at-each-end of-shaft
26D, the plunger §9-and -gleeve BT are free’to
move “axially within Jracket 68, although -their
positions: relative to one-another are governed
by the position of knob 26. “The upward moye-
ment of plunger 69 is 'limited by cam member
280, which ‘will ‘be described, ‘with its associated
structure, in a later paragraph hereof. ' For the
present, it ‘will-suffiee to, state that since the up-.
ward movement of ‘plunger ‘69 -is limited, adjust-
. ment-6f knob 26 in one:direction results in low-
ering sleeve 87 and spring seat 68, thus produc-
ing increased tension in’ speeder.spring §5. ~Ad-
justmernt of knob 26 in the opposite direction re-
duces the.axial separation of members 81 and 69,
- thys 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 regu-
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 14, shown in Fig. 10, passes
entirely through casting 20¢, parallel to and ad-
jacent the main central bore 35. A transverse
bore 15 connects annular recess 50 in sleeve 48
with bore 14; a similar transverse bore 76 con-
nects annular recess 48 in sleeve 46 to bore 74.

A relatively large vertical bore 17 in casting
20c forms the cylinder which earries servo piston
18. 'Servo piston 78 is mounted on piston rod 79,

10

20

which extends both above and below piston 78. _

The lower end of rod 79 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 19 passes
through a bearing drilled in casting 206c and is
attached by a pivot coupling 8i to link 82. An
indicating pointer 83 is bolted to coupling mem-
ber 81 immediately above its junction with rod
19. Pointer 83 extends forward to g 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 77
to the lower end of bore 714. A packing ring 86
closes the bottom portion of cylinder 17 while al-
lowing the lowermost end of rod 719 to pass
through into recess 80, already described. A vent
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 T4a prevents liguid
being trapped in the lowermost portion of bore
14.

A spool valve member 87 is carried in bore T4.
As may be best seen in Fig. 9, valve member 87
has a principal valve portion 87a which is gen-
erally cylindrical in shape but provided with two
flat 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 81a is
orienfed on the main spool shaft 87 in g posi-
tion such, as shown in Fig. 10, that the flat por-
tion extending to the top of member 87a provides
communication between transverse bore 84 and
transverse bore 16 when the valve member 87.is
in its normal, fully lowered position. In that po-
sition the other cutaway portion of member 874
affords communication between transverse bore
15 and transverse bore 85. At thé lower end of
spool shaft 87 a cylindrical land 87b fits snugly
within bore 74, thus normally blocking off trans-
verse bore 85 from vent T4a. .

At its upper end spool member 87 is rigidly
coupled to an arm 88 extending outward at right
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angles to member 87. At its outer end, arm 88
is joined by a universa] 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 2T1a.
Shaft 27a is journaled in panel 30 and carries
knob 27 on instrument panel 30. As may he
noted from Figs. 4, 9, and 10, shifting of the man-
ual member 27 to the “off” position will raise
spool valve member 81. In the “off” position,
spool valve 87 cuts off communication between
transverse bore 18 and bore 84, providing instead
communication between transverse bore 15 and
bore 84. At the same time, land 8Tb cuts off
communication between transverse bore 85 and
bore 15, instead connecting transverse bore 85 to
sump vent Tda. . o
At its upper end connecting rod 82 is pivoted
to a crank member 81 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¢ functiong as
compensation cylinder. It contains a central
bore at the top which receives a vertical rod 93
extending entirely through bore §2 and seating
in a recess 94 in bottom plate 20b. Recess 94 is
provided with a sump vent 94a. A packing ring
95, shrink-fitted into the lowermost portion of
hore 82, serves to hold rod 93 in alignment and
to permit it free axial movement without bind-
ing. At its upper end, rod 93 is bivotéd 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 97 which is, in turn, carried in a
transverse slot 98 in g crank member 89, keyed
to shaft 22. By a set screw 87a, member 97 can
be locked in any desired position in slot 98, with-
in a substantial range of movement, X
Rod 83 carries an upper spring seat (081 and
a lower spring seat {82. 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 22. It is provided
on.both its upper and lower faces with annular
flanges which serve ag spring seats. A coil spring
193 is seated on the upper face of plunger 103,

5 where it presses upward against spring seat 1014.

