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1. 
This invention relates to fuel injection ap 

paratus and more particularly to means for con 
trolling and effecting the delivery of fuel under 
preSSure to the cylinder of a solid fuel injection 
(engine. 
One of the objects of the present invention is 

to provide a novel fuel injection apparatus of 
the type wherein an injection nozzle and a fuel 
pump are embodied in a unitary structure. 
Another object of the invention is to provide a 

fuel injection apparatus having a pressure con 
trolled nozzle valve with novel means for pro 
tecting said apparatus and the engine on which 
the same is mounted in the event of inoperative 
ness of said valve. 
A further object is to provide a fuel injection 

apparatus having novel means for preventing ex 
cessive fuel delivery in the event, the nozzle valve 
controlling fuel injection becomes locked in open 
position. 

Still another object is to provide novel means 
in the above apparatus for preventing deleterious 
effects other than non-delivery of fuel when the 
pressure Operated nozzle valve becomes locked or 
stuck in closed position. 
A still further object is to provide a uniflow 

injector, i. e., an injector having an injection 
nozzle and fuel pump embodied in a unitary 
structure, with novel means for effecting adjust 
ment of the nozzle valve so as to control the 
pressure necessary to effect fuel delivery from 
the nozzle, 

Still another object is to provide a fuel in 
jection apparatus having novel actuating means 
for controlling the stroke of the 
ing element of said apparatus. 
A further object is to provide a fuel pump en 

bodying a novel arrangement for controlling the 
flow of fuel therein whereby advantageous cool 
ing thereof is effected. 
The above and further objects and novel fea 

tures of the invention will more fully appear from 
the following detailed description, when the same 
is read in connection with the accompanying 
drawing. It is to be expressly understood, how 
ever, that the drawing is for the purpose of illus 
tration. Only and is not intended as a definition of 
the limits of the invention, reference for this 
latter. purpose being primarily had to the ap 
pended claims. , ' ' 
In the drawing, wherein like reference char 

acters refer to like parts throughout the several 
WleWS, i 

Fig. 1 is a sectional view, with parts broken 
away and parts shown in elevation, of one form of 

novable pump 
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fuel injection apparatus embodying the present 
invention; and, ...! 

Fig. 2 is a fragmentary view of a fuel injection 
apparatus having a modified arrangement for 
controlling fuel delivery to the injection nozzle. 

Referring to Fig. 1, í0 is the head of a cyl 
inder of a solid fuel injection engine whereon is 
mounted a novel fuel injection apparatus emi 
bodying the present invention, said apparatus 
being preferably of the type combining a fuel 
pump and a fuel injection nozzle in a unitary 
structure. The injection apparatus, in the form 
illustrated, comprises a main barrel or housing 
A secured to cylinder head O by suitable means, 
such as bolts a or a clamp (not shown), so that 
the Iower end thereof extends into a recess 2 
formed in said cylinder head. A nozzle holder 
body 3 having an external shoulder 4 formed 
at the upper end thereof is mounted in the lower 
end of housing and is secured in operative po 
Sition by a gland nut is which Screws into said 
housing and cooperates with said shoulder, a 
gasket 6 being preferably interposed between 
Said shoulder and said gland nut. The latter is 
effective to hold nozzle body 3 in abutting seal 
ing engagement With the lower face of a disc 
member 7 which, in turn, bears against the lower 
end of a pump cylinder 8, and presses a shoul 
der i8a formed On the latter into engagement 
With an internal shoulder in the bore of housing 

. As a result, nozzle body 3, disc member 7 
and pump cylinder fa are held against axial 

- movement and in fluid-tight engagement with 

40 

55 

each other, the latter two elements cooperating 
in a manner more fully described hereinafter. 
Threaded on the lower end of nozzle holder 

body 3 is a sleeve nut 9 which is provided inter 
mediate its ends with an internal shoulder 20 for 
supporting engagement with the flanged upper 
end 2 fa of a nozzle spray or atomizing tip 24, said 
tip having a central bore or duct 2 b therein and 
a plurality of radially extending orifices 2 ic ad 
jacent the lower end thereof. The nozzle tip 2 
projects through the lower end of sleeve nut 9 
into the combustion chamber of the engine cyl 
inder so that fuel can be sprayed from orifices 
2ic into said chamber. The lower end of saidnut 
fits into the lower end of recess 2, and an ex 
ternal shoulder 22 formed adjacent said lower 
end Seats on a gasket 23d, which is, in turn, sup 
ported by an internal shoulder 23 in said recess. 
Removably mounted in nut 9 above nozzle tip 

