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3,311,100 
TEMPERATURE COMPENSATED FUEL 

INJECTION PUMP _ 
Raymond J. Maddalozzo, Chicago, Ill., asslgnor to In 

ternational Harvester Company, Chicago, 11]., a cor 
oration of Delaware 

P Filed Nov. 18, 1964, Ser. No. 411,899 
7 Claims. (Cl. 123-140) 

The present application relates to temperature compen 
sated fuel injection, and particularly to a fuel mjection 
pump having means for increasing the fuel delivery setting 
of the pump as fuel temperature increases. _ 

Speed sensitive, fuel supplying apparatus for a.d1esel 
engine as herein contemplated has means which, in the 
usual manner, is operatively connected to the engine 
crankshaft and operatively connected to a fuel injection 
pump for controlling the quantity of fuel pumped to the 
engine cylinders; the means referred to lncludes a mov 
able member, usually a governor arm, and a stop mech 
anism to limit travel of the governor arm in the rated load 
position. ' 
One disadvantage of such apparatus is that m1nor drop 

‘off of pump pressure or a minor reduction in fuel rate, 
or both, cause the power output of the engine to decrease 
at certain times, when governor arm movement has ceased 
in the fuel increasing direction because of the limitation 
imposed by the stop mechanism. 

It has been found that under a rising temperature con 
dition, fuel density decreases and it is desirable that the 
fuel weight per pumping stroke be restored back to a 
rated reference value. Also, the fuel viscosity decreases 
and it is equally desirable that the fuel pressure be ‘re 
stored back to a rated reference value. My invention 
directly senses the temperature of fuel being discharged 
on the pumping stroke and continuously controls adjust 
ment of the stop mechanism as a function of that tempera 
ture, so as to keep the engine power output matched to the 
load as now will be explained. 

Various features, objects, and advantages will either be 
speci?cally pointed out or become apparent when, for a 
better understanding of my invention, reference is made 
to the following description taken in conjunction with the 
accompanying drawings which show a preferred embo 
diment thereof, and in which: 
FIGURE 1 is a longitudinal sectional view of a rotary 

distributor, fuel injection pump embodying the present 1n 
vention; 
FIGURE 2 is a front face, elevational view of the pump 

governor arm, taken along the transverse section lines 
II-—II of FIGURE 1; and 
FIGURE 3 shows the governor arm in side elevational 

view corresponding to FIGURE 1, and is taken along the 
section lines III—III of FIGURE 2. 
More particularly in the drawings, the housing or cas 

ing 10 for the injection pump device shown has three 
bolted together sections consisting of a pump housing 12 
at one end, a primary pump housing 16 at the opposite 
end, and a so-called distributor head housing 14 assem 
bled between the end sections or housings. An engine 
connected pump shaft 18 extends longitudinally through 
the device and is journalled for rotation in spaced apart 
roller and sleeve bearings 20 and 22, respectively,>?xed 
in the main housing 12 and in the distributor head hous 
ing 14. The particular fuel injection device illustrated 
is intended for a six cylinder, four stroke cycle, solid in 
jection diesel engine, in which case the pump shaft 18 is 
driven in time to the engine and at a proportionate speed 
to crankshaft speed, speci?cally, at one-half crankshaft 
speed. 
A control lever assembly shaft 24 is supported in trans 
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verse disposition in the upper portion of the pump hous 
ing 12. The shaft 24 carries an operator’s control lever 
26 (FIGURE 2) and rotates in bearings in the housing 
in response to movement of the control lever. A governor 
arm 28 has a bored, tubular mid-portion which r-otatably 
receives the shaft 24 ‘and which functions as a bearing 
enabling the arm 28 ‘and the supporting shaft 24 to rela 
tively rotate with a rocking motion independently of one 
another. 
The governor arm 28 includes ?rst and second upstand 

ing arm portions 30 and 32 and 21 depending arm portion 
34. The governor ‘arm 28 carries a roller 36 on the 
depending arm portion 34 for engaging and setting the 
position of a governor sleeve 38 which establishes the fuel 
rate. The governor arm 28 is controlled by a compres 
sion spring 40‘ which engages the second upstanding arm 

