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FUEL SUPPLY APE’ARATUS FOR AN INTERNAL
COMBUSTION ENGINE
Nevilte M. Reiners, Columbus, Ind., assignor to Cummms

Engine Company, Inc,, Columbas, Iml a corporahan

of Hﬁd'ana
Filed Nov. 29, 1980, Ser. Neo, 72,448
29 Claims., (CL 123-—140)

This invention relates generally to fuel supply ‘appara-
tus for internal combustion engines-and more particularly

to a fuel supply apparatus for a multi-cylinder engme of

the Diesel type.
The geéneral object of the invention is to provxde a novel
- fuel supply apparatus for delivering accurately metered
quantities of fuel to the respective cylinders of an internal
combustion engine under varying load and speed con-
ditions.

A more specific object is to provide a novel fuel supply
apparatus for delivering accurately metered quantities of
fuel to the cylinders of an internal combustion engine,
in which an-engine driven centrifugal means functions
as a governor to control the flow of fuel to the cylinders
of the engine at idle and maximum speeds and to regulate

* the fuel pressure by a by-passflow of the fuel at engine
- speeds between idle and maximum.

A further object is to provide a fuel supply apparatus
of the foregoing character, having novel means for con-
trolling the torque curve of the engine.

Another object is to provide a'novel fuel supply appara-
tus having a positive displacement pump as the fuel pres-
surizing scurce and which automatically compensates for
changes in the output of the pump due to wear.

Still another object is to provide a fuel supply appara-
tus of the foregoing type in which the full pump pressure
at engine cranking speed is utilized to supply fuel to the

" injectors of the engine, regardless ‘of the position of the
“throttle thereof.

A further object of the invention is to provide a novel
manually-controlled throttle for a fuel supply apparatus
of the foregoing character, which compensates for varia-
tions in the fuel flow for a given throtile setting, dug to
temperature changes of the fuel.

Another object is to provide a fuel supply apparatus
having a plurality of fuel injectors for delivering ‘accu-
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rately metered quantities of fuel to the cylinders of the

engine, and a throttle for controlling the flow of fuel to
said injectors, the throttle when moved to'idle position
providing a leakage flow to the injectors.to maintain a
predetermined minimum fuel flow through the injectors to
purge air and gases therefrom and to lubricate moving
parts thereof,

Cther objects and advantages will become - apparent
from the following, description taken in connection with
the accompanying drawings, in which: .

2
sectional views of a portion of the unit shown in FIG. 4
and showing the positions of the parts thereof under vary-
ing operating conditions;

FIG. 13 is a sectional view taken along the line 13—13
of FIG. 9;

FIG. 14 is a sectional view taken along the line 14—14

of FIG. 12; and

FIG. 15 is a fragmentary sectional view of a modified
throttle construction adapted for use with the unit shown
in FIG. 2.

The fuel supply apparatus disclosed herein is similar
in some respects to the apparatus disclosed in my- prior
Patent No. 2,727,498, issued December 20, 1955, in that
the primary purpose of both structures is to deliver accu-
rately metered ‘quantities- of fuel to the respective cyl-
inders of a Diesel-type internal combustion engine under
varying load and-speed conditions. - Both systems effect
the foregoing by controlling the pressure of the fuel at
the injectors of the engine to provide a desired torque
curve,

The present apparatus includes an engine-driven cen-
trifugal means which is operable as a governor for idle
and maximum speeds of the engine and functions to con- -
trol by-passing of fuel throughout the entire -operating
range of the engine, including idle speed, to thereby con-
trol the pressure of the fuel at the injectors. With the
present apparatus, a precise control of the pressure of the
fuel at the injectors is achieved, and the apparatus is self-
compensating for reduction in the ouiput of the pump
due to wear, The necessity for periodic calibration-and
adjustment of the fuel supply unit is thus eliminated. The
present apparatus may also include a pulsation damper
to eliminate pressure peaks in the output of the pump,
which might otherwise adversely ‘effect the. control and
operation of the by-pass system, and a novel throttle con-
struction which compensates for the effect-of changes in
temperature of the fuel in the system.

Before proceeding with the detailed description of the
parts of the apparatus, a general-description of the appa-
ratus and the various components thereof will be given,
Thus, in FIG, 1, which is a diagrammatic representation
of the apparatus, a fuel tank or reservoir 26 is shown, and
a line 21 connects the tank 20 with a fuel supply unit
which is indicated generally at 40 and represented in FIG.
1 by the enclosed dotted line area. A controlled fuel
flow from the fuel supply unit 49 passes through an elec-
trically controlled shutoff valve 22 and thence by a line

- 23 to'a common supply rail or header 24 connected by a
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55

FIGURE 1 is a.diagrammatic view of a fuel supply -

apparatus embodying the features of the invention;

FIG. 2 is a reduced side elevational view of a fuel supply
unit constituting a portion- of ‘the apparatus shown in
FIG. 1;

FIG. 3 isan end elevahonal view of the right-hand end
of the unit shown in FIG. 2;

FIG. 4 is a vertical sectional view taken generally on

“the line 4—4 of FIG. 3;

FIG. 5 is an exploded perspective view of parts of the
fuel supply unit of FIG. 4;

FIG. 6 is a vertical sectional view taken generally on
the line 6—6 of FIG. 4;

FIG. 7 is a horizontal sectional view taken alonc the
line 7—7 of FIG. 4;

FIGS. 8 to 12, inclusive, are a series of fragmentary
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plurality of branch lines 26 to the supply passages in a
plurality - of fuel injectors 27 mounted in the respective
cylinders ‘of the engine. [Each injector may be of the
character shown in my prior patent and includes a supply
passage, a metering orifice communicating with the supply
passage for directing a flow of fuel to a fuel chamber ad-
jacent the nozzle of the injector, and a return passage.
The line 23, supply rail 24, branch lines 26 and the in-
jectors 27 comprise delivery means for supplying metered
quantities of fuel to the respective cylinders of the engine.
A plurality 'of branch lines 28 are connected to the return
passages in the injectors 27 ‘and to a common return rail
29 which is connected by a line 31 to the tank 29 to return
excess amounts of fuel thereto. ~Such excess flow is ef-
fective to maintain the supply and return passages in the
injectors purged of undesired air 'or gases and to lubricate
plungers in the injectors. A more. detailed explanation
of the construction and operation of the injectors 27 will
be . found in my prior patent.

