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INTERNAL COMBUSTION ENGINE

Herbert C. Rdwards, Defroit, Mich., assigner fo
Packard Motor Car Company, Detroit, Mich.,, a
corporation of Michigan

Application November 25, 1930
Serial No. 498,082

10 Claims,

This invention relates fo internal combustion
engines and more particulariy to driving meacha-
nism for fuel injection devices

In engines of the fuel aneCmOll and Diesel ty"oe
it has been found advantagesus to provide two
mechanisms operated at different spesds and
driven from the crank shaft for actuating the
pressure producing means for the fuel injection
devices. It is desirable to provide mechanism
driven at two speeds for operating such devices
‘because mechanism driven from the crank shaft
at a desired speed for efficient running operation
does not create a pressure upon the fuel to cause
sufficient penetration when the engine is idling
or starting to result in a mixture with compressed
air which will readily ignite through compres-
sion. The faster driven mechanism is made ef-
fective during starting and idling and will cause
the proper force to be develeped behind the oil
injections to result in-a penetration of the com-
pressed air necessary to the formation of a mix-
ture which will ignite readily from compression.

When such two-speed mechanism is controlled
through the application of a starter and the rela-
tive movement of associated elements, there is
ordinarily considerable friction developed which
causes an undesirable wear of some of the parts,
and it is an ohject of this invention to provide a
driving and shifting mechanism for a fuel injec-
‘tion device cam of the type shown in application
Serial No. 441,811 filed April 5, 1936, by Lionel M.
‘Wodolson in which the wear due to frlctlon is elimi-
nated.

Another- cbject of the inventicn is to pro-
vids an. internal combustion engine cam operat-
ing mechanism in which the relatively movable
driving eleraents are provided with large bear-
ing surfaces and are asscciated to substantially
eiiminate wearing due to friction and misplace~
ment.

A further object of my invention is to provide
an internal combustion engine in which a two-
speed cam operating mechanism is driven and
shifted axially through a driving mechanism in-
cluding a pin which is formed with flat bearing
‘sur
to prevent its displacement and wear due to fric-
tion.

These and other objects of the invention will
appear from the following description taken in
connection with the drawings, which form a part
of this specification, and in which:

Tig. 1 is an end elevational view of a radial
combustion engine having parts broken
away and in section to show one of the fuel in-
jection devices and the actuating mechamsm
therefor;

Fig. 2 is a view taken on lines 2-——2 of Fig. 3
illustrating the relative position of the cams for

faces for engagement with associated elements -

(CL. 123-—1179)

ag tuwt‘vl" the fuel injection devices related so
he faster cam is effective;

3 is o fragmentary sectional view of the
¢ taken on line 3—3 of Fig. 1;

Fig. 4 is a fragmentary sectional view of one
of the fuel injection devices and its asuomated
cylinder;

Fig. 5 is a perspective view of the driving pin
for the cam rotating and shifting mechanism;

Pig. 6 is a sectional view taken on line 6—=6
of Fig. 3;

Fig. 7 is a fragmentary eTevatlonal view of
the crank shaft extension and the associated driv-
ing sleeve connected by a pin in a relation such
that the slower .cam is in effective. position for
actuating the fuel devices;

Fig. 8 is another view of the crank shaft ex-
tension and the associated driving sleeve with
the driving pin in position to cause the faster
cam for actuating the fuel devices to be effec-
tive.

Referring now to the drawings by characters
of reference, 10 indicates generally a barrel-like
crank case of a radial internal combustion en-
gine from which a plurality of cylinders-11 pro-
ject. The cylinders are formed with flanges 12
which bear against the outfer wall of the crank
case and 2 pair of hoops, one of which is indi-
cated at 13, encircle the flanges and hold them
against the cylinder under compression.  The
crank case is formed with interior reinforcing
walls, one of which is indicated at 14, and a rear
end wall 15, while. the crank shaft extends
through the reinforcing walls and an axial open-
ing in the rear end wall. The engine illustrated
is prefergbly for use as the power plant of an
aeroplane and a crank shaft at its forward end
is associated with a propeller (not shown) in a
convencional manner,

The ¢ylinders are formed with an integral head
16 upon each of which is mounted an guxiliary