. portion 32, and by an assembly of governor weights 42 
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which transmit force thereto through a governor sleeve 
cup 43, the governor sleeve 38, the roller 36, and into the 
depending governor arm portion 34. 
_ Stop mechanism, generally indicated at 44, is carried 
in part by the ?rst upstanding governor arm portion 30, 
and in part by a mounting pad 46 inside the pump hous 
lng 12 so as to be in the path of and to limit rocking 
movement of the governor arm 28 in the fuel increasing 
direction. The predetermined maximum fuel movement 
is con?ned to the range of a gap G between the rear face 
of the ?rst upstanding arm portion 30 and the adjacent 
front face of a torque range upper limit torque screw 
or stop screw 48. The stop screw 48 is the ?xed part of 
the mechanism against which a spring pressed plunger 50 
bottoms when the governor arm moves in a fuel increas 
ing direction between the rated load and overload posi 
tions. The ?rst upstanding arm portion 30 is the moving 
part of the stop mechanism, threadably receiving therein 
a right hand bolt member 52 which has limited movement 
in its threads when rotated. The bolt member can be 
readily reversed in its location so that, without change 
or impairment of its function, the bolt member can be 
carried by the ?xed part 48 and operatively engage the 
moving part or portion 30. In any. case, the member 52 
is automatically adjusted as will now be explained. 
The bolt member 52 has a head at the rear end and, 

when the upstanding ?rst arm portion moves from the 
engine idle position indicated by the broken linesv 30d 
into the solid line position shown in FIGURE 3, the head 
engages the plunger 50. The forward end of the mem- ' 
ber 52 is ?at at the side, and has secured thereto by 
means of a headed fastener 54 the inner end of a bimetal 
spiral ?at spring 56‘. The spiral spring 56 is a right 
hand coil as viewed in- FIGURE 2 and the outer end is 
secured by a headed fastener 58 to the base of the ?rst 
upstanding governor arm portion 30‘. ~ 
The pump housing 12 stays full of fuel, the body of 

such fuel 60 being continually replenished with a circu 
lating stream of fuel freshly discharged on the pumping 
stroke of the device. The bimetal element or spring 56 
is therefore constantly submerged in and forced to remain 
precisely at the temperature of fuel discharged on the 
pumping stroke. ~The density decreases when the fuel 
is heated, and the delivered fuel weight per effective pump 
ing stroke becomes proportionally less with the resulting 
increases of fuel volume per unit of fuel weight. The 
internal leakage also increases when the fuel is heated, 
because fuel viscosity reduces and more fuel leaks past 
the pump plungers on a pumping stroke. Hence, the 
pumping becomes less effective for two reasons, and the 
“shrinkage” of fuel weight per stroke must be compensated 
for by lengthening the effective stroke between the timing 
port point-of-cutoff and the metering port point-of-spill. 
When there is a rise in the fuel temperature, heating and 

coiling the bimetal spring 56 by a like amount, the spring , 
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element reduces in its outside diameter to take the posi 
tion shown by the‘ broken lines 56b in FIGURE 2, thus 
relatively rotating the bolt member 52 in the arm por 
tion 30 so that the arm portion moves out of the plane 
of the paper. towards the viewer. In other words, the 

‘ arm portion 30 takes the rearward position indicated by 
the broken lines 30b in FIGURE 1. The gap G is cor 
respondingly decreased, because of the rearward urging 
of the compression spring 40‘ on the governor arm 2-3, 
and the arm moves the governor sleeve 38 forwardly to 
a greater fuel setting so as to sustain the rated load of 
the‘ engine. The converse is true when fuel temperature 
decreases, and when the arm portion and the bimetal 
spring occupy the cooled down (bimetal spring relatively 
uncoils) positions shown by the broken lines 300 and 56c 
respectively appearing in FIGURE 3, the gap G increases 
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and the fuel governor sleeve 38 takes a reduced fuel 7 
setting toward the rear. 

There are several driven components within the hous 
ing 10 of the present fuel injector device, the power input 
being the torque applied to a gear 62 on the shaft 18, 
the gear beingroperated by the engine at a proportionate 
speed already indicated, e..g., one-half of the crankshaft 
speed. i 
A governor component comprises the '?yweights 42, 

the governor sleeve cup 4-3 engaged by the ?yweights, 
and a transversely disposed shaft 64 carried by the pump 
shaft 18 and rotatably supporting the ?yweights 42 so 
that they freely revolve about the shaft 18 and freely 
rotate about the shaft 64‘. 
The control component includes the control lever as 

sembly shaft 24,.a cam, not shown, connected between 
the shaft 24 and a pivotal control arm 66, and a tensioned 
yoke connection (not shown) between the upper end of 
the arm 66 and a spring seat 68 for adjusting the com 
pression in the compression spring 40. Operation of the 
control lever (appearing at 26, FIGURE 2) so as to 
move the spring seat 68 to the right as viewed in FIGURE 
,1, applies more spring pressure to the governor arm 28 

, causing it to advance the fuel setting; movement of the 
spring seat 68 in a direction leftwardly as viewed in 
FIGURE 1 allows the spring 40 to move in that direction 
and reduces the pumped quantity of fuel by reducing the 
fuels setting. 
A maximum torque control component includes the 

stop mechanism 44. By application of a tool to the right 
hand'end' of the stop screw 48‘ as viewed in FIGURE 1, 
the screw can be axially adjusted in its threads to increase 
or decrease the available gap G. The spring biased 
plunger- 50‘ is shown in the rated loaded position in 
FIGURE 3, whereas it appears in the overload position 
bottomed against the stop screw 48 in FIGURE 1. In 
orderto have any effect, the overload on the engine must 
give rise 1 to suf?cient pressure on the governor arm 28 
‘to overcome the‘force of the helical coil, biasing spring 
illustrated within the plunger 50, and the amount by 
which the overload condition can be ultimately extended 
is limited by the position of the stop screw 48. 
Atiming plate assembly component 70 is carried in 

part on the inside of the pump housing 12 and carried 
in part on the governor sleeve 38 to which a cam stud 
72 'is mounted. An automatic device '74 can be provided 
which is connected into the timing plate assembly for 
automatically advancing the timing under certain condi 
tions of engine operation. 
A dual sleeve component includes a timing sleeve '76 

which rotatably receives the pump shaft 18, also the 
governor sleeve 38 which is between the governor com 
ponent and the timing sleeve 76‘, and an alignment pin 
-7 8 connected between the sleeves 38 and '76‘ holding them 
so as to be nonrotatable but relatively axially movable to 
one another. The timing sleeve 76 has a connection, not 
shown, to the pivoted control arm 66, also known as a 
spring 1 arm 66. v 

The pump shaft 18 has a longitudinally drilled passage 
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80 which is intersected at one end by ?rst transverse 
passages terminating in metering ports 82 and by second 
transverse passages terminating in timing ports 84 (FIG 
URE 3). The angular position into which the timing 
sleeve '76 is relatively rotated establishes the point at g 
which the timing ports 84 rotate past a longitudinally ex 
tending spill groove 86 in the sleeve, thus interrupting 
the spillageof pumped fuel from the passage 80 and initi 
ating fuel injection to the cylinders according to their 
sequence in the ?ring order. The angular and axial po 
sition into which the governor sleeve 38 is set by the tim 
ing component and by the governor component, respec 
tively, establishes the point at which the metering ports 
82 rotate into registry with a helical spill groove 88 in the 
sleeve to spill the pumped fuel from the passage 80', 
thus terminating fuelflow each time after a predeter 
mined metered quantity of fuel has been delivered to the 
nozzles at the cylinders. 
A pumping component which is located in the so-called 

distributor head housing 14 comprises a transversely dis 
posed, generally cylindrically shaped pump chamber 90 
formed in the shaft 18 and communicating with the pas 
sage 80, a pair of rotary and reciprocating plungers '92 
slidably received in the opposite outer ends of the cham 
ber 90, a cam ring 94 ?xed in the housing 14 in the plane 
of the plungers 92, a pair of rotary and reciprocating cam 
followers or rollers 96 which ride along a set of six in 
wardly protruding cams on the ring 94, and an inter 
posed tappet 98 connecting each roller 95 to a different 
one of the plungers 92 so that the plungers will peri 
odically compress and then release an interposed spring 
100 on respective pumping and suction strokes. 
A distributor component comprises a retraction valve 

102 connected in the longitudinal passage 80 so as to un 
seat or open in a direction away from the pump compo 
nent, a set of suction ports 104 which intersect the pas 
sage 80 on the pump side of the valve 102 and which pe 
riodically communicate with an annular chamber 106 
which holds the so-called transfer fuel in the housing 14, 
a distributor port 108 which intersects the passage 80' on 
the opposite side of the valve 102 and which, during two 
revolutions of the engine crankshaft, communicates at 
uniformly spaced apart intervals with each of six housing 
passages 109, and a set of fuel lines 112 leading from 
the six housing passages to the respective nozzles in 
the cylinders of the engine, not shown. 
A primary pump component within the housing 16 

includes a spur gear transfer pump mechanism 110 jour 
nalled in the housing 16, and a longitudinally disposed 
pump shaft 112 having a square or hexagonal head 114 
at one end coupled in a socket in the shaft 80, and having 
a fork-shaped opposite end 116 coupled to the mechanism 
110 for operating the primary or transfer pump. 
The structure, operating principles, ports interrelation 

ship, and overall theory regarding the several components 
of the pump device are detailed in Shallenberg US. Patent 
No. 2,947,299. Those details of the components and 
other common subject matter as disclosed in the patent 
are incorporated herein by reference. 

Brie?y, diesel ‘fuel from a tank 118, which fuel is ulti 
mately drawn into the pump chamber 90, ?ows in a path 
including a fuel tank outlet conduit 120, a transfer intake 
port 122 which is in the housing 16 and which communi 
cates with the suction side of the spur gear transfer pump 
mechanism 110, a transfer outlet port 124 which com 
municates with the pressure side of the mechanism 110, 
a transfer conduit 126 leading from the outlet port 124 
and including therein a ?nal ?lter 128, the annular cham 
ber '106, a communicating passage 130 in the housing 14 
which is connected during shaft rotation to the suction 
ports 104 ‘in periodically timed relation, a set of diagonal 
intake passages 132 formed in the shaft 18, and thence 
into the pump chamber 90. 
On the discharge stroke of the pump plungers, the fuel 

follows a sequence of separate ?ow in a three-way split 
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path. During predetermined initial collapsing movement 
of the plungers 92 toward one another, fuel escapes into 
the pump housing 12 through the spill slot 86 until the 
spill is cut off by the sleeve 76 covering the timing port 
84. During further collapsing movement of the plungers 
92, fuel pressure increases so as to open the retraction 
valve 102 and thereby allows fuel to be forced through the 
registering one of the nozzle lines 112. During ?nal, ra 
di-ally inward collapsing movement of the plungers 92, 
the spill slot 88 registers with ‘a metering port 82 so as 
to spill the balance of the pumped fluid into the pump 
housing 12. 

Excess fuel from the constantly replenished body of 
fuel 60 in the housing 12 passes in the main in a path 
through a threaded outlet 134 in the top of the housing, 
through an ori?ce (not shown) restricting a return con 
duit 136, and through the return conduit 136 so as to be 
returned to the fuel tank 118. The balance of excess fuel 
causes a positive internal pressure in the range of 6-15 
p.s.i. in the pump housing 12 and thereafter escapes 
through a spring loaded recirculation valve (not shown) 
connected between the housing 12 and the suction 
side of the spur gear transfer pump mechanism 110; thus 
such balance of the excess fuel is directly recirculated by 
the transfer mechanism 110. 
The coiled strip bimetal element carried by the governor _ 

arm hereof, and particularly the mounting structure for 
that element, are believed novel. The coil construction 
affords multiplied length whereby the element at the 
inner end produces large movement with small tempera 
ture changes at the higher temperatures. The offset be 
tween the fastener 58 at the outside of- the bimetal ele 
ment, and the fastener 54 in the center of the element at 
the flat side of the bolt member 52 affords high torque 
leverage for the element both in turning the member 52 
and in resisting reaction or reverse movement of the mem 
her 512. Finally, the threads connecting the member 62 
and the ?rst arm portion 30v of the governor arm introduce 
a high mechanical advantage enabling the bimetal ele 
ment to drive in the direction of the bolt as output mem 
ber, but affording an irreversible drive connection where 
by axial th-rr-usts introduced into the bolt are ineffective to 
turn the bolt from the position set by the bimetal ele 
ment. In a word, the bimetal element hereof is not in the 
direct force transmitting path of the stop mechanism, and 
‘hence is not a working or physically stressed member 
at the joint. 

In one physically constructed embodiment of the in 
vention, the bimetal element had an imperceptible effect 
on the engine below 80° F. At or above 80° F., the 
bimetal element markedly contracted in diameter with 
temperature increases up to the maximum Working tem 
perature encountered in the fuel. The total angular travel 
of the element at its inner end was 216° and, due to the 
mechanical advantage, the total bolt member travel was 
0.019" in the axial direction as a result of the 216° rota 
tion. There were eight coil turns in the spiral. Irrespec 
tive of the fuel temperatures in excess of 80° F.,‘the rated 
load power output of the engine was maintained and, 
under overloading, the overload power output was main 
tained. No loss of calibration or requirement for re 
calibration was needed, because of the excellent re~ 
peatability of operation due to having the element in 
the present structurally unstressed mounting. 
What is claimed is: 
'1. Fuel control mechanism for providing different fuel 

settings for an engine, said mechanism comprising: 
?rst and second cooperating parts between which an 

operative gap is maintaind for adjustment purposes 
and which control the fuel setting in accordance with 
the amount of gap maintained; 

one of said parts carrying an associated bolt member 
capable of limited threaded adjustment with respect 
thereto and engageable with the means on the other 
part to control the amount of gap; and 
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a spiral, bimetal spring strip to adjust the amount of 
gap and having a ?xed outer end anchored to said 
one part and having a free inner end drivingly con 
nected to the associated bolt member to rotate the 
bolt member and change the gap; 

said spring strip having at least approximately four coil 
turns, and winding and unwinding as the fuel tem 
perature changes, in a manner to adjust the axial posi 
tion of the bolt member for changing the gap to per 
mit movement in a fuel increasing direction when 
the fuel temperature increases, and vice versa. 

2. Fuel control for providing different fuel settings 
for an engine, said fuel control comprising: 

a. chamber for holding fuel; 
mechanism disposed in said chamber ‘at a level at least 

below the normal fuel level and comprising ?rst and 
second cooperating parts between which an operative 
gap is maintained for adjustment purposes and which 
control the fuel setting in accordance ‘with the amount 
‘of gap maintained; 

one of said parts carrying an associated screw mem 
ber capable of limited threaded adjustment with re 
spect thereto and engageable with contact meansron 
the other part to control the amount of gap; and 

a spiral, bimetal ?at spring immersed in the fuel having 
a ?xed end anchored to said one part and having a 
free end connected to the associated screw member 
to rotate the screw member and change the gap, said 
spring winding and unwinding to change the gap 
as the fuel temperature changes, in a manner to 
adjust the position of the screw member in a fuel 
increasing direction when the fuel temperature in 
creases and in a fuel decreasing direction when the 
fuel temperature decreases. 

3. In the fuel system of a diesel engine: 
means operatively connected to the engine crankshaft 
and operatively connected to a fuel injection pump 
for controlling the quantity of fuel which the pump 
delivers to the engine cylinders, said means com 
prising governor and governor sleeve and governor 
arm mechanisms; ? , 

means comprising stop mechanism to ‘limit the quantity 
of fuel and establishing with the ?rst named means 
an operative gap, the two-named means having 
thereon 

respective ?rst and second cooperating parts between 
which the operative gap is maintained for adjust~ 
ment purposes and which control the fuel setting 
in accordance with the ‘gap maintained; ‘ 

the second ‘part being on the stop mechanism and com 
prising a support; 

the ?rst part comprising an arm portion on the gover 
nor arm mechanism and movable therewith, said ?rst 
part carrying an associated screw member capable 
of limited threaded adjustment with respect thereto 
and engageable with contact means on the other part 
to control the gap length; 

means comprising a screw rotating, temperature respon 
sive element connected between said ?rst .part and 
its associated screw member to adjust the position 
of the screw member in a fuel increasing direction 
when the fuel temperature increases and in a fuel 
decreasing direction when the fuel temperature de 
creases; and, in combination with all of the foregoing 

a chamber common thereto and adapted to be?lled 
with fuel so that all structures within the chamber 
are submerged in fuel. ' 

4. The invention of claim 3, 
said governor sleeve mechanism comprising a rotating 
pump shaft having spill port means for discharging 
at least a portion of fuel pumped on each stroke of 
the fuel injection pump; and 

at least one sleeve encircling the shaft having relative 
ly ?xed spill slot means which, during each pumping 
stroke, register at one or more times with the spill 
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port means and direct the discharged fuel so as to 
keep said chamber ?lled in a manner constantly dis 
placing the existing fuel therein with freshly pumped 
fuel. 

I 5. Fuel pump control mechanism providing different 
?uid ‘output settings, said mechanism comprising: 

?rst and second cooperating parts between which an 
operative gap is maintained for adjustment purposes 
and which control the pump setting in the high power 
range in accordance with the gap maintained; 

each of saidparts carrying an associated member capa 
ble of limited movement with respect thereto and 
engageable with the member ‘on the other part to 
control the length of gap; and 

two springs each connected between a different one of 
said parts and its associated ‘member so as to pro 
vide a bias for moving the members; 

the spring on the ‘?rst part comprising a spiral coil, 
?at, v‘bimetal spring, and the associated member com 
prising abolt member which is rotated by the bimetal 
spring to change the, gap ‘length; 

said ?rst part carrying the bolt member threaded there 
' to so as to relatively axially move in its threads in 

' response to rotation, and having the spring ?xed at 
‘one end, ‘of the spiral to the ?rst part and connected 
at the free end to the bolt member for screwing the 
bolt member so as to change the gap length in re 
sponse to temperature changes; 

‘the-associated member on the second part comprising 
a plunger, and the spring comprising a helical coil, re 
turn spring biasing the plunger in a gap-opening direc 
tion relative to the second part. 

6., In a fuel pump control providing different fluid out 
put settings and including a governor arm part, mecha 
nism therein which comprises: 

‘?rst and second cooperating parts between which an 
operative gap is maintained for adjustment pur 
poses and which control the pump setting in the 
high power range'in accordance with the gap length 
maintained, one of the parts comprising a governor 
arm part; 

each of said parts carrying an associated member 
capable of limited movement with respect thereto 
and engageable with the member on the other part 
to control the length of gap; and 

‘a spring on the governor arm part comprising a spiral 
coil, ?at, bimetal spring, the associated member on 
the governor arm part being connected to the bimetal 
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spring and comprising a bolt member Which is ro 
tated by the bimetal spring to change the gap length; 

the governor arm part carrying the bolt member 
threaded thereto so as to relatively axially move in 
its threads in response to rotation, and having the 
spring ?xed at one end of the spiral to the governor 
arm part and ‘connected at the free end to bolt mem 
ber for screwing the bolt member so as to change 
the gap length ‘in response to temperature changes. 

7. In ‘a fuel pump control providing different ?uid 
output settings and including a governor arm part, mecha 
nism therein which comprises: 

?rst and second cooperating parts between which an 
operative gap is maintained for adjustment purposes 
and which control the pump setting in the high power 
range in accordance with the gap length maintained, 
one of the ?rst and second parts comprising a gover 
nor arm part; 

each of said parts carrying an associated member capa 
Me of limited movement with respect thereto and 
engageable with the member on the other part to 
control the length of gap; and 

two springs each connected between a different one of 
said parts and its associated member so as to pro 
vide a bias for moving the members; 

the spring on the governor arm part comprising a 
spiral coil, ?at, bimetal spring, and the associated 
member on the governor arm part comprising a 
bolt ‘member which is rotated by the bimetal spring 
to change the gap length; 

the governor arm part carrying the bolt member 
threaded thereto so as to relatively axially move in 
its threads in response to rotation, and having the 
spring ?xed at one end of the spiral to the ?rst part 
and connected at the free end to the bolt member 
for screwing the bolt member so as to change the 
gap length in response to temperature changes. 
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