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The invention relates to fuel injection appara 
tus or devices for solid fuel injection type internal 
combustion engines. . 
One of the objects of the invention is to pro 

5 vide an injector in which the pressure producing 
member is spring driven and directly associated 
with the nozzle, so that the condition of the en 
gine may be observed by looking at the working 
of the valve since an erratic action of the valve 

io will indicate either a dirty or plugged up nozzle 
or a sticking of the pressure producing member 
in its casing. Since the pressure producing mem 
ber is spring driven, if the nozzle becomes plugged, 
damage to the engine will be prevented since the 

15 Spring will not operate the pressure producing 
member above a predetermined pressure. 
A further object of the invention is to provide 

a fuel injection device in which the pressure pro 
ducing member is spring driven with the release 

20 of the energy of the spring drive synchronized 
* &With the operation of the engine for regular op 
eration and preferably for carrying out the mixed 
cycle of combustion, i. e. combustion partly at 
constant volume and partly at Constant pressure. 
When, with such an arrangement, the spring 
drive does not synchronize itself with the engine, 
the injection of fuel becomes erratic and thus the 
present injector device may act as an overspeed 
governor since its action becomes erratic above 
a predetermined maximum speed and therefore 
tends to slow the engine down above this speed, 
A further cbject of the invention is to provide 

a fuel injection device in which air is prevented 
from being trapped in the pressure producing 

a chamber not only while establishing fuel flow 

30 

through the supply lines but also in case the dis 
charge valve from the chamber leaks and allows 
gas to get into said chamber. 
A further object of the invention is to pro 

o vide a fuel injection device having a double row 
of vertically disposed ports to provide for forc 
ing any air or grs from the pump chamber out 
through the upper set of ports and thus prevent 
the trapping of air or gas in the pump chamber. 

45 A further object of the invention is to provide 
simple and efficient means for supplying fuel to 
the pressure chamber of the injection device. 
A further object of the invention is to provide 

a simple and compact arrangement of parts to 
form a fuel injector device that may be readily, 
serviced and is of relatively rugged construction 
and does not depend upon maintaining careful 
fits of the discharge valve as is necessary with the 
usual needle type injector valve. 

is "The invention further consists in the several 

(C. 299-107.2) 
features hereinafter set forth and more particul 
larly defined by claims at the conclusion hereof. 

In the drawings: 
Fig. 1 is a vertical sectional view through a 

device embodying the invention and taken along 5 
the line - of Fig. 2; - 

Fig. 2 is a side elevation view of device, 
parts being broken away and parts of the mount 
ing being shown in section; 

Fig. 3 is a detail sectional view taken on the 10 
line 3-3 of Fig. i. 

Fig. 4 is a view taken generally in section along 
the line 4-4 of Fig. 1; 

Fig. 5 is a detail sectional view taken along 
the line 5-5 of Fig. 2. 15 

Referring to the drawings, the numeral 8 desig 
nates the housing or casing having a top plate 
portion 9 and a tubular portion to with alined 
bores , 2, and 3. W 
A plunger barrel fits within the bore 2 and is so formed of a lower portion 4 and an upper portion 
Salined therewith and connected thereto by the 

pins 6. This barrel is clamped in position by a 
clamping nut f in threaded engagement with the 
threaded upper end of the bore 2 and bearing 25 
on a washer or gasket 8 disposed on the top of 
said barrel, the lower portion of said barrel seat 
ing on the shoulder f. The barrel assembly is 

- prevented from rotating by a stop screw 8' having 
an end seating in a recess 5’ in the upper barrel 30 
part 5. M 
A valve seat member 20 is mounted in the bore 
3 and has a flanged end 2 seating and clamped 

in a fluid tight manner against the end of the , 
tubular casing ?o by a nozzle member 22 having 35 
threaded engagement with the lower end of said 
casing, said member 22 having a clamping surface 
23 in fluid tight engagement with the flanged end 
2 of said member. The member 20 has a small 
passage 24 extending therethrough and slightly 40 
enlarged at its lower end and then conically . 
flared at 25 to form a seat for a ball check valve . . 
2. . 
The nozzle member 22 has alined bores 27, 28, 

and 29 formed therein and One or more small 45 
spray openings 30 at the lower end of the bore 29. 
The valve 26 is normally held to its seat and 
preferably to resist relatively high opening 
pressure by a spring 3 mounted in the bore 27 . 
and interposed between the end of said bore and 50 
the grooved flanged head 32 of a pressure trans 
mitting member or pin 38 whose tubular lower 
end is guided in the bore 28 and has a conduit 
slot 34 formed therein. 
The barrel part 4 has two sets of ports, the 55 



2 2,082,808 
diametrically disposed lower ports 35 forming the 
lower set and a series of radially spaced upper 
ports 36 forming the upper set, said last named 
ports being preferably Spaced ninety degrees 
apart. These ports connect the interior of said 
barrel with an annular space 3 formed by re 
cessing the Outer portion of said barrel part and 
Connected with a similar space 38 formed in the 
barrel part 5 by alined sets of grooves 39, 40, 

lo the upper part of the space 38 being allined with 
an annular space 4 in the casing 8 which con 
nects with spaced fuel supply ducts 42 formed in 
the part 9 of said casing and supplied with fuel as 
hereinafter described. 

15 A plunger 44 has a working fit at its lower end. 
in the barrel part 4 and extends loosely through 
the barrel part 5 and also an enlarged cylin 
drical portion 45 slidably mounted and guided 
in a bronze sleeve 86 mounted in the bore . 

20. The plunger 44 is formed at its lower end to co 
operate with the ports 35 and 36 to supply 
variable quantities of fuel to the spray nozzle 
under varying positions of said plunger relative 
to said ports. For this purpose the plunger has 

25 an annular space 4 formed therein in spaced 
relation to its end, a recessed portion 48 opening 
into said space 4 and having an inclined front 
rface 49, and a slot 50 extending from said space 
47 to the front end of the plunger and forming 

30 in effect a continuation of one side of the re 
cessed portion 48. There is also preferably a 
slot identical with the slot 50 at the opposite side 
of the plunger and a recessed portion similar to 
the portion 3 on said other side and oppositely 

35 disposed with reference thereto. 
With the above arrangement when the plunger 

44 is in its upper position, the suction ports 35 
are uncovered by the front end of the piston and 
the Space is allined with the ports 36 and in 

40 communication with the pumping space by way 
of the slot or slots 50. Thus if any air or gas 
has collected or found its way into the pump 
barrel, this gas will rise up into the space 47 and 
when the plunger 44 is forced downwardly, there 

45 is a tendency to force the fuel out through the 
ports 36 until the same are lapped by the piston 
and consequently carry any entrapped air or gas 
out through said ports 36 and into the suction 
line. This tendency for reverse flow through the 

50 ports 36 is increased by making these ports larger 
or wider than the ports 35 so that said ports 35 are 
lapped or closed by the piston or plunger 44 be 
fore the ports 36 so that the pressure being 
developed in the pumping chamber will force 

is excess fuel, and air or gas if present, through said ports 38. 
As shown, the plunger is in a position for full 

load or full charge delivery and as the plunger 
is rotated to different adjusted positions, the in 

60 clined face 49 will pass the adjacent lower port 
35 sooner or later dependent on whether said 
plunger is turned anti-clockwise or clockwise as 
viewed in Fig. 1... When, on the delivery stroke 
of the plunger, said face 49 passes the port 35, 

65 the fuel in the pump chamber is free to be by 
passed back to suction since under these condi 
tions the fuel may then return via the slot 50, 
recess 68 and port 35. Also in all pumping po 
sitions of the plunger the pumping chamber is 

to connected with suction during the later part of 
the stroke of said plunger by the space 47 alining 
with the ports 35 and connected to the pumping 
space through the slot or slots 50. When the 
plunger is turned to bring the slot 50, into alline 

is ment with its cooperative port 35, no fuel will be 

delivered as the fuel will then simply be forced 
out of the pumping chamber and through the 
slot 50, or slot 50 and space 47 to said port 35. 

For axially rotating the plunger 44 to different 
positions of angular adjustment a two part seg- 5 
mental gear member 5, whose parts are clamped 
together by screws 52, is journalled to turn about 
the cylindrical extension 53 of the casing 8, said 
gear having a key 54 secured thereto which works 
through clearance slots 55 and 56 in the extension 
53 and guide 46 respectively and engages in a 
vertically extending slot 57 in the plunger 44. 
The gear 5 is Oscillated by a governor or manu 
ally operated segmental gear 58 meshing there 
with and having its hub 59 journalled on a pin 15 
extension 60, said hub having a lever arm 6 
integral therewith. The extent of swinging 
movement of the gear 5 is limited by a pin 5' 
COOperating with a notched portion of said gear. 
The plunger 48 is spring driven and forced 2C 

downwardly at a predetermined pressure and in 
cyclic Synchronism with the engine and posi 
tively returned. This drive mechanism includes 
a head member 62 which is centrally connected 
to the plunger and free to Swing to some extent 25 
relative thereto, the plunger having a spherically 
curved button end 63 engaging the hardened but 
ton end 64 inset in said head member. This 
head member is guided in a substantially straight 
movement parallel with the plunger by a splined 30 
connection with the casing comprising the teeth 
65 formed on the upper flanged end of the casing 
8 meshing with annular gear teeth 66 formed in 
the lower end of said head. The head also has 
a centrally disposed cavity 67 in which a plu- 35 
rality of coil springs 68 of varying capacities are 
mounted, said springs reacting between said head 
and a fixed plate 69 secured to the housing 8 by 
the spaced studs 70 and fastening screws 7 and 
the screw 72 in threaded engagement with the 40 
pin extension 60. 
The head member 62 is provided with diametri 

cally disposed cam follower portions 73 cooper-. 
ating with the control cams 74 mounted on 
shafts 75 driven by or in cyclic synchronism with 45 
the engine, said cams acting to elevate said head 
62 and the parts connected therewith resisted by 
the compression of the springs 68 and thus store 
up energy in Said Springs which is then released 
under the control of the cams and drives the 50 
plunger 44 downwardly putting the fuel in the 
barrel 4 under pressure and on the release of 
the valve 26 expelling it through the passages in 
the nozzle member 22 and through the spray 
orifices 30 into the combustion chamber of the 55 
engine. Thus the cams 74 act to control the 
time of the introduction of fuel into the engine 
and the rate at which said fuel is introduced. 
The energy stored up in the springs is such a 
quantity that for all regular operating speeds of 60 
the engine the head 62 will be held against the 
cams so that the plunger 44 will operate in cyclic 
Synchronism, with the engine. When the rated 
speed is exceeded the head parts 73 are no longer 
able to follow the cams and on a release of the 65 
energized springs the timing of the fuel injection 
becomes erratic and the engine slows down. Thus 
the Spring drive herein provided acts as an auto 
matic overspeed governor It also insures that 
the fuel will only be subjected to a predetermined 70 
delivery pressure which cannot be exceeded in 
case the nozzle becomes plugged and thus damage 
to the engine is prevented. Since the downward 
movement is determined by the predetermined 
pressure the visible action of the valve will per- 75 
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mit the operator to judge whether it is dirty, 
plugged up, or the plunger is stuck in the barrel. 
The injector casing ?o has a threaded portion 

T6 adapted to engage in a tubular nut 77 mounted 
in a part 78 of the cylinder head, said nut having 
a gear 79 secured thereto which is adapted to be 
turned by a manually rotatable gear (not shown). 
Thus turning of the nut 77 moves the casing 8 
up or down relative to the cylinder S0 as to posi 
tion or remove the injector from operative posi 
tion in the engine. 
The top plate portion 9 has the spaced fuel 

supply ducts 42 connecting the annular space 4 
with a bore 80 in said plate, said bore having the 

lb extension 60 extending through it. The exten 
sion 60 and the main part of the pin 8 have 
spaced longitudinally extending passages 82 
formed therein which communicate by transverse 
passages 83 with said ducts 42. The main part 

20 of the pin 8 fits into a bore 84 formed in the 
head part 78 and has transverse ducts 85 con 
necting the lower ends of the passages 82 with 
passages 86 in said head adapted to communicate 
with any suitable oil supply and circulating pump, 

25 so that fuel is at all times supplied through these 
passages to the injector at about a pressure of 
ten pounds per square inch. It is to be noted 
that the connection with the supply line is made 
by merely inserting the pin 8 in the bore 84, 

30 said pin also acting as a key to prevent rotation 
of the injector as the nut revolves. It will 
also be noted that with such a girculating pump 
the fuel is in a continuous state of circulation 
from one passage 86, 82, and 42 to the chamber 

35 & and returns therefrom through the other set 
of communicating passages 42, 82, and 86 back to 
the supply. For preventing any leakage from the 
bore 84, a packing ring 8 is mounted in a recess 
88 adjacent said bore and urged by a colled 

40 spring 89 against said pin and also urged against 
said pin by the pressure of any fuel that may find 
its way along said pin. 

I desire it to be understood that this invention 
is not to be limited to any particular form or ar 

45 rangement of parts except in so far as such limi 
tations are included in the claims. 
What I claim as my invention is: 
1. In a fuel injection apparatus, the combina 

tion with a valve controlled spray nozzle, of 
to means for forcing fuel through said nozzle in 

cluding a movable pressure producing member, 
spring means for driving said member, and means 
operating in cyclic synchronism with the engine 
for controlling the driving action of said Spring 
means during the entire pressure stroke of Said 
member. 

2. In a fuel injection apparatus, the combina 
tion with a valve controlled spray nozzle, of 
means for forcing fuel through said nozzle in 

60 cluding a reciprocatory pressure producing mem 
ber, spring means for driving said member, and 
engine driven cam means for controlling the 
driving action of said spring means during the 
entire pressure stroke of Said member. 

3. In a fuel injection apparatus, the combina 
tion with a casing having a valve controlled spray 
outlet, a pump plunger reciprocating in said cas 
ing, spring means for moving said plunger On 
its working stroke, means for storing up energy 

to in said spring means comprising an engine driven 
cam, and a cam follower operatively connected 
to said plunger and said Spring means said cam 
controlling said spring means during the pres 
sure stroke of said plunger 

is 4. In a fuel injection apparatus, the combina 

5 5 

tion with a casing having a valve Controlled Spray 
outlet, a pump plunger reciprocating in said cas 
ing, a head connected to said plunger, oppositely 
disposed engine driven cams, followers on said 
head engaging said cams for moving said plung- 5 
er, and spring means engaging said head for 
holding said followers against said cans during 
the working stroke of the plunger at all rated 
loads. M 

5. In a fuel injection apparatus, the combina- 10 
tion with a casing having a discharge nozzle at 
one end, of a constant stroke plunger for forcing 
fuel through said nozzle, spring means for im 
parting a driving force to said plunger, means 
for energizing said spring means and controlling l5 
said plunger during its Working stroke, and ad 
justable relief means between said plunger and 
casing to vary the amount of fuel delivered by 
said nozzle. - 

6. In a fuel injection apparatus, the combina - 20 
tion with a casing having a discharge nozzle at 
one end, of a pump barrel mounted in said cas 
ing, a plunger working in Said barrel, said plung 
er and barrel provided with passages controlling 
inlet to and release of fuel from said barrel, a 25 
valve seat member between said barrel and nozzle, 
a spring pressed check valve cooperating with 
said seat member to control the flow of fuel to 
said nozzle, a head member connected to said 
plunger for limited tilting movement, spring 80 
means acting on said head member for moving 
said plunger on its delivery stroke, and oppo 
sitely disposed engine driven means for energiz 
ing said spring means and controlling their action 
during the working stroke of said plunger and 35 
moving said plunger on its non-working stroke. 

7. In a fuel injection apparatus, the combina 
tion with a pump chamber, of a plunger working 
in said chamber, and vertically spaced sets (f 
constantly open suction ports controlled by said 40 
plunger, the upper set of ports being of greater 
area than said lower ports and acting as fuel in 
let ports through which the fuel passes at a lower 
velocity than through said lower ports and also 
adapted to conduct air or gas from said pump 4.5 
chamber. w 

8. In a fuel injection apparatus, the combina 
tion with a pump chamber, of a plunger working 
in said chamber, vertically spaced sets of cylin 
drical constantly open suction ports controlled 50 
by said plunger, the upper set of ports being of 
larger diameter than the lower set of ports and 
acting as inlet ports through which the fuel may 
pass at a lower velocity than through said lower 
ports and also adapted to conduct air or gas from 55 
Said pump chamber and closing after the lower 
Set of portS. . 

9. In a fuel injection apparatus, the combina 
tion of a casing having a tubular portion, means 
for delivering fuel to said tubular portion includ- 60 
ing a pin member provided with a passage, a 
member having a bore to slidably receive said pin 
member, means to supply said bore with fuel 
under pressure, and sealing means for prevent 
ing fuel leaking out along said pin member. 65 

10. In a fuel injection apparatus, the combi 
nation with a casing having a tubular part pro 
vided with a threaded portion, an engine part 
having a nut member to receive said threaded 
portion, means for rotating said nut member to 70 
move said casing lengthwªyise to mount Said cas 
ing in operating position, a pin forming a key 
and having a passage communicating with said 
casing, said engine part having a bore to slidably 
receive said pin member, means to supply said 75 



4 

10 

20 

2 5 

30 

40 

50 

bore with fuel under pressure, and Sealing means 
for said pin member. 

11. In a fuel injection apparatus, the combina 
tion of a casing having a fuel receiving Space, 
means for circulating fuel through said Space in 
cluding a pin member provided with spaced pas 
Sages, a member having a bore to slidably receive 
said pin member and provided with Spaced pas 
sages communicating with the spaced passages 
in said pin member, and Sealing means for pre 
venting fuel from leaking out along said pin 
Inember. 

12. In a fuel injector, the combination of a 
casing having a pump chamber at its lower end, 
a fuel receiving Space at its upper end, and a pas 
sage connecting said Space with said chamber 
and allowing air or gas to pass from said chamber 
to Said space, said pump chamber having ports, 
a plunger reciprocating in Said chamber and co 
operating with said ports to control the entrance 
thereto and the discharge of fuel therefrom, and 
means for circulating fuel through said fuel re 
ceiving Space. 

13. In a fuel injector, the combination of a 
casing having a pump chamber at its lower end, 
a fuel receiving space at its upper end, and a 
vertically disposed passage connecting Said Space 
with Said pump chamber, a plunger reciprocating 
in said chamber, said chamber having vertically 
spaced sets of open suction ports controlled by 
said plunger, the upper set of ports adapted to 
conduct air or gas from said pump chamber and 
closing after the lower set of ports, and means 
for circulating fuel through said fuel receiving 
Space. r 

14. In a fuel injection device, the combination 
With a casing having a discharge nozzle at One 
end, of a pump barrel mounted in said casing, 
a plunger Working in said barrel, Said plunger 
and barrel provided with passages controlling 
inlet to and release of fuel from said barrel dur 
ing the working stroke of said plunger, a valve 
seat member between said barrel and nozzle, a 
spring pressed ball check valve cooperating with 
said seat member to control the flow of fuel to 
said nozzle, spring means for driving Said plung 
er, and engine driven cam means for Controlling 
the driving action of said Spring means during 
the entire pressure stroke of said plunger. 

15. In a fuel injection apparatus, the combi 

2,082,808 
nation of a casing having a lengthwise extending 
bore reduced in diameter near its lower end to 
provide a shoulder and a reduced bore portion, 
a pump barrel removably mounted in Said bore 
and abutting said shoulder at its lower end, 
means at the upper end of said casing for clamp 
ing Said pump barrel in position, a plunger work 
ing in said barrel, a head member connected to 
said plunger and having a splined connection 
With the upper end of Said Casing, oppositely dis 
posed engine driven cams, followers on said head 
engaging said cans for moving said plunger, an 
abutment supported by said casing, spring means 
disposed between Said abutment and head for 
holding said followers against Said cans during 
the Working stroke of the plunger at all rated 
loads, said plunger and barrel provided with pas 
Sages controlling inlet to and release of fuel from 
said barrel during the Working stroke of Said 
plunger, a valve seat member mounted in the re 
duced bore portion of said casing and abutting 
the end thereof, a nozzle member in threaded en 
gagement with the lower end of Said casing and 
clamping Said Seat member thereto, an outwardly 
opening check valve seated at the lower end of 

O 

5 

20 

25 

said seat member, and a spring mounted in said 
nozzle member for normally closing said valve. 

16. In a fuel injection apparatus, the combi 
nation With a casing having a valve controlled 
spray outlet, a pump plunger reciprocating in 
said Casing, a head rotatably connected to said 
plunger, adapted to move lengthwise therewith, 
and having slidably Splined connection with the 
upper end of said casing, oppositely disposed en 
gine driven cams, followers on said head engag 
ing Said cams for moving said plunger, an abut 
ment Supported by said Casing, Spring means in 
terposed between said head and abutment for 
holding Said followers against said cams during 
the working stroke of the plunger at all rated 
loads, adjustable release means between said 
plunger and casing to vary the amount of fuel 
delivered by said spray outlet and controlled 
by the angular position of said plunger, a control 
member journalled on the exterior of said casing, 
and a key connection between said control mem 
ber and said plunger for varying the angular po 
sition of saidi plunger. -° ̀  
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