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United States Patent Office 3,204,622 
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3,204,622 
FUEL ENSECTION PUMP TAMENG EDEWSCE 
Vernon D. Roosa, 9%. Hartford Machine Screw Co., 

Box 440, West Hartford, Conia. 
Filed July 2, 1963, Ser. No. 294,513 

5 Cains. (C. 23-39) 

The present invention relates in general to pumps of 
the type utilized in fuel injection systems for delivering 
measured charges of fuel to the nozzles of an internal 
combustion engine. More particularly, the present in 
vention relates to pumps of the type disclosed in my United 
States Patent No. 2,660,992 entitled, Automatic Timing 
Means for Fuel Pumps, issued Dec. 1, 1953, in which the 
fuel charges are delivered by pistons radially slideable in 
a driven rotor and inwardly actuated by an annular cam 
encircling the pistons. 
As disclosed in my aforementioned patent, the annular 

cam may be angularly shifted to adjust the timing of the 
fuel delivery to the engine. This has been accomplished 

which engages a reciprocable plunger axially adjusted in 
accordance with engine speed to provide the desired tim 
ing of fuel delivery to the engine. In order to provide 
the necessary mechanical strength to withstand the sharp 
intermittent loads encountered in such an arrangement, 
it has been necessary to substantially increase the thick 
ness of the annula cam beyond that otherwise required. 
Not only has this increased the size and weight of the 
pump, but in some instances, the stress concentration 
caused by the threads has resulted in the breakage of the 
threaded arm and the high unit pressures and minute mo 
tions between the spherical head of the threaded arm 
and the mating bore of the reciprocable plunger under 
the high vibration conditions encountered has resulted in 
fretting corrosion and excessive wear. Therefore, it is 
a principal aim of the present invenution to provide an 
improved fuel injection pump having a cam operator 
which gives reliable and maintenance free operation over 
a long service life without excessive wear, corrosion or 
breakage of the operating parts. 

It is another aim of the present invention to provide 
a new and innproved timing device of the type described 
which remains responsive over a long service life for main 
taining optimum timing of the fuel delivery. 

It is a further aim of the present invention to provide 
a new and improved timing device of economical con 
struction and having readily assembled and disassembled 
parts. 

Other objects will be in part obvious and in part pointed 
out more in detail hereinafter. 
The invention accordingly consists in the features of 

construction, combination of elements and arrangement of 
parts which will be exemplified in the construction here 
after set forth, and the scope of the application of which 
will be indicated in the appended claims. 

In the drawings: 
FIG. 1 is a longitudinal cross section view, partly 

broken away, of a pump embodying the present inven 
tion; - 

FIG. 2 is an enlarged transverse cross section view 
taken substantially along line 2-2 of FIG. 1; 

FIG. 3 is an end view of a plunger of FIG. 2; and 
FIG. 4 is an enlarged partial cross section view taken 

substantially along line 4-4 of FIG. 1. 
Referring now to the drawings in detail, a pump 8 ex 

emplifying the present invention is of a type conventional 
ly used in fuel injection systems for supplying fuel charges 
to an associated internal combustion engine. The pump 
comprises a generally cylindrical casing or housing 3 
having an axial opening or bore 12 rotatably supporting 
a pump rotor or distributor 14. Within an enlarged open 
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2 
ing 6, in the left end of the housing as viewed of FiG. 1, 
there is mounted a vane-type fuel supply or transfer pump 
18 driven by the rotor 14 and having an inlet passage 2 
in fluid connection with a pump inlet 22. The transfer 
pump delivers fuel to an outlet passage 24 which is in 
communication with a reciprocable metering valve 26 
through an annular cavity 28 about the rotor 14, a diag 
onal passage 3 and a transverse passage 3. A spring 
biased valve 32 interposed between the annular cavity 
28 and the inlet passage 20 regulates the output pressure 
of the transfer pump and returns excess fuel to the pump 
inlet. Conventionally, the valve 32 is designed to pro 
vide a transfer pump output pressure which increases with 
rotor speed with the result that the transfer pressure pro 
vides a measure of the speed of the associated engine. 
A high pressure charge pump, generally denoted by 

the numeral 34, includes a carrier 36 suitably connected 
for rotation with the rotor 4. A pair of pistons or 
plungers 38 are reciprocably mounted in diametrically 
opposed radial bores 40 in the carrier and complementary 
enlarged radial openings 42 in the rotor 4. An annular 
internal cam ring 46, preferably constructed of hardened 
steel, encircles the rotor 14 in the plane of revolution of 
the plungers 38 and is mounted for angular adjustment 
within an annular bore 39 in the pump housing. The 
cam has a plurality of pairs of diametrically opposed in 
wardly extending camming lobes 48 which are adapted 
to actuate the plungers 38 inwardly simultaneously for 
discharging fuel from the pump. A pair of rollers 50 
and roller shoes 52 are slideably mounted in the carrier 
36 intermediate the plungers 38 and the annular cam 
whereby the rollers 50 act as cam followers for trans 
lating the cam contour into reciprocable movement of the 
plungers 38. A C-shaped spring 56 retained within a 
recess in the carrier 36 by a screw fastener 58 provides 
an outer resilient stop for the shoes 52. 
The rotor 4 is driven by a pump drive shaft 60 through 

a spline connection 62 between the shaft and the carrier 
36 and, in the conventional installation, the shaft 60 is 
driven by the associated internal combustion engine. 
Upon rotation of the drive shaft 60 the transfer pump 18 
and the charge pump 34 are rotated to supply measured 
charges of fuel under pressure to a plurality of pump out 
lets 64 having suitable connection with the fuel injection 
nozzles of an associated engine. During the outward or 
intake stroke of the plungers 38, fuel is delivered to the 
charge pump from the metering valve 26 via a passage 66, 
an annulus 70 encircling the rotor 14 and a radially and 
axially extending passage 72 in the rotor having a ball 
check valve 74. During the inward or discharge stroke 
of the plungers 38 fuel is delivered under high pressure 
via an axial passage 76 and a radially extending distribu 
tor passage 78 adapted for sequential registration with a 
plurality of angularly Spaced diagonal distributor passages 
80 in fluid connection with the pump outlets 64. 

For automatically shifting the metering valve 26 and 
for thereby controlling the amount or measure of the 
fuel charge, there is shown provided a hydraulic gover 
nor, generally denoted by the numeral 82. A piston 84 
integrally formed with the metering valve 26 is acted upon 
by a pair of opposed compression springs 86, 88 to urge 
the metering valve inwardly against the force thereon 
created by the regulated transfer pump outlet pressure 
on the inside face of the metering valve. Fuel leaking 
past the metering valve to the chamber of the compres 
sion spring 86 is returned to the transfer pump inlet via 
a passage 90. Accordingly, inasmuch as the transfer 
pump output pressure is a function of engine speed, the 
metering valve 26 will shift axially to govern the engine 
at a speed which may be selected by varying the bias of 
the compression spring 88 with a control rod 94. 

In accordance with the present invention, the cam ring 
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46 is provided with a pair of diametrically opposed radial 
bores 100, 101, which are preferably reamed and honed 
to provide a good bearing surface. A generally cylindri 
cal control or timing plunger 502 is mounted for re 
ciprocable movement within a bore 104 in the pump hous 
ing 10. As best seen in FIG. 2, the axis of the bore 104 
extends transversely of the pump rotor axis and within the 
plane of the cam ring 46 and intersects the housing bore 
39 with the result that a portion of the cam ring 46 ex 
tends Within the bore 104. A recessed cap E06 threaded 
to the pump housing, at the left end of the bore 104 as 
seen in FIG. 2, provides a plunger stop, and a compres 
Sion Spring 108 received within a generally cylindrical 
receSS 110 in the plunger and an opposed recess in a 
Second cap 112 threaded to the housing urges the plunger 
102 toward the cap 06. 

Referring to FIG. 4, a diagonal passage 105 with a 
Spring biased one-way ball check valve E07 is provided in 
the pump housing to provide communication between the 
end of the bore 104 adjacent the stop E96 and the trans 
Verse passage 3, with the result that the regulated transfer 
pump output pressure will urge the plunger 102 to the 
right, as Seen in FIG. 2, against the bias of compression 
Spring 108. Inasmuch as the transfer pump output pres 
Sure is a function of engine speed, it will be apparent that 
the balanced position assumed by the plunger C2 is a func 
tion of engine speed. A solenoid operated spring biased 
shutoff valve 103 shown in the “off” position is provided 
in the passage 31 for terminating the supply of fuel to the 
metering valve 26 and is suitably controlled in any well 
known manner. A second diagonal passage 109 sub 
stantially identical to the passage 105 is provided in the 
housing for use when the plunger 02 is inverted in the 
bore 104 for reverse operation, as when the pump is 
driven in the opposite rotational direction. The passage 
109 is however blocked in the present arrangement by a 
plug 111 to prevent fluid flow to the end of the plunger 
adjacent the cap 112. Since the engagement between the 
rollers 50 and the leading surfaces of the camming lobes 
48 produce sharp intermittent forces tending to cause 
cam ring 46 to move angularly, the fluid pressure in the 
bore 104 to the left of plunger 102 will be subjected to 
sharp intermittent increases at which time it will exceed 
transfer pump output pressure. During such intervals, 
check valve 107 closes to trap the fuel in the bore 104 
to the left of the plunger 102. Some of such fuel may 
slowly leak past the plunger 102 and into the bore 39 so 
that the position of plunger 102 is determined by the 
balancing of the transfer pump outlet pressure with the 
bias of Spring 108 as the engine speed decreases. 

For operatively connecting the plunger A82 and the 
can ring 46, there is provided a hardened steel connector 
or arm 114 having a cylindrical body 16 mounted in a 
complementary radial bore 118 in the plunger 102. The 
connector 114 has an integral partially spherical head 
120 closely received within the bore 100 of the cam ring 
46 which serves as a socket therefor. The plunger E02. 
is recessed at 22 to receive the portion of the cam ring 
extending within the bore 104 and the connector 4 is 
preferably dimensioned to reciprocate with the plunger 202 
within the peripheral confines of the bore 104. The end 
of the connector body 116 opposite the head A20 is ma 
Chined to provide a convex face A24 for minimizing any 
frictional retardation of the plunger 102 due to the en 
gagement of the connector with the pump housing. The 
diameter of the cylindrical body 16 of the connector is 
of greater diameter than the bore 190 to prevent excessive 
-axial displacement of the connector 14 within the plunger 
bore 118 but to allow sufficient displacement whereby the 
partially spherical head 120 may slide radially in the 
bore 100 during the operation of the pump. 

Significant to the cam operator of the present invention 
is the provision of a connector 1:4 which is mounted for 
both axial and angular movement relative to the plunger 
102 and the cam ring 46. In the conventional can operat 
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4. 
ing device of the type shown in my aforementioned patent, 
Wherein the arm is threaded to the cam ring, it has been 
found that the high frequency vibration of minute ampli 
tude imposed by the timing mechanism of the can ring as a 
result of the repeated engagement of the cam lobes with 
the rollers cause excessive wear and/or fatigue breakdown 
of the contacting surfaces of the arm and plunger. Such 
Wear has been termed “fretting corrosion.” With the 
arm rigidly fixed to the cam ring, it can be readily ap 
preciated that the vibrational forces on the arm are con 
tinuously concentrated on the same relatively small area 
of contact between the arm and plunger. This accelerates 
the wear and breakdown of the contacting surfaces and as 
a result reduces the responsiveness of the cam operator 
to the transfer fuel pressure. With, however, the freely 
mounted arm or connector S4 of the present invention, 
the vibrational forces are not continuously concentrated on 
a selected Small contact area as the arm will slowly revolve 
due to the vibrational environment in which it operates. 
Consequently, the rate of wear and/or fretting corrosion is 
substantially reduced with the result that the operational 
life span of the can operator is considerably, if not in 
definitely, extended. Additionally, by the provision of a 
partially spherical head 20 and a cylindrical body 16, 
the areas of contract of the arm i4 with the can ring 
and plunger are sufficiently large to provide for the trans 
mission of the intermittently applied forces on the cam 
ring derived from the reaction of the inward and outward 
movement of the rollers 5 on the camming lobes 48. 
Of further significance are that the plunger 282 and the 
arm ::4 may be readily assembled and disassembled by 
merely removing either one of the caps {3, 4:12, that the 
additional bore 65 on the can ring 46 can be readily 
used merely by rotating the can ring 180 degrees, and that 
with the present construction the can ring can be designed 
with less radia thickness and thereby enable the pump to 
be more compactly constructed. 
As will be apparent to persons skilled in the art, various 

modifications and adaptations of the structure above de 
Scribed will become readily apparent without departure 
from the spirit and scope of the invention, the scope of 
which is defined in the appended claims. 