Fuel is drawn into the unit 40 through the line 21 by a
positive displacement, pump 32 which is hersin shown
as being of the gear type.. The pump 32 is adapted to be
driven-by the engine and thus has a rate of delivery vary-
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ing with the spéed of the engine. A pulsation damper 33
is provided, which communicates with the high-pressurs
side of the pump 32 to eliminate high-pressure peaks in
the output flow therefrom.  Fuel from the high-pressurs
side of the pump 32 flows through a passage 34 to a fuel
strainer 36 which is preferably of the magnetic and flter
.screen-type.. - Upon leaving the strainer 36, the entire fuel
flow is directed through a series of intercomnected pas-
sages 37 .to an engine-driven centrifugal control-mecha-
" nism, indicated generally at 41. The mechanism 41 com-
prises a barrel 42 with a sleeve 43 mounted therein, and
a ‘movable member in the form of a plunger 44 mounted
in the bore of the sleeve 43. An engine-driven centrifugal
device 45 is located at the left end of the plunger 44, as
shown in FIGS. 1 and 19, and tends to move the plunger
44 to the right, while a spring pack 46 is located at the
right end of the plunger 44 and tends to move.the latter
in the opposite direction. The barrel 42, sleeve 43 and
plunger 44 are provided with cooperating passages pro-
viding two paths thrgugh the mechanism 41, and, depend-
ing upon' the operating condition of the engine, such as
starting, idle, normal running, or maxinium speed, fuel
entering the mechanism 41 through the passages 37 may
take one or the other of the two paths.

Thus, the mechanism 41 includes a main or primary
fuel path which is operable during the normal speed range
of the engine including speeds-above idle and up to maxi-
mum to direct a flow of fuel to-an interconnected passage,

“indicated generally at 47 in FIG. 1, extending to a main
fuel passage 48 in a manually operable throttie 43. The
passage 48 is connected with the shutoff valve 22 by a
passage 51. ‘The passages 37, the main path through the
mechanism 41 and the passage 47, thus form a main flow
branch for the fuel flow through the unit 49. .

The main flow path through the mechanism 41 com-
prises a passage 57 formed by a flattened portion on one
side of the barrel 42; to which the passages 37 are con-
nected. - Extending: inwardly from the flattened portion

. 57 are passages 58 and 59 in the barrel 42 and sleeve 43,
respectively, opening into. the bore in-the sleeve in which
the plunger 44 is mounted. ' A second. pair of passages
61 and 62 in the sleeve 43 and barrel 42, respectively, ex-
tend from the bore in the sleeve and communicate with
the passages 47. The plunger 44 includes a portion &3
of reduced diametér adapted to be.moved into re 1stry
with the passages 59 and 61 in the sleeve 43 at engine

speeda above idle and up to maximum to complete the

main flow path through the mechanism 4%,

To control the quannty of fuel supplied to the engine
cyl'nders the pressure of the fuel fiowing to the injectors
27 is controlled by the mechanism 41. ‘To this end; the
mechanism 41 includes means: for -discharging or. by-
passing from the main branch a portion of the fuel flow
therein throughout the operating range of the engine. The
structure for accomplishing this comprises a duct 64

8,159,152
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-.formed in and extending longitudinally of the plunger 44, -

The duct 64 communicates at its inner end with the re-
- . duced diameter porticn €3 by a pair-of iransverse holes
65 and extends to and opens at 66 at the right-hand end
" of the plunger. Cooperating with. the open end 6§ of the
plunger 44 is a closure 71 in the form of a cup having ifs
end wall 72 adapted to abut the open end 66.
The- closure 71 constitutes part-of the spring pack 46
and is utilized to vary the by-pass flow through the duct

64 under control of the centrifugal device 45, the spring -

pack 46 and the pressure of the fuel in the duct 64. The
spring pack 46 tends to urge the closure 71 into abutment
with the open end 86 of the pluniger 44, while the centrifu-
gal-device 45 tends to move both the plunger. 44 and
closure 71 toward the right againstthe action of the spring

8 pack 46. The pressure of the fuel in the duct 64, when -

_of sufficiently high value, tends to separate the open end
66 of the plunger 44 and the closure 71 to permit dis-

" charge of fuel therefrom, such discharged:fuel bemf7 con- -

ducted back to the mtake side of the pump 32.
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The closure 71'is urged toward the open end 66 of the
plunger by a pair of springs 73 and 74 which function
to urge the closure -against the open end 66 when the
engine is operating at idle speed. When the engine at-
tains. a speed-above idle; the force exerted by the cen-
trifugal device 45 on ‘the ‘plunger 44 and the pressure of
the fuel in the duct 64 cause the closure 71 to seat against
a shoulder 76 formed in a guide member-77. " The guide
member 77 is urged to the left, to urge the closure 71
toward the openend 66 of the plungel, by a larger spring
78 which functions when the engine is operating at speeds

-above idle, the spring 78 holding the guide member 77

-seated against the barrel 42 at -idle speed. The idle

‘springs 73 and 74 are seated against the guide member 77

while the larger spring 78 is seated in a tubular member
79 secured in the unit 48. }

The centrifugal ‘dévice 45 includes pivotally mounted
centrifugal weights 81 which, when rotated, swing out-
wardly and force the pﬂmger 44 to the ngnt against the
pressure exerted by the spring pack 46 and the pressure
of the fuel in the duct 64. The centrifugal device 45 is
driven from gearing 82 connected to a shaft 83 for driving
the gear pump 32, the shaft 83 being drivén from the
crankshaft of the engine.

From the foregoing structure it will be ev1dcn that fuel
flows to the injectors 27 from the pump 332 through the

- centrifugal control mechanism 41, and that the pressure

of the fuel supplied to the injectors at engine speeds above
idle is controlled by the cen»*rifugal mechanism. 41 which
regulates the by-passing or discharge of fuel through the
duct 64.  Thus, because the output of the pump 32 is at
all times greater than the requirements.of the injectors 27,
the force exerted by the centrifugal device 45 tvndmg to
move the plunger 44 to the right and the ouposmg force
of the spring pack 46 result in a pressure in the duct 64,
which ‘causes the plunger 44 and closure 71 to separate
and discharge fuel therefrom. - The pressure in the duct
64 is, of course, substantially the pressure of the fuel flow-
The by-passing or discharge of the
tuel through the duct 64 and the pressure of the fue] sup-
plied to the.injectors is therefore determined by the cen-
trifugal control mechanism. 41.