- head 17 and a Venturi passage 18 extends through
each of the associated integral and auxiliary
heads and provides for the inflow of air and the
outflow of exhaust, such passages being arranged
at an angle to the axis of the associated cylinder
and tangentially to the inner wall thereof so that
air drawn into the cylinder will be given a rotat-
ing movemeant. Each of the passages is con-
trolled at its inner end by a valve 19 and a plu-
rality of springs 20 normally maintain each of the
valves in closed position. Suitable engine driv-
en mechanism extending from within the crank
shaft through the crank case and the housings
21 and 22 and edceh including a push rod 23 are
arranged -to cause opening movement of the
valves 19. The engine illustrated is of the four-
cycle type and the valve is held open by the
engine driven mechanism during the exhaust and
the air intake strokes of the pistons 24. If will
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e understood that the pistons are connected with
the crank shaft through a connecting rod assem-
bly of the type which is conventional with ra-
dial engines.

With each of the cylinders there is associated
an individual fuel oil injection device, each of
which consists of a unitary nozzle and pump sec-
tion, the nozzle section being secured directly
to the cylinder by bolts 25. The nozzle section
includes a casing 26 having an end 27 extending
through an aperture in the wall of the cylinder,
a valve 28 and a stop miember 29. A chamber 3§
extends axially of the nozzle and a spring 231
normally maintaing the valve against the stop
member so that the valve head 32 all but closes
the conical passage at the inner end of the casing
section 27. The pump casing 33 is screwed upon
a neck depending from the nozzle casing and a
barrel 34 is secured within the pump casing by a
spacer 35.which is clamped against the upper
flanged end of the barrel when the pump casing
is serewed upon the pump section of the nozzle
casing. A passage extends through the spacer
of the neck portion of the nozzle casing and pro-
vides for communication between the chamber 30
and the interior of the pump barrel, such passage
being closed by one-way valves 36 to prevent the
return of oil from the nozzle to the pump. A
plunger 37 is arranged to reciprocate within the
barrel and during its movement covers or un-
covers ports 38 which extend radially through the
pump casing and the barrel. A housing 29 sur-
rounds the exterior of the pump casing adjacent
the ports and is secured in leak-proof relation and
such housings are connected by conduits 40 so
that an oil feeding manifold is thereby formed.
A suitable source of supply and low pressure
pump (not shown) are connected with such mani-
fold.

Mechanism is provided for reciprocating each
of the plungers 37 and consists of a spring 21
arranged between the barrel and the casing %o
normally move the plunger into retracted position
and an articulated push rcd structure 42 and a
rock lever 43. 'The rock levers are formed with a
curved face 44 against which the inner end of the
articulated push rod structure hears and is ad-
justable lengthwise thereof, there being a ring
45, connected with -the push rod structures by
links 46, which can be rotated to move the push
rod longitudinally upon the curved surfaces 44 of
the rock levers 43. The ring is rotated through
means of a gear sector 47 meshing with a rack
48 thereon, the gear sector being carried by a
shaft 49 which can be rotated by a lever 50
through any suitable linkage. When the push

rod structures are positioned near the free end

of the rock levers, there will be the largest fuel
injection obtainable because under such circum-
stances the plungers will move the greatest dis-
tance beyond the ports 38, it being understood

that the stroke of the plungers after closing the -

ports determine the quantity of fuel which is
moved through the nozzle into the compressed
air in the cylinder. When the ring is turned to
move the push rod structures toward the central
portion of the rock levers the volume of the fuel
charges will be proportionately reduced and the
push rods can be moved in this direction to a
point where the resulting movement imparted
to the plungers will not cause them to close the
ports 38 and under such circumstances there will
be no oil delivery to the cylinders and the engine
will not operate.

A single lobe cam 51 is keyed to the rear end
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of the crank shaft 52 and has a rearwardly ex-
tending hub upon which a duel cam 53 is rotat-
ably mounted. This dual cam is provided with
one set of lobes 54 for actuating slippers 55 with
which the push rods 23 of the valve actuating
mechanism are associated. The slippers 55 and
the rock levers 43 are mounted side by side upon
shafts 56 extending between the reinforcing wall
14 and the rear cover 15. The duel cam is also
provided with a series of lobes 57 which are ar-
ranged in a plane to actuate the rock levers 43.
The rock levers 43 are of such width that they
will also be actuated by the single lobe cam in
its rotation.

For normal running operation of the engine the
cam 53 which is driven at one-cighth the crank
shait speed is effective, and the movement im-
parted to the pump piungers through the rock
levers 43 and the push rod structures 42 is fast

enough to inject the oil through the nozzles un- :

der a pressure which will cause the desired
atomization and penetration of the air charges
so that the commingling with the air under
such circumstances will produce a mixture. which
will readily ignite under the heat of compres-
sion. However, when the engine is being started
the cam 53 will be rotated so slowly that the
resulting movement of the plungers will not exert
sufficient pressure against the oil to produce the
penetration thereby of the air charges which is
necessary to the commingling required for com-
bustion resulting from completion of the com-
prezsion stroke of the pistons, and consequently
I have provided the cam 51, which is rotated
at crank shaft speed, to be effective during start-
ing, and it will be -seen that this cam, moving
eight times faster than the cam 53, will create a
much higher pressure behind the oil injections
due to the faster movement of the pump plungers.
This cam 51, when effective during starting, will
create an oil pressure sufficient to penetrate well
into the air charges in the cylinders so that the
proper commingling occurs to result in combus-
tion with very little turning of the crank shaft.

In order to control the relation of the two 15

cams with the rock levers 43 so that only one is
effective at a time, I provide a shiftable driving
means between the crank shaft and the dual cam
which is automatically actuated through the as-

sociation therewith of the starter indicated gen- +

erally at 58, the jaw portion 59 of which is mov-
able axially and is rotated in a direction to turn
the crank shaft.

The end of the crank shaft is hollow and an

extension 60 is arranged fo telescope partially ;

therein, the end of such shaft extension being
provided with jaws which are engaged by the
jaw of the starter. A sleeve 61 telescopes the
shaft extension and is substantially of the same

diameter as the bore in the rear end of the main -

section of the crank shaft, and a flange 62 extends
from the sleeve and is held against axial displace-
ment by the nut 63 screwed on the shaft end.
The nut also serves to prevent axial displacement
of the cams 51 and 53. The shaft extension is
provided with a gear 64 which meshes with a gear
65 carried by a shaft 66, and arranged upon this
shaft is another gear 67 which meshes with the
gear 68 forward interiorly of the rear end of the

dual cam. - This train of gears drives the dual -

com from the crank shaft in a reverse direction
to the rotation thereof and at one-eighth its
speed. ,

In order that rotation may be imparted to the
main section of the crank shaft by the starter
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through the mechanism described, I provide a
pin 68, the ends of which project into axially ex-
tending slots 70 formed in the main section of

the crank shaft. The crank shaft extension is
formed with a pair of oppositely disposed slots 71

which extend helicalily relative to the axis there-
of, while the slesve is formed with oppositely dis-
posed slots 72 which extend helically relative to
the axis thereof but in the opposite direction from
the slots 71, and through such slofs the driving
pin 63 extends. The sleeve is secured axially
upon the shaft extension by the bearing member
73 and the nut 74 which is screwed upon the front
end of the shaft extension. . )

The pin is normally maintained in the rear end
of the slots 71, 72 and 70 throuzh means of the
coil spring 75 which bhears against the cap 78
which extends across the kore in the main section
of the crank shaft and is provided with a rela-
tively small stem 77 which passes through the
front end of the crank shafi extension and en-
gages in a recess 78 formed in the driving pin.

When the pin is in its rearmost position, as
shown in Figs. 3 and 7, the lobes 57 on the dual
cam will be in an efective position to actuate the
rock levers 43, as shown in Fig. 2, because the
dual cam through the driving gear train is ar-
ranged with respect to the crank shaft so that the
lobes 57 will raise the free end of the rock levers
prior to the time that the lobe on the single cam
does and such cam lobes 57 are of a length such
that they will hold the rock levers raised while
the lohe on the cam 51 passes thereunder. When
the starter is applied to the crank shaft exfension,
the initial rotetion thereof will rotate the ex-
tension and will cause the driving pin 63 to move
forwardly in the slots 70 of the main section of
the crank shaft without rotating the same until
the pin has reached the front end cf the slot 71
at which time the main section of the crank shaft
will be driven with the crank shaft extension.
During the time the crank shaft exfension is ro-
tating without effecting rotation of the main
crank shaft, the sleeve 61 will be rotating threugh
axial movement of the pin fo the same degree
but in an opposite direction, and this rotation of
the slesve will retate the gearing extending to
the dual cam thersby causing the cam fo be
placed in a position such that the Iobes 57 will
Le effective only after the lobes on the cam 51
have raised the free end of the rock levers 43.
When the driving pin 89 is in the position shown
in Fig. 8, the single lobe cam will be effective and
will mask the Iobes 57 so that they will pass under
the rock levers without actuating the same. It
will ke sezn that the time when the fuel charges
are delivered is delayad when the single cam is
effective, and this is of assistance in raising the
temperaturs in the cylinders prior to the time of
the fuel injection which aids in the fuel combus-
tion when starting an engine of this type. When
the engine starts to operate under its cwn power,
the crank shaft will overrun. the starter jaw
and upon such release of the starter jaw, the
soring 75 through the medium of the cap and
the stem 77 will move the driving pin rearward-
1y and return the dual cam io effective running
position through the rotation of the sleeve 61
and the train of gears extending therefrom to
the dual cam. The arrangement of the cap 76
and the relatively smsll diameter stem T7 per-
wits the crank shaft extension adjacent thergto
to be formed relatively large in diameter, thus
insuring ruggedness at this poind.

The driving pin 69 is formed with two oppo-

-stood that my invention is

3

sitely disposed flat faces 79 which start at the
circumierence near the middle of the pin and
extend helically toward the ends, such surfaces
extending gradusally inwardly toward the pin
a2xis as they approach the ends. Thess flat sur-
faces are of such length as to provide bhearing
surfaces with the helical walls in the extension
formed by the slois 72, and through the pro-
vision of the pin bearing faces I have eliminated
the pin wear, whichh would taks place if the pin
were round, due o its movement between start-
ing and running positions, In order to main-
tain the pin so that it will not revolve and thus
keep the faces in proper relation with the walls
ci the slots 72, I provide the stem 77 which en-
gages in the pin recess 78. . When in its most
forward positicn the pin seats in the end of the
slots 72, and nct'in the slots 71 so that the sleave
52 will not be bound in any manner in its return
to running positicn. When the pin'is in its rear
position it seats in .offset pockets 90 forming the
end of the slots 71 which effects a driving con-
nection from the crank shaft to the slesve 52
which will remain fixed during ruaning opera-
tion of the engine. With this form of pin and
slots, the mechanism will ke refained in desired
related positions during starting and running of
the engine, and the shifting of the mechanism
will cause no binding or wear of the relatively
movabkle driving elements.

While I have herein described in scme detail a
specific empodiment of my invention, which I
deem 10 be new and advantageous and may spe-
cificaily claim, I do not dssire it o be under-
limited to the exact

details of the construction, as it will be apparent

that changes may be made therein without de-

parting from the spirit or scope of my invention.
What T claim is:

. In a mechanism of the class. described, a

Pt
£t having 2

hollow end

with diameiric axially

a ¢ diametrically disposed slots through
the wall thereof ng at an angle to the
axis, a starter jaw having a shaft portion ex-
tending through the sieeve and formed with dia-
metbic slots therethrough each having a substan-

tiaily straight side and sxtending at an angle to
the axis and in an cppesite divection to the slots
in the sleeve, o pin extending through the slots in
the starter jaw shaft, the slots in the sleeve and
into the slots in the shaft, said pin having a pair
of flat surfaces engaging the straight sides of the
walls formed by the slets in the starter jaw shaft,
and means carried in the hollow end of the shaft
engaging the pin fo prevent rotation thereof.
2. In & mechanism of the class described, a
shaft having o hollow end with oppositely dis-
posed slots therein exiending in an
tion, a gear carrying sleeve extending into the
hollow portion of the shail and having opposite-
1y disposed helically extending slots in the wall
thereof, a starter jaw shaft extending through

T
the sleeve and having a pair of opposite helical i4

slots therein extending in an opposite direction
to the slots in the sle pin extending through
the slots in the star
.
i

78,
ter jaw shaft and the slots
in the sleeve and into the slots in the shait, said
pin having flat suriaces engaging cne of the
walls forming the slots in the siesve, and means
carried in ihe hollow end of the shafl engazing
the pin to prevent rotation thereof.
3. In a mechanism of the class described, a

axial direc- 3

80

85

90.

160

190

115

120

125

[y
I
9

e
o
[

150



10

15

20

25-

30:

40

50

4

shaft having a hollow end with oppositely dis-
posed slots therein extending in an axial direc-
tion, a gear carrying sleeve extending. into the
hollow end of the shaft and having oppositely
disposed helically extending slois through the
wall thereof, a starier
through the sleeve and having oppositely dis-
posed helical slots therein extending in an op-
posite direction to the siots in the sleeve, a pin
extending through the slots in the starter jaw
shaft, the slofs in the sleeve and into the slots in
the shaff, said pin having helically extending
flat surfaces formed on opposite sides thereof
and engaging the wall of the starter jaw shaft
forming the slots therein, and means carried in

the hollow end of the shaft and engaging said

pin to prevent rotation thereof.

4. In a mechanism of the class described, a
shaft having a hollow end with oppositely dis-
posed slots therethrough extending in an axial
direction, a gear carrying sleeve telescoping into
the hollow portion of the shaft and having op-
positely disposed helical slots therein, a starfer
jaw shaft extending through the sleeve and hav-
ing oppositely disposed helical slots therein ar-
ranged to extend in a direction gopposite to that
of the slots in the sleeve, a nin extending through
the slots in the starter jaw shaii, the slots in
the sleeve and into the slots in the shaft, said
pin being formed with helically extending ifat
surfaces arranged to engage one of the wall por-
tions forming the slots in the starter jaw shaft
and beginning centrally from the circumference
of the pin and angling inwardly toward the ends
of the pin, and means movable in the hollow end
of the shaft and engaging said pin to prevent
rotation thereof.

5. In a mechanism of the class described, a
shaft having a hollow end with oppositely dis-
posed slots theregin extending in an axial direc-
tion, a gear carrying sleeve telescoping into the
hollow end of the shaft and having oppositely
disposed helical slots therein, a starter jaw shait
extending through the sleeve and having oppo-
sitely disposed helical slots therein arranged to
extend in an opposite direction to that in which
the slots in the sleeve extend, a pin extending
through the slofs in the starier jaw shaft, the
slots in the sleeve and into the slots in the shaft,
said pin having flat surfaces engaging the wall
forming one side of the slots in the starter jaw

. shaft, and means for retaining the pin-in a fixed

55

80

relation with the starter jaw shaft.

6. In a mechanism of the class described, a
shaft having a hollow end with oppositely dis-
posed slots therein extending in an axial direc-
tion, a gear carrying slesve telescoping into the
hollow end of the shaft and having oppositely
disposed helical slots therein, a starter jaw shaft
extending through the sléeve and having oppo-
sitely disposed helical clots therein arranged to
extend in an opposite direction to that in which
the slots in the slesve extend, a pin extending
through thée slots in the starter jaw shaft, the
slots in the sleeve and into the slots in the shaft,
said pin having flat surfaces engaging the wall
forming one side of the slots in the starter jaw
shaft, and spring pressed means for retaining
the pin in a definite relation with the starter jaw
shaft. .

7. In a mechanism of the class deseribed, a
shaft having a hollow end formed with opposite-
ly disposed slots therein extending in an axial
direction, a sleeve telescoping into the hollow end
of the shaft and having oppositely disposed heli-

jaw shaft projecting

1,838,285

cal slots therein, a starter jaw shaft projecting
through the sleeve and having oppositely dis-
posed helical slots therein extending in a direc-
tion opposite to that in which the slots in the
sleeve extend, a pin extending through the slots
in the starter jaw shafi and in the sleeve and
into the slots in the shaft, said pin having sur-
faces engaging a wall portion forming the siots
in the starter jaw shaft, a cap member in the
hollow portion of the shaft, a stem connected
with the cap and extending through the front of
the starter jaw shaft and engaging the pin to
prevent rotation thereof, and a spring in the
hollow poriion of the shaft exerting pressure
against the cap and stem in a direction toward
the pin.

8. In a mechanism of the class described, a
shait having a hollcw end formed with oppositely
dispozed slots therein extending in an axial di-
rection, a sleeve felescoping into the hollow end
of the shaft and having cppositely disposed heli-
cal slots therein, o starter jaw shaft projecting
through the sleeve and having oppositely disposed
helical slots therein extending in a direction op-
posite to that in which the slots in the sleeve ex-
tend, a pin extending through the slots in the
starter jaw and the sleeve and projecting into
thie slots in the shaft, means normally urging the
pin into a position at the rear end of the slots,
the front end of the slots in said starter jaw shaft
being behind the front end cf the slots in the
sleeve to prevent the pin from binding with the
sleeve in its forward position, and means engag-
ing the pin to prevent rotation thereof.

9. In a mechanism of the class described, a
shait having a hollow end formed with oppo-
sitely disposed slots through the wall thereof ex-
tending in an axial direction, a gear carrying
sleeve telescoping into the hollow end of the shaft

and having cppositely disposed helical slots there- 1

in, a starter jaw shaft extending through the
sleave and having oppositely disposed helical slots
therein extