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LEO BERNER, OF souTH MILWAUKEE, AND PAUL LOHR, OF MILWAUKEE, wIsCONSIN 

FUEL INJECTION APPARATUS FOR INTERNAL COMBUSTION ENGINEs. 
Application filed June 13, 1929. Serial No. 370,583. 

The invention relates to internal combus 
tion engines and more particularly to fuel 
injection apparatus for spraying metered 
quantities of fuel, under pressure, to the com 

5 bustion chamber of the engine at the desired 
time in the engine's cycle. - 
The object of the invention is to provide 

means for delivering metered quantities of 
fuel to an internal combustion engine of the 
oscillatory cylinder type, said means includ 
ing a pump plunger which receives its mo 
tion from the engine cylinder and whose 
stroke is altered to vary the amount of fuel 
delivered to the engine. 
The invention further consists in the sev 

eral features hereinafter set forth and more 
particularly defined by claims at the conclu 
sion hereof. 
In the drawings Fig. 1 is a detail vertical 

sectional view through an internal combus 
tion engine equipped with fuel injection ap 
paratus embodying the invention; 

Fig. 2 is a detail sectional view taken on 
the line 2-2 of Fig. 1; 

25 - Fig. 3 is a detail sectional view taken on 
the line 3-3 of Fig. 1; 

Fig. 4 is a detail sectional view taken on the 
line 4-4 of Fig.1; & 

Fig. 5 is a detail sectional view taken on 
the line 5-5 of Fig. 3; . . 

Fig. 6 is a front end view of the discharge 
valve; - 

Fig. 7 is a detail sectional view of parts 
shown in Fig. 1, showing them in a different 
position; 

Fig. 8 is a detail vertical, sectional view 
through an internal combustion engine 
equipped with a modified form of fuel in 
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'Fig. 9 is a detail sectional view of parts 
shown in Fig. 8 showing the position of the 
plunger and ports at the end of the stroke 
of the plunger. 

Fig.10 is a detail sectional view similar to 
Fig. 9, showing the position of the ports 
and the plunger as the plunger starts on its 
suction stroke; - 

Fig. 11 is a detail sectional view similar 
to Fig. 9, showing the position of the plunger 50 

jection apparatus embodying the invention; 

and ports during the intermediate part of 
the cycle; 

Fig. 12 is a diagrammatic view showing 
the timing of the plunger movements." 
The fuel injection apparatus embodying is 

the invention has been designed for associa 
tion with internal combustion engines of the 
oscillatory cylinder type and more particul 
larly to engines of the form shown in our 
copending application, Serial No. 27,582, so 
filed May 14, 1928. 
The engine herein shown embodies features 

shown in the aforementioned application and 
includes a fixed frame or entablature 16 asso 
ciated with the engine crankcase (not shown) as 
and forming a support for trunnions 22 pro 
jecting from opposite sides of an oscillatory 
cylinder 21, the upper half of said trunnions 
being journalled in bearing caps (not shown) 
secured to the fixed frame. Thus, each cyl. To 
inder is mounted for oscillation and its lower 
end closed off by a cover plate 41 provided 
with a tubular extension E" 
A piston 35 is mounted to reciprocate in 

each cylinder and is provided with a piston is 
rod 36 slidably mounted in said extension and 
operatively connected to the crank shaft in 
any suitable manner, though the arrange, 
ment shown in our application Serial No. 
277,582 is preferred. Thus, the cylinder is so 
caused to oscillate as the rod 36 is oscillated 
by the crank shaft, while at the same time 
said rod and piston are reciprocated relative 
to the engine cylinder. 
. A head 17 is yieldingly mounted relative 85 
to the fixed frame 16 by springs 85 inter 
posed between said head and the heads of 
bolts 84 upon which the flanged edges of 
said head are also slidably mounted. . . . . 
This head is provided with a cooling jacket too 

space 43, exhaust ports 44, an air inlet space 
45 having a port 46 for each cylinder and 
may have an ignition chamber 47 having a 
port 47 for each cylinder of a pair. The ex: 
haust ports 44 communicate with an exhaust 
conduit 48 secured to the head, and a spark 
ing ignition device 51 or other suitable ig. 
niter may extend into the chamber 47. . 
The head 31 of each cylinder 21, which is 

of semi-cylindrical formation, is provided 

c 5 



2. 
with spaced exhaust ports 52 adapted to reg 

10 

ister with the exhaust ports 44 and with a 
port 53 movable into register with the port 
47 at the proper time in the cycle of the 
engine. The inner side of the head 17, above 
each cylinder is of a curvature conforming 
to that of the cylinder head. 
A semi-cylindrical oscillatory valve 54, 

whose axis coincides with the axis of oscilla 
tion of the cylinder, is interposed between the 
head 31 of each cylinder and the fixed head 
17, said heads being curved to accurately 
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conform to the curvature of the valve. Each 
valve 54 has spaced exhaust ports 57 adapted 
to register with the exhaust ports 44 and 52, 
a port 58 adapted to register with the ports 
53 and 47, and a port 59 adapted to register 
with the port 46 and with a transfer passage 
65 at the proper time in the cycle of the 
engine. . . r 
. Each valve 54 is intermittently oscillated 
by the movement of the cylinder associated 
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therewith and for this purpose we provide 
projections 60 and 61 alternately engageable 
with the adjacent side edges of said valve. 
The air inlet or transfer passage 65 in each 

cylinder leads by way of ports 71 to the space 
between the head or plate 41 and the back of 
the piston 35 and the scavenge ports 72 lead 
from said passage 65 into the cylinder and 
are uncovered by the piston at the end of 
its inward stroke, at which time the clearance 
between the piston and the bottom head 41 
is preferably a minimum so as to just pre 
vent mechanical contact and thus all the 
compressed fuel charge is confined within the 
transfer passage 65 iust before its entrance 

C. 
t 

into the cylinder. 
. The cooling space. 43 of the head may be 
connected with the cooling space 75 of the 
cylinder by a flexible pipe 95. 
The operation of the valve structure is 

similar to E. of our application Serial No. 
27,582, to which reference may be made for 
a full and complete explanation thereof, it g 
being noted here that the oscillation of the 

linder 21 serves at the proper time to move 
e valve 54 to bring about the usual events 

of two cycle operation, the ports 52, 57 and 44 
O ' being in register during exhaust and until 
the port 72 is uncovered by the piston, the 
ports 53, 58 and 47' being in register near and 
at the end of the compression stroke where an 

55 ignition device, such as the spark plug 51, is used to fire the charge. 
The fuel injection apparatus includes a 

differential pump plunger 100 and 103 work 
ing in differential bores 102 and 101, respec 
tively, in each cylinder, said plunger having 
the usual annular grooves 106 formed there 
in, resisting leakage and having a cross-head 
portion 108 working in a bore 122 in the 
cover plate 41. 

65 
A fuel supply pipe 96 connects with a pas 

Sage 97 in the fixed head 17 which, through 
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the port 98 in the valve 54, connects with a 
passage 99 leading into the upper bore of 
the pump, the port 98 moving into register 
with the passages 9 and 99 during the 
downward stroke of the plunger, which oc 
oscillated toward the left in opposite direc 
tion from that indicated by the arrow in Fig. 1. 
For reciprocating the pump plunger as 

the cylinder is oscillated, a lever 110, pivoted 
On a fixed shaft 112, has a slot 113 in which 
a suitable pin or block 109 on the portion 
108 works, said lever 110 being held rela 
tively stationary by means hereinafter de 
scribed, whereby the oscillatory movement 
of the cylinder in conjunction with the limit 
ing of the movement of the pump plunger 
by said lever will cause a relative reciproca 
tory movement between the cylinder and 
plunger, whereby fuel drawn into the pump 
casing during the lower half of the down 
ward and upward movement of the piston 35 
and the oscillation of the cylinder toward 
the left, as previously noted, will, at the de 
sired time in the upper half of the up-stroke 
and downward stroke of the piston, and 
preferably at half stroke, be expelled from 