2 is a valve guide 24 that is centrally bored for 
slidably receiving the stem or piston portion of a 
needle valve 25. The bore through said guide 
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member terminates at the lower or inner end of 
the latter in a Small orifice 24d which is co 
axial with passage 2 b, and a conical seat 26 is 
provided adjacent Said orifice for cooperation 
with the tapered lower end of needle valve 25. 
the latter is thus effective to control the flow of 
fuel from member 24 into duct 2 ib and hence 
into the engine cylinder. Preferably, the bore in 
guide member 2 is enlarged immediately above 
Valve seat 26 to provide a fuel pressure chamber 
27 through which a reduced portion of Valve 25 
extends. Fuel supplied under pressure to cham 
ber 27 through a suitable passage 28 in member 
24 in a manner hereinafter described acts against 
shoulder 29 formed on the valve by the reduction 
in the diameter thereof, and is thus effective to 
lift the latter off its seat and permit the flow of 
fuel from said chamber through passages 24a, 
2b and 2c into the engine cylinder. 
Walve 25 is normally held in seated or closed 

position by novel means described hereinafter 
which apply a yielding pressure to the Valve 
through a pressure pin or Spindle 30 that freely 
extends through the central bore in nozzle body 
13. The lower end of spindle or rod 30 is prefer 
ably recessed for freely receiving a pin 3 formed 
by a reduced portion at the upper end of Valve 
25. Between the adjacent ends of body 3 and 
valve member 28 there is preferably interposed 
a washer member or plate 32 having a central 
recess therein through which pin 3 of valve 25 
extends, said Washer being adapted to engage 
the upper end of the shank of the Valve to limit 
the upward movement of the latter. A passage 
33 extending from the upper end of body 3 con 
nects with passage 28 in guide member 24 through 
an orifice 34 in plate 32. The latter may be 
readily replaced if it becomes worn by the con 
stant hammering of valve 25 thereagainst. 

In order to deliver fuel under pressure to 
chamber 27 and thence to the combustion cham 
ber, pumping means are provided, the Same being 
preferably contained in housing . As shown, 
said means comprise a plunger 35 slidably mount 
ed for reciprocation in the bore of cylinder 8 
so that a pressure chamber is formed at the 
lower end of said cylinder by said bore walls, 
said plunger and disc member . A paSSage 7d. 
in disc connects the pressure chamber to an 
annular groove lib provided in the lower face 
of Said disc and said groove is adapted to Overlap 
and open into the upper end of passage 33. One 
or more radial fuel inlet ports 33 are provided 
in the wall of cylinder 8 to connect Said pres 
sure chamber with an annular fuel Supply groove 
37 formed in the internal Wall of housing , 
plunger 35 operating as a slide valve to control 
the flow of fuel through said ports into cylinder 
f8 in a manner well understood in the art. In 
order that fuel from a suitable Source may be 
employed in a novel manner to cool the fuel 
pump, the latter is novelly constructed with a 
pair of fuel passages 38 disposed in opposite 
sides of housing to connect With groove 37. 
Fuel is admitted fron the fuel Source through 
one of said passages and may be discharged from 
the other so that, by delivering a quantity of 
fuel to the intake passage at a rate in excess of 
the amount used by the engine, a continuous cir 
culation of fuel may be maintained through said 
passages and groove 3 to cool the parts adjoin 
ing the latter. 
To control the point of fuel by-pass, i. e., the 