Correspondingly, a second coil spring 105 is seated
around rod 83 between the lower face of plunger
{ 03 and spring seat 102. . )

A transverse bore {06 connects the uppermost
part of the enlarged-diameter portion of sleeve
46 with the lower portion of bore §2; a trans-
verse bore 107 connects the lowermost portion
of the enlarged-diameter part-of sleeve 48 to the
upper portion of bore 82. A branch bore 106a
connects bore 198 to a needle valve {08 communi-
cating with sump. - Similarly, a needie valve 109
is connected by a branch bore 187a to bore 107,
valve 128 exhausting-also to sump, T

The needle valves (08 and 183 are made man-
ually adjustable by rod links 110 and 11| respec-
tively which extend upward toward the top of
the casing, being secured at their upper ends to
a bracket {12 which extends inwardly from cas-
ing 20. . . e

As has been Dbreviously -mentioned - in the - de-
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scription-of Fig: 19, the. necdle valves <168 -and
106 ‘are-therein shewn ' inorder to make clear
their function telative to- their- associated struc-
tare, dlthough, &s may be seen from FigiTor Fig.
8; the-actual position o1 those valves in the Tifus-
trated embodiment of ‘my -invention is net-en
the section line |1 8—={0 of Fig. 7. )

I-shall now describe the structure by whieh
I-achidve controllable: speed’ droop inj‘my\-*g»ovm-
nor- gpparatus. ﬁ o
. “Asmmay he seen-best from Figs. 6 and I, shaft
27 ‘has-keyed to i at s midpoint-a crank nreut-
ber 113, to-which is'pivoted a link b4, "The-upper
erfd -of “link . 114 is pivoted to a-bifureated Iever
15 which exterigs forward approximately “half
Way across the ‘casing. At ‘the precise: midpoint
of the casing, directly over the center of plunger
69, the lever. member iF Is’ piveted to a second
bifurcated lever. tnember 16. “Fever-1 1§ has two
points-6f-support; at its extreme forward end it
is pivoted by a pivot Tod f 1140 a pair-of brackets
which ‘extend backward from the panel’ 34.
terrediate its ends, Tever” 116 is pivoted also to
a “bracket T8 ‘which is rigidly bolted to s “sheel
rod 119, As may be hest observed from Fig. 11,
pifurcated lever mrember 11§ isrerved downward
at “the ‘pivot point with' bracket 'f #3-s0 that the
pivots which “join iember ‘11§ ‘to bracket 118
do not . interfere with the. linkage which ~joins
shaft 28 to cam member 280,

, In the illustrative embodiment, as gtated above.

shaft 118 is made-of steel, while the casing and
other-structural supports of ‘the  governor -appa-
ratus ‘are formed of ‘aluminum. I do 110t ‘desire
to Iimit myself to that particalar -combination
of metals, but it is important’ in Tespect to one
agpect.of my ‘invention, ‘as Wwill be ‘more. fully
stated ‘hereinafter, that -shaft {19 be formed of
a metal having 'a lower’ coefficient ‘of expansion
thHan the metal of which the casing “and other
structural parts are: formed.

A’ pivot 287, which ‘joins lever members 113
ana’ {16, has an enlarged-diameter-portion which
fills the space between the respective forks of
lever member “f15; “member 281 is‘"provtded' with
o transverse-bore, perpendicular to its ‘axis and
spaced midway petweenr its ‘ends. ‘Through the
aforesaid transveise-bore, a bolt mentber 281 is
carried, oriented with Its ‘head '28h nearest the
front of ‘the casing. "The head 28% is pivoted to
a Hink -member 28d. The opposite end of Huk
meinber 28d slides in an axial apeiture in cou-
pling: member 28c, being secufed‘thérem‘by a pin
£21. -A-gfot 122 in coupling 28¢ affords a. limited
range of sliding ‘movement to- link meéember 28d.
The forward end-of Yink ‘maeraber-28¢ is provided
with o keyed-in extension 28b pivoted at its for-
ward end to shaft 28a, which in furn is’ journaled
fnto a“bearihg in-panel 30.