I claim: 
1. In a timing device for a fuel injection pump of the 

type described including a camming ring member having 
an outer cylindrical bearing Surface journalled in a com 
plementary shaped bearing Surface formed in a cavity in 
said pump and angularly shiftable for controlling the 
delivery of fuel to an associated engine, a regulating mem 
ber mounted for rectilinear movement, and means opera 
tively connecting the regulating and camming ring mem 
bers, the improvement wherein the connecting means com 
prises an arm having a cylindrical body portion received 
within a complementary bore in said regulating member, 
an opening to said cavity exposing at least a portion of said 
outer bearing surface of said camning ring member at one 
end of said bore in said regulating member, a head por 
tion on said arm having diametrically opposed spherical 
shaped bearing surfaces received within a bore in Said 
camming ring member having surfaces of complementary 
contour to said opposed spherical shaped bearing Surfaces, 
and means on said arm engageable with the outer cylin 
drical bearing surface of said camming ring for restricting 
the axial movement of said arm in one direction with 
respect to the bore in said regulating member. 

2. In a timing device for a fuel injection pump of the 
type described having a pump housing with a first cavity 
mounting a camming ring having an outer cylindrical bear 
ing surface journalled in a compementary shaped bearing 
Surface formed in Said first cavity in Said pump and an 
gularly shiftable therein for controlling the delivery of 
fuel to an associated engine, a second cavity in the pump 
housing mounting a plunger linearly shiftable therein, 
and means operatively connecting the plunger and the 
camming ring, the improvement wherein the connecting 
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means comprises an arm having a cylindrical body por 
tion received within a complementary bore in the plunger 
and a head portion on said arm having diametrically op 
posed spherical shaped bearing Surfaces received within a 
bore in the camming ring having surfaces of complemen 
tary contour to said opposed spherical shaped bearing Sur 
faces, said first and second cavities in the housing have in 
tersecting portions so as to position at least a portion of 
the outer cylindrical bearing surface of said camming ring 
in said second cavity to receive the head portion on Said 
arm when the arm is dimensioned to be received entirely 
within the confines of said second cavity in said housing. 

3. The improvement of claim 2 wherein the cylindrical 
body portion of said arm has a greater diameter than the 
head portion thereof and being engageable with the outer 
cylindrical bearing surface of said camming ring for re 
stricting the axial movement of said arm in one direction 
with respect to the bore in said plunger. 

4. in a timing device for a fuel injection pump of the 
type described including a camming ring member having 
an outer cylindrical bearing surface journalled in a con 
plementary shaped bearing surface formed in a cavity in 
said pump and angularly shiftable therein for controlling 
the delivery of fuel to an associated engine, a regulating 
member mounted for rectilinear movement, and means 
operatively connecting the regulating and camming ring 
members, the improvement wherein the connecting means 
comprises an arm having a body portion mounted for axial 
movement within a complementary bore in one of 
said members, a head portion on said arm having dia 
metrically opposed spherical shaped bearing Surfaces re 
ceived within a bore in the other of said members having 
surfaces of complementary contour to said opposed spher 
ical shaped bearing surfaces, an opening to Said cavity 
exposing at least a portion of said outer bearing Surface 35 
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of said camming ring member at one end of the bore in 
said regulating member, and means on said arm engage 
able with the outer cylindrical bearing surface of said 
camming ring for restricting the axial movement of said 
arm in one direction with respect to the bore in said reg 
ulating member. 

5. In a timing device for a fuel injection pump of the 
type described including a camming ring member having 
an outer cylindrical bearing surface journalled in a com 
plementary shaped bearing surface formed in a cavity in 
said pump and angularly shiftable therein for controlling 
the delivery of fuel to an associated engine, a regulating 
member mounted for rectilinear movement, and means op 
eratively connecting the regulating ad camming ring mem 
bers, the improvement wherein the connecting means com 
prises an arm having a body portion mounted for axial 
movement within a complementary bore in said regulating 
member, an opening to said cavity exposing at least a 
portion of said outer bearing surface of said camming ring 
member at one end of said bore in said regulating member, 
a head portion on said arm having diametrically opposed 
spherical shaped bearing surfaces received within a bore 
in said camming ring member having surfaces of com 
plementary contour to said opposed spherical shaped bear 
ing surfaces, and means on said arm for restricting the 
axial movement of said arm in one direction with respect 
to the bore in said regulating member. 
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