O 
curs as the lower end of the cylinder 21 is 
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the pump casing by the plunger and into the 
cylinder, as hereinafter described. 
The cylinders 21, as shown in Fig. 4, are 

preferably arranged in pairs and the pumps 
for said cylinders are likewise arranged in 
Reis with the levers 110 connected together y a tie-pin 111. 
The means for varying the stroke of the 

pump plunger or plungers includes means 
for adjusting the langular position of the 
lever or levers 110 from the full to the dotted 
line position shown in Fig. 1, that is, from a 
position of full to no delivery. For this pur 
pose a pin 114, mounted in slots 115 of the 
levers 110, connects said levers with the 
lower eyed end of a rod 117 mounted in a 
uide bore 116 and suitably connected to a 

0. 
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threaded shaft 118 so as to be reciprocated 
thereby as said shaft is turned in a threaded 
boss in the frame by means of a handwheel 
118, said shaft being held in adjusted posi 
tion by a locknut 118''. 
The plunger has a groove 104 formed in 

the section 103 whereby the bores 101 and 
102 are kept in communication with each 
other and the discharge from these bores 
into the cylinder is through a spray open 
ing 105 in the plunger as said plunger moves 
E. the port 119 formed in the cylinder 
W 

-Passage to the opening 105 may be con 
trolled by a discharge valve and as shown in 
Figs. 3, 5 and 6, a check valve 126 is slid 
ably mounted in and seats against a plug 129 
mounted in the plunger against a packing 128, 
said valve having grooves 127 formed in the 
front and sides of its head and in its stem, 
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whereby fuel from the passage 104 is free 

5 

to flow past said valve when the same is open 
to the spray nozzle 105. The valve 126 is nor 
mally held closed by a spring and as here 
shown a flat bowed spring 130, disposed in the 
groove 104 and anchored at one end to the 
plunger by a screw 131 and at its other end 
having limited sliding movement in a clip 132 

0. 
secured to the plunger by a screw 131, passes 
through a slot in the stem of the valve. 
With this construction, as the piston 35 

moves through the lower half of the up 

5 

29 that time a new charge of fuel is being taken 

3 5 

and downward stroke and the lower end of 
the cylinder 21 oscillates toward the left, the 
lower end of the pump plunger travels over 
toward the left in the slot 113 from the posi 
tion shown in the drawings and the plunger 
moves down relative to the cylinder 21 dur 
ing the firing or expansion stroke and at 
into the pump body through the registering 
ports 99,98 and 97 and when the piston nears 
the end of its stroke the exhaust ports come 
into registry. Thereafter, as the cylinder 
oscillates toward the left the valve 54 is 
shifted to close the exhaust ports. At the 
half upward stroke the port 98 is moved out 
of registry with the port 97 and as the pis 
ton 35 continues to move upwardly ports 
99, 98 and 97 are in the position shown in 
Fig. 7. During this oscillatory movement. 
the relative movement between the pump 
plunger and the cylinder causes the pump 
plunger to move upward on its expressing 
stroke and puts pressure on the fuel in the 
bores 101 and 102, thereby opening the valve 
126 and spraying the fuel through the open 
ing 105 and port 119 into the cylinder, this 

40 
action taking place in the present design as 
the piston 35 is moving through the latter 
half of its compression stroke and the first 
half of the expansion stroke. The maximum 
range of movement of the plunger is indicated 
by the lines having the designating numerals 

45 120 and 121 applied thereto, but, as previ 
ously pointed out, this stroke may be less 
ened by moving the lever 110 upwardly 

: 5 

until said lever reaches its dotted line posi 
tion, at which time there is practically no rel 
ative movement between the pump plunger 
and the cylinder so that no fuel is delivered 
to the engine cylinder. Should any of the 
fuel leak by the grooves 106 it will find its 
way into the bore 122, from which it is ex 
pelled through the passage 123 into the space 
behind the piston. 
A modified form of this device is shown in 

Figs. 8 to 12 of the drawings. In Figs. 9 to 
C) 

11, inclusive, the fuel supply pipe 96 con 
nects with the passage 97 in the fixed head 
17, which, through the port 98 in the valve 
54, connects with the passage 99 in the cyl 
inder leading into the upper bore 101 of 
the pump, the port 98 moving into register 
with the passage 97 during the downward 

3 
stroke of the plunger, which occurs when 
the valve 54 is oscillated to the left, as shown 
in Figs. 9 and 10 of the drawings, and the 
passage 99 coming into alinement with the 
passage 97 and port 98 as the cylinder turns to 
a dead center position, as shown in Fig. 10. 
For reciprocating the pump plunger as the . 

cylinder is oscillated a lever 110 pivoted on a 
fixed shaft 112 has a cam slot 113 formed 
therein in which a suitable pin or plug 109 
on the 
held relatively stationary by means herein 
after described whereby the oscillatory move 
ment of the cylinder in conjunction with the 
limiting of the movement of the pump 
plunger by said lever will cause a relative 
reciprocatory movement between the cylin 
der and plunger whereby fuel drawn into the 
pump casing during the movement of the 
piston 35 from about 45 degrees before lower 
dead center to 45 degrees after lower dead 
center, as indicated by the numeral 137 in 
Fig. 12, and the oscillation of the cylinder 
toward the left, as previously noted, will, at 
the period between 45 degrees before upper 
dead center and 45 degrees after upper dead 
center, as indicated by the numeral 136 in 
Fig. 12, be expelled from the pump casing 
by the plunger and into the cylinder, as here 
inafter described. 
The means for varying the stroke of the 

pump plunger includes means for adjusting 
the angular position of the lever 110 from the 
full line position shown to a position in which 
the cam slot 113 assumes the position indi 
cated by the numeral 135 in Fig. 8 of the 
drawings, that is, from the position of full 
to no delivery. For this purpose the same 
construction as previously described is used 
including a pin 114 mounted in slot 115 of 
the lever 110 connecting said lever with the 
lower eyed end of a rod 117 mounted in a 
guide bore 116 on the frame 16 and suitably 
connected by a threaded coupling to a 
threaded shaft 118 so as to be reciprocated 
thereby as said shaft is turned in a threaded 
boss in said frame by means of a handwheel 

70 

75 portion 108 works, said lever being 
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105 

O 

118, said shaft being held in adjusted posi 
tion by a locknut 118'. 

For controlling the discharge to the cylin 
der the valve 54 has a port 133 formed there 
in, adapted to connect the passage 99 of the 
pump casing with a spray nozzle 184 mount 
ed in the cylinder head adjacent the passage 
99 whereby, as noted in Fig. 8, showing the 
mid position of the pump plunger, the fuel 
in the pump casing will be discharged 
through passage 99 and port 133 and spray 
nozzle 134 into the engine cylinder during 
the time that the piston is moved through the 
angle of 45 degrees before dead center to 
45 degrees after dead center for a maximum 
delivery, which may be lessened by the ad 
justment of the lever 110, as previously de 
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4 
scribed, cutting down the stroke of the pump 
and hence the amount of fuel delivered. 

It is to be noted that the plunger is pro 
vided with a differential bore so as to enable 
the lower end of the plunger to be made 
larger for the purpose of securing further 
sealing in the event that fuel should pass by 
the smaller bore 101 into the larger bore 102. 
With this construction, as the piston 35 

moves from the position shown in Fig. 8, 
through an angle of about 45 degrees, as 
shown in Fig. 12, the valve 54 is moved to 
ward the left, as shown in Fig. 9, while the 
pump plunger continues to move through 
the remainder of its stroke which finishes at 
45 degrees after dead center, the parts then 
assuming the position shown in Fig. 9, as 
the piston moves from the 45 degrees after 
upper dead center to 45 degrees before lower 
dead center. K 
As the piston moves through 45 degrees 

before lower dead center to 45 degrees after 
lower dead center the suction period of the 
pump occurs and the position of the parts at 
lower dead center is shown in Fig. 10, the 
cylinder having oscillated from the position 
shown in Fig. 9 to the position shown in Fig. 
10, the valve 54 remaining stationary under 
these conditions but the discharge of the 
pump being cut of through the movement of 
the passage 99 out of register with the port 
133. r 
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As the piston moves from 45 degrees after 
35 lower dead center to 45 degrees before upper 

shown in Fig. 11, the pump plunger having 
completed its suction stroke, the source of 
fuel supply having been cut off by the move 
ment of the port 98 out of register with the 
port 97 and the continued cut-off between the 
passage 99 and the port 133, the piston, being 
shown in its 90 degree position in Fig. 11. 
Thus it will be noted that only during the 
upper and lower halves of the stroke of the 
piston is the pump plunger reciprocated to 
provide for the discharge and inlet of fuel to 
the pump casing, respectively, and that dur 
ing the intermediate positions of the piston 
the pump plunger is relatively at rest. This 
action is accomplished by the dwells pro 
vided in the lever 110 through the portions 
113 of the slot 113, while the portion 113' 

50 

of this slot brings about the active reciproca 
tion of the plunger through the relative 
movement between the plunger and the oscil lating cylinder. 
The events of inlet of air, exhaust and 

scavenging of the cylinder and ignition of 
the charge are carried out through the rela 
tive reciprocation between the cylinder and 
valve 54 in the same manner as previously 
described in connection with the first con 
struction. 
The lines indicated by the numerals 124 

and 125 in the drawings show in each in 

55 

dead center the parts assume the position 

i,821,178 
stance the extreme positions of movement of 
the pump plunger. 
The compression may be high enough to 

produce auto-ignition or it may be lower and 
the spark plug 51 or other igniting device 
used to ignite the charge. 

Furthermore, the clearance space may be 
varied by suitable adjustment of the piston 
35 so that the engine may be used either as 
an injection type engine or as an explosive 
mixture engine. a 
We desire it to 

vention is not to be limited to any specific 
form or arrangement of parts except insofar 
as such limitations are specified in the claims. 
What we claim as our invention is: 
1. In an internal combustion engine, the 

combination with an oscillatory cylinder pro 
vided with a pump casing, of a pump plunger 
working in said casing for delivering charges 

5 

be understood that this in 

80 

85 

of liquid fuel into said cylinder, and means 
cooperating with said cylinder for producing 
relative reciprocatory, motion between said 
cylinder and pump plunger. 

2. In an internal combustion engine, the 
combination with an oscillatory cylinder, of 
a pump casing associated with the cylinder, 
a pump plunger working in said casing, and 
means for reciprocating said pump plunger 
relative to said cylinder including an adjust 
able lever operatively connected to said pump 
plunger and movable to different positions 
relative to the cylinder to vary the stroke of 
the pump plunger to deliver variable quan 
tities of fuel to said cylinder. . . . 

3. In an internal combustion engine, the 
OO 

'combination with an oscillatory cylinder, of 
a fuel pump including a pump casing moving 
with the cylinder and the pump plunger mov 
able relative to the cylinder, means for vary 
ing the stroke of the pump plunger compris 
ing a pivoted lever having a slotted portion 
connected with said pump plunger and an 
adjustable means connecting the free end of 
said lever with a relatively fixed support for 
varying the angular position of said lever 

- relative to said cylinder. 
4. In an internal combustion engine, the 

combination with an oscillatory cylinder pro 
vided with differential bores and a discharge 
port leading from the smaller of said bores, 
a pump plunger having portions of differ 
ential diameter working in said bores, with 
a slot in the portion of smaller diameter es 
tablishing communication between said bores 
and with a discharge opening, means for in 
troducing fuel into the smaller bore, and 
means for discharging fuel under pressure 
through said discharge opening and said port 
into the cylinder, and means' cooperating 
with said cylinder to provide for relative re 
ciprocatorial movement between said plunger 
and cylinder. 

5. In an internal combustion engine, the 
combination of an oscillatory cylinder hav 

O5 
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ing, a pump casing associated therewith, of 
a plunger working in said casing, means for 
introducing fuel into said casing, said plung 
er having a spray opening and a discharge 
valve in said plunger controlling passage 
through said opening, and a port in said cyl 
inder registering with said opening during 
the expressing stroke of the pump. 

6. In an internal combustion engine, the combination with a cylinder having a closed 
lower end, a piston working in said cylinder 
provided with a rod slidably mounted in said 
lower end, a pump casing associated with said 
cylinder, a plunger working in said cylinder, 
inlet and discharge valves for the pump cas 
ing, and means for delivering any fuel leak 
ing past said pump plunger into the lower 
end of Said cylinder adjacent said closed end. 
7.In an internal combustion engine, the 

combination with an oscillatory cylinder pro 
vided with a pump plunger bore, a plunger 

- working in said bore, inlet valve mechanism 
controlled by the cylinder for controlling the 
supply of fuel to said bore, a discharge port 
in said cylinder, said plunger having a dis 
charge opening communicating with said 
bore and registering with said port during 
the expressing stroke of the plunger for de 
livering liquid fuel into said cylinder, and 
means cooperating with said cylinder for 
producing relative reciprocatorial movement 
of said plunger relative to said cylinder, said 
means being adjustable to vary the stroke of 
the pump plunger. 

8. In an internal combustion engine, the 
combination with an oscillatory cylinder pro 
vided with a pump plunger bore, a plunger 
working in said bore, of a valve mechanism 
controlled by the cylinder for controlling the 
Supply of fuel to said bore, discharge valve 
mechanism controlled by the cylinder for 
controlling the discharge of fuel into the 
cylinder, said cylinder having a spray noz 
zle associated with said discharge valve 

45 mechanism, and means cooperating with said 
cylinder for producing reciprocatory move 
ment of said plunger relative to said cyl 
inder. 

50 9. In an internal combustion engine, the 
combination with an oscillatory cylinder pro 
vided with a pump plunger bore, a plunger 
working in said bore, of a valve mechanism 
controlled by the cylinder for controlling the 
supply of fuel to said bore, discharge valve 
mechanism controlled by the cylinder for 
controlling the discharge of fuel into the 
cylinder, said cylinder having a spray noz 
zle associated with said discharge valve 
mechanism, and means cooperating with said 

30 
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ment of said plunger relative to said cylinder, 
said means being adjustable to vary the stroke 
of the plunger. 

10. In an internal combustion engine, the 65 

cylinder for producing reciprocatory move 

5 

ing a pump casing associated therewith, of 
a plunger working in said casing, means for 
introducing fuel into said casing, means for 
discharging fuel from said casing into the 
engine cylinder, and a slotted member as 
Sociated with the pump plunger and coop 
erating with the cylinder to provide relative 
reciprocatory movement between said cyl 
inder and plunger, the slot in said member 
providing for dwells of the pump plunger 
while the piston is moving through its in 
termediate positions providing for the inlet 
of fuel to the pump casing as the piston is 
moving through its lower dead center posi 
tion and the discharge of fuel from the pump 
casing as the piston is moving through its 
upper dead center position. 

11. In an internal combustion engine, the 
combination of an oscillatory cylinder pro 
vided with a semi-cylindrical head and a 
pump casing having a passage extending 
through said head, a semi-cylindrical oscil 
latory valve having a fuel supply port to 
register with said passage during the suc 
tion stroke of the plunger and a fuel dis 
charge port to register with said passage dur 
ing the delivery stroke of the plunger, said 
cylinder head also having a discharge open 
ing registerable with said fuel discharge port 
during the delivery stroke of the plunger, a 
fixed head having a port registerable with 
said fuel supply port and in communication 
with a source of fuel supply, said cylinder having parts intermittently engageable with 
said valve to oscillate the same by the cylin 
der, a pump plunger working in Saidpump 
casing, and means cooperating with said cyl 
inder to produce relative reciprocatory mo 
tions between said cylinder and pump plung 
er in proper cyclic sequence with the move 
ment of said valve. 
In testimony whereof, we affix our signa 

LEO BERNER. 
PAUL LOHR. 
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