According to present invention, the centrifugal device
45 includes means for modifying the torque curve of the
engine. Such means function by adding resistance to the
action of the centrifugal device 45 and is effective through-
out the intermediate to maximum speed range. . In the
present instance, as shown in FIGS. 1 and 11, su"h means
comprises an auxiliary spring assembly 85 mounted on the
plunger 44 adjacent the centrifugal device 45. The aux-

-iliary spring assembly 83 includes an auxiliary spring $6

having one end seated agalnst a retainer 87 mounted on
the outer or left end of the plunger 44, and its other end
seated against a slidable member 88 also mounted on the
plunger 44 inwardly of the retainer 87. The member 88
preferably pre-loads the spring 86 and thus has a radially
outwardly extending flange 89 at its inner end, which
forms a seat for the right end of the spnnb 86, and a
rad1ally inwardly extending flange 81 at its outer end
which is adapted ‘to- engage a shoulder 92 on the plunger
44.  Inward movement.of the member 88 on the plunger
44 and expansion of the spring $6 is thus limited by the
shoulder 92. The auxiliary spring assembly 85 becomes

effiective when -the engine’ attains. a ‘speed.- sufficient- to -
bring’ the flange 89 into engagement. with the sleeve 43.
At speeds above such speed, the spring 85 will be com-
pressed, thus adding resistance to'the action of the con-
trifugal device 45, '

The auxiliary spring amembly 85 is effective to modify
the torque curve of the engine by causing a proportionate
reduction in the amount of fiel by-passed through the
bore &4 at a particular engine speed so that a propoi-
tionately greater fuel pressure is obtained at the injectors.
A greater amount of fuel“is thus injected and.a higher -
torque developed. Generally speaking, the'length of the
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auxiliary spring 86 determines the torque peak point-in
relation to engine speed and the rating thereof determines
the amount of forque.

The centrifugal mechanism 41 is arranged to limit the
engine speed to a predetermined maximum. Thus, as
illustrated in FIG. 12, it will be noted that, on increase in
engine speed, the force exerted by the. governor weights
81 becomes sufficient to- shift the plunger 44 toward the
right to move the shoulder 20 at the left end of the reduced
diameter portion €3 across the passage 61 and to move the
portion 63 completely-out of registry with the passage 61.
Thus, all fuel flow through the main path or branch is
shut off, but the passage 53 is wider than the passage 61
and thus remains open so that the entire output of the
pump 32 is by-passed back to its inlet. The centrifugal
device 45 thus functions as a governor at maximum speed
as the shoulder 96 becomes effective to vary the effective
size of or close the passage 61.

If the engine is driven beyond its maximum governed
speed, as in the case of a vehicle going down a steep hill,
the auxiliary spring assembly 85 becomes effective to pre-
vent damage to the mechanism 41 and the spring pack 48
in " particular, by-preventing further movement of the
plunger 44 to the right. Such action occurs as a result of
an abutting engagemient between the flange 91 of the
member 88 and the retainer $7. Such engagement occurs
before the springs 78 and &8 become fully compressed.

The centrifugal mechanism 41 also controls the engine
when operating at idle speed.. Thus, during idling, the
mechanism 41 is adapted to exert both a by-pass and gov-
ernor control of the fuel flow to injectors 27 to maintain
the engine at a substantially constant idle speed. The
position of the parts of the mechanism 41 at idle speed is
shown in FIG. 9. The mechanism 41 includes a separate
jdle fuel path or branch connected at its upstream end
to the passages 37, and at its downstream end to a pas-
sage 93 for directing the major portion of the idle flow
to an idle passage 94 in the throttle 49 and thence to the
injectors 27. The idle fuel path through the mechanism
41 comprises the flattened portion 57 and a pair of. pas-
sages 96 and 97 in the barrel 42 and sleeve 43, respectively,
which extend inwardly from the flattened portion 57 at the
left of the passages 58 and 5% as viewed in FIG..1 aqd
which open into the bore of the sleeve 43. = A second pair

of passages 9% and 99 in the sleeve 96 and barrel 87, re-.

spectively, extend from the bore in ‘the sleeve 43 and
communicate with the passage 93.

The plunger 44 includes an annular groove 1@1 ad-
jacent and to the left-of the reduced diameter portion €3.
At idle speed, the centrifugal device 45 shiits the plunger
44 so that the groove 16%°is in registry with the passages
97 and 98 to complete the idle flow path through the
mechanism 41. At such position of the plunger 44, the
right end of the reduced diameter portion 63 will .have
moved partially into registry with the passages 59 and 61.
Thus, at idle speed, both the idle and main branches of
the fuel paths through the barrel 42 and sleeve 43 and
into the plunger 44 are open. The main flow path
through the mechanism 41, however, is-only effective ¢o
permit a by-pass flow through the duct 64-and . thence
back to the inlet side of the pump 32, since the passage
47 is substantially closed by the throttle 49 at idle speed.
The by-pass flow thus controls the pressure of the fuel in
the -idle flow path and. provides the primary coatrol of
the flow through the idle branch at idle speed.

If the engine speed should tend to exceed the idle speed,
the ‘mechanism 41 becomes effective to exert a governor
control of the idie flow through the passage $8. Thus, the
plunger 44 and groove 101 are shifted toward the right
beyond their full registry position by the centrifugal de-
vice 45. The groove 161 will accordingly begin to close
the passage 98 to provide a governor acticn. Such gover-
nor action restricts fuel flow to the injectors 27 and there=~
by reduces the engine speed to idle speed.

It should be noted that in FIG. 1 and FIGS. 8 to 12,
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inclusive, all .of the passages in the mechanism 41 have
been shown in a vertical plane for purposes of clarity.
Actually, the flattened portion 57, main inlet passages
58 and 59, main outlet passages 61 and 62, and idle inlet
passages 96 and 97 lie in a horizontal plane. Only the
idle ocutlet passages 98 and 99 lie in a vertical plane and
extend upwardly toward the top of housing 106 as illus-
trated in FIGS. 4 and 6.

As previously mentioned, the closure 71 is urged to-
ward the open end 66 of the plunger by the springs 73
and 74, the size and rating of the springs 73 and 74 being
such as to permit the closure 71 to move away from the
end face 66 to permit a by-pass flow of fuel through the
main path or branch when the engine is operating at idle -
speed. An adjusting screw 192 is provided in the outer
end of the guide member 77 for varying the force of the.
spring 74 to permit adjustment of the idle speed of the.
engine. The forces exerted on the spring pack 46 at idle
speed are, of course, insufficient to cause the closure 71
to seat on the shoulder 76 in the guide member 77.

Thus, at idle speed, the pressure of the fuel supplied
to the injectors 27 is controlled by a by-pass flow through
the main branch or path, and the idle speed is maintained
by a governor action of the centrifugal mechanism 41.

For starting and cranking, it is desirable to supply the
entire outpus of the pump 32 to the injectors 27. Thus,
as illustrated in FIG. 8, the engine speed at starting and
cranking is such that the force of the weights 81 and the
opposing force of the idle springs 73 and 74 result in
movement of the plunger 44 to the right fo bring. the
groove 101 into registry with the passages 97 and 98 but
not so far as to bring the reduced diameter portion: 63
into regisiry with the passages 59 and 61. Consequently,
there is .no. by-pass fiow, and full pump pressure is ap-
plied to the metering orifices of the injectors 27 to facili-
tate starting. Thus, at cranking and starting, fuel flows
only through the idle path or branch of the mechanism 41
and thence to the passage 93 and idle passage 94 in the
throttle 49.. As soon as the engine starts, the centrifugal
device 45 causes the plunger 44 and the other parts:to
assume their respective normal idle positions as illustrated
in FIG, 9. If the throttle 49 is positioned at a speed
setting above idle at starting, the engine, on starting, will
continue to accelerate until it reaches-the set speed.’

From the foregoing description, the general layout of
the present fuel supply apparatus and fuel supply. unit 46
¢an be seen. The preferred embodiment of the invention
is shown in FIGS. 2 to 7, and the fuel supply unit 40 is
illustrated as including a housing, indicated generally at
106, comprising a main section 187 and cover section 108,
in which the centrifugal mechanism 41 and. the throttle
49 are incorporated. The pump 32 includes a pump
housing 189 which is mounted on a flat mounting surface
119 on the main section 187, as shown in FIG. 4. :

The pump 32 is of the positive displacement gear type
having a drive gear 111 which meshes with a driven gear
112, the drive gear 111 being mounted on-the shaft 83
whicp extends from the main section 167 into the pump
housing 189. The inner or left end, indicated at 114; of
the shaft 83 is splined for engagement with a coupling
116." The coupling 116 is adapted to be driven by a shaft
117 extending through the cover section 198, the outer
or remodte left end of the shaft 17 being provided with a
fitting 118 connected to be driven from the crankshaft of
the engine. The coupling. 161 in this instance has an
external gear 119 therearound which-may be used as a
drive for a tachometer.

Fupl is supplied to the intake side of the pump 32 by
a fitting 121 (FIG. 3) ‘which is connected to the line 21
and thus to the tank 20. Fuel under pressure from the
discharge or outlet side of the pump 32 is directed through
a short -axial passage 122 (FIG. 3) in the housing 109
to a bore which extends diagonally upwardly and inwardly
in the main section 107 to form the passage 34. The
pulsation damper 33 is connected to the discharge side. of
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the pump by a fitting 123 threaded into the
housing £8%. The upper end of the passage 34 is con-
nected to the lower end of a recess 124 at the top of the
main section 167 in which the fuel filter 36 is mounied.
Fuel from the passage 34 enters the filter 36 centrally
thereof. A removable cap 126 retains the filter 36 in
its recess. 124 and facilitates removal and replacement
of the filter 36. ‘ :

Upon leaving the filter 36, fuel flows from the periphery
thereof diagonally downwardly through a bore 127 (FIG.
3) in the main section 197, which intersects a vertical
bore 128 (FIG. 3) also formed in the section 167 at the
right or back side thereof as.viewed in FIGS. 3 and 6.
The vertical bore 128 extends from the top of the section
107 downwardly to a point 129 in general transverse
alignment with the mechanism 41. A plug 131 is mounted
in the vertical bore 128 at a point above the intersection
of the bore 127 therewith to thus divide the vertical bore
128 into an upper section 132 and a lower section 133.
Fuel from the bore 127 thus flows downwardly through
the lower section 133 to the lower end of the bore 228
and thence transversely inwardly, or toward the left as
viewed in FIGS. 3, 6 and 7, through a bore 134 toward
an enlarged opening 136 in the main section 17 in which
the barrel 42 of the mechanism 41 is mounted. The outer
end of the transverse bore 134 is closed by a plug 137.
Fuel in the transverse bore 134 flows into the passage 57
formed by the flattened portion of the barrel 43, at the
rear or right side thereof, and then enters the mechanism
41 as heretofore described.

Axial movement of the plunger 44 is effected by the
cenfrifugal” device 48. The centrifugal device 45 in-
cludes ‘the weights 8%, in this instance two, which are
" pivotally mounted on a carrier 141. The carrier 141
" includes a shaft portion 142 that is rotatably journalled in
a flanged bearing 143 mounted in the cover section 198.
A thrust washer 144 is interposed between the weight
carrier 144 and a gear 146 mounted on the shaft 142
between the flange of the bearing 143 and weight carrier
141. The gear 146 meshes with another gear 147 carried
by the shaft 117 for rotating the carrier 141, the gears
146 and 147 comprising the gearing indicated at 82 in
FIG. 1.

. The weights 81 include a pair of laterally offset arms
148 ‘(FIG..7) only oné of which is shown in FIG. 4,
the arms 148 being adapted to be disposed on gither side
of a flattened section 151 (FIGS. 4, 5 and 7) at the re-
mote end of the plunger 44. Rotation of the weight
carrier 141 thus causes rotation of the plunger 44 due
to the position of the arms 148 on each side of the sec-
tion 151. - The end faces of the arms 148 engage a washer
152 mournted -on. the flattened section 151, the washer
152 being retained on the section-151 at its inner end so

that pivotal movement of the arms 14§ is transmitted

to the plunger 44. - ' ’ : '

The auxiliary spring assembly 85 includes the washer

152 which is provided with a central rectangularly-:

shaped opening 153 (FIG..5) therethrough; permitting
assembly of the washer 152 on the section 151, In order
to prevent the washer 152 from moving. inwardly or
toward the right past the rectangular section 151, the
* plunger 44 is provided with a reduced diameter. cylindri-
cal portion 154 defining flat radial shoulders 156 on the

inner end face of the section 151, and segmental shoulders.

157 formed by that poriion of the reduced diameter
“portion- §54, which projects: radially outwardly of the
side faces .of the section 151. " )

The retainer 87 in this instance is inthe form of a cup
having an annular axially extending flange 161 and is

gear pump -
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of the retainer 87 over the section 151, When the retainer
87 is moved over the section 151 and onto ‘the reduced
portion 154, it is rotated through 90° to move the cutouts
163 out of alignment with the section 151. The retainer
87 thus abuts the shoulders 156 on the section 151. To

maintain such relationship, the retainer 87 is provided

with a pair of diametrically spaced axially extending tabs
166, the latter extending toward the washer 152 and being
adapted to seat in a pair of diametrically spaced notches
167 in the outer periphery thereof (FIG. 5). The re-
tainer 87 is thus held against rotation. The retainer
87 has its outer end face, indicated at 164, held against
the shoulders 156 by the auxiliary spring 86, and the
washer 152 is held against the retainer 87 and shoulders
157 by the action of the centrifugal weights 81.

The .auxiliary spring 86 at one end is seated within
the flange 161 of the retainer 87 and at its other end bears
against the flange 89 at the right end of the member 88,
as shown in FIG. 1. ‘When the engine is operating at
speeds below that at which the auxiliary spring assembly
85 starts to function, the flange 91 at the left end of the
member 88 bears against the shoulder 92 on the plunger
44, the shoulder 92 being formed by the reduced portion
154 of the plunger. The dimensions of the parts are such
that the spring 86 is preloaded when the engine is operat-
ing at speeds below that at which the -assembly 85 starts
to function. : .

As heretofore mentioned, the mechanism 41-is adapted

"to discharge or by-pass a portion of the fuel flow from

the pump through the duct 64 in the plunger 44 to control
the pressure of the fuel supplied to the injectors 27, the

‘pressure of the fuel in the duct 64 acting against the

closure 71 and tending to open it, while the spring pack
46 tends to move the closure 71 to its closed position
The spring pack 46 is mounted within the tubular mem-
ber 79 which is mounted in a bore 168 (see FIG. 4)in the
main section 187 of the housing 106, the bore 168 extend-
ing from the opening 136 in which the barrel 42 is
mounted.  The major portion of the tubular member 79
extends outwardly or toward the right of the surface 118
of the housing 106. To hold the tubular member 72 in

* place, it is provided with an annular radially outwardly

extending flange 169 at its inner or left end, thatis adapted
to seat on a shoulder at the inner end of the opening 136.

" "The projecting end of the tubular member 79 is enclosed
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mounted on the reduced portion 154 with the flange 161 ~

extending inwardly toward the member 88. As shown
in. FIG. 5, the retainer 87 is provided with a central gen-

_erally circular opening 162 therethrough, the opening 162
" havinga- pair.of diametrically spaced rectangular cut-

‘outs 163 extending therefrom and corresponding to the
width and thickness of the section 151 fo permiit movement

by a housing 182 having a threaded plug 183 mounted
in.its outer-end, providing access tc the screw 102.

The guide member 77 is slidably mounted within the
tubular member 79 and comprises an annular body por-
tion 172 and a stepped-down portion 173. The body por-
tion 172 is provided on its exterior with an annular greove
174 and a plurality of axially extending symmetrically
arranged longitudinal grooves 176 (FIGS. 13 and 14),
in this instance three, the grooves 176 extending for the
full length of the body portion 172 and intersecting the
annular groove 174. The spring 78 has its inner or left
end seated on a shoulder 177 formed at the right end of

.the body portion 172 and its: outer or right end seated

on an annular dished retainer 178 mounted in the outer or
right end of the tubular member 79. The retainer 178
is removably held in the end of the member 79 by a snap
ring 172 seated in an’internal groove 181 in the end of
the member 79. : ' S

The cup-shaped closure 71 is slidably mounted in
the body portion 172 of the guide member 77 and is pro-
vided with a plurality of axially extending symmetrically
arranged grooves 185 (FIGS. 13 and ‘14), in. this instance
three, which serve to eliminate any piston effect during
movement of the closure 71 -in the body portion 172.
The ‘grooves 185 at their right end open inwardly to
the interior of the body portion where the idle springs 73
and 74 are located. The end wall 72 of the closure 71
preferably is recessed .as at 186 to provide a chamber
for receiving fuel under pressure from -the duct-64, so
that the area against which the pressure of the fuel acts



3,159,152

9

is increased to increase the force tending to separate the

closure 71 from the open end. 6% of the plunger 44.

In order to provide for the flow of by-passed or dis-
charged fuel from the duct 64, the right or inner end
of the sleeve 43 is beveled as at 187 to define an annular
passage therearound within the barrel 42, A radial
groove or passage. 188 is provided in the inner end of the
barrel 42, extending from the annular passage 187. The
groove 188 registers at its outer end with a diagonal
bore 189 in the main section 167 of the housing, the
bore 189 communicating with the inlet side of the pump
32. The passages 187, 188 and 189 thus. comprise the
flow path for the by-pass fuel flow from the duct 64.
The passages 188 and 182 have been illustrated as extend-
ing downwardly in FIGS. 1 and 8 to 12, inclusive, but are
actually disposed as shown in FIG. 4. By-passed fuel
may also flow through the grooves 176 in the body por-
tion 172 and then through the retainer 178 to the interior
of the housing 182. Such fuel is returned to the intake
side of the pump 32 by means of passage 184 (FIG. 4)
which connects the intérior of the housing 182 with the
interior of the main housing 166. A second passage (not
shown) connects the interior of the housing 106 with
the intake side of the pump 32.

The screw 162 for adjusting the inner . idle sprmg 74
is threaded in the stepped-down portion 173 of the guide
member 77. The head of the screw 102 is accessible for
adjustment when the plug 183 is removed. The end of the
stepped-down portion 173 is provided with a spring clip
1890 adapted to grip the head of the screw 162 to prevent
the screw from turning.

Once the spring pack 46 has been adjusted for a par-
ticular engine and set of operating conditions, variations
or reduction of the output of the pump 32 due to wear or
other causes are automatically compensated for by varia-
tion in the quantity of fuel by-passed.

Fuel flowing from the control mechanism 41 through
the main outlet passage 62 flows into the passage 47 which
is a bore 191 (FIGS. 6 and 7) in the left side of the
main section 107, as viewed in FIG. 6, the flow through
the - bore 191 being controlled by the throttle 49. The
lower end of the bore 191 is closed by a plug 192. A
transverse bore 193 intersects the upper end of the bore
191 beyond the throttle 49, the outer end of the bore 193
being closed by a-plug 194. ‘A short diagonal passage
196 in the main section 107 of the housing connects the
end of the bore 193 with the upper section 132 of the
vertical bore 128. The upper part of the bore 191, the
bore 193, the passage 196, and upper section 132 of the
vertical bore 128 thus comprise the passage indicated at
51 in FIG. 1. Fuel leaving the idle outlet passage %9
passes directly upwardly through the passage 93 in the
main- section 1€7 of the housing 166 to the throttle 49,
and thence through the throttle idle passage 94. The
main and idie passages 48 and 94 intersect within the
throttle 49 so that idle fuel then flows through the upper
end of the bore 191.

The throttle 49 comprises a generally cylindrical body
209 (see FIG. 6) in which the main passage 48 and the
idle passage 94 are formed. A circumferential groove
201 is provided around the body 200, the groove 201
registering with the inlet end of the idle passage 24. The
throttle body 260 is rotatably- mounted in a sleeve 203
which. is fitted into a transverse bore 284 in the main hous-
ing section 187, the bore 204 intersecting the vertical bore
191 as seen in FIGS. 4 and 6.

The sleeve 283 is provided with a pair of longitudinally
spaced openings 286 and 287 in its lower side, the open-
ing 206 registering with the -circumferential grcove 261
and. the passage 93.and.-the opening 267 registering with
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the lower portion of the passage 191.. A third opening

" 208 is. provided in the upper side of the sleeve 203 dia-
metrically- opposite the opening 287 'and registering with
a recess 202 in the top-of the throttle body. 200 at the
upper end of the passage 48. Rotation of the throttle

75
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body 269 moves the passage 48 into and out of registry
with the opening 287 in the sleeve 283. The openings
297 and 298 and passage 48 form a part of the main fuel
path, and the opening 206, together with the passage 94,
recess 262, and opening 208 form a part of the idle fuel
path. The recess 202 is sufficiently wide so that registry
with the opening 288 is maintained throughout the full
range of rotative movement of body 260, including idle
position where the lower end of the passage 48 is sub-
stantially closed by movement thereof out of registry with
the opening 2€7. In order to effect rotation of the throttle
body 260, an arm 209 is secured to its outer end.

If the throttle were fully closed when moved to idle
position and the engine was operating at a speed above
idle, no fuel would flow to the injectors. Under this con-
dition, air or combustion gases would accumulate in the
injector passages, resulting in improper fuel metering and
more importantly, damage to the injector plungers might
also occur due to the absence of an adequate supply of
Inbricating fuel. For this reason, a small leakage through
the throtle when set at idle position is permitted by limit-
ing the rotative movement of the throtle boedy 208 to a
point where the passage 48 is open slightly to the open-
ing 267 in the sleeve 283. The amount of leakage flow is
determined by an idle screw 210 (see FIGS. 2 and 6)
threaded in the housing 186 ‘and adapted to engage an
arm 211 on the throttle. Such leakage flow also serves
to maintain a predetermined minimum fuel pressure at
the metering orifices of the injectors to facilitate accelera-
tion of the engine.

From the upper section 132 of the bore 128, fuel flows
to the shutoff valve 22 and thence to the line 23 and injec-
tors 27. The shutoff valve 22 is preferably of the type
that is normally closed and requires energization from a
suitable electric source, such as the battery of the vehicle,
to effect opening thereof. Thus, current may be supplied
to the valve 22 by a wire 212 (FIG. 1).

In FIG. 15, an alternate throttle construction is shown,
such construction comprising a throttle body 228 differ-
ing from the throttle body 260 in that it includes means
cooperable with the main fuel passage for varying the size
of the main passage in thé throttle body with changes
in temperature. Thus, the body 228 includes a trans- -
verse bore forming a main fuel passage 221 therethrough
and a diagonal bore intersecting the upper end of the
passage 221 and forming an idle fuel passage 222.. A cir-
cumferential groove 223 is provided around the body 229,
the groove 223 registering with the inlet end of the pas-
sage 222 and the opening 286 in the sleeve 283. The
upper end of the passage 221 is flattened or recessed as at
202 in the same manner as the throttle body 200 to as-
sure registry with the opening 208 throughout the full
range of rotational movement of the throtile body 228.

In order to provide for temperature compensation, the
throttle bedy 220 includes a central axial bore 224 which
infersects both the main and idle fuel passages 221 and
222. A plunger 226 is mounted in the bore 224, the latter
being provided with a pair of spaced lands 227 and 2238
deﬁmng a reduced diameter portion 229 therebetween.
Another land 231 is provided at the inner end of the
plunger 226 defining a second reduced diameter portion
232 between the lands 228 and 231. The reduced diam-
eter portion 229 and the land 227 are dimensioned so that
they restrict the flow through the passage 221. The plung-
er 226 affords no restriction to flow through the idle pas-
sage 222. The right hand end of the plunger 226; as
shown in FIG. 15, is rigidly secured in the throttle body
229. Thus, the right end of the plunger 226 is formed
with an enlarged head 233 mounted in a counterbore 234
at the end of the bore 224. The counterbore 234 is suffi-
ciently deep to accommodate the insertion of one or more
spacers or shims 23¢ between the head 234 and the bot-
tom of the counterbore 234 for axially positioning the
plunger 226 in the bore 224. The outer end of the coun-
terbore 234 is enlarged and threaded as at 237 to receive
a set screw 238 for-holding the head 233 in position in its
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bore 234. A lock washer 239 may be inserted between
the head 223 and set screw 238 to hold the set screw
against turning.

The plunger 226 is preferably made of nylon or a simi-
lar material having a coefficient of expansion greater than
that “of the material of the throttle body 228 which is
usually steel. - Thus, assuming the engine is cold, as the
temperature of the fuel increases after the engine is started
and continues running, the plunger 226 will expand at a
greater rate than the throttle body 228, thereby causing
the land 227 to move toward the left in the bore 224 as
viewed in FIG. 15.

The main fuel passage 243 is thus restricted to a lesser
extent and more fuel may pass through the throtitle 220
to the injectors. ~Conversely, if the temperature of the
fuel falls, the plunger will shorten relative to the thretile
body 228 thereby causing the land 227 to move toward
the right to further restrict the main fuel pagsage 22%.
The plunger 226 is, of course, initially adjusted by adding
_ or removing shims 236 between the underside of the head

233 and the end of the counterbore 234.

When the fuel is cold, as on starting the engine, the
viscosity of the fuel is greater. As the fuel heats up, the
viscosity decreases and, for a given opening between the
closure 7% and the end 66 of the plunger 44, more fuel

. would be by-passed and less would flow to the injectors.
" By decreasing the restriction at the throitle with a change
in temperature of the fuel, compensation for the change
in viscosity is provided.