“"The rear portion of bolt-287is threaded, and it
carries, “threaded thereto, a cam miember 28¢
which is shaped generally like the letter L. The
shorter Teg of member 28¢ is the portion threaded
into bolt 28i; ‘the other leg extends forward under
pivet ‘mémber 28f, the dimensions- of cam ‘28g
being ‘ehosen-so that #ts horizontal surface en-
gages the ‘lower surface 0f ‘member 28f when
bolt 28: is in a horizontal-position.

“The under side of cam 28¢ is provided with an

arcuate downward extension {23 which is care- ‘

fally ‘machined to form a sector’ of ‘a circular
eylinder. The open end of ‘bolt 281 is provided
with a keyed<on -stop ‘iember ‘287 “which JXirits
the outward movement of cam member 28g. ‘As
may be seen from-Fig. 11, rotation of shaft 28a by

12
mianinsl manipulation -6f knobsTE wik-resull in
forward ‘or backward movement of eam 28y wiith
consequent-shift in- the line of -contact between
cam 28¢-and plunger 9 whith, foreed upward By
spring 65, presses against cam “2fy ‘onrity under

side. Ascam 280 moves dcross the planger§s the
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relative position of arcuate-extension 493 gnd
pivot 281 is altered. -
 OPERATION _

Tt ‘Will Be ‘assuined for purposes of this ‘diseus-
sion of “operation” that-my ifivention: has beeh
suitably mounted -adjacent-an engine, that shalt
21 has been mechanically-coupled’ e engime
diiveshaft, that control shaft 22 ‘has been coupled
to the engine fuel eontroel, and that the governor
casing has been fitled wily o] or other-saitable
hydratilic fluid approximately 1p: to-the Tevel ef
the -top ‘of -central casting 2fc, ~all- passageways,
cyliriders, ané other ‘open spaces therebélow heing
filléd-also. ‘ v . :

Tnittatly the shut-Gown contrel 2T-will'be placed
i the “on” positicn and “the engine “Started.
Thereupon the shaft 2§ will ‘Ba-det-intio rotation
and the fAy~weight structure-mounted-on-gesr 88
Will ‘rotate in exact syhchrondsm With: shaft "%t
(Meanwhile tte pilot vilve member- 54 Wil 4l
commence-to - rotate; ‘e to-torgde ‘suptlied by
spring 57.)

‘As‘the fiy-weights 64 nove outward, piot valve
mienther ‘B8 is raised -until it-occlipies its normal

operating position ‘wherein lands 545 an Bhc are
centered ‘with respect to “ports - #8a-and 88w, Te-

spectively. YWhen that condition is ':reacl‘réd,"ths

5 engine “will stabilize its ‘speed. ‘Any “subseguent

‘departure from said-stable speed will cause fly-
weights 54 to shift “either inward or gutward.
Should tha-engine spéed up as'a result 6 a Trekit-
ened load, fiy-weights 64 will move putward, cans-
ing pilot valve 54 to rise. This will restlt In’ in-
creased fow of Hydratlic fluid-out ¢ port 48 into
transverse-bore T§. - (It‘should be borme i mind
that as scon “as Totation of-shEft 21 -commerices,
the gear pump formed by gears 38 and 2¢ creates
arid maintaifs a substantial fuid pressure i the
chamber within stéeve 48 ‘Between Jands 540-and
Bhe.) With increased ‘fBow.of hydraulic flaid ofb
of part 48a into bore T8,“the increased fuid pras-
sure.is transmitted through bores T4 and 84 into
the.upper end of chamber 77. As. oil fows into
chamber 1T, servo piston18 is forced downward,
the oil .below.the piston being free to escapeto
sunp through bores’ 88, T4, 2ud 15 and ports*3la
and §fa. Lowering Sf-setve piston T8 causesrota-
tion- of shaft 22 and consequent. reduction of ‘the
quantity of fuel supplied to the engine. “This’ of
coutse slows ‘down the engine and restores the
speed to normal. ) ) .
“If, ‘as o result of heavier Joad, the enging speed
tends “to rdecrease, ‘an éxactly’ simiitar ~series ot
gvents, iritizted ~when - pilat valve ~mienitber ‘84
drops,-leads to tpward movement 6f servo piston
78 “and -consequent “incresse “in-the ~grgineg fuel
supply. ) L . )
- -Stabilization of the centrolling action s accom-
plished by mreanscf “the ‘eompensating ‘apparatus
heretofore described in-detail. “Ttg-operation -is
briefly as follows: When, in responsge fo-an added
logd, pilot-valve 5§ ‘drops, ‘the fowering of Tand
58d-at once creates a supercdtmospheric pressure
in bore #8671 and the ‘upper-end of chamber 87,
This reduces the tension. on spring 164, since-the
tendenecy. of the added pressure is to drive plinger
103 -downward and compress:spring “¥65. “Liquid
tm‘a'.‘er"plung’er"'fﬁs"iSTr‘ee%o eseape, girice 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 link 96 to rise also, tHere-
by increasing the compression on spring 145 and
thus further decreasing the compression on
spring 184. This increases the fiuid pressure with-
in bore 107 and the chamber below land 54d.
Meanwhile, however, hydraulic fluid has been at
liberty to leak off slowly through needle valve 16§,
so that the hydraulic pressure below.land b54d

which tends to oppose the downward movement of |

valve member 54 diminishes gradually with time
as liquid escapes through valve 169. The magni-
tude of movement of link 86 resulting from rota-
tion of shaft 22 may be controlled within wide
limits by adjusting the member 87 within slot 88,
since the effective length of the crank member 99
may be thersby varied.

By careful adjustment of the position of mem-~
ber 97 in slot 88 and the bleed rate of valve 198,
the magnitude and duration of the counter-forees
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.
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

§5 will be opened to bore 107, the hydraulic pres-

sure in bore {106 will become higher than normal,
and plunger 103 will be forced upward, thus com-
pressing spring (04. The shift in the position of
shaft 22 following the lowering of serve piston
18 will cause link 96 to be lowered, thus increas-
ing still further the compressicn of .spring 104
and the hydraulic pressure in bore 106.- 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 108 will thus permit stable
operation of the governor to restore the engine
to normal speed with maximum rapidity fol-
lowing acceleration due to lightened load.

It is important to observe that the adjustments
of valves 108 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 §4. 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 course, on the tension
of spring 65. (The tension of spring 571, 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. Various factors
can accomplish movement of spring seat §8; cir-
cumstances under which these factors operate
will not be described in detail.

That adjustment will provide the most :

<
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moved to an off-center

First, spring seat-68.-may be raised-or lowered
by manual adjustment of -knob 26 on the instru-
ment panel. This causes pinion 70 and rack 12
to shift their relative positions, with the result
that sleeve 6T 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
coeflicient of expansion as the material of which
post {19 is formed, heating of the governor after
a cold start results in raising the frame members
substantially more than -the pivot by which
bracket 118 is anchored to lever {16.. This results
in gradually increased pressure on plunger .69

5 by cam 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
123 of cam 28¢ is in contact with the physical
center of the upper surface of plunger 69. Sirce
surface 128 is a sector of a cireular cylinder, and
since its center of rotation is pivot member 287,
centered directly above the. midpoint of plunger
69, crank 113 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 28¢ will be
position relative to pivot
28/, and thereafter any rotation of shaft 22 will
cause & 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 hy me to be an important
and novel aspect of my-invention. : L

In prior-art structures, shut down of the
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‘{engine has mormally ‘been: seconiplishied by some
-device which:foroéd:thecpilob #valve: inthe direc-
. ‘tion-opposite toithatuin swhich it would normally
‘meve responsively. ‘to-deceleration. - Such rar-
srangements are unsatisfactoryin that-they inter-
“fere-withthe delicate balance of thie most critical
‘element in. the-entire: ‘governor—sthe ‘pilot valve
member. ‘I consiger that forcingithat member
.toa:given position by imposition of a-foree over-
‘riding’ the influence of ‘the-fly-weights isexceed-
ngly thad “practice and one wwhich is-likely ‘to
vesult: in ‘lowered -sensitivity ~and saeccuracy of
~¢ontrol. -

“IIH -my ‘preseat - invention, "1 have provided -a
‘novel and much more elegant-shut-down means.
“In -y “#hvention, ‘when ‘the ‘manual ishiit=down
‘cotitrel ‘2T is shifted to-the *off™ position,: speol
~member 8T is'raised, with the result*that trans-
“verse bore 15 -Hormally communicating with bore
‘85, “is - placed in- communication with bore “88,
“while “bore ‘85, is vented® to-sump. - As~a result,
- ‘the ‘slightest “downward “movement ‘of ‘the “pilot

~yalve immediately produces downward movement
“of the servo-piston’ T8 which in turn causes-fur-
“ther downward movement-of’ the’ pilot valve 54.
. “This “process continues until the engine fuel sup-
“ply is entirely-shiut off and the ‘engine is ‘stopped.

“Thus, by ‘my invention,’ the-pilot valve is-caused

“to turn off“the engine ‘without ‘being-forced ‘from

‘it normal operation i any way ;ou the contrary,

‘it does exactly ‘what it ormally does in‘response

-to-deceleration, but the effect of ‘that action is

“to'stop:the engine.

The Figure 15 modification
“Fig. 15°shows &' modified‘form’ of my ‘governor
in-'which ‘provision has been made for “control-
ling, asa'function of the speed of-the controlled

‘engine, ‘the maximum ~hydraulic - pressure “de-

-veloped by the gear pump38,40. - When'the con-

“trolled ‘engineis’ heing operated-at & very’ high

-speed, the hrydraulic ipressure “develofied by gear

‘pump 38, 40 can reach an “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 “ferky, unstable

_operation ‘of ‘the controlled: engine. ) )

“rThe .modification “of - Fig. ‘15 discloses means
‘whereby the pressure of ‘the 'hyaraﬁlic‘:ﬂuid"iféd
‘into annular recess 49 hy gear pumap’ 38,40 can
pe held :at a Teasondble value “even when “the
controlled engine is operating "at a very hish
speed. _ R o

_As.may .be seen from ‘the portion” of Fig.'15
_which.is broken away to show internal structure,
T.have provided a rélief valve appatratus which
‘communicates with ~passageway 42 by ‘way ~of
passageway (51 and 181a. Passage 151¢ is drilled
in a plug 85 which is serewed into the upper
end of bore 41 in liew of plug 42a of the embodi-

-ment. shown in Figs. 1-14. ‘Conduit 151 inter-

sects a vertical passage | 52, .drilled "in"a valve
housing 153 ~which is mechanically supported
by .plug . 155.. The lowet end of passage 182 is

‘open- to.sump, -altheugh it is normally closed off

by .a..poppet valve | 54 mounted at the extreme

- lower end of a valve rod 156 carried in passage

‘{52 and machined to slide snugly therein. The

‘Jowermost end .of rod 1586, immediately above

poppet, vilve member ‘184, is machined -to. form
s tapered bleed -valve- lBBa which will “permit
flowing of hydraulic fluid from passage 152 to
- ‘sump when poppét membper “154 is open; obvi-

16
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-grm has.a vertical body

-trated embodiment, has a

-enton-the position.of .rod :158; the rate -of flow
increasing as-rod:1567is lowered.

© Ahout midway of :ifs. length, Tod 156" is «pro-

" vided with an annular shoulder 157 which forms
“the 'upper -seat fora coil spring {58, the lower
-spring seat 169 for spring 158 being formed.on
the upper end:of member

{53. ‘Spring: 158 holds
poppet 154 normally seated. over the:lower:end
of passage 152,

Bracket 68 has, in this embodiment, been:pro-

vided with a.slot 86a cut part way-down:{rom

modate an arm-£60. ‘That
-with -an-extension at
-each ‘end, each extension: being at’ right:-angles

‘its upper end to acco:

‘to the body and extending ‘away from the body
-portion in opposite

-directions. The upper €x-
tension, denoted f180a, is-firmly secured:to. sleeve
67; thus arm 160 is free.to.rise and -fall with
sleeve 3T since slot66a ‘affords’ vertical freedom
to arm-extension - {60a.. “The lower extension-ei
arm 160, :denoted 160D, is:grilled “and threaded
to receive @ screw 1815 screw - {61, in:theillus-
large flat head at-its
lower-end, and ifs upper ‘end. is slotted: to permit
adjustment by ‘a screw driver. A Jock-nut {62
provides ‘a means 6t locking 'serew 'i61 in-any
desired’ position. ) : o
In the operation of ‘thissform-ofimy invention,
the serew -181-‘can'be manually adjusted so-that
the head of screw {61-comes ‘in-contact ‘with:the
upper end of yalve ‘rod -156 2at the position -of
‘sleeve 67 which-corresponds-to eptimim hycdraulic
‘pressure from gear ‘pump 38,760, IThat:is, the
speed ‘of the controlied engine is goverried Joy” the
position of sleeve-67 <“thethy drattic pressure gen-
erated by the gear pump-38; 48is ‘directly respon-
‘sive to engine speed. -Serew {61 isadjustedtoens
gage valve rod 156 at-that*setting -0f slecve 6T
which givesan ‘engine~speed such that optismum
hydraulic pressure is‘'generated by the gear Pump.

“What this optimuzn. pressure “is Wwill: vary/ from

instaHation to instaRation, sinde it - will:‘depend
on ‘the rapidity with which the ‘enginespegd-re-
sponds to changes in‘fuael ‘supply. If the 'engine
is "very ‘rapid in’ response,relatively ‘large -hy-
‘draulic pressure can be-'developed to advantaze
by the gear pump-38; 40. 'If; on-the other hand,
the engine is sluggish In its’ response o changes
‘in fuel “supply, then relatively lower-pressure is
‘desirable. for ‘gperation of theservoa Tiechanism
of.the governor. '

‘Once the.proper setting for screw ‘151 has

“been determined, it is'locked in. place . with lock=-

nut 162. Thereafter, whenever sleeve 61 7is

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- 16 }.engages valve rod- 156 and

opens. poppet - {54, -permitting -hydraulic -fluid -to
bleed out of the lower-end of aperture- £52.avound
tapered valve .member -156a. -This - yesults “in
maintenance of substantially: optimum - pressire
within . passage 42. '

The modification of Figures 1 617
Figures 16-and 17 show another modified form

of ‘my invention which' makes possible fine ‘con-
trol “of “the ‘rate of “‘Aow- of ‘hydraulic fluid from

‘the pilot valve to theservo mechanism.

_The result of. slowing down the rate of ‘flow of
fluid into “the ‘servo. cylinder Is to ‘teduce ‘the
yapidity with which the Tuel supply to the engine
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-
jeetives achieved by the modifieation: about to be
described are quite similar to those accomplished
by the Fig. 15. madification, although. the modes
of operation of the twe structures are different,
and they are not exact eguivalents. The Fig. 15
modification. merely maintaing control over the
hydraulic pressure developed by the gear pump
in the governor to insure that. it. does. not- excesd
a reasonable value at-times when the.gear purap
is being driven by the controlled engine at high
speeds. The structure about o be deseribed, on
the other hand, is not limited in its effects to
high-speed engine eperation, but, on the con-
trary, permits “tailoring” of the governor re-
sponse-time to fit the behavior patiern of ihe
particular engine to which the governer is ecn-
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 £1. It will be recalled that, when
the engine is running, valve. member 87. in the
embodiment of Figs. 1-14 normally oceubies. a
lowered position effective to open fully port &5 to
communication with port 75 and to open fully
port-84 to eommunication with port 78.

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 87, when in its “on” position, 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 fuid can flow into
and eut of the respective chambers of 8ervo cyl-
inder 1. As-may be neted from Fig. 16, I have
provided, .on arm 88, .a small ‘projection 463 ex-
tending outwardly therefrom. at right .angles.
Projection 165 rests. on-the upper surface of a
cain 468, mounted adjacent projection 165 and
carried on a vertical red 467 the top end of which
is supported in a suitable bearing 168 attached to
2y conveniently lacated frame bracket. The
upper-end .of rod 187 is slotted (for serew driver
adjustment) and threaded to reeeive a lock-nut
¥68. Asmay be best seen from Fig. 17, the Sur-
face of cam 166 is cut to rise gradually from a
minimuin-level to a substantially higher level, and
the portion of cam 166 engaged by pin: 185 de-

pends: on the pesition ‘which rod 87 is ;0CCUpy--

ing.” When pin [65-is resting on the lowest por~

tion of cam {86, spool valve member 87 is in the

same :position that it oecupies, when in the “on”

position, in the .embodiment of Figs. 114, If;

hewever, cam 166 -be turned, by rotation: of rod:
67, nin 165 gradually climbs up the curved. edge
of cam 166.and the “on” position of speol member
8% s raised so that lands 87¢ and 876 gradusliy
cover, and thus reduce the effeetive apertures of,
ports 84 and 85. By appropriate adjustment. .of
rod 467, the effective size:of ports 84 .and 8% .can
be .set :to any desived value. “The operation .of
spoel member 8% as:a “shut-down” mechanism s
entirely unaffected by:the:supplemental. appara-
tus: just described, since mrovement :of manual
control member 27 to the “off” position wTaises
arm 88 -and spool member 81 .as before without
any interference -from cam 466 or.its associatedt
parts. o
While I have in this specification described.for
Mustrative purposes :a. single embodiment .of my
invention, it:will be understood that many varia-
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tions thereen and departures in.matters. of detajl
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 scopé be determined
by reference o the appended claims..

Iclaim: '

1. In a hydraulic governor wherein moyement:
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 tp. control

the. duration and instantaneous magnitude of

such opposing force when. the pilot valve has
movyed in one direction, a second adjustable valye
similarly operable when the movement of the
pbilot 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 nrovement
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 bressure 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~-
ticn of the controlled engine. ' ‘

3. In a speed-control governor for engines,
sald governor bheing 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
@ 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 bressure 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 centrol in-
stantaneous magnitude and duration of -such
opposing 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 accelerstion of the. -engine.

5. In a hydraulic speed-conirol governor - for
engines. of the class described, a servo piston
adapted for connectien to the speed-control
mechanism of an engine, and:a hydraulic cireuit
comprising a pressure :source and = sump -cons-
necting:the pilot valve and the-servo. piston, anti-
hunt- -apparatus comprising a «closed :chamber
containing :a -port which discharges-to SUmp,. &
piston in the chamber coupled-to the pilet valve -
and operative to -mave axially in. step-therewith,
a land on .said pisten member operative :to.
divide said clesed chamber: into upper and :lower
portions and normally ‘operative:to close:off said
sump -port, a  pair of -eompensating ‘pressure
chambers, means coupled to-the servo ‘pistenop-
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érative to produce in one of’ said chambers a
super-atmospheric hydraulic pressure, & 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 valve actuated by the fly-weights, and a
speeder spring opposing the action of the fly-
weights on the pilot valve, said drive shaft, fiy~
weights, pilot valve, and speeder spring being
mounted coaxially, and a spring member cou-
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
casing
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 sald sup-
port member operative to press on said movable
spring seat operative as the temperature of the
casing increases o 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-contrcl mech-~
anism, speed droop apparatus comprising a mov-
able spring seat for the speeder spring operaiive
upon movement to vary the tension thereof, &
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 cutvaturé 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, a3 cam
mounted for rotation adjacent said spring seab
and having an arcuate cam surface pressing on
the same, 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-
ment 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 eircuit operable to limit the max-
imum pressure in said circuit when the controlled
engine exceeds a predetermined speed, and link-
age arranged with said valve 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 slighfly
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. ) R DO ;

16. A hydraulic governor for engines, compris-~
ing g drive shaff, 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 vary
the position of the valve member within narrow
limits and thereby to regulate the effective rate
of fiow of hydraulic liguid 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 mover,
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 g port com-
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 alighed 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, g sump, and anti-hunt means com-
prising a double-acting valve equipped with a
valve shaft coupled to said control means and
moevable 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 swmp 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 contro! 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 othser 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 providing 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 alighment
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 sams coefficient,
of thermal expansion, a speeder spring adapted
o be adjustably tensioned to establish the speed-
control setting of the governor, s 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 mem-
ber mounted on said casing and being formed of
a material having g 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 8. DALE.
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