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UNITED STATES 2,053,057 
PATENT OFFICE 

2,053,057 
NTERNAL COMBUSTION ENGINE 

Lionel M. Woolson, deceased, late of Detroit, 
Mich., by Emma F. Woolson, executrix, Bloom 
field Willage, Mich, assignor to Packard Motor 
Car Company, Detroit, Mich., a corporation of Michigan 

Original application April 29, 1929, Serial No. 
358,899. Patent No. 1,896,387, dated February 
7, 1933. Divided and this application Febru 
alry 4, 193, Serial No. 515,800 

18 Claims. 
This invention relates to internal combustion 

engines and more particularly to the type of en 
gines in which combustion Occurs through COm 
pression in the working cylinders, and is a 
division of Patent No. 1896,387, dated February 7, 
1933. 
Engines of this character, commonly known 

as Diesel engines, have been in practical use 
chiefly with boats, for stationary Work and other 
purposes where lightness, compactness and high 
speed are not essential requirements. Such en 
gines therefore have had little use in the auto 
mobile industry, and, so far as is known, have 
never successfully propelled an aeroplane of the 
heavier than air type. With the engine illus 
trated in the drawings, many flights with a craft 
heavier than air have been made, and this appli 
cation is directed more particularly to control 
mechanism employed therewith, it being under 
stood however that the engine is equally adapted 
for purposes other than that of propelling aero planes. 
An object of the invention is to provide an oil 

engine in which the quantity and the time of 
injection of fuel into a plurality of working cyl 
inders can be simultaneously regulated through 
the manipulation of a common control mecha 
nism. 
Another object of the invention is to provide 

an engine in which the cylinder valves and fuel 
injection mechanisms are actuated in timed rela 
tion by an integral device which can be adjusted 
to vary the actuation of the mechanisms rela tively. 
Another object of the invention is to provide 

a radial internal combustion engine for aero 
planes in which a fuel feeding and injecting 
System is arranged in a plane directly behind the 
engine so that it offers no resistance to progress. 
A further object of the invention is to pro 

vide an extended control device by means of 
which the operator of an aeroplane can readily 
manipulate mechanisms to regulate the quantity 
and timing of fuel delivered to the cylinders of 
an aeroplane engine of the self-igniting type. 
Another object of the invention is to provide 

a single adjustable ring member for controlling 
the operation of a plurality of fuel injecting de 
vices for the cylinders of a self-igniting radial engine. 
A still further object of the invention is to 

provide a self-igniting engine of the radial type 
in which a compact and simple fuel and valve 
control mechanism is arranged. 
Another object of the invention resides in pro 

(C. 123-139) 
viding an engine in which a low pressure Iuel 
feeding pump is supported and driven in a novel 
2e. 

Still another object of the invention is to pro 
vide a simple, compact and unexposed operating 
mechanism for the valves and fuel injecting de 
vices in a radial engine in which explosion Occurs 
through Compression. 
Another object of the invention is to provide 

a multi-cylinder engine of the Self-igniting type 
in which the injection pumps, fuel feeding pump 
and cylinder valve operating mechanisms are all 
driven through a common transmission driven 
from the crankshaft. - 
Other objects of the invention will appear from 

the following description taken in connection with 
the drawings forming a part of this specification 
and in which: 

Fig. 1 is a rear elevational view of a radial 
internal combustion engine, incorporating the 
invention, with a portion of the end wall broken 
a Way; 

Fig. 2 is a vertical sectional view of the engine; 
Fig. 3 is a vertical Sectional view of the fuel 

injection device associated with each of the cyl 
inders; 

Fig. 4 is a fragmentary Sectional view taken 
on line 4-4 of Fig. 1 illustrating the rocker arm 
mounting and the control ring and its Securing 
means; 

Fig. 5 is a fragmentary Sectional view taken 
On line 5-5 of Fig. i. illustrating a portion of 
the mechanism for adjusting the control ring for 
the fuel injecting devices; 

Fig. 6 is a fragmentary vertical sectional view 
showing one of the mechanisms for actuating 
one of the fuel injecting devices; 

Fig. 7 is a diagrammatic illustration of the 
stroke of the fuel injection pump when the op 
erating mechanism is in the position shown in 
full lines in Fig. 6; 

Fig. 8 is a diagrammatic illustration of the 
same when the operating mechanism is in the 
position shown in dotted lines in Fig. 6; 

Fig. 9 is a side elevation, partly in section, of 
the forward end of an aeroplane having the 
invention associated therewith; 

Fig. 10 is a plan view of the housing with which 
the hand lever control is associated, the control 
being shown in section. 