From the foregoing description it will be apparent that

I have p1ov1ded a novel and improved fuel supply appa-
ratus which is capable of effecting an accurate control of
the quantity of fuel supplied to the cylinders of a diesel
" engine throughout the entire speed range thereof. The
engine-driven centrifugal mechanism 41 functions fo con-
trol ‘by-passing of fuel throughout the operating speed
range of the engine, including idle speed, and thus accu-
rately -controls the pressure of fuel supplied to the injec-
tors. The mechanism 41 also functions as a governor at
idle and maximum speeds. . Moreover; the mechanism 41
automatically compensates for variations in the output of
the pump without the necessity of manual readjustment of
The pronsxon of a pulsation damper to elim-
inate pressure peaks in the pump output further assures
accuracy of control and operation of the mechanism.
The mechanism 41 also incorporates a novel torque
curve control means in the form of an auxiliary spring
assembly: &5.

I claim:

1. A fuel supply apparatus for a multi-cylinder internal
combustion engine, comprising a source of fuel under
pressure, delivery means for supplying fuel to the respec-
tive cylinders of the engine, conduit means connecting said
source and said delivery means for supplying fuel to the
latter, means for discharging fuel from said conduit means
upstream of said delivery means ircluding a body and a
plunger mounted therein and having an axjal duct open at

one end and communicating with said-conduit means at

its-other end, and a device responsive to engine speed for
controliing said fiel discharging means, said device inciud-
ing a movable closure coacting with the open-end of said
“plunger -to. control the flow through said duct and the
pressure of the fuel in said conduit at said dehvery means
throughout the operating range of the engine.

2. A fuel supply apparatus for a multi-cylinder mternal
combustion -engine, comprising a source of fuel under
pressure, delivery means for supplying fuel to the respec-

© tive cylinders of said-engine, conduit means comnecting
said source and said delivery means for supplying fuel to
the latter, means for discharging fuel from said conduit
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i2
able closure for varying the flow through said duct, and:
spring means acting on said closure tending to urge said
closure toward closing position to control the pressure of
the fuel at said delivery means throughout the operating
range of the engine.

3. A fuel supply apparatus for a multi-cylinder internal
combusticn engine, comprising a source of fuel under
pressure, delivery means for supplying fuel to the respec-
tive- cylinders of said. engine, conduit means connecting
said source and said delivery means for supplying fuel
to the latter, means for discharging fuel from said conduit
means, a hand throttle mounted in said conduit means be-
tween said fuel discharging means and said delivery means,
and a device responsive to engine speed for controlling
said fuel discharging means to control the pressure of the
fuel at said delivery means throughout the operating range
of the engine.

4. A fuel supply apparatus for a multi-cylinder internal
combustion engine, comprising a source of fuel under
pressure, a plurality of injectors, one for each cylinder, for
supplying fuel to the respective cylinders of the engine,
each injector having a metering orifice for metéring fuel
in accordance with the pressure applied to the orifice, con-
duit means connecting said source and said injectors for

supplying fuel to the latter, means for discharging fuel

from said conduit means upstream of said injector, and a
device responsive to engine speed for controlling said fuel
discharging means to control the pressure of the fuel at
said metering orifices to determine the quantity of fuel
supplied to each cylinder by said injectors throughout the
operating range of the engine.

. 5.- A fuel supply apparatus for a multi-cylinder internal
combustion engine, comprising a source of fuel under pres-
sure, delivery means for supplying fuel to the respective
cylinders of said engine, conduit means connecting said
source and said delivery means for supplying fuel to the
latter, means for discharging fuel from said conduit means
upstream ‘of said delivery means, and a device responsive
to engine speed for controlling said fuel discharging means
to control the pressure of the fuel at said delivery means
throughout the operating-range of the engine, said device
including means rendered operable at a predetermined
engine speed to modify the control of said fuel discharg-
ing means by said device to thereby modify the pressure
of the fuel at said delivery means.

6. A fuel supply apparatus accordmg to claim 2, in
which said member comprises a plunger having an axial
duct communicating with said .conduit means and open at
one end of said plunger, and said closure overlies said
open end and is movable relative to said open end for
varying the flow through said duct:

7. A fuel supply apparatus according to clalm 6, in
which said centrifugal means acts on said plunger in one
direction, -said spring means acts on- said clostre in the
opposite.direction, and the pressure of the fuel in said duct
tends to separate said closure and said plunger.

8. A fuel supply apparatus according to claim 7, in
which said spring means includes a pair of springs bearing
against said closure for controlling the separation between
said closure and said plunger when the engine is operating
at idle speed, and means for adjusting the pressure exened
by one of said springs on: said closure.

9. A fuel supply apparatus for a multi-cylindér internal
combustion engine, comprising a source of fuel under pres-

“sure, delivery means for supplying fuel to the respective

cylinders of the -engine, conduit means connecting said
source. and said delivery means for.supplying fuel to the

- latter; and engine speed responsive mechanism communi-

70

. ineans upstream of said delivery means comprising a body .

and a movable member mounted: therein and defining a
duct, and ‘a device responsive to emngine speed for con-
“trolling said fuel-discharging means comprising engine-
- driven centrifugal means acting on said member, a mov-

cating with said conduit means and having an opening for
variably- discharging fuel from.said conduit means up-
stream of said delivery means to control the -pressure of

- the fuel at said delivery means.

75

10. A fuel supply apparatus accordmg to claim 9, in
which said mechanism includes a body and a movable
member mounfed therein-and havmg a duct prov1dmo said
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opening, and a movable closure coacting with said open-
ing to control the effective size thereof.

11. In a fuel supply apparatus for -a multi-cylinder in-
ternal combustion engine comprising a source of fuel
under pressure, delivery means for supplying fuel to'the
respective cylinders of the engine, and conduit means
connecting said source and said delivery means for sup-
plying fuel to the latter, and mechanism for controlling

the pressure of the fuel at said delivery means, said -

mechanism comprising a housing-having a passage form-
. ing - part of said  conduoit means, a plunger -slidably
mounted in said housing and having a duct communicat-
ing at one end with said passage and open at its other end
for discharging a portion of the fuel received from said
source through said passage, the remainder of said fuel
flowing to said delivery means, a closure for said open end,
engine-driven centrifugal means for urging the plunger
toward said closure, and spring means acting on said clos-

ure and tending to urge said closure toward said plunger. .

12. A {fuel supply apparatus according to claim 4, in
which a hand throttle is mounted in said conduit means
between said fuel discharging means and’ said delivery
means, and in which a stop is provided to control the
minimum open position of said hand throttle to. provide
a small flow of fuel to said injectors when the throttle is
moved to said minimumn open position, whereby flow of
fuel is  maintained through said injectors to purge air
therefrom and to lubricate the injectors.

13. Mechanism according to claim 11, in which auxili-
ary. spring means is mounted on said plunger and is
adapted to engage said housing at a predetermined engine
speed to oppose the action of said centrifugal means.

14. In a fuel supply apparatus for a multi-cylinder in-
-ternal combustion engine, comprising a source. of fuel
under pressure, delivery means for supplying fuel to the
respective cylinders of the -engine, and conduit means
connecting said source and said delivery means for supply-
ing fuel to the latter, engine speed responsive mechanism
having an opening communicating with said - conduit
means for variably discharging a portion of -the fuel re-
ceived from- said source through said conduit means to
control the pressure of the fuel at said delivery means,
said mechanism being operable to shut off the.supply of
fuel to said: delivery means wheén :the engine reaches a
predetermined maximum speed.

15. Mechanism according to claim 14, said mechan-
ism including a body and a movable member mounted
therein and having a passage providing said opening, with
a portion of said member operable to shut off the supply
of fuel to said delivery means.

16. Mechanism according to claim 15, in which said
member comprises a plunger having an axial duct with
said opening being at one end of said duct, said plunger
having a reduced portion defining an annular space com-
municating with said duct and defining a shoulder at one
end of said annular space, said shoulder being adapted to
shut off the supply of fuel to said delivery means when
said engine reaches a predetermined maximum speed.

17. In a fuel supply apparatus for a multi-cylinder in-
ternal combustion engine, comprising a source of fuel
under pressure, and delivery means for supplying fuel to
the respective cylinders of the engine, fuel control means
comprising a housing having a first passage adapted to be
connected with said source and a second passage adapted
to be connected to said delivery means, said housing hav-
ing a plunger-receiving bore connecting said passages, and
mechanism for controlling the pressure of the fuel at'said
delivery means including a plunger slidably mounted. in
said plunger-receiving bore and having a duct open at one
end for discharging fuel from said source to control the
pressure of the fuel at said delivery means, said duct hav-
ing its other end normally communicating with said. first
and second passages, means for controlling the discharge
of fuel through said duct, and means responsive to the
speed of said engine for moving said plunger in said
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plunger-receiving bore to- effect a closing of said second
passage when said engine reaches a predetermined maxi-
mum speed.
18.. Fuel control.means according to claim 17, in which

said- plunger is provided with a first reduced portion :de-

fining a shoulder -and an annular space normally com-
municating with both of said passages and said duct, said
shoulder being operable to close said second passage upon
a predetermined movement of said plunger, the openings
of said first and second passages into said bore being offset
so that a discharge flow of fuel is maintained through
said duct when said second passage is closed by said
shoulder.

19, Fuel control means according to claim 18, in which
limiting means is provided for limiting movement of the
plunger on. closing of said second passage to prevent said
shoulder from closing said first passage.

20. Fuel control means according to claim 19, in which
said limiting -means comprises a sleeve mounted on said
plunger and adapted to abut said housing.

21. In a fuel supply apparatus for a multi-cylinder in-
ternal combustion engine, comprising a source of fuel
under pressure, delivery means for supplying fuel to the
respective cylinders of the engine, and conduit means con-
necting said source and said delivery means for supplying
fuel to the latter, speed responsive mechanism having an
opening for variably discharging fuel from said conduit
means to control the pressure. of the fuel at said delivery
means, said mechanism being operable to control the flow
of fuel to said delivery means when the engine is operat-
ing at idle speed.

22. Mechanism according to claim 21, including a body
and a movable member mounted therein and having one
portion having a duct provided with said opening, said
movable member having another portion for controlling
the flow of fuel to said delivery means when the engine is
operating at idle speed.

23. In. a fuel supply apparatus for a multi-cylinder in-
ternal : combustion engine, comprising a source of fuel
under pressure, and delivery means for supplying fuel to

‘the respective cylinders of the engine, fuel control means

comprising ‘a housing having a pair of branch passages
both adapted to be connected to said source and said de-
livery means, and. speed responsive mechanism including
a plunger having a first reduced portion defining a first
annular space communicating with one of said branches,
said plunger having a duct extending from said first an-
nular space for variably discharging fuel from said one
branch to control the pressure of the fuel at said delivery
means, said:plunger also having a second reduced por-
tion defining a second annular space communicating with
the other of said branches and defining a shoulder for con-
trolling the flow of fuel through said other branch to said
delivery means when the engine is operating at idle speed.

24, Speed responsive mechanism according to claim
21, operable to prevent discharging of fuel through said
opening during cranking and starting of the engine.

25. In a fuel supply apparatus for a multi-cylinder in-
ternal combustion engine, comprising a source of fuel
under pressure, and delivery means for supplying fuel to
the respective cylinders of the engine, fuel control means
comprising a housing having a pair of branch passages
both adapted to be connected to said source and to said

- delivery means, and speed responsive mechanism includ-

ing a movable member having a first portion provided
with a duct for variably discharging fuel from one of said
branches to control the pressure of the fuel at said de-
livery means, said movable member having a second por-
tion for controlling the flow of fuel through the other
branch to said delivery means when the engine is oper-
ating at idle speed, said movable member being operable
to-shut off the flow of fuel through said one branch during
cranking and starting of the engine, whereby the fuel
flowing from said source to said delivery means flows only
through said other branch.,
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26. A fuel supply apparatus according to claim 9, in
which said source of fuel under pressure comprises a posi-
tive displacement pump, and means is provided for mini-
mizing pulsations in the output of said pump to thereby
‘stabilize the “discharge -of fuel by said mechanism and
“thereby the pressure of said fuel at said delivery means.
27. In-a fuel supply apparatus accerding to claim 9, a

" manually operable throttle mounted in said conduit means
“between said speed responsive mechanism and said de-
livery means and having a passage therethrough forming
part of said conduit means, said passage including means
for varying the effective size thereof, said throttle having
a bore intersecting said passage, and the means for vary-
ing the size of said passage comprising a plunger adjust~

-ably- mounted-in said bore and having a portion project- 3

ing into said throttle passage for varying the éffective size
thereof.

28. A throttle -according to claim 27, in which said
throttle plunger is-of a materidl having a different co-
efficient of expansion from that of said throttle ‘and said

16

throttle plunger thereby varies the effective size of said

‘throttle passage in a manner proportional to changes in

temperature, . )
29. A fuel supply apparatus according to claim 9, in
which: said source .of fuel under' pressure comprises an

‘engine-driven pump, and said speed responsive mechanism

is: effective to maintain said predetermined range of pres-

-sure at said: delivery means regardless of decrease in the

quantity -of fuel supplied by said pump due -to wear in

10 the pump.
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