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FUELNECTION PUWP FOR ADUAL FUE, 
ENGINES 

George A. Schauer, Jr., Beloitt, Wis., assignor to 
Fairbanks, Morse & Co., Chicago, Hill..., a corpo 
ration of inois 

Application August 15, 1950, Seria No. 479,481 
(C. 63-4.) i Claims. 

1. 
This invention relates to improvements in fuel 

injection pumps for internal combustion engines, 
and has reference more particularly to an in 
jection pump of novel character, suitable for use 
With engines adapted for operation selectively on 
liquid fuel alone, or on liquid and gaseous fuels 
in desired or determined proportions. 

For the purpose of present exemplary dis 
closure of the invention, the fuel pump as here 
in illustrated and described represents one em 
bodiment within the principles of the invention, 
adapted for use with so-called convertible dual 
fuel engines operating either on gaseous fuel with 
pilot injection of liquid fuel for ignition of the 
gaSeous fuel, or on liquid fuel alone. As Will ap 
pear more fully hereinafter, the pump selected for 
illustration includes a cylinder assembly providing 
a main pump chamber, and telescopically related 
pistons thereinforming an auxiliary pump cham 
per which is supplied with liquid fuel from the 
inhain chamber and discharges to the injection 
delivery passage leading from the main chamber. 
One of the pistons is engine operated and is 
angularly adjustable preferably under engine 
governor control, for determining through con 
trol means on the piston, both timing and quan 
tity of fuel delivery from the main chamber. The 
other piston is fixed in the cylinder and is pro 
vided with control means effective relative to an 
inlet port in the first piston, to determine con 
stant quantity fuel delivery from the auxiliary 
chamber consequent upon the pumping stroke of 
the first piston and at a time in such stroke de 
pendent upon angular adjustment of the first 
piston. Moreover, the control means of both pis 
tons are so designed and related in the assembly, 
that throughout a first range of angular adjust 
Inent of the first piston, fuel is delivered from 
the auxiliary chamber only, and at a time pro 
gressively later in the pumping stroke of the first 
piston as the latter piston is angularly adjusted 
toward the end of the first range of such adjust 
Innent. Upon ang Ular diSplacement Of the first piS 
tion beyond the first range, as to and through a 
Second range of adjustment, fuel delivery occurs 
only from the main chamber, with injection be 
ginning earlier in the pump stroke of the piston 
and with increasing fuel quantity, as the piston 
is angularly adjusted toward the end of its Sec 
Odange. 

Objectively stated, one of the principal pur 
poses of the present invention is to provide a, 
fuel pump of the character above indicated, which 
affords pilot injection of fuel in Constant quantity 
suitable as an ignition charge in an engine Oper 
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2 
ating on a gaseous fuel, and which embodies pilot 
injection timing control provisions for retarding 
pilot injection proportionately to increasing 
engine loading whereby to reduce or avoid deto 
nation, and conversely, for advancing pilot in 
jection proportionately to decreasing engine load 
ing whereby to improve the gaseous fuel con 
Sumption factor of the engine at relatively light 
loads. 
Another object is to provide a fuel pump of 

the character herein above described, suitable for 
uSe With a convertible dual fuel engine and op 
erable to provide a constant quantity, variably 
timed pilot injection of liquid fuel for igniting 
the gaseous fuel employed in gas operation of the 
engine, and operable further, to provide liquid 
fuel injection without the pilot injection, upon 
Conversion of the engine to liquid fuel or diesel 
operation. 
A further object is to provide a liquid fuel 

pump of the character indicated, providing tele 
Scopically related fixed and movable pistons each 
having inlet port control elements, wherein regul 
lation of pilot fuel injection and main fuel in 
jection and the limitation of pump operation to 
pilot injection or to main injection, are obtained 
consequent to angular adjustments of the mov 
able piston. 
These and other objects and advantages of the 

present invention Will appear readily from the 
following detailed description of the embodiment 
Selected for illustration and shown in the accom 
panying drawing, wherein: 

Fig. 1 is a longitudina Sectional elevation 
through a fuel pump assembly illustrating one 
embodiment of the present invention, the view 
showing the movable plunger at the end of its 
Suction stroke. 

Fig. 2 is a fragmentary sectional elevation ac 
cording to that of Fig. , showing the nowable 
plunger at the end of its discharge stroke. 