termination of fuel injection, a by-pass port 39 
axially spaced above ports 36 is provided in mem 
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4 
ber 8 for cooperation in a manner well under 
stood in the art, with a helical groove 4 formed 
in the surface of plunger 35, said groove being 
continuously connected to the pressure chamber 
of the pump by Suitable passages, Such as con 
nected axial and radial passages 4 and 42, re 
Spectively. To vary the angular relation between 
metering groove 49 and cut-off or by-pass port 
39 and thereby vary the effective pumping stroke 
of the piston, suitable means for angularly ad 
justing plunger 35 are provided and. in the form 
shown, comprise a sleeve 43 loosely Surrounding 
the upper end of cylinder 8 in the enlarged in 
terior of the upper end of housing í l. Gear 
teeth 44 are formed on the lower end of sleeve 
43 for cooperation with a rack member (not 
shown) in a manner well-known in the art. The 
upper end of sleeve 43 is axially slotted at 45 
for slidably receiving a cross bar 46 rigidly con 
nected to plunger 35. Sleeve 43 seats on an in 
ternal shoulder 47 in housing and is held 
against axial movement relative to cylinder 8 
by a ring member 48 Which engages an external 
shoulder on Said sleeve and is positioned against 
an internal shoulder 49 in housing f, said ring 
member being held on the latter shoulder by a 
Spring 5 which constitutes an element of the 
plunger reciprocating means. The latter com 
prises a tappet cup 5 í which is slidably positioned 
in the upper end of housing for engagement 
with the head portion of a member 52 operatively 
connected to or integrally formed with the upper 
end of piston 35. Downward movement is im 
parted to the latter by means comprising a rocker 
arm or tappet lever 53 which is pivotally mount 
ed intermediate the ends thereof on a suitable 
rocker Support 5 fixed to the cylinder head. 
One end of Said arm bears against the upper end 
of tappet cup 5 and the other end is connected 
by a rod 55 to a can follower 56, the latter being 
in operative engagement with the cam 57 which 
is adapted to rock Said arm and actuate plunger 
35 in a novel manner to be fully described here 
inafter. The downward movement of said 
plunger is resisted and the upward movement 
thereof is effected by spring 50 which has the 
lower end thereof Seated on ring member 48 and 
the upper end thereof engaging a washer 58, 
which, in turn, engages a downwardly facing 
shoulder formed by the enlarged upper end of 
member 52 to transmit upward forces to 
plunger 35. 

In the con Ventional fuel injection nozze, the 
binding or locking of the nozzle valve in either 

5 open or closed position, or the clogging of the 
fuel paSSages, such as orifices 2c, may produce 
Serious detrimental effects, particularly at high 
Speed operation, which effects substantially 
diminish the life, efficiency and capacity of the 
engine. To minimize these deleterious effects to 
the fullest extent and prevent permanent in 
jury to the engine or fuel injection equipment as 
a result thereof, novel means are provided in the 
above-described injection apparatus to insure 
safe operation. The novel safety means include 
mechanism adapted to relieve the pressure which 
tends to build up in the pressure chamber when 
nozzle valve 25 is locked in its closed position. 
For the latter purpose, the upper end of the bore 
of nozzle holder body 3 is preferably enlarged 
in diameter and receives the threaded upper end 
portion 30a of spindle 30 on which is mounted a 
spring supporting member 58, the latter having 
an internally threaded bore 59 whereby it is ad 
justably screwed on the end of said spindle, 



5 
Slidably mounted in the upper end of the bore 
of body holder 3 for engagement with disc T 
is a valve-member 60 which normally seats on 
the lower surface of said disc to normally close 
a central port 6 in said disc, said port connect 
ing with the pressure chamber of pump 8, 35. 
A Spring. 62 is compressed between member 58 
and valve member 60 and normally maintains 
the latter in Operative engagement with disc 1, 
said spring also applying the downward pres 
Sure Which yieldably presses valve 25 into engage 
ment with Seat 26. 
The diameter of port 6 is such that the area, 

of valve member 6), which is subjected through 
said port to the fuel pressure in the pump pres 
Sure challenber, is less than the effective area of 
valve shoulder 29 which is acted upon by the 
Same fuel pressure. As a result, during normal 
operation, valve 25 has a greater total upward 
force acting thereon for a given fuel pressure 
than the pressure on valve member 60 through 
port 6 so that the former is raised from its seat 
while the latter remains in closed position. How 
ever, if valve 25 becomes stuck in closed position, 
a sufficient pressure is built up in the pressure 
chamber to unseat valve member 60. In order 
to effect a fuel by-pass from the pump pressure 
chamber in the latter event, one or more flutes 
or slots 63 are provided in the periphery of valve 
member 6 which serve to connect the bore of is 
body 3 below said member with port 6 when 
said valve member is in open position. A radial 
passage 64 connects said bore to an axially ex 
tending slot 65 in the outer surface of flange 14 
and said slot opens at its upper end through a 

- slot 66 to fuel supply groove 3. Accordingly, 
when valve member 60 is in open position, fuel 
is by-passed from the pressure chamber to the 
Supply line or slump. 