Referring now to the drawings by characters of 
reference, the housing for the internal combus 
tion engine includes a drum-shaped casing 5 
having an integral transversely extending inte 
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2 
rior wall G, a removable transversely extending 
interior wall f T and a closure or end wall 8. 
The walls 6 and 7 extend entirely across the 
interior of the casing in parallel relation and de 
fine therebetween a compartment 9 in which the 
piston rods are contained. The partition f and 
the cover plate 8 define therebetween, within 
the drum casing, a closed compartment 20 in 
which mechanisms for operating the cylinder 
valves and fuel injection pumps are contained. 
The Space 2 in the casing separated from the 
compartment 9 is utilized to contain the supply 
of oil used to lubricate the engine parts. The 
inner wall of the drum casing is formed with 
spaced bosses 22 to which the removable partition 
f is secured by the bolts 23, while the circular 
rear end Wall of the drum casing defining the 
Open rear end is provided with apertures to re 
ceive the bolts 24 for securing the closure plate 
f8 thereto. It will thus be seen that the drum 
casing and the associated walls provide three 
separate adjacent compartments which house the 
major operating mechanism of the engine in a 
compact and accessible manner so that the over 
all dimension of the engine will present a mini 
mum resistance to progress when mounted upon 
the fuselage of an aeroplane or other rapidly 
driven devices. 
The periphery of the drum casing is provided 

with spaced radially disposed openings through 
which the cylinders 25 project, the cylinders be 
ing formed with laterally extending flanges 26 
which bear against flat peripheral Surfaces 
formed on the drum casing adjacent the open 
ings. A pair of circular rings 27 are arranged 
adjacent two opposite sides of the cylinders in 
a relation to encircle the cylinder flanges, the 
ends of the rings being drawn together by turn 
buckles, as shown at 28, to secure the cylinders to 
the casing and to create a high compression an 
nularly against the drum casing. The partition 
walls 6 and 7 are provided with central hubs 
29 which provide a support for a single throw 
crank shaft 30, the ends 3 of which extend 
through the partition hubs and the bearings 32. 
Rod connections are provided between the crank 
shaft and the Several pistons 33, such connec 
tions including a master hub 34 from which ex 
tends an integral rod 35 and a plurality of piv 
oted link rods 36, the rods being pivoted with the 
pistons in a manner conventional with radial en 
gines. The rear end of the crank shaft 37 is 
formed to receive a hand crank for starting the 
engine, while the front end of the shaft is adapt 
ed for driving an aeroplane propeller 200. 
The engine illustrated is of the nine cylinder 

radial type, and the combustion takes place 
through the compression created in the cylin 
ders by the pistons. The cylinder heads 38 are 
each formed with a Wenturi passage 39 extend 
ing therethrough Such passages being disposed 
angularly with respect to the axis of the cylin 
der and tangentially to the cylinder wall. The 
mouth of the passageways are arranged so that 
the air stream will move transversely thereacross 
when the engine is moving or when the pro 
peller is in operation. A valve 40 is arranged to 
close each cylinder head passage 39 during the 
compression and explosion cycles of the engine, 
while during the inlet and exhaust cycles the 
valve is open, the passages thereby each serv 
ing as both the inlet and the exhaust. The en 
gine illustrated is of the four cycle type and the 
valves 40 are directly actuated by rock arms 4 

2,058,057 
which are operated from the engine shaft to 
open the valves, springs 42 being associated with 
the valve for the purpose of normally closing the 
valves. A housing 43 is secured to each cylinder 
head for enclosing the valves and associated rock 
ea.S. 
Atomized liquid fuel is injected directly into 

the working cylinders, combustion taking place 
entirely through compression, an atomizing and 
injecting device being provided for each cylinder 
and preferably directly secured thereto. The in 
jection devices are Similar and each includes a 
barrel 44 having an interior sleeve 45 for the re 
ception of a Snugly fitting plunger 46. A coil 
spring 47 is arranged between the sleeve and the 
barrel, bearing at one end against adjacent shoul 
dered portions of the sleeve and barrel and at the 
other end against a carrier 48 which is slotted 
to receive the enlarged end 49 of the plunger. 
The carrier is free to reciprocate in the barrel, 
the spring 47 normally moving the carrier and 
the plunger toward the inner end of the barrel, 
and mechanism hereinafter described, moving 
the plunger toward the outer end of the barrel. 
A nozzle casing 49 is screwed into the upper end 
of the barrel and a head portion extends at right 
angles to the barrel through an opening in the 
cylinder wall adjacent the cylinder head. The 
pump barrel is provided with a passage 50 lead 
ing therethrough and communicating with a pas 
Sage 5 extending through the nozzle and di 
rectly associated with the combustion chamber. 
An atomizing member 52. extends through the 
end of the nozzle passage and is provided with a 
circular head 53 which is prevented from en 
tirely seating by the adjustable stop member 54. 
A coil spring 55 is arranged within the nozzle to 
resist the outward opening of the valve under 
pressure of fuel thereagainst. Ball check valves 
56 in the barrel passage prevent any return flow 
of fuel from the nozzle to the pump barrel 
proper. The nozzle 49' is provided with flanged 
portions 57 which abut the cylinder wall and are 
secured in leak proof relation thereto by bolts 58. 
A low pressure fuel feeding system is associ 

ated with the Several fuel injection devices. A 
. Substantially circular manifold connects the 
pump barrels and consists of housings 59, wedged 
upon the pump barrels by nuts 60, and conduits 
6 extending intermediate the housings 59. The 
housings are provided with fittings to which the 
ends of the conduits are clamped and the con 
duits and housings are in communication so that 
liquid fuel will be conducted from a source of 
supply, such as the tank 20, into the passage 
in the pump barrels through passages 62 in the 
barrel wall. A suitable screen 63 is arranged in 
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the housing so that foreign matter in the fuel . 
oil will not pass into the injection device. 
The fuel is moved through the manifold from 

the Source of supply under low pressure and the 
exceSS fuel moved through the manifold returns 
to the Source of supply through the conduit 64. 
A conventional gear pump (not shown) located 
in the housing 65 is utilized to move the fuel 
through the manifold and into the injection de 
vice, the pump being driven from the crankshaft 
and Connected with the source of supply by the 
conduit 66 and with the manifold by the conduit 
67. The pump driving mechanism consists of 
a gear 68, which is secured to the crank shaft 
and meshes with the gear 69 which drives the 
shaft 70 through the gear 7 secured thereon. 
The gear 69 is rotatably mounted on the pintle 
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2 secured to and supported solely by the cover 
8, suitable bearings 73 being interposed between 

the gear and pintle, while the shaft extends 
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through an aperture in the cover 8 and is sup 
ported by suitable bearings 4. The pump driv 
ing mechanism is arranged within the compart 
ment 26, and the shaft 70 extends into the pump 
housing 65, which is bolted to the cover 8 and 
encloses a pair of gears (not shown) or impellers, 
one of which is keyed to the shaft. It will be 
seen that the driving mechanism for the pump 
and the pump structure itself are carried en 
tirely by the cover 8 and are readily accessible, 
and can be easily assembled or removed. 
The pump and the manifold are of large ca 

pacity so that an excess volume of liquid fuel 
will be circulated through the manifold during 
Operation of the engine, the ratio of fuel circu 
lated being preferably six times the maximum 
quantity required by the injection devices. Cir 
culation of this volume of fuel will move air in 
the manifold therewith, so that the major por 
tion of air Will be returned to the supply tank, 
which is vented, and there will be a very small 
amount of air moved into the fuel injector. The 
manifold is arranged at the rear of the engine 
With the conduits 6 arranged to lie within a 
plane behind the cylinders and the casing so that 
no resistance to air is presented to retard speed 
of an aeroplane or other high speed device pro 
pelled by the engine. 
The liquid fuel injection devices and the valves 

controlling the combined inlet and exhaust pas 
sages are operated by mechanisms driven from 
the crank shaft, the najor portion of which is 
housed within the compartment 26. A gear 5 is 
formed integrally with the driving gear 68 and is 
rotated through meshing of the gear 69 with the 
gear 68 keyed to the crank shaft. A pair of rela 
tively adjustable rotatable can inerinbers 6 and 

are arranged in the compartment, the can 76 
actuating the nechanisms operating the fuel in 
jection devices and the cam actuating the 
nechanisms for Opening the cylindex valves. The 
can 76 has an integral hub portion 78 which 
loosely encircles the bearing 32 surrounding the 
crank shaft, and is held in desired relation ax 
ially upon the bearing by the Spacer is and the 
retaining nut 8 which is screwed upon a thread 
ed portion 3 of the crank shaft. The cams ex 
tend in similar spaced parallel planes and are 
provided with a plurality of Sinitarily arranged 
apertures 82, and when desired apertures in the 
cans are arranged to register, Screws 33 are in 
Serted to maintain Such relation. Thus, by ro 
tating the cams relatively, the desired relation 
can be obtained between the fuel injections and 
the valve Operations, so that the fuel Will be in 
jected in desired timed relation in the engine 
cycle. The interior of the cam rim is provided 
with teeth 84 with which the gear 5 meshes to 
rotate the cans. It will be seen that the gear 
69 serves to drive the low pressure fuel feeding 
pump, and also the two cams which actuate the 
Waves and fuel injection devices. 
The can 6, as before stated, is rotatably 

mounted upon the crank shaft from which it is 
driven and is formed to alternately actuate rech 
anism for operating the several fuel injection de 
vices. A fuel injection device is associated with 
each cylinder and an operating mechanism is 
connected with the plunger of each device and 
therefore a description of a single device Will Suf 
fice for all the devices, however being arranged 

3 
radially and in the same vertical plane in order 
to be actuated by the single rotating cam. A 
guide 85 extends through an aperture in the pe 
ripheral wall of the casing in axial alignment 
With the pump barrel 44, and a cylindrical shield 
86 telescopes an enlarged end of the tube 35 to 
which it is secured, and the inlet end of the pump 
housing projects into the other end of the shield. 
A reciprocating rod 8 extends through the tube 
85 and the shield 86 and is arranged with an ad 
justable end portion 88 which is screwed in de 
sired adjusted relation axially of the rod by the 
nut 89. The adjustable end of the rod engages 
the carrier 38 of the fuel injection plunger and 
moves the plunger to close the inlet ports 62 and 
force fuel under high pressure from the nozzle 
into the engine cylinder in the quantity and at 
the time desired as determined by the stroke of 
the plunger beyond the ports 62. The actuator 
rod is provided with an enlarged portion 96 which 
slides Snugly in the housing 85 for the purpose 
of substantially preventing lubricating oil from 
passing through the housing to the exterior of 
the casing. The tube 85 is provided with a flange 
9 which is secured against the casing by bolts 
92. One end of a link 93 pivotally engages the 
end of the rod 8 extending into the casing, while 
the other end 94 engages with a lever 95 which 
is pivotally Secured to the casing and is rocked 
upon its pivot by the can 6. The lever 95 is 
formed with a journal end 96 which rocks on the 
shaft 9, such shaft extending across the cham 
ber 2 and extending into a recess 98 formed in 
the cover 8 and into an aperture 99 formed in 
the partition . The shaft is provided with a 
flange 00 which is adapted to abut the partition 
a and a pin 0 extends into the flange and par 
tition to prevent rotation of the shaft. The shaft 
is hollow and has a port 62 therein, which regis 
ters with the passage 3 formed within the wall 
of the partition, which is connected with a pres 
sure lubricant feeding System leading thereto 
through the crank shaft from the chamber 28, 
and a lubricant port 94 is formed in that portion 
of the shaft about which the journal 96 is mount 
ed. A removable plug 05 closes the inner end 
of the hollow shaft 9, while a retainer 06 tele 
scopes the outer end of the shaft and fits into 
the recess 98. A cap screw 07 is screwed into 
the end of the shaft through the end of the re 
tainer cap, and the adjustment of the cap Screw 
positions the lever 95 endwise upon the shaft. 
The shaft 9 also serves as the support for a rock 
lever 8, which is journaled thereon, and a 
spacer 09 is arranged on the shaft intermediate 
the rock levers. An oil passage is provided in 
the shaft for lubrication of the rock lever 8. 
The shaft, and rock levers are removable from 
the casing, when the cover 8 is detached, and 
Without. disturbing the associated mechanism. 
The free end of the rock lever 95 is provided 

on its bottom face with a depending projection 
GGC which is engaged by the cam 6 to move 
the actuator 93 in a direction resulting in an in 
jection stroke of the fuel plunger. The upper 
face of the free end of the rock lever 95 is 
in the form of a trough and the rounded end 
94 of the lever 93 rides in the trough and is re 
tained thereagainst by the coil spring 4 acting 
through the carrier 48 and the rod 8. It will 
thus be seen that the spring 37 will maintain the 
rock lever against the periphery of the can 76, 
and when riding in the dwells of the can the 
plunger will uncover the ports 62 in the pump 
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4 
barrel, permiting oil under pressure in the mani 
fold to flow into the barrel of the pump so that 
the injection device is automatically filled with 
fuel after each injection action. 
The pump plungers are the only control for the 

quantity of fuel, delivered to the cylinders, and 
the time at which the injection occurs and a sin 
gle means is provided for regulating the stroke 
of all of the pumps simultaneously. An arm 20 
is pivotally attached at One end to each of the 
links 93 and is also pivoted at its other end to 
pins 2 secured to the ring member 22. The 
partition 7 is formed with an angular recess 
23 for the reception of the control ring. Studs 
f24 extend through spaced arcuate slots in the 
ring member and are screwed into the partition 
to limit the adjusting movement and to assist in 
maintaining the ring in the recess, coil spring re 
tainers 25 being utilized between the heads of 
the studs and the ring to press the ring into 
the recess and to prevent binding. The ring can 
be moved circularly in the recess f23 in order to 
change the position of the links 20 which will 
in turn change the position of the rods 93 later 
ally, in a range as shown in Fig. 10. The face 
f f l of the rock lever 95 against which the 
rounded end 94 of the lever 93-seats is formed 
as an arc which is struck from a point slightly 
of center from the axis of the rod 8, while the 
shaft 97 to which the rock lever is pivoted is ar 
ranged at one side of the pump so that the arcu 
ate face Will lie With its free end a little in ad 
vance of a line continued from axis of the rod 
8. 
therefore they are rocked in the same manner at 
all times, the pins 2, however, are secured to 
the adjustable ring and the circular adjustment 
of the ring will move the pins 2, the attached 
arms 20 and actuator links 93 laterally so that 
the relation of the free end 94 of the links can 
be shifted to be associated in a plurality of Sini 
lar desired relations along the arcuate faces of 
the rock levers. When the links are placed ad 
jacent the free end of the link faces, as shown 
in full lines in Fig. 6, the plungers will be given 
their longest stroke by the actuation of the rock 
levers by the cam, and when the levers are ad 
justed to engage the other end of the faces, as 
shown by dotted lines in Fig. 6, the actuators 
will be given their shortest stroke through rock 
ing of the levers 95 by the cam. The links 93, 
it will be understood, can be adjusted so that the 
free ends 94 will be associated at any point be 
tween the positions shown at the ends of the arc 
uate face f f, in Fig. 6. 
The fuel injection takes place in desired timed 

relation with the position of the pistons in the 
engine cylinders as determined by the position 
of the link members 93, which relation also var 
ries the quantity of fuel delivered, hence adjust 
ment of the links 93 through turning of the ring 
22 will adjust the stroke of the plungers in all of 
the injection devices equally and simultaneously 
thereby regulating both the time and the quan 
tity of fuel injected into the engine cylinders. 
Figs. 7 and 8 show diagrammatically the plunger 
positions when the actuating mechanisms are in 
the positions shown respectively by full and dot 
ted lines in Fig. 6, and the dotted lines in FigS. 
7 and 8, above and below the top of the fuel in 
jection plunger, represent the bottom and top of 
the piston stroke when the mechanism is set as 
indicated in Fig. 6. It will be understood that. 
there is no fuel injection, or plunger pressure ex 

The rock levers 95 are not adjustable and . 

2,058,057 
erted until the plunger covers the ports 62, and 
therefore the length of the plunger travel after 
closing the ports determines the fuel quantity in 
jected and the timing is controlled by the time 
the plungers close the ports. With the mecha 
nism illustrated, the timing and stroke are both 
Controlled by adjustment of the ring 22 and the 
links 93, so that as the stroke and fuel quantity 
are in reased the time of port closure is earlier 
than when the stroke is shorter and the fuel 
quantity delivered is less. When the piston 
stroke is adjusted as shown in dotted lines in 
Fig. 6, the fuel supply is cut off and the engine 
will stop, as the plunger does not close the ports 
62. but when the stroke is adjusted so that the 
plunger will pass the ports 62, then the time of 
Covering will be sooner as the plunger stroke is 
lengthened. 
The mechanism which transmits motion from 

the cam 77 to the valve operating rock lever 4 
will now be described. As heretofore described, 
the shafts 97 each support a fuel injection mech 
anism operating lever-95 and a valve mechanism 
operating lever 08 for each cylinder. The rock 
levers 08 each carry a roller 26 which is en 
gaged by the cam 77 to actuate the rods 27, one 
end of the rods pivotally engaging the end of 
the arms 4 and the other end of the rods piv 
otally engaging the seat 28, formed in the rock 
levers 08. The springs 42 normally close the 
Valves 40, so that, except during engagement of 
the lobe of the cam with the actuating rock lever 
the valves will be closed. Such mechanism is ar 
ranged so that the valve will be open during the 
intake and exhaust cycles of the engine cylinders 
and will be closed during the compression and 
Working cycles. There is a valve operating mech 
anism for each cylinder and the links 27 extend 
radially so that they will be actuated by the cen 
trally located rotated cam. 

It will be observed that the relation between 
the valve and fuel injection actuation is deter 
mined by the cam relation which can be adjusted, 
but is fixed when operating. The amount of air 
therefore which enters the cylinders to be com 
pressed is the same regardless of the fuel quan 
tity adjustment and is unifornly sufficient to ob 
tain complete combustion with the maximum 
fuel charge. With Such arrangement of the 
valve and fuel control, the speed of an areoplane, 
driven by this type of engine, will automatically 
increase within certain elevation ranges when 
climbing without adjustment of the fuel control 
and when set at less than wide open position. As 
the engine ascends the air becomes more rare 
and the resistance to the propeller rotation and 
aeroplane progress. decreases, and while the en 
gine power will drop during ascension, the de 
crease is less in proportion than the resistance. 
decrease resulting in acceleration of the speed of 
the aeroplane. 
The timing of the cams is definitely set and 

therefore the valve cams and fuel cams rotate 
definitely relative to each other and to the crank 
shaft. The opening and closing of the valves is 
therefore constant after being adjusted while the 
fuel cam engages the pump actuating mechanism 
unifornly, the timing of the effective movement 
of the plungers to inject and control the fuel 
time and quantity, can be regulated through mov 
ing the elements 93 laterally, by turning the ring 
22, but under all circumstances the cylinder will 
receive the same quantity of air. . . 
In order to regulate the position of the ring 22, 
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2,058,057 
there is provided a mechanism which extends to 
the cockpit 202, of an aeroplane 203, if the en 
gine is used for this purpose, or to some point re 
mote from the engine at which an operator is 
located. A gear segment 30 is secured to the 
ring 22 by riveting or otherwise, and a tooth Seg 
ment 3 meshes therewith to rotate the ring. 
The tooth segment includes a hub portion, which 
is keyed to a shaft 32 carried by a bearing 33 
extending through the wall of the housing 5 and 
secured in position by bolts 36. A bearing 35 
is arranged within the compartment 20 for Sup 
porting the segment hub and is Secured to the 
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casing by studs 36 and nuts 37. Arm 38 is se 
cured by the nut f39 to the end of the shaft 32 
which protrudes from the casing wall and 
through the rotation of this arm the Segment 
can be rocked to rotate the ring controlling the 
stroke of all the fuel pump plungers. 

Extension operating mechanism is associated 
with the arm 38 and extends from the engine to 
the cockpit within easy reach for control by the 
operator. A link 39 is pivotally attached at its 
forward end to a pin 40 secured to the end of the 
arm 38, and this link is formed in telescoping 
Sections Screwed together to permit longitudinal 
adjustment. The rear end of the link is suspend 
ed from an arm 4 and is connected with a shaft - 
88 carried by clamps 45 which are secured to 

the engine mounting struts 46. Another link 
88 is pivotally secured at its forward end to the 
depending end of the arm 49 by the pin 50, the 
upper end of the arm being Secured to the shaft 
543. 
The rear end of the link 48 is pivotally secured 

to the rock arm 5 which is pivotally mounted 
to be rocked forward and rearward upon a shaft 
53 carried by a housing 54 secured to the dash 
A55 in the cockpit. The housing is secured to the 
dash and is provided with a curved upper wall 
having a slot 57 therein through which the con 
trol hand lever 58 extends. 
The rocking of the lever forward or rearward 

in parts a similar movement to the rock arm, the 
link and the arm 69, which rocks the shaft 84 
to impart the lever movement to the arm 4, the 
link. 39' and the arm 38, which in turn rotates 
the shaft 32 and the gear segment to turn the 
fuel control ring 22. When the hand lever is in 
the forward position the ring 22 adjusts the fuel 
pump actuating mechanism to inject the maxi 
mum quantity of fuel into the cylinders, while 
when moved rearward to the lower portion of the 
notched side of the plate the mechanism adjusts 
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the ring 22 so that the pump mechanism will 
operate just Sufficiently to inject the smallest 
quantity of fuel and still obtain a combustion of 
the fuel charge. The range, therefore, is indi 
cated upon the plate as Wide open, and idle, for 
the lever positions. 
A ring supporting member 204 is arranged at 

the forward end of the strut structure in the fuse 
lage, and bolts 205 extend through the supporting 
member and openings 206 in the flanged open end 
of the engine casing, nuts 20 being Screwed upon 
the bolts to secure the motor to the frame. The 
aeroplane illustrated, with the exception of the 
engine and its controls, is of conventional form 
and a further description is therefore not thought 
to be neceSSary. 
The engine herein described has been run at 

more than one thousand R. P. M. and weighs less 
than four pounds per developed horse power, and 
has propelled an aeroplane within the air for 
many flying hours. It is not believed that a Self 

S 
igniting engine has ever before been built which 
has succcessfully propelled a heavier than air 
plane. The engine control described herein is 
entirely effected through movement of the lever 
58 which is an improvement over plural control 
mechanism heretofore employed with aeroplane 
engines. 
Warious changes can be made in the details of 

construction described without departing from 
the spirit of the invention and the scope of what 
is claimed. 
What is claimed is: 
1. In a radial engine, valve Operating mecha 

nism for each cylinder, a fuel injection pump 
mechanism for each cylinder, a cam structure 
including a pair of rotatable cams secured to 
gether and loosely encircling the crank shaft for 
operating said valve and pump mechanisms, and 
driving means intermediate the crank shaft and 
Said can structure. 

2. In a radial engine, valve operating mecha 
nism for each cylinder, a fuel injection pump 
mechanism for each cylinder, cam means loosely 
encircling said shaft for operating said valve and 
pump mechanisms, and Cam means rotating 
mechanism driven by said shaft. 

3. In a radial engine, a fuel injection device for 
each cylinder including plunger actuating mech 
anism, a rotating can for actuating said mecha 
nisms, and a rotatably mounted ring member 
connected with said mechanisms for simultane 
ously adjusting the same to control the effective 
fuel injection movement of the plungers. 

4. In a radial engine having a fuel injection 
device associated with each cylinder, a casing, a 
transversely extending wall in said casing having 
a circular groove in one wall, an actuating mech 
anism for each fuel injection device extending 
into the casing adjacent the groove, a ring men 
ber in said groove connected similarly with each 
of said actuating mechanisms, spring means fric 
tionally retaining the ring member against move 
ment in the groove, and manually operable 
means extending to the exterior of the casing for 
rotating the ring member, the rotation of the 
ring member changing the movement of the ac 
tuating mechanism to regulate both the time and 
quantity of fuel delivered by the injection devices. 

5. In a radial engine, an engine operated fuel 
injection device for each cylinder including 
plunger operating mechanism, a ring member in 
the engine casing attached to said mechanisms 
for simultaneously changing the operative effect 
thereof, a gear carried by the ring member, gear 
means supported in the engine casing for actuat 
ing the ring member gear, and manually operable 
means for the gear means extending exteriorly of 
the engine casing. 

6. In a radial engine, a casing, an engine oper 
ated fuel injection device for each cylinder in 
cluding plunger operating mechanism, a ring 
member in the engine casing, Said ring member 
having arcuate slots therein, bolts extending 
through the slots in the ring member and at 
tached to an interior casing wall, coil Springs Sur 
rounding the bolts and compressed between the 
bolt heads and the ring member, said Springs nor 
mally holding the ring stationary against the cas 
ing wall, means for rotating said ring, and con 
nections between said ring and the plunger oper 
ating mechanisms for regulating the effective 
movement thereof in operating the plungers. 

7. In a radial engine, a transverse interior 
casing wall, an end casing wall parallel with the 
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interior wall, said walls having aligned recesses charges of liquid fuel thereto, and a member op 
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on adjacent sides, a shaft extending across the 
chamber between said walls and having its ends 
extending into the aligned recesses therein, and a 
pair of rocker members, carried by said shaft, One 
of said members actuating a cylinder valve Oper 
ating mechanism. 

8. In a radial engine, a casing having a pair of 
Spaced walls, rock shafts carried by said walls, 
said shafts being each arranged rearwardly of 
and in a 20ne with an engine cylinder, a can 
actuated rocker arm carried by said shaft, and 
mechanism operated by said rocker arm for op 
erating the associated cylinder valve. 

9. In a radial engine a casing having a pair of 
spaced walls, rock shafts extending between said 
walls and supported thereby one adjacent each 
engine cylinder, means Securing said shafts 
against rotation, rock arms carried by Said 
shafts for operating a plurality of engine mecha 
nisms, and means for actuating said rock arms 
periodically. f 

10. In a radial engine, a casing having a pair 
of Walls, rock shafts carried by Said walls and 
travering the Space therebetween, One of said 
shafts being located adjacent each engine cylin 
der, a pair of rock arms carried by each shaft, 
means retaining said arms in Spaced relation and 
axially On Said shaft, mechanisms associated 
With the cylinder operated by the rock arms, and 
means intermediate said walls for periodically 
actuating the rock arms. 
1. In a radial engine, a casing having a pair 

of Walls, One of Said walls being removable, rock 
shafts held between said walls, and removable 
from the casing when the removable wall is de 
tached, rock levers removably carried by said 
shafts for operating a plurality of mechanisms, 
and means in Said Casing for actuating said rock 
arms periodically. 

12. In a radial internal combustion engine in 
which air and fuel are introduced separately 
into the cylinders and mixed therein to produce 
a fuel charge, means for introducing substantial 
ly constant quantities of air into the cylinders 
under all conditions, a plurality of injector means 
asSociated one with each cylinder to introduce 
fuel therein, and a ring control means for ad 
justing said injector means to thereby vary the 
quantity in the fuel charges introduced into all 
Of the engine cylinders. 

13. In an aeronautical motor of the radial type 
in which air and fuel are introduced separately 
into the cylinders and mixed therein to produce 
an explosion mixture, means for admitting sub 
stantially uniform supplies of air to the engine 
cylinders, liquid fuel injection devices associated 
one with each of the cylinders for introducing 

erable to simultaneously adjust said injection de 
vices to control the quantity of fuel introduced 
and the time at which the fuel is injected into 
the cylinders. 

14. In a radial engine, an injection device for 
each cylinder including a plunger for trapping 
and discharging fuel, mechanism for actuating 
each plunger in a predetermined Order, a ro 
tatably adjustable ring member connected to said 
mechanism for controlling the strokes of the 
plungers and thereby regulating the timing and 
the quantity of fuel injected by said device, and 
mechanism operable from the exterior of the en 
gine for rotatably adjusting Said ring member. 

15. In a radial engine, a fuel injection device 
including plunger mechanism associated with 
each cylinder, a rotating cam for actuating said 
mechanisms, a rotable ring member extending 
adjacent said actuating mechanisms, and a con 
nection between the actuating mechanisms and 
Said ring member, a rotative adjustment of said 
ring moving said connections to determine 'the 
effective injection stroke of said plunger actu 
ating mechanisms. 

16. In a radial engine, a casing through which 
the crank shaft extends, cam means in the casing 
rotated by the shaft, a fuel injection mechanism 
for each cylinder including a plunger operated 
by Said can means, an adjustable member in 
each injection mechanism for varying the effec 
tive stroke of the plunger, a ring rotatably 
mounted in the housing adjacent the adjustable 
finembers and attached thereto, and a manually 
operable mechanism extending into the housing 
and connected to adjust the ring. 

17. In a radial engine, an engine operated fuel 
injection device for each cylinder, including 
plunger operating mechanism, a rotatable ring 
member connected to adjust each operating 
mechanism and thereby regulate the time and 
quantity of fuel injected by said devices, and 
manually Operated gear means for rotating said 
ring member. 

18. In a radial engine, a valve operating mech 
anism for each cylinder, a fuel injection pump 
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mechanism for each cylinder, an engine rotated 
cam for actuating said valve operating mecha 
nisms, and a cam fixed to said engine rotated 
can in a relation to operate said fuel injection 
pump mechanisms, said pump operating cam 
being adapted to be secured in variably adjusted 
positions angularly relative to the engine ro 
tated cam. 

EMMA F. WOOLSON, 
Eacecutric of the Estate of Lionel M. Woolson, 

Deceased. 
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