Fig. 3 is a fragmentary sectional elevation 
Showing certain details of the pump aSSembly 
and particularly disclosing the control means as 
Sociated with the movable plunger, the view be 
ing taken along line 3-3 of Fig. 1. 

Fig. 4 is a trainSVerse Sectional view taken at 
line -á of Fig. 3. 

Fig. 5 is a view similar to that of Fig. 3 but 
With the Section taken at 90° to the Section of 
Fig. 3 in order to show further details of the pri 
mary piston control means. 

Fig. 6 is a diagrammatic view, showing the 
initial relations of the control elements and in 
let ports. 
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Referring in particular to Figs. 1 and 2 of the 
drawing, the presently illustrated fuel pump pro 
Vides a cylinder assembly including a cylindrical 
frame Or housing having a cylinder or pump 
barrel disposed therein for positionment 
against an internal annular housing shoulder 2, 
and a valve cage 3 positioned in axial abutment 
with the upper end of the cylinder , the cylin 
der and valve cage forming a primary fuel pump 
chamber 3. The valve cage member 3 is 
adapted to be retained in operative position with 
in the pump housing by means of the adapter 
member 3 Which is threadedly Ixiounted in the 
housing 0, in embracing relation to the cage 
member 3 as shown. The adapter member re 
ceives a discharge body element 6 and positions 
the latter in axial abutment, with the valve cage 
3, it being noted that the discharge body is held 

in aSSenably by means of a pair of Split ring ele 
ments if engaged against a Suitable annular 
shoulder on the body 6 and held by means of a 
plurality of cap screw's 3 threaded into the 
adapter 5. All eccentric element 9 is engloyed 
to determine the position of the body 3 relative 
to the cylinder for proper alignment of dis 
charge passages therebetween. 
A main or primary punp piston 23 is oeiraipy 

disposed for rotational adjustinent, and for re 
ciprocation within the cylinder as actuated by 
a suitable cam (not shown) driven by a rotat 
ing part of the aiSSociated engine (not shown). 
Cooperating with the primary piston 23 is an 
auxiliary pistOn 2 which extends into an axial 
bore 22 formed in the upper portion of piston 
28, the pistons 2 and 2 defining between thern 
an auxiliary pump chamber 23. In the present 
arrangement, auxiliary piston 2 is carried by 
the valve cage meanber 3 and fixed thereto 
through the provision of a key-like locking head 
2.É On the auxiliary piston, Seated in a suitable 
socket 25 formed in the valve cage inemper 3. 
The key head 25 is formed preferably as an in 
tegral part of the auxiliary piston 2 and is 
adapted to secure the latter piston in predeter 
mined fixed relation with respect to the main 
piston 2). 
The means provided for attaining angular ad 

justments of the primary piston 28, includes a 
transverse control arm 26 formed integrally on 
the lower portion of the piston 26 and arranged 
to engage in longitudinally directed slots 2' 
for?ed in a contro sleeve member 23. e con 
trol sleeve 23 is suitably mounted for rotation 
relative to the lower end of the pump cylinder 
A and has formed thereon a pinion gear 29. 
Sleeve 28 is retained in the position shown in 
Fig. 1 by means of a collar S3 and a suitable 
Spring 3 which abuts the collar 38 as shown. 
Spring 3 may also be utilized as the resilient 
aheans for urging & Suitable can actuated foi 
lower, not shown, in a downward direction so 
that the main piston 28 will be caused to follow 
the driving cam. Rotational adjustment of the 
sleeve 28 is had through the provision of a con 
trol rack 33 suitably nounted for longitudinal 
InoVenent in the housing as is Well under 
stood in this art. Rack 33 is prevented from ro 
tational displacement by means of a suitable 
Set Screw 345 engaging in a longitudinal slot 35 
formed in the back of the rack. 33. Rack 33 
nieshes with the pinion gear 28 on sleeve 28, 
So that longitudinal displacement of the rack 
as in response to engine governor action, effects 
rotation of sleeve 28 and through the means 26 
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4. 
On the primary piston. 20, regulates the angular 
position of the primary piston. 

In the present pump construction the nai:) 
fuel Supply port 4) is formed in the upper Zoile 
of the cylinder (Figs. 1, 3 and 4) and opens 
directly to the primary pump chamber 5. Pres 
Sure discharge of fuel from the prijay puirrip 
Chamber is conducted through paS3age 
formed in the valve cage member 3, past valve 
element 32 and through a discharge passage 3 
to a conduit (not shown) leading to the engine 
cylinder injection valve (not shown). Walve 
ne;iber 3 is operably disposed in a Suitable 
chainber 85 provided in discharge body , and 
i3 urged in a direction to close discharge passage 
lis, by means of a suitable spring 35. In order 
to control the tinning and quantity of fuel de 
livery from the main chamber 4, the primary 
piston 2E is provided with a control eleinent 36 
carried on the upper reduced end thereof So that 
the control element 48 may be angularly ad 
justed relative to the main fuel inlet port A2 
through angular adjustments of tile piston, for 
controlling the point or time in the pumping 
Stroke of the main piston at which the control 
element closes port 4) and initiates fuel dis 
charge. Referring to Figs. 3 and 5, control e12 
linent 46 is provided with an inlet port cut-off 
edge 43 which is of spiral extent, and a bot 
tonn edge A8 Which is normal to the piston axis. 
The control element thus provides a port coin 
trolling Surface between the edges A and 33 
effective upon angular adjustments of the piston 
2), through a given range hereinafter referred 
to, to determine fuel quantity delivery 3ind 
variable beginning of delivery dependent, upon 
the relative positions of the inlet pol't º an 
the spiral control edge 47. In tlhe present enn 
bodiment, the angle of Wrap of contro element 
46 is substantially 180° which thus defics pe 
tWeen the ends of the element a chaire f3 of 
approximately 180° extent, opening to the pisto!). 
head end and to the piston recess below the can 
trol element, Thus in one range of rotation: 
adjustment of the primary piston 2, the Con 
tol Surface is renoved fron controlling i.e.:- 
tion to port , and in another range of Such 
adjustment the control element is effective to 
control port 3 during the reciprocation of the 
piston. 
AS before noted, the primary piston 23 i 

vided with axial bore 22 for the receii 

rectly from the primary chamber (; by say OS 
the relief channel 49 and an inlet port, 3 for:ed 
in the primary piston 82. Inlet port ; for chai. 
ber 23 is of a predetermined size in order to pro 
vide for desired metering of the fuel entering 
the chamber 23. From chamber 23 the fi2el is 
discharged through a radial discharge pori; ö. 2 
to an annular recess 53 in the primary piston 
2), the recess 53 being separated froza chanine 
49 by the annular land 5. From annular recess 
53, the fuel is conducted to a radial passaga 58 
and an axial passage 55 forined in the Cylide 
member . The valve cage member 3 is Slit 
ably provided with a passage 5S which has cor 
munication with the upper end of cyliini.g. g3.5- 
sage 55, passage 36 conducting the as:iii.23y fall 
discharge to valve 57, from which the fel de 
livers to the common discharge passage 43. Waive 
57 is suitably mounted in a chamber 52 and is 
urged in a passage closing direction by ineans 
of spring 59, 
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Referring now in particular to the auxiliary 
piston 2, it will be observed that this piston is 
provided with a reduced end portion 6, and that 
a control element 62 is carried or integrally 
formed on this reduced end extending over ap 
proximately 180° of the piston circumference, 
and in which the distance between the upper and 
lower spiral edges 63 and 64 respectively, as 
measured in a direction parallel with the axis of 
the pump, is constant. Ehe reduced portion of 
the auxiliary piston between the ends of the 
spiral control element 62 provides a relief chan 
nel communicating the chamber 23 With the in 
let port 5. As so provided, the control element 
62 in its control of inlet port 5i, is adapted for 
determining a constant quantity delivery of fuel 
from the auxiliary chamber, with initiation of 
fuel delivery variable to an extent hereinafter 
appearing. 