Novel means are provided for effecting adjust 
ment of the compression of Spring 62 to thereby 
control the fuel pressure necessary to raise valve 
25 to open position. As shown, said means com 
prise a plurality of shims 67 located in the upper 
end of bore 59 of member 58 so as to bear against 
the end of threaded portion 30a and thereby limit 
the extent to which the latter can be threaded 
in said bore. By varying the number of shims 
utilized in this manner, there is obtained an 
accurate control of the compression to which 
spring 62 is subjected. It is to be noted that 
the pressure of said spring on member 58 pre 
vents the latter from unscrewing from portion 
30a and vitiating a satisfactory adjustment once 
the same has been attained. 
In order to guard against detrimental effects 

of the locking or sticking of valve 25 in open 
position, plunger 35 is actuated in a novel man 
ner to prevent a relatively continuous flow of 
fuel into the engine cylinder under the pressure 
in the fuel supply line. On the up or suction. 
stroke of the plunger, the latter is caused to come 
to rest with the lower end thereof just below ports 
36. When the plunger is in this position, shown 
in broken lines in Fig. 1, ports 36 as well as port: 
39 are closed and no fuel is admitted to the pres 
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56 holds plunger 35 in the desired stationary posi 
tion. ... From point b to point C of the Cam Sur 
face, the remainder of the suction or up-stroke 
of the plunger takes place, ports 36 being opened 
during this portion of the stroke and remaining 
open from points c. to d when the plunger is in 
top dead center position. During this latter 
movement of the pump plunger, the piston in 
the engine cylinder is in the course of its corn 
pression stroke so there will be no danger of fuel 
being forced into the cylinder by the Small pres 
sure in the fuel supply line. At d. on the cam 
the plunger begins its power or down-stroke and 
reaches bottom dead center position. When foll 
loWer 56 engages point e of the cam. Upon con 
tinued rotation of can 57, the plunger moves up 
ward until surface d-b, is again reached to 
complete the cycle. As a result of this novel 
construction of cam 57, fuel injection into the 
engine cylinder can take place only during a pre 
determined part of the engine piston Stroke even 
With the nozzle valve locked in open position, SO 
that the combustion chamber of the cylinder 
cannot be fiooded. With fuel oil. 
In normal operation, When plunger 35 is at top 

dead cerater position prior to the down or power 
stroke thereof, the pump pressure chamber and 
the fuel conducting passages a, 33,34 and 28 
and chamber 2 are filled with fuel at Supply line 
pressure, inlet ports 36 are open and by-passport 
-39 is closed. When plunger 35 moves downward 
to close inlet ports 36, the pressure of the fuel 
in the pressure chamber is built up after the port 
closure and is transmitted to chamber 27, raising 
valve 25 and thereby permitting fuel to be in 
jected into the combustion chamber of the engine 
cylinder through passages 24a, 2b and 2 c. At 
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a further point in the down-stroke, metering 
groove 4 overlaps port, 39 to connect the fuel 
supply line 37,38 with the pump pressure through 
passages. 4 and 42 and fuel delivery is cut off. 
After bottom dead center position is reached the 
suction stroke begins and continues until piston 
35 reaches a point at which it closes ports 36 and 
port 39. At this point, plunger 35 comes to a 
standstill and remains stationary until a short 
time before fuel injection is desired. The up 
stroke is then resumed and the plunger completes 
its travel to top dead center position, filling the 
pump and nozzle pressure chamber with fuel at 
Supply line pressure. 
The pressure at which valve 25 opens to begin 

fuel injection to the combustion chamber during 
the power stroke of plunger 35 is readily prede 
termined by adjustment of the number of shims 
67 in bore 59. 

If valve 25 becomes locked in closed position, 
the building up of fuel pressure in the pressure 
chamber unseats valve member 60 and the fuel 
from the pump pressure chamber is by-passed to 
the supply line through port 6, flutes 63, the bore 
of body 3, and passages 64, 65 and 66. If valve 
25 becomes locked in Open position, the delivery 
of fuel to the combustion chamber in excessive 

sure chamber and, therefore, none can flow to 
the combustion chamber of the engine cylinder. 
Plunger 35 is maintained in this position by cam 

- 5 for a substantial portion of the period between 
fuel injections. To accomplish this, said cam, 
which rotates in the direction of the arrow, has 
a circular contour for a substantial part of its 
peripheral surface, i. e., between points a and b, 
which contour when in engagement with follower 

70 

75 

quantities is prevented by plunger 35 which closes 
ports 36 and 39 for a substantial period between 
fuel injections. 
The flow of fuel in the supply system through 

groove 37 is continuous, the same entering said 
groove through one passage 38 and leaving 
through the oppositely disposed passage 38. The 
amount of excess fuel circulated in this manner 
may be regulated in accordance with the need for 
cooling the apparatus. 
A modification of the above-described uniflow 
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injection apparatus is shown in Fig. 2, wherein a 
conVentional type cam actuates the plunger and 
novel means in the nozzle holder body guard 
against the deleterious effects of the locking of 
nozzle Valve 25 in either open or closed position. 
As shown, the apparatus comprises a nozzle holder 
body 70 operatively mounted in the lower end of 
housing by means of a gland nut 5, sleeve 
nut 9 being secured to the lower end of Said body 
and carrying guide member 24 in which is 
mounted nozzle valve 25. A washer member 7 
is held between the lower end of said body and 
the upper end of Said guide member and has a 
central recess through which pin 3 of valve 25 
extends, Body 7 is provided With upper and 
lower axial recesses or bores 72 and 3, respec 
tively, which are connected to each other by a 
port 74. A passage 75 connects bore 72 with an 
annular groove 76 formed in the lower end of body 
0 and Said groove communicates with a groove 

77 in the upper end of valve guide member 24 
by means of one or more passages 8 in Washer 
member 7, groove 7 being in turn connected to 
the upper end of passage 28. Bore T3 is prefer 
ably connected by a passage or series of paSSages 
78 to the upper end of body 70 and, accordingly, 
opens into fuel supply groove 37. 
A delivery valve adapter unit 9 having an ex 

ternal flange 79a formed thereon at the upper 
end thereof is mounted in the upper portion of 
bore 2 and flange 79a is pressed tightly between 
a gasket 70a and the lower end of cylinder 8, 
said gasket fitting into an annular indentation in 
the upper end of body 70. The central bore of 
said adapter opens into the pump compression 
chamber and a retraction type delivery Valve 80 
is slidably mounted in said adapter bore to COn 
trol the fuel flow from said chamber to bore 2. 
The upper end 80' of said delivery waive is adapted 
to engage a conical seat 8 in Said adapter bore 
and a cylindrical portion 8d. is formed at the 
lower end of said valve for fluid-tight engage 
ment with the internal walls of adapter 79. An 
annular groove 8b is provided between the upper 
end of portion 8(d. and axial flutes 80c, Said flutes 
connecting at the upper ends thereof With a 
chamber 82, which is formed immediately below 
Seat 8 byan en largement of the adapter bOre. A 
spring 83 disposed between the bottom Wall of 
bore 2 and a shoulder 8d formed on valve 80 
yieldably urges the latter upward and normally 
maintains said valve in closed position. When a 
Sufficient pressure is built up in the preSSure 
chamber of the pump 8, 35 to lift Said valve 
from seat 8f and withdraw portion 80a from the 
adapter bore, the pressure chamber is open to 
bore 2 and the fuel pressure therein is trans 
mitted to valve 25 through passages 75, 78' and 
28. Thus, even if valve 25 is locked in open posi 
tion fuel delivery to the engine cylinder can occur 
only when the sufficient pressure is built up in the 
pressure chamber to move delivery valve 80 to 
open position. 

Novel means are also embodied in body 70 for 
yieldably urging valve 25 into engagement With 
its seat and for preventing any Serious detrimental 
effects when said valve becomes stuck or other 
wise inadvertently locked in closed position. In 
the illustrated embodiment, said means comprise 
a pressure transmitting element 84 disposed in 
the lower end of bore 3 and loosely mounted on 
the upper end of pin 3 so as to transmit down 
ward forces to the latter. An upwardly facing 
shoulder 84a is formed on Said element and the 
lower end of a Spring 85 seats on said shoulder 
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8 
and is centered by the shank of said element, said 
Spring being held under compression between said 
shoulder and a valve mechanism in the upper end 
of bore 73 so that valve 25 is pressed in the direc 
tion of its seat. Said mechanism comprises a 
Screw member or stud 87 having a flange 8a. 
formed at the base of the head thereof for en 
gaging the upper end of Spring 85, said head serv 
ing as a centering guide for said spring. Screw 
member 87 is threaded into the lower end of a 
Valve member 88 which is slidably mounted in 
bore 73 and has a needle valve element 88a, inte 
grally formed with or otherwise rigidly secured 
to the upper end thereof. The lower end of port 
T4 is flared to form a conical seat which co 
operates with valve element 88a to normally pre 
vent fuel flow through said port into bore 73. A 
plurality of axial grooves or flutes 88b are formed 
in the periphery of Valve member 88 to intercon 
nect the upper and lower ends of said bore so 
that passage 78 communicates with bore 12 when 
valve 88a, is open. 
The CroSS-Sectional area of port 74 is such that 

the total effective fuel pressure acting downward 
ly on Valve 88 is less than the total pressure act 
ing upwardly on valve 25 so that in normal opera 
tion Valve 88 is always closed and valve 25 is 
Opened periodically in response to the pressure 
created by the pump to permit fuel delivery from 
bore 12 to the combustion chamber of the engine 
cylinder. However, in the event valve 25 becomes 
locked in closed position, the pressure in bore 72 
Will, during the effective pumping stroke of the 
pump plunger, cause valve 88 to open so that fuel 
is by-passed from Said bore through port 74 to 
bore 13 and from the latter bore back to the fuel 
Supply line Wia, passage 78. 

In Order to control the compression of spring 
85 and, therefore, the fuel pressure at which valve 
25 will be lifted from its seat, a plurality of 
Washer-like ShimS 89 are disposed between the 
upper face of shoulder 87a and the lower end of 
member 88. The axial position of screw member 
81 can be accurately adjusted by varying the num 
ber of Shins 89 and thus provides accurate means 
for regulating the pressure exerted by spring 85. 
There is thus provided a novel fuel injection 

apparatus of the uniflow type wherein a fuel 
pump and a fuel injector are combined in a uni 
tary structure. The apparatus embodies novel 
means for insuring against any permanent or 
Serious deleterious results in the event the nozzle 
Valve is bound or otherwise locked against move 
ment either in open or closed position. Novel 
means are included for preventing excessive fuel 
delivery to the engine cylinder when the nozzle 
Valve is in Open position as well as novel means 
for relieving the pressure built up in the pump 
CompreSSion chamber when the nozzle becomes 
clogged or the nozzle valve remains closed during 
Operation. There is also provided a novel ar 
rangement whereby the nozzle valve operation 
can be controlled, i.e., whereby the fuel pressure 
at which the valve will be lifted from its seat 
can be accurately predetermined during assembly 
of the injector. Additionally, the novel structure 
provided includes means whereby cooling of the 
Same may be effected in a novel manner. Stil 
another novel feature of the pump and nozzle unit 
provided is the location of the by-pass port above 
the inlet port of the pump to insure against any 
accumulation of air in the pump compression 
chamber. 
Although Only two embodiments of the in 

Vention have been illustrated and described, it 
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is to be expressly understood that the same is 
not limited thereto. For example, it will now be 
apparent to those skilled in the art that other 
types of delivery valve units may be employed 
in the embodiment of Fig. 2, that instead of a 
single Spring, separate Springs may be employed 
for normally maintaining safety, valve 69 or 88 
and nozzle valve 25 in closed position, and that 
by-pass port 39 may be connected to any low 
pressure space other than the supply line 3, 38. 
It is to be understood also that the nozzle safety 
valves and adjusting means shown in FigS. 1 and 
2 for relieving the fuel pressure in the pump 
pressure chambers may be interchanged. Var 
ious other changes may also be made in the de 
sign and arrangement of parts illustrated with 
out departing from the spirit and scope of the 
invention. For a definition of the limits of the 
invention, reference is had primarily to the ap 
pended claims. 
What is claimedis: 
1. In fuel injection apparatus of the class de 

scribed, pump means comprising a casing, a cyl 
inder in said casing and a reciprocating plunger 
in said cylinder, said cylinder having port means 
controlled by said plunger and connecting the 
interior of the cylinder. With an annular Space 
between i Said casing abad Cylinder, Said Space 
having an inlet and an outlet independent of Said 
ports whereby fuel may be circulated there 
through irrespective of the position of Said 
plunger and said space being the sole connec 
tion between said inlet and outlet when said 
port means are closed by the plunger. 

2. In fuel injection apparatus, pump means 
comprising a casing, a cylinder in said casing, 
said cylinder and casing cooperating to form an 
annular space therebetween having an inlet and 
an outlet through said casing, and a recipro 
cating element in said cylinder for controlling 
communication between said Space and the in 
terior of said cylinder through ports in the Walls 
of said cylinder, said space being annular where 
by fuel may be continuously circulated around 
said cylinder irrespective of the position of Said 
element and said space being the Sole connec 
tion between said inlet and outlet when said 
port means are closed. 

3. In apparatus of the class described, fuel 
pumping means for an internal combustion en 
gine, a first valve means responsive to pressure 
created by said pumping means for controlling 
the flow of fuel from the pressure chamber of 
said pumping means into an engine cylinder, 
a second valve means responsive to Said preSSure 
for controlling the flow of fuel from Said pres 
sure chamber to a point outside said cylinder, 
said first valve means being adapted to Open in 
response to a lower pressure than Said Second 
valve means, and a single resilient means for 
normally holding both said valve means in closed 
position, said first and second valve means being 
in axial alignment with each other and with said 
pumping ninean S. 

4. In apparatus of the class described, fuel 
pumping means for an internal combustion en 
gine, a first valve means responsive to pressure 
created by said pumping means for controlling 
the flow of fuel from the pressure chamber of 
said pumping means into an engine cylinder, 
a second valve means responsive to Said pressure 
for controlling the flow of fuel from Said pres 
sure chamber to a point outside Said cylinder, 
said first valve means being adapted to Open 
in response to a lower pressure than Said, Second 

O 
valve means, and common yieldable means for 
normally holding said first and second valve 
means in closed position. 

5. In fuel injection apparatus for internal 
combustion engines, means for Subjecting a liquid 
fuel to pressure for forcing the same into the 
cylinder of an internal combustion engine, a 
first valve means' responsive to the pressure of 
said fuel for controlling the flow of fuel into 
Said Cyiinder, a Second Val'Ve means responsive 
to the pressure of said fuel for controlling the 
flow of Said fuel to a point OutSide Said Cylinder, 
and common means for yieldably biasing Said 
first and second valve means toward closed posi 
tion, the effective area of said Second Valve means 
acted upon by said fuel pressure being less than 
the corresponding area of said first valve means 
When both said Valve means are in closed posi 
tion. 

6. In apparatus of the class described Where 
in liquid fuel is Supplied under pressure by a 
fuel pump, the combination of, a valve responsive 
to fuel pressure created by said pump for con 
trolling the flow of fuel through an orifice, Valve 
means for relieving the pressure in Said pump 
When said Valve fails to open in response to a 
predetermined maximum pressure, and common 
resilient neas interpOSedbetWeen. Said Valve and 
valve means for normally holding the same in 
closed position. 

7. In apparatus of the class described, a fuel 
pump comprising a cylinder, having inlet and 
by-pass ports therein, a plunger in said cylinder 
for controlling the flow through said portS, and 
means for periodically reciprocating Said plunger, 
said last-named means being operable to cause 
said plunger to close said ports during at least 
a major portion of the interval between the 
beginning of successive cycles of operation of 
Said plunger. - - 

8. In fuel injection apparatus for an internal 
combustion engine, pump means, means con 
necting the pressure chamber of Said pump 

- neans to a Source of fülel Supply, Eneans CCín 
necting said chamber to the cylinder of an in 
ternal coimbustion engine, Said pump leans Con 
prising means for controlling said first-named 
connecting means, and means for Cyclically oper 
ating said controlling means to cut of communi 
cation between Said chamber and Source during 
at least a major portion of the interval between 
the beginning of successive cycles of Operation 
of said controlling means. 

9. In fuel injection apparatus, a cylinder, a 
55 plunger mounted for reciprocation in said cyl 

inder and defining a pressure chamber therewith, 
neans for Supplying liquid fuel to said chamber, 
means for delivering fuel from said chamber to 
a combustion chamber, Said last named ineans 

60 including a pressure responsive control valve, 
and means for actuating said plunger SO as to 
maintain said plunger stationary for a Substan 
tial portion of the duration of each suction stroke 
thereof, said plunger in the stationary position 

65 thereof being effective to cut off communication 
between said first named means and the pres 
Sure chamber. 

10. In fuel injection apparatus, fuel pumping 
means adapted to periodically apply preSSure to 

70 a quantity of fuel, means comprising a delivery 
line from said pumping means to an engine 
compression chamber, a pressure responsive valve 
normally maintaining said delivery line closed, 
said valve being moved to open position by the 

15 building up of fuel pressure in said line, means 
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comprising a by-pass passage for relieving the 
pressure in said delivery line, a valve responsive 
to the pressure of the fuel for controlling the 
flow of fuel through Said passage, and Connon 
resilient means for normally holding both of 
said valves in closed position, said second-named 
valve being moved to open position only when 
said first-named Valve is closed and a pressure 
in exceSS of that necessary to normally Open 
Said first-named Valve is built up in Said delivery 
line. 

11. In fuel injection apparatus, a cylinder, a 
plunger mounted for reciprocation in Said cyl 
inder and defining a pressure chamber thereWith, 
at least one fuel supply port communicating 
with said pressure chamber, a pressure responsive 
control valve adapted to regulate the fuel dis 
charge from said chamber, and means including 
a cam for actuating said plunger, Said can main 
taining said plunger stationary for the greater 
portion of the duration of each complete stroke 
cycle thereof at a point in the suction stroke 
When said plunger closes said port. 

12. In apparatus embodying a fuel pump, 
means comprising a delivery passage adapted to 
deliver fuel from said pump to a discharge Orifice, 
a control valve actuated by the fuel pressure in 
said passage to open the latter for fuel discharge, 
a delivery valve operatively associated with Said 
pump to control the fuel delivery to said delivery 
passage, a by-pass passage connected to Said 
delivery passage at a point between said delivery 
and control valves, and a by-pass valve normally 
closing said by-pass passage, said last-named 
valve being moved to open position by the fuel 
pressure in said delivery paSSage When Said pres 
sure exceeds the pressure normally necessary to 
actuate said control valve to open position and 
all of said valves being co-axial With each other 
and With Saidpump. 

13. In fuel injection apparatus embodying a 
fuel pump, means comprising a delivery paSSage 
adapted to deliver fuel from said pump to a dis 
charge orifice, a control valve actuated in One 
direction by the fuel pressure in said passage to 
open said orifice for fuel discharge, a by-paSS 
passage connected to the pressure chamber of Said 
pump, a by-pass Valve normally closing Said by 
pass passage, said by-pass valve being movable in 
the opposite direction to open position by the 
fuel pressure in the pump preSSure chamber 
When said pressure is in excess of that neceSSary 
to move said control valve to open position, and 
common resilient means interposed between Said 
valves for normally holding the same in closed 
pOSition. 

14. In injection apparatus of the unifoW type 
having a housing and pumping means in Said 
housing including a cylinder and a plunger, a 
fuel supply chamber in said housing Surrounding 
said cylinder and adapted to be connected peri 
odically with the pressure chamber of said pump 
ing means, and means including a pair of pas 
sages disposed on opposite sides of said housing 
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SO as to connect with said chamber for contin 
uously circulating fuel through said chamber at 
a rate exceeding that necessary to feed said 
pumping means, Said chamber being the sole 
Connection between said pair of passages. 

15. In apparatus of the class described, a fuel 
pump comprising a cylinder having inlet and 
by-pass ports therein, a plunger in said cylinder 
for controlling the flow through said ports, means 
for periodically reciprocating said plunger, said 
last-named means being operable to cause said 
plunger to close said ports during at least a ma 
jor portion of the interval between the beginning 
Of Successive cycles of operation of said plunger, 
a first Valve means responsive to pressure cre 
ated by said pump means for controlling the flow 
of fuel from the pressure chamber of said pump 
means into an engine cylinder, and a second valve 
means responsive to said pressure for controlling 
the flow of fuel from said pressure chamber to 
a point outside said engine cylinder, said first 
Valve means being adapted to open in response 
to a lower pressure than said second valve means. 

i6. In fuel injection apparatus of the class de 
Scribed, a pump casing, a pump cylinder in said 
casing, a reciprocating plunger in said cylinder, 
a tubular nozzle holder body extending into said 
pump casing in axial alignment therewith, means 
for Securing said cylinder and nozzle holder body 
in said pump casing, an adaptor interposed be 
tween said nozzle holder body and said cylinder, 
a delivery valve operable in said adaptor for con 
trolling the flow of fuel from the pressure cham 
ber in Said cylinder to said nozzle holder body, 
means for Supplying liquid fuel to a Space in Said 
pump Casing around said cylinder, means includ 
ing a by-pass valve in said nozzle holder body for 
Connecting the interior of said nozzle holder body 
to Said Space, a control valve for controlling the 
flow of fuel through said nozzle holder body to a 
combustion Space, and common resilient means 
interposed between said by-pass Valve and said 
control valve for normally holding the same in 
closed position. 

17. In fuel injection apparatus of the class de 
scribed, a fuel pump comprising a casing, a cyl 
inder in said casing and a reciprocating plunger 
in said cylinder, a nozzle holder body, means for 
Securing said nozzle holder body and said cyl 
inder in Said pump casing in axial alignment with 
each other, a pair of Valves in said nozzle holder 
body adapted to be moved to open position by 
the fuel pressure created by said pump, one of 
said valves being a control valve adapted to nor 
mally control the flow of fuel to a combustion 
space and the other being a by-pass valve adapt 
ed to control the flow of fuel to a region of low 
pressure for relieving the fuel pressure in said 
cylinder and holder body whenever said control 
valve fails to Open in response to a predetermined 
maximum pressure, and common resilient means 
interposed between said valves for normally hold 
ing the same in closed position. 
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