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Patented Jan. 22, 1947 2,414,518 

UNITED STATES PATENT office 
FUELINJECTION PUMP 

Louis J. Garday, Glenview, E., assignor to Air 
craft & Diesel Equipment Corporation, Chicago, 
l, a corporation of Delaware 

Application December 12, 1942, Serial No. 468,772 

This invention relates to fuel pumps and COn 
trols therefor, and particularly to pump and con 

18 Claims. (C. 103-41) 
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of the engine cannot be throttled down or other trol apparatus for the injection of fuel into in 
ternal combustion engines, such as Diesel engines and the like. 
The invention is especially adapted for use in 

connection with multiple-cylinder engines of 
various types, and it will be apparent that modifl 
cations may be made by persons, skilled in the . 
art to adapt the invention for use in connection with any suitable type of engine without depart 
ing from the spirit of the invention. . 
Any required number of engine cylinders and 

associated pumps may be used. However, the 
specific structure shown in the drawings was des 
signed for use on a fourteen-cylinder Diesel en 
gine or the like. --- 

It is an object of the invention to provide an 
interchangeable precalibrated pumping unit that 
permits quick removal and replacement of dam 
aged units, that permits individual setting of the 
units...to suitable calibration marks, and in which 
a single operating control regulates the discharge 
quantity of all of the pump units with the con 
sequent uniform fuel injection to each cylinder. 
In the embodiment shown, a radially positioned 

casing and pump unit therein is provided for each 
engine cylinder, and these pumps are so con 
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structed that they may be preassembled as 'com 
plete units and each unit inserted and secured 
in its respective casing in position to be individu 
ally set to predetermined calibration marks by 
suitable means provided for this purpose and to 
automatically be successively operated by suitable 
cams. Each pump piston is axially movable by 
a cam lobe for fluid displacement and is retracted 
by means of a compression spring. All Of the 
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pump pistons are simultaneously rotarily settable 
to predetermine the discharge flow from each pump, 
. It is another object of the invention to provide 
a single controlling device for the simultaneous 
control of the pump pistons wherein the control 
mechanism includes yieldable means associated 
with each pump and constructed to permit rotary 
movement in One or both directions of some of 
the pistons even though one or more of the pis 
tons abnormally resists rotation. This is an 
important feature for the reason that an indi 
vidual piston may sometimes become damaged, 
or may stick in such a manner that it cannot 
be moved to the desired position. With the ordi 
nary apparatus for rotating the fuel pump pis 
tons of this type, in the event a piston sticks for 
any reason, none of the fuel pumps can properly 
be rotated, and therefore the remaining cylinders 
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wise controlled which may result in age to the engine. . . 
It is also an object of the invention to provide 

an improved pump construction whereby the en 
tire mechanism of the pump itself, including the 
Compression Spring used for the return stroke, 
may be preassembled as a unit and wherein a 
number of such single pump units may be in 
stalled in a suitable housing, so that the pump 
units may be inserted, removed or changed 

Serious dam 

around as desired. Also, the pump unit includes 
Sealing means for sealing the unit relative to the 
pump casing or housing and the fuel intake pas 
Sageway, which latter is in direct communication with all of the pump units. 
Another object is to provide a convenient and 

accurate calibration means for the pump pistons 
So that all of the pumps may initially be installed 
in a manner to provide the same predetermined displacement. 
The invention also contemplates various refine 

ments in detail and improvements in construction 
and relationship of the various elements to facil 
itate assembly and provide greater efficiency in 
Operation. - 

Further objects will be apparent from the dis closure herein. 
In the drawings: . 
Fig. 1 is a front elevation partially in section . 

of a plurality of pump and control elements in 
assembled relation and illustrated as mounted on an engine frame; 

Fig. 2 is a sectional view through a plurality 
of pumps and is taken on a line substantially . corresponding to line 2-2 of Fig.1; 

Fig. 3 is a transverse sectional view taken on 
a line substantially corresponding to line 3-3 of 
Fig. 1, and includes a portion of the driving mech 
anism and the cams for operating the pumps; 

Fig. 4 is a detail sectional view taken on a line 
corresponding to line 4-4 of Fig.1; . . . . . 

Fig. 5 is a side elevation of one of the pump 
units completely assembled and ready for mount 
ing in a pump housing, and the compression 
Spring for returning the pump piston and a por 
tion of the housing are shown in section for pur-, poses of illustration; 

Fig. 6 is a bottom view of the pump embodi ment shown in Fig. 5; 
Fig. 7 is an axial sectional view through the 

pump unit assembly and is taken on a line cor 
responding to line 7-7 of Fig. 5; 

Fig. 8 is a detail sectional view through the 
piston stem and through the piston-aligning 
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bushing or guide Secured thereto and is taken 
on a line corresponding to line 8-8 of Fig. 7; 

Fig. 9 is a bottom plan view of the pump unit 
shown in Fig. 5 with the spring and piston re 
moved more clearly to illustrate the construc 
tional details; Fig. 10 is a top plan view of the spring-sup 
porting washer shown in Figs. 5 and 6; 

Fig. 11 is a sectional view similar to Fig. 3, 
but illustrates a slightly modified form of pump 
control mechanism; Fig. 12 is a transverse sectional view taken on 
a line substantially corresponding to line 2-2 
of Fig. 11; and Fig. 13 is a fragmentary perspective view of 
certain of the cooperating elements shown in 
Fig. 1. - Referring to the drawings in detail, the em 
bodiment illustrated in Figs. 1 to 4, inclusive, 
comprises an annular pump frame mounted on 
or forming a part of the frame of a suitable 
internal combustion engine. 
frame f is, in the present embodiment, concen 
tric with the axis of a fuel pump cam which 
has several lobes Suitable for operating the pumps 
in a manner which will be described later. . The annular pump frame comprises a plu 
rality of radially disposed pump casings 2. Each 
pump casing 2 is provided with a radial bore 
therethrough to receive a pump unit 3, which 
latter comprises a body 4 (Fig. 7). . The body 
4 supports all of the various elements of the 
pump unit and is provided at its upper end with 
a flange 5 whereby the unit may be Secured 
in position in any one of the casings 2 by means 
of bolts 6 inserted through the holes in the 
flange (Fig. 6) and secured in the casing. A 
suitable gasket 8 may be provided for Sealing 
the upper end of the pump unit against the end 
of the Casing. Each pump body 4 is provided with an an 
nular groove 9 and, when the pump units are 
inserted in their respective casings, all of the 
grooves 9. communicate with connecting fuel Sup 
ply passageways fo extending between the cas 
ings, so that all of the pumps may continuously 
be supplied with liquid fuel from a supply in the 
usual manner. As previously stated, the present embodiment 
is designed for use in connection with a fourteen- ; 
cylinder engine and therefore fourteen pump 
casings and pump units are provided. The pump 
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The annular pump 
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casings and units therein are arranged radially . 
in two adjacent annular series with seven pumps 
in each series. The units in each row or Series 
are equally spaced radially and are staggered 
with respect to the units in the adjacent row, 
so that all of the units are equally spaced one 
from the other and axially positioned on radial 
lines around a camshaft. 
The body 4 of each unit 3 is provided with a 

sealing ring or other suitable packing below 
the groove 9, so that the fuel passageway is 
effectively sealed when the unit is inserted in 
the casing. The body 4 is provided with an 
axial bore 2 in which is mounted a pump cylin 
der f3, which latter is provided with a shoulder 
4 for engaging a complementary shoulder on 
the body 4. The pump cylinder 3 extends ma 
terially bclow the bottom of the body 4 and is 
closed at its upper end by means of a bushing 
5 (Fig. 7) having an axial valve 6 slidably 
mounted therein. The bushing 5 is retained 
and Sealed in position by means of a packing 
nipple it threaded into the body 4 and the con 
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4. 
nection is effectively sealed by means of a suit 
able packing 8. The valve 6 is normally held 
in closed position by means of a compression 
spring 9, and a valve stop 20 is provided to 
limit the movement of the valve 6. The nipple 

is provided with an outlet passage 2 and 
the nipple is externally threaded as shown - and 
connected to a suitable conduit, not shown, lead 
ing to the associated engine cylinder. 
The pump cylinder 3 is provided adjacent its 

upper end with an inlet port 22 which com 
municates with the annular fuel supply groove 9 
through an inlet passage 23. The cylinder is 
also provided with an overflow passage 24 com 
municating with the annular groove 9 through 
a passage 25. These ports are preferably op 
positely isposed, as shown, with the overflow 
passage slightly below the transverse plane of 
the inlet port. w A piston 26 is mounted for longitudinal move 
ment in the cylinder f3 and is provided ad 
jacent its upper end with an annular groove 27, 
which groove communicates with the pressure 
space in the upper end of the cylinder through 
a longitudinal peripheral groove 28. The groove 
27 has an upper inclined or helical edge 29 inter 
secting the vertical groove 28 and is so related 
to the overflow port 24 that the effective delivery 
stroke of the piston may be regulated as re 
quired by rotarily positioning the piston in the 
cylinder to thereby vary the point in the delivery . 
stroke in which the overflow port 24 is placed 
in communication with the pressure chamber 
through the grooves 27 and 28. By this arrange 
ment, the pump displacement through the out 
let passage 2 leading to the engine cylinder 
begins as Soon as the piston, On its displacement 
stroke, covers the ports 22 and 24, and the fuel 
delivery stops as Soon as the inclined portion of 
the annular groove 27 communicates with the 
overflow port 24 to thereby relieve the pressure 
in the pump cylinder. 
As previously stated, the pump cylinder 3 ex 

tends a material distance beyond the lower end of 
the body 4, and the piston 26 is provided with 
an elongated stem 30 which stem extends below . 
the end of the cylinder 3. 
A gear 3 is muunted for rotation on the 

protruding end of the cylinder 3 and snugly 
adjacent the body 4. . The gear 3 is provided 
with an elongated skirt 32 having a longitudinal 
slot 33 therein as shown particularly in Fig. 5. 
The piston stem 30 is provided with a collar 34, 
which collar is secured against rotation and 
against longitudinal movement by means of a 
Woodruff key 35 (Fig. 7). The key 35 prevents 
relative rotary movement between the piston 
stem 30 and the collar 34, and a pin 36 is trans 
Versely inserted through the collar and the 
Woodruff key, as shown, so that the elements are 
securely locked together to prevent relativa 
movement in any direction. By the above described arrangement of the 
key 35 and the transverse pin 36, relative to the 
stem 30 and the collar 34, the collar may be 
accurately positioned on the stem even though 
this stem is hardened. Drilling of the stem after 
hardening, or hardening the stem after drilling 
the hole, is impractical due to the accuracy which 
must be maintained with respect to the final loca 
tion of the pin 36 therein and of the collar 34 
associated with the pin. If the collar also is 
hardened a transverse hole may be formed there 
in prior to hardening, and the key only is drilled 
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after assembly to provide a properiy aligned hole for the pin 38. 
The collar 36 is provided with an upwardly 

extending arm 3 which is siidably engaged in 
the slot 33 in the gear skirt. 32. This provides 
a slidable aligning means between the piston and 
the gear 35. The gear 3 is retained in position 
against the body & by means of a gear cover or 
sleeve 38. This sleeve is cit away at 33 to ex 
pose one side of the gear 38, the sleeve is se 
cured in position on the reduced lower end of 
the body and against a shoulder 60 thereof by 
means of headless pins 4, which pins are pressed 
through suitable holes in the cover or sleeve 38 
and into complementary holes in the body . 
thus the gear 3 is securely and accurately po 
sitioned for rotation and the gear cover $8 may 
be removed from the unit by first removing the 
cylinder 3 and associated piston and then push 
ing the pins 8 either inwardly or outwardly to 
release the COWer. 
A suitable spring 43 for operating the piston 

26 is provided, as shown, and is adapted to sur 
round the stem 30 of the piston, the skirt 32 of 
the gear 3 ?, and the cooperating arm 3. In 
order to retain all of the elements of the pre 

20 

25 
calibrated unit in assembled relation, the oppo 
site ends of the spring 43 are squared and ground 
in the usual fashion, and the gear cover or sleeve 
38 is provided adjacent its lower end with an 
inturned lip 32 which extends only part way. 
about the periphery of the cover or case, as 
shown best in Fig. 9, and which is spaced from 
a shoulder 38a (Fig. 7) to provide a groove 82a. 
When the upper end of the spring 63 is inserted 
into the sleeve 38 and rotated, a portion of the 
first turn or round on the spring will be threaded 
into the groove 32a and may be wedged or tight 
ened between the shoulder 38a and the lip 42. 
so as firmly to secure the spring to the sleeve 38 
without interfering with the Compression and ex 
tension of the Spring. 

Similarly, a slotted washer 45, which engages 
an enlarged head or flange 4 on the stern 30 
of the piston, is provided with an outturned lip 
46 (Figs. 7 and 10) extending partially about 
the circumference to define a groove 46a into 
which the first turn or round on the lower end 
of the spring may be threaded and tightened. 
Thus all of the cooperating and relatively nOW 
able elements of the unit are retained in as 
sembled relation with the spring 43 relaxed and 
the piston in its retracted position, the arm 3 
being of sufficient length to maintain its en 
gagement in the slot 33 throughout the normal 
range of extension of the Spring 43. 
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The gear 3 and body 4 are relatively call 
brated by means of a vertical slot 4 in the face 
of one of the gear teeth and a calibration line 
48 on the pump body 3 (Fig. 5). The elements 
are so constructed and the calibration lines are 
so related thereto that, when these calibration 
lines are in alignment, the pump will deliver a 
predetermined output; also, rotary movement of 
the gear in either direction will correspondingly vary the pump output. . 
One of the pump casings 2 is shown in section 

in Fig. 1 with the pump unit installed therein. 
The casing 2 is provided at its lower end with a 
bushing 49 in which is slidably mounted a tappet 
50 having at its lower end a cam follower com 
prising a roller 5. The lower end of the pump 
piston is pressed against this follower by the 
spring 43 so as to retain the follower in contact with its respective cam surface. 

60 

6 
In order to operate the two series of pamp 

units, a can drum is provided comprising a can 
52 for operating the inner series of pumps and 
a cam 53 for Operating the outer series. This 
can drum is rotatably mounted and may be 
driven from the engine crank shaft through a 
gear 54 in Suitable bearings and a pinion 55 fixed 
to the gear 54 and in mesh with a gear 56 on 
the cam drum. In the present embodiment, the 0. cams 52 and 53 are four-lobe cams with the lobes 
staggered in accordance with the alternate stag 
gered position of the pump units in the two series. 
Therefore, in the particular construction dis 
closed, the cams are rotated at one-eighth of the 
crank shaft speed and in the same direction as 
the crank shaft, thereby properly timing the 
fuel injection. It will, of course, be understood 
that suitable cams and gear ratios may be pro 
vided in order to conform to the engine. design 
and the number of engine cylinders used. . 
In order to simultaneously control all of the 

pumps to provide a predetermined output, a con 
trol mechanism, as disclosed in Figs. 1 to 4, in 
clusive, is provided. This control mechanism. 
comprises a ring or disc-like member 57 on which 
is pivoted at 53/ a series of control elements or 
bell cranks 59 and 59a. These bell cranks are spring-pressed in one direction by means of a 
compression spring 60, and the short arm of the 
bell crank is provided with an adjustable stop 
screw 6 which engages against the ring 57 to 
limit the movement of the bell crank in one 
direction. The other arm of each bell crank is 
slotted at 62 to receive a roller 63, which latter 
is secured on a longitudinally slidable rack 64 
in mesh with the pump gear 3. One side of the 
pump gear is exposed through an opening in the 
casing 2, and this opening is covered by means 
of a plate 65, which latter provides a bearing for 
the rack 64, so that the rack may be longitudi 
nally moved to rotate the pump piston 26 when 
the control ring 57 is moved in either direction. 
The stop screws 6 may all be adjusted to ac 
curately set the control elements or bell cranks 
59 and 59a so that the pump calibration marks 
on the associated pumps will occupy the desired aligned positions. 
The bell crank springs 60 and the bell cranks 

are mounted relative to the ring 57, so that when 
the ring is rotated in the direction of the arrow 
(Fig. 1) the pump output will be decreased, and 
when moved in the opposite direction the output 
will be increased. Also, in case one or more of 
the pumps should stick or for any reason abnor 
mally resist rotary movement, lost notion will 
occur between the associated bell crank and the 
control ring. By this construction a defective or 
stuck pump will not interfere with the proper control of the remaining pumps. Any suitable 
means may be provided to enable operation of 
the control ring 57, either manually or by suitable servo-motor mechanism. 

Fig. 11 is a sectional view similar to Fig. 3, and . 
is taken through one of the pump casings and 

65 
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the control mechanism thereof. This view illus 
trates a slightly modified embodiment of the con 
trol mechanism as adapted to the same pump unit 
and casing construction, as previously described. 
In this embodiment a control ring or disc 5 a. 

is rotatably mounted on a bearing 66 and in axial 
alignment with the pump operating cams 52 and 
53. The control ring 57a is provided with a plu 
rality of outer beveled gear segments 67, each 
of which is adapted to control an associated one of the outer series of pumps through a suitable 
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lost motion mechanism. The ring Sla is also provided with a plurality of inner beveled gear 
segments 68, which latter are similar to the gear 
segments 67, but are positioned to control the 
inner series of pump units through similar lost 
motion mechanisms. The lost motion mechanism for each pump unit 
comprises a pinion segment 69 having a hub 70 
rotatably mounted in a vertical bore in the 
pump casing and parallel with the axis of the 
pump. A lost motion element 2 is also rotat 
ably mounted in the bore 7 and is secured to 
the segment pinion 69 by means of a bolt or 
shaft 73, so as to permit relative rotary move 
ment of the control elements to provide lost 
motion therebetween in one direction while at 
the same time retaining them in assembled re 
lation. . A gear segment 74 is secured for rotary move 
ment on the upper end of the element 72 by 
means of the bolt 73 and a suitable washer 75. 
This gear segment 74 is in mesh with the pump 
unit gear 3 as illustrated in Fig. 12. The gear 
segment 74 may be rotarily adjusted with respect 
to the lost motion element 72 by means of set 
screws 16 which engage shoulders on the mem 
ber 2. The lower portion of the element T2 is reduced 

10 

8 
ting movement of said element to rotate some of. 
said pistons even though one or more of said pis 
tons abnormally resist rotation. 2. In a fuel injection pump of the type having 
a plurality of cooperating cylinders and pistons, 
the pistons being axially displaceable to provide a 
pumping effect and being rotatable to control the 
pumping effect, the combination of individual 
means associated with each cylinder and operable 
to rotate the corresponding piston, a common 
movable operating element, connecting means 
between Said element and each of said individual 
means for normally effecting simultaneous rota 
tion of all of said pistons upon movement of said 

.5 
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element, said connecting means including yield 
able means for permitting movement of said ele 
ment to rotate some of said pistons even though 
one or more of said pistons abnormally resist 
rotation, and means for individually adjusting 
each of Said connecting means initially, to rotarily 
position said piston relative to said operating 
element. 

25 

3. In a fuel injection pump of the type having 
a plurality of cooperating cylinders and pistons, 
the pistons being axially displaceable to provide a 
pumping effect and being rotatable to control the 
pumping effect, the combination of individual 

in diameter and a coiled torsion spring 78 is 
mounted thereon. The upper free end of this 
spring is bent upwardly and engaged in a slot 79 
in the side of the element T2 and adjacent the 
upper end thereof, and the lower end of the 
spring is engaged in a slot 80 in the side of the 
hub of the segment pinion 69. The lower end of 
the lost motion element 72 is cut away at 8 
(Fig. 13) and an upwardly extending lug 82 on 
the pinion segment 69 is engaged in the slot 
formed by the cutaway portion 8. This lug 82 
is normally tensioned against one of the shoulders 
8a of the member 72 by means of the spring 78, 
so that in case the valve should stick for any rea 
son, a lost motion in one direction is provided 
between the control ring 57a and the pump in 
substantially the same manner as in the embodi 
ment previously described. , 
As previously stated, each pump is precali 

brated and marked by means of the calibration 
slot 47 and line 48; also, the control devices may 
be adjusted for uniform operation of the pumps 
by means of the set screws 16 for adjusting the 
gear segment 74 to conform with the pump cali 
bration, While I have shown particular embodiments of 
my invention, it will be understood, of course, 

30 

means associated with each cylinder and operable 
to rotate the corresponding piston, a common 
movable Operating element, connecting means be 
tween said element and each of said individual 
means for normally effecting simultaneous rota 
tion of all of said pistons upon movement of said 
€lement, said connecting means including lost 
motion connections for positively driving said 
individual means in One direction and yieldable 
means normally preventing relative movement in 
said lost motion connections for driving said in 
dividual means in the opposite direction, said 

40 yieldable means and lost motion connections per mitting movement of said element to drive some of 
said pistons in said opposite direction even though 
others thereof abnormally resist rotation. 

55 

that I do not wish to be limited thereto since 
many modifications may be made, and I, there 
fore, contemplate by the appended claims to 
cover any such modifications as fall within the 
true spirit and scope of my invention. 

Having thus described my invention, what I 
claim and desire to secure by Letters Patent is: 

1. In a fuel injection pump of the type having 
a plurality of cooperating cylinders and pistons, 
the pistons being axially displaceable to provide 
a pumping effect and being rotatable to control 
the pumping effect, the combination of individual 
means associated with each cylinder and operable 
to rotate the corresponding piston, a common 
movable operating element, and individual con 
necting means between said element and each of 
said individual means for normally effecting si 
multaneous rotation of all of said pistons upon 
movement of said element, each of said connect 
ing means including yieldable means for permits 

6) 

s 

4. In a fuel injection pump of the type having 
5 a plurality of cooperating cylinders and pistons, 
the pistons being axially displaceable to provide 
a pumping effect and being rotatable to control 
the pumping effect, the combination of individual 
means associated with each cylinder and operable 
to rotate the corresponding piston, a common 
movable Operating element, connecting means be 
tween said element and each of said individual 
means for normally effecting simultaneous rota 
tion of all of said pistons upon movement of said 
element, said connecting means including lost 
motion connections for positively driving said in 
dividual means in one direction and yieldable 
means normally preventing relative movement in 
Said lost motion connections for driving said in 
dividual means in the opposite direction, said 
yieldable means and lost motion connections per 
mitting movement of said element to drive some 
of Said pistons in said opposite direction even 
though others thereof abnormally resist rotation, 
and means for individually adjusting said lost 
motion connections initially to rotarily position 
said pistons in predetermined operative relation 
ship to said Operating element. 

5. In a fuel injection pump of the type having 
cooperating cylinders and pistons, the pistons 
being axially displaceable to provide a pumping 
effect and being rotatable to control the pumping 
effect, the combination of individual means asso 
ciated with each cylinder and operable to rotate 
the corresponding piston, a common movable op- . 
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erating element, a plurality of arms pivotally 
sounted on Said Operating element and respec 
tively connected to said individual means, spring 
means tending to rotate each of said arms about 
its pivot, and abutment means on each arm en 
gaging said element to limit the pivotal movement 
of said arms by said spring means, said spring 
means normally retaining said abutment means 

in engagement with said element whereby said 
arms effect rotation of said pistons in accordance 
with movements of said member in either direc 
tion, said spring means being yieldable to permit 
pivotal movement of the associated arm when a 
corresponding piston abnormally resists rotation, 
whereby said element may be moved in one di 
rection to rotate the remaining pistons even 
though said corresponding piston is not rotatable. 

6. In a fuel injection pump of the type having 
cooperating cylinders and pistons, the pistons 
being axially displaceable to provide a pumping 
effect and being rotatable to control the pumping 
effect, the combination of individual means as 
Sociated with each cylinder and Operable to ro 
tate the corresponding piston, a common movable 
operating element, a plurality of arms pivotally 
mounted on said operating element and respec 
tively connected to said individual means, adjust 
able abutment means on each of said arms for en gaging said element in predetermined adjusted 
positions of said arms relative to said elements, 
and spring means for normally retaining said 
arms in said adjusted positions whereby move 
ment of said element effects movement of all of 
Said arms simultaneously to rotate said pistons, 
said spring means being yieldable to permit piv 
otal movement of the associated arm from said adjusted position when a corresponding piston 
abnormally resists rotation. 

7. In a fuel injection pump of the type having a 
cylinder and a hardened piston therein including 
an extending end portion, said piston being axi 
ally displaceable in said cylinder to provide a 
pumping effect and being rotatable to control said 
pumping effect, the combination of an Operating 
member for effecting rotation of said piston in 
cluding a collar adapted to encircle Said extend 
ing end portion of said piston, said portion having 
an axially extending slot in the external surface 
thereof, a key having a portion thereof disposed in 
said slot and restrained against axial and trans 
verse movement by the end and side walls of said 
slot, said collar having a siot in an internal Sur 
face thereof open at one end for receiving Said 

0. 
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key when said collar is axially pressed onto said 
piston, whereby said key locks said collar and 
piston against relative rotation, and a locking pin 
extending transversely through said collar and 
said key to lock said collar against relative axial 
movement on said piston. 
* 8. In a fuel injection pump of the type having a 
cylinder and a hardened piston therein including 
an extending end portion, said piston being axi 
ally displaceable in said cylinder to provide a 
pumping effect and being rotatable to control 
said pumping effect, the combination of an op 
erating member for effecting rotation of said pis 
ton including a collar adapted to encircle said ex 
tending end portion of said piston, said portion 
having an axially extending slot in the external 
surface thereof, a key having a portion thereof. 
disposed in said slot and restrained against axial 
and transverse movement by the end and side 
walls of Said slot, said collar having a slot in an 
internal surface thereof open at One end for re 
ceiving said key when said collar is axially pressed 
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onto said piston, whereby said key locks said col 
lar and piston against relative rotation, said col 
lar and said key having a hole drilled transversely 
therethrough after assembly on said piston, and 
a locking pin in said drilled hole for locking said . 
collar and said piston against relative axial move ment. 

9. In a fuel injection pump of the type having 
a cylinder and a hardened piston therein includ 
ing an extending end portion, said piston being 
axially displaceable in said cylinder to provide a 
pumping effect and being rotatable to control 
said pumping effect, the combination of an oper 
ating member for effecting rotation of said pis 
ton including a collar adapted to encircle said 
extending end portion of said piston, said portion 
having an axially extending slot in the external 
Surface thereof, a key having a portion thereof 
disposed in Said Siot and restrained against axial 
and transverse movement by the end and side 
walls of said slot, said collar having a slot in an 
internal surface thereof open at one end for re ceiving a projecting portion of said key when 
said collar is axially pressed onto said piston, 
whereby said key locks said collar and piston 
against relative rotation, and a locking pin ex 
tending transversely through said collar and 
through said projecting portion of said key for 
locking said piston and collar against relative axial movement. 

10. In a fuel injection pump having a cylinder 
and a hardened piston therein including an ex 
tended end portion, said piston being axially mov 
able for pump displacement and rotarily adjust 
able to vary pump displacement, the method of 
rigidly securing on said piston in precision rela 
tion thereto an operating member having an un 
hardened collar adapted to encircle said hardened 
portion, which method comprises forming an ax 
ially extending slot in said piston prior to hard 
ening said piston, hardening said piston, inserting . 
into said slot a portion of an unhardened key, 
forming an internal slot in said collar, axially as 
sembling said collar onto said piston with said 
collar slot receiving said key, transversely drill 
ing said collar and key after assembly to pro 
vide a hole therethrough at one side of said pis 
ton, and inserting a locking pin into said hole 
to lock said piston and collar in precision rela 
tion to each other. - 

11. In a fuel injection pump having a cylinder 
and a hardened piston therein including an ex 
tended end portion, said piston being axially mov 
able for pump displacement and rotarily adjust 
able to vary pump displacement, the method of 
rigidly securing on said piston in precision rela 
tion thereto an operating member having a col 
lar adapted to encircle said hardened portion, 
which method comprises forming an axially ex 
tending slot in said piston prior to hardening said 
piston, hardening said piston, inserting into said 
slot a portion of an unhardened key, forming 
an internal slot, and an intersecting transverse 
hole in said collar, axially assembling said collar 
onto said piston with said collar slot receiving 
said key, transversely drilling said key to provide 
a hole through said collar. and key at one side of 
said piston, and inserting a locking pin into said 
hole to lock said piston and collar in precision 
relation to each other. 

12. In a fuel injection pump of the type hav 
ing a piston axially displaceable in a cylinder for 
pump displacement and rotatable to vary dis 
placement, a precalibrated sub-assembly compris 

, ing a body having a longitudinal bore, a cylinder 75 in said bore and having an end projecting out 
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wardly from said body, a piston having a portion 
thereof extending beyond the projecting end of 
said cylinder, a sleeve having a longitudinal slot 
therein, means rotatably mounting said sleeve on 
the projecting portion of said cylindel', a finger 
on said piston extending parallel to the axis of 

2,414,518 

said piston in spaced relation thereto and en- . 
gaged in said slot to provide a longitudinally slid 
able connection between said sleeve and said pis 
ton, and resilient means cooperating between the 
extending end of said piston and said, sleeve to 
retain all of said elements in assembled relation. 

13. In a fuel injection pump of the type hav 
ing a piston axially displaceable in a cylinder for 
pump displacement and rotatable to vary dis 
placement, a precalibrated sub-assembly compris 
ing a body having a longitudinal bore, a cylin 
der in said bore and having an end projecting 
outwardly from said body, a piston having a 
portion thereof extending beyond the projecting 
end of said cylinder, a sleeve having a longitudi 
nal slot therein, means rotatably mounting said 
sleeve on the projecting portion of said cylinder, 
a finger on said piston extending parallel to the 
axis of said piston in spaced relation thereto and 
engaged in said slot to provide a longitudinally 
slidable connection between said sleeve and Said 
piston, resilient means cooperating between the 
extending end of said piston and said sleeve to 
retain all of said elements in assembled rela 
tion, said finger and slot being proportioned to 
maintain said slidable connection throughout the 
entire range of movement of said resilient means. 

14. In a fuel injection pump of the type 
wherein a piston is axially reciprocable in a cyl 
inder for pump displacement and rotatable in the cylinder to vary displacement, a precalibrated 
sub-assembly comprising a pump body having a 
longitudinal bore, a fixed cylinder member in said 
bore and projecting therefrom, a piston in said 
cylinder and projecting therefrom, a control ele 
ment rotatable on said projecting cylinder, a lon 
gitudinally slidable connection between said pis 
ton and said control element to maintain radial 
alignment and prevent relative rotation there 
between, a spring for axially displacing said pis 
ton in an outward direction, means securing one 
end of said spring to said piston, and means on 
said body for securing the other end of Said 
spring and said control element in longitudinally 
fixed relation to said body, said slidable connec 
tion maintaining said piston, and said control 
element aagiinst relative rotation throughout the 
entire range of extension of said spring whereby 
said sub-assembly is maintained in properly as 
sembled relation, 15. In a fuel injection pump of the type where 
in a piston is axially reciprocable in a cylinder 
for pump displacement and rotatable in the cyl 
inder to vary displacement, a precalibrated sub 
assembly comprising a pump body having a lon 
gitudinal bore, a fixed cylinder member in said 
bore and projecting therefrom, a piston in said 
cylinder and projecting therefrom, a control ele 
ment rotatable on said projecting cylinder, a lon 
gitudinally slidable connection between said pis 
ton and said control element to maintain radial 
alignment and prevent relative rotation there 
between, a Spring for axially displacing said pis 
ton in an outward direction, means securing one 
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end of said spring to said piston, and means on 
said housing for Securing the Other end of said 
spring and said control element in longitudinally 
fixed relation to said housing, said slidable con 
nection maintaining said piston and said control 
element against relative rotation throughout the 
entire range of extension of said spring whereby 
said sub-assembly is maintained in properly as 
sembled relation, a calibration mark on an acces 
sible external surface of said control element, and 
a cooperating calibration mark on said body, said 
calibration mark being related to predetermine 
an initial displacement of said pump. 16. A precalibrated sub-assembly unit for a fuel 
injection pump comprising a body adapted to be 
mounted in a pump casing, said body having a 
pump cylinder projecting therefrom, a piston ax 
ially movable in said cylinder for pump displace 
ment and rotatable to vary said displacement, a 
control element rotatably mounted on said pro 
jecting cylinder, a longitudinally slidable con 
nection between said piston and said control ele 
ment to prevent relative rotary movement there 
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between, a spring for axially displacing said pis 
ton in an outward direction, means for Securing 
one end of said spring to said piston, and means 
carried by said body for securing said control ele 
ment and the other end of said spring in 3xially 
fixed relation to said body, so that all of the ele 
ments of said unit are held in assembled relation. 17. A precalibrated sub-assembly unit for a fuel 
injection pump comprising a body adapted to be 
mounted in a pump casing, said body having a 
pump cylinder projecting therefrom, a piston ax 
ially movable in said cylinder for pump displace 
ment and rotatable to vary said displacement, a 
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control element rotatably mounted on said pro 
jecting cylinder, a longitudinally slidable connec 
tion between said piston and said control element 
to prevent relative rotary movement therebe 
tween, a spring for axially displacing said piston 
in an outward direction, means for securing one 
end of said spring to said, piston, a cup shaped 
member having the upper end thereof secured 
to said body for supporting said control element. 
in longitudinally fixed relation, said cup shaped 
member having an aperture in the bottom wall 
thereof through which said piston and a portion 
of Said control element extends, and means for 
securing the other end of said spring to said cup 
shaped member to maintain said sub-assembly in 
assembled relation. 18. A precalibrated sub-assembly unit for a fuel 
injection pump comprising a body adapted to be 
mounted in a pump casing, said body having a 
pump cylinder projecting therefrom, a piston ax 
ially movable in said cylinder for pump displace 
ment and rotatable to vary said displacement, a 
control element rotatably mounted on said pro jecting cylinder and comprising a gear portion 
having a reduced sleeve portion extending there 
from, a longitudinally slidable connection be 
tween said piston and said sleeve portion, and a 
cup shaped member Surrounding said gear por 
tion and secured to said body for supporting said 
control element in axially fixed relation to said 
body, said cup shaped member having an aper 
ture through which said sleeve portion extends. 
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