In the assembly relationship of the pump parts, 
the main piston 20 is positioned to relate its 
control element 46 to the main inlet port 4. Such 
that in angular adjustment of the piston from 
an initial point through a first range of 180°, 
the relief passage or channel i9 will remain in 
alignment with the port it, thereby precluding 
fuel delivery from the main chamber 4 to the 
engine upon displacement of piston 2. Fig. 4 
illustrates the relation of the control element 36 
to the port 40 when the piston 2 is disposed at 
the end of its first range of angular adjustment. 
Further angular adjustments of the main pistOn 
beyond the first range and through a second 
range of 180°, then serves to bring the control 
element &S into operative relation to the inlet 
port 4G, as this will appear from Fig. 4 wherein 
the direction of piston turning is clockwise to 
bring the control element 46 to a position for 
port control. Varying the angular position of 
the piston in the second range correspondingly 
varies the point of inlet port closure by the spiral 
cut-off edge 41 in the pumping stroke of the pis 
ton, as Well as the duration of port closure. Coil 
sequently, in the second range of angular ad 
justment, the piston 2 effects fuel delivery from 
chamber 4 variable as to quantity and begin 
ning of delivery. With the main piston so re 
lated to inlet port 49, the auxiliary piston 2 is 
fixed in a position Such that its control element 
63 Will be in effective control relation to the inlet 
port, 5 only throughout the first mentioned range 
of angular adjustment of main piston 29 when 
no fue is delivered from Chamber to the en 
gine. In this range, the port 5 being in the 
maiin piston 2) and hence angularly shifted rela 
tive to control element 62 upon angular displace 
ment of the main piston, is disposed for cut-off 
control by the lower end of the element 62 at 
the beginning of the first 180° range above stat 
ed, thuis determining the start of fuel delivery 
from the auxiliary charinber 23 early in the up 
stroke of the main piston. As the main piston 
is adjusted toward the end of the first range, the 
start of fuel delivery from the auxiliary clhamber 
is correspondingly retarded, occurring later in 
the upstroke of the main piston to the point 
of maximum retardation when the main piston 
is adjusted to the end of the first range. The 
foregoing described relationship of the main and 
auxiliary chamber inlet ports and the associated 
control elements is illustrated diagrammatically 
by Fig. 6, wherein the arrow indicates clock 
Wise angular displacement of the main piston 
2 from its initial position shown. 
In use of the pump hereinabove described, On 
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a convertible dual fuel engine for example, when 
gas operation of the engine is desired the gov 
ernor control of the pump rack 33 is set to effect 
angular adjustments of the main piston 20 
only through the first range of Such adjustment, 
wherein pressure delivery of fuel from the main 
chamber 4 does not take place. Now, under 
light loads the angular adjustment of the main 
piston 20 is such as to locate the port 5f in lon 
gitudinal alignment with the lower end of the 
control element 62 on auxiliary piston 2, so that 
in each pumping stroke of the main piston, the 
inlet port 5 will be cut off early in the stroke, 
resulting in advanced delivery of a constant 
quantity of liquid fuel to the engine for ignition 
of the gaseous fuel admitted to the engine. Early 
injection of the pilot ignition charge as here 
obtains under light loading of the engine, has 
been found to improve very materially, the gaS 
eous fuel consumption factor of the engine. 
Moreover, it is to be noted here that the quan 
tity of pilot fuel injection which is constant for 
all adjustments in the time of injection, is de 
sirably limited to an amount just sufficient to 
assure positive ignition of the gaseous fuel. Liini 
tation of the amount injected is determined as 
will be now appreciated, by the distance as meas 
ured parallel to the axis of the piston 2, between 
the spiral edges 63 and 64 of the control element 
62. As engine loading increases toward full load, 
the governor effects corresponding angular ad 
vances of the main piston 2) toward the end of 
the first range. This results in a like advance 
of the port, 5 relative to the control element 52, 
with consequent retardations of pilot injection 
in the engine cycle such that at full load, the 
pilot injection is retarded to a maximum extent. 
Such timing regulation of pilot injection serves 
to reduce to a minimum or avoid altogether, fuel 
detonation in the engine operating under heavy 
ioads up to full load capacity. 
Upon change-Over of the engine from gas Oper 

ation to operation on liquid fuel alone, as On the 
diesel cycle, governor adjustment is Such as to 
confine the angular adjustment of the main pis 
ton 2) to the Second range hereinbefore de 
scribed. In the pump as so conditioned, it will 
appear that the inlet port 5 is open to the relief 
channel between the ends of the control element 
62, so that pilot injection of fuel is prevented 
throughout the Second l'ange of angular adjust 
ment of the main piston. The control element 
46 on the main piston 20, however, is now in full 
control of the main inlet port , , Such as to 
determine the quantity and beginning of fuel 
delivery from the main chain her responsive 
to the punping stroke of the main piston 28. 

Having now described an illustrative embodi 
rent of the present invention in application to 
a convertible dual fuel type engine, it should be 
appreciated that it is within the concept of the 
invention to adapt the pump for use with internal 
combustion engines operating on liquid fuel 
alone, Where improved performance cara be 
achieved by supplying the engine combustion 
chamber with an initial charge of liquid fuel pre 
ceding the Supply of a primary liquid fuel charge. 
That adaptation may be achieved quite readily, 
as by adjusting the fixed position of the auxil 
iary piston 2 such as to make the control ele 
ment 62 effective to determine a pilot delivery 
of fuel ahead of main fuel delivery in the fuel 
discharge stroke of the primary piston 2. 

it should be understood that the presently de 
Scribed pump structure is susceptible of certain 
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changes and alterations both as to structure and 
in its operation, as suggested above by way of 
example, without departing from the Spirit and 
Scope of the annexed claims. 

I claim: 
1. In a fuel pump, a cylinder providing a pump 

chamber, pistons in the cylinder relatively 
adapted and arranged for cooperation to define 
a second pump chanber, passage means for fuei 
admission to said second chamber from the first 
said chamber, said pistons being relatively longi 
tudinally displaceable in the cylinder for effect 
ing fuel admission to and fuel discharge frolin the 
pump chambers, and said pistons further being 
relatively angularly displaceable in the cylinder 
and adapted for regulating the beginning of fuel 
discharge from the chambers in accordance With 
relative angular positions of the pistons. 

2. In a fuel pump, a cylinder providing a pump 
chamber, telescopically related pistons in the 
cylinder cooperating to define a Secondi pump 
chamber in one piston, passage means for fuel 
admission to said Second chamber from the first 
said chamber, the pistokas being relatively longi 
tudinaliy displaceable for efecting fuel admis 
Sion to and fuel discharge from the chambers, 
and said pistons further being relatively angul 
larly adjustable in the cylinder and adapted for 
effecting in accordance With relative angual ad 
justments of the pistons, variations in the timing 
of fuel discharge in the relative pumping stroke 
of the pistons. 

3. In a fuel pump, a cylinder providing a pump 
chamber, telescopically related fixed and movable 
pistons in the cylinder cooperating to define a 
Second pump chamber in one of the pistons, said 
movable pistOn Serving through displacements 
thereof relative to the fixed piston, for effecting 
fuel admission to and fuel discharge fron the 
chambers, said nowable piston further being 
angularly adjustable in the cylinder and adapted 
for effecting in accordance with angular adjust 
ments thereof through a predetermined range, 
variations in the timing and quantity of fuel 
discharge from the first said pump chamber, and 
Said fixed piston being adapted for effecting in 
accordance With angular adjustments of the 
In OVable pistOn through another range, variation 
in the timing of fuel discharge from said second 
pump chamber. 

4. II), a fuel pump, a cylinder assembly provid 
ing a pump chamber having fuel inlet and 
discharge passages, relatively displaceable pis 
tons in the cylinder defining a second pump 
chanabe therebetWeen, fuel inlet and outlet : 
leans for Said second chamber, said Second 

chainber fuel inlet means being in fuel receiving 
communication with the first said pump cham 
ber, one of said pistons being operable to effect 
fuel discharge from the first said chamber 
through Said discharge passage, and said pistons 
being operable through relative displacement 
thereof, to effect fuel discharge from said second 
chainbei through Said outlet means. 

5. In a fuel pump, a cylinder assembly pro 
Viding a main pump chamber having a fuel 
admission port and a discharge port, relatively 
displaceable pistons in the cylinder adapted to 
define an auxiliary pump chamber therebetween, 
passage in eans communicating Said main and 
auxiliary chamber for fuel admission to the 
auxiliary chamber from the main chamber, fuel 
discharge passage means open to the auxiliary 
chamber, one of said pistons being operable to 
control fuel admission to and discharge from said 
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8 
main chamber, and said pistons cooperating 
through relative displacements thereof, to con 
trol fuel admission to and discharge from Said 
auxiliary pump chamber. 

6. In a fuel injection pump, a cylinder assen 
bly providing a main pump chamber having fuel 
inlet, and discharge ports, means providing a 
discharge passage leading from the discharge 
port, relatively displaceable pistons in the cylin 
der cooperating to define an auxiliary pump 
chamber therebetween, passage means intercorn 
municating Said main and auxiliary chambers 
for fuel delivery from the main to the auxiliary 
chamber, and fuel outlet passage means leading 
from the auxiliary chamber to said discharge 
paSSage, One of Said pistons being operable to 
control fuel admission to and discharge from 
Said main chamber, and said pistons cooperating 
through relative displacements thereof, to con 
trol fuel admission to and discharge from the 
auxiliary chamber. 

l. In a fuel injection pump, a cylinder assem 
bly providing a main pump chamber having fuel 
adraission and discharge ports, relatively dis 
piaceabie pistons in the cylinder in telescopic re 
lation defining an auxiliary pump chamber 
therebetween, passage means for fuel admission 
šo the auxiliary chamber from the main cham 
bei, and discharge passage means leading from 
the auxiliary charnber, one of said pistons being 
operable for controlling fuel admission to and 
discharge from the main chamber, and the pis 
tons cooperating through relative telescopic dis 
placernents thereof, to control fuel admission to 
and discharge from the auxiliary chamber. 

8. A fuel injection pump comprising a cylinder 
assembly providing a main pump chamber hav 
ing fuel inlet and discharge ports, a piston re. 
ciprocable in the cylinder for controlling fuel 
admission to and fuel discharge from the main 
chamber, a Second piston fixed in the cylinder 
2nd cooperating with the first said piston to 
clefine an auxiliary pump chamber, fuel injet and 
discharge passage means for the auxiliary chan 
ber, the auxiliary chamber fue inlet passage 
means communicating with said main pump 
chamber, and said pistons coacting through re 
ciprocation of the first said piston, to control fuel 
admission to and fuel discharge from the auxil 
iairy chamber. 

9. A fuel injection pump comprising a cylinder 
assembly providing a main pump chamber having 
fuel inlet and outlet ports, fuel discharge passage 
ifieans leading from the outlet port, a piston re 
Ciprocable in the cylinder for controlling fuel 
admission to and fuel discharge from the inain 
chamber, a second piston fixed in the cylinder 
and cooperating with the first said piston to de 
fine an auxiliary pump chamber, fuel admission 
Ileans for the auxiliary chamber, and a fuel out 
let means extending from the auxiliary charnber 
to said fuel discharge passage means, said pistons 
coacting through reciprocation of the first said 
piston, to control fuel admission to and fuel dis 
charge from the auxiliary chamber. 

i0. A fuel injection pump comprising a cylinder 
aSSembly providing a main pump chaiaker hay 
ing a fuel inlet and a fuel discharge passage open 
ing to the chamber, a piston reciprocaiole in 
the cylinder and angularly adjustable thereira, 
adapted for determining fuel quantity discharge 
from the main chamber in accordance with angu 
lar positionment of the piston, a second piston 
fixed in the cylinder and cooperating with the 
first Said piston to form an auxiliary pump cham 
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ber within the latter, passage means for admitting 
fuel to the auxiliary chamber from the main 
Chamber, and fuel discharge passage means be 
tWeen the auxiliary chamber and said fuel dis 
charge paSSage for the main chamber, said pistons 
Coacting through reciprocation of the first said 
piston, to control fuel admission to and fuel disc 
charge from the auxiliary chamber. 

11. A fuelinjection pump comprising a cylinder 
aSSembly providing a main pump chamber having 
a fuel inlet and a fuel discharge passage opening 
to the chamber, a piston reciprocable in the cylin 
der and angularly adjustable therein, adapted for 
determining fuel quantity discharge in accordance 
With angular positionment of the piston, said 
piston having an axial bore, a second piston fixed 
in Said cylinder and extending in said axial bore, 
COOperating With the first said piston to form all 
auxiliary pump chamber in the bore, the first 
Said piston being provided With fuel admission 
and discharge ports for the auxiliary chamber, 
paSSage means connecting Said discharge port 
and Said discharge passage, and a control elle 
ment on said second piston adapted and arranged 
for controlling closing of the auxiliary chamber 
admission port during pumping displacement of 
the first said piston. 

12. A fuel injection pump comprising a cyl 
inder a SSembly providing a main pump chamber 
having a fuel inlet and a fuel discharge passage 
leading from the chamber, a piston longitudinally 
movable in the cylinder and angularly adjustable 
therein, adapted for determining fuel quantity 
discharge from the main chamber in accordance 
with the angular positionment of the piston, said 
piston being provided With an axial bore, a second 
piston fixed in the cylinder and extending in said 
axial bore of the first Said piston, cooperating 
With the latter piston to form an auxiliary pump 
chamber in Said bore, the first said piston hav 
ing a fuel inlet port for the auxiliary chamber 
and a paSSage-forming receSS Communicating said 
inlet port With the main pump chamber, the first 
said piston further providing a discharge port 
open to the auxiliary chamber, passage means in 
the cylinder connecting said discharge port with 
Said fuel discharge paSSage, and a control element 
On the Second piston adapted and arranged for 
closing Said fuel inlet port to the auxiliary cham 
ber at a point in the pumping stroke of the mov 
able piston determined by the angular position 
ment of the movable piston. 

13. A fuel injection pump comprising a cyl 
inder a SSembly providing a main pump chamber 
having a fuel inlet port and a fuel discharge pas 
Sage leading from the chamber, a piston recipro 
cable in the cylinder and angularly adjustable 
therein, Said pistOn being of reduced diameter 
in its head end and providing an inlet port con 
trol element on said end effective in pumping 
displacement of the piston, to determine fuel 
quantity discharge from the main chamber in 
accordance With the angular positionment of the 
piston, a Second piston fixed in the cylinder, said 
pistons being telescopically related and forming 
an auxiliary pumping chamber within the first 
Said piston, inlet passage means between the 
main and auxiliary chambers for the admission 
of fuel to the latter chamber, cooperating passage 
means in the first Said piston and the cylinder 
for the discharge of fuel from the auxiliary cham 
ber, and a control element on said second piston 
effective in the pumping displacement of the first 
said piston, for controlling fuel discharge from 
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the auxiliary chamber in accordance with the 
angular positionment of the first said piston. 

14. A fuel injection pump for selective delivery 
of primary and pilot fuel charges, comprising a 
Cylinder assembly providing a main punip chain 
ber having an inlet port and a discharge passage 
leading from the chamber, a main piston re 
ciprocable in the cylinder and angularly adjust 
able therein Selectively through a first angular 
range and through a Second angular range, an 
inlet port Control element On the piston effective 
Solely in Said Second range of angular adjust 
ment of the piston, to determine variable quantity 
fuel delivery from the main pump chamber in the 
pumping Operation of the piston, an auxiliary 
piston in the cylinder and cooperating with the 
main piston to forin an auxiliary pump chamber, 
roleans including an inlet port for admitting fuel 
to the auxiliary chanber, discharge passage 
means leading from the auxiliary chamber, and a 
control element on the auxiliary piston for con 
trolling the inlet port of the auxiliary chamber, 
effective Solely in the first range of aingular ad 
justment of the nain piston, to determine fuel 
delivery from the auxiliary chamber in the pump 
ing operation of the main piston. 

15. A fuel injection pump cornprising a cyl 
inder a SSembly providing a main pump chamber 
having an inlet port and a discharge passage 
leading from the main chamber, a nain piston re 
ciprocable in the cylinder and angularly adjust 
able therein selectively through first and second 
angular ranges, Said piston being formed to pro 
Wide an inlet port control element effective in 
ang Ular adjustninent of the piston throtgin Said 
Second range, to determine Variable quantity de 
livery of fuel froin the main chamber in the 
pumping Operation of the piston, Said piston 
further having a relief channel effective relative 
to Said inlet port upon angular adjustinent of the 
piston in Said first range, to prevent fuel delivery 
from the main chanaber, an auxiliary piston in 
the cylinder telescoped in the inain piston and 
COOperating with the latter to form an auxiliary 
pump chamber, Said main piston providing an 
auxiliary chamber inlet port in communication 
With Said relief channel for the admission of fuel 
to the auxiliary chamber from the main chamber, 
discharge paSSage Ineans extending from the aux 
iliary chamber to Said discharge passage leading 
from the main chainber, and a control element 
On the auxiliary piston for controlling the inlet 
port of the auxiliary chamber, effective solely 
in the first range of angular adjustment of the 
main piston, to determine constant quantity fuel 
delivery from the auxiliary chamber in the pump 
ing Operation of the main piston. 

16. A fuel pump as defined by claim i5, where 
in Said control element on the auxiliary piston is 
arranged and adapted for controlling the inlet 
port of the auxiliary chamber such as to deter 
mine initiation of fuel delivery from the auxiliary 
chamber at a time in the pumping stroke of the 
main piston dependent upon the angular position 
of the main piston in Said first range of angular 
adjustment thereof. 

17. A fuel pump as defined by claim 15, wherein 
Said auxiliary piston is fixed in the cylinder 
against longitudinal displacement therein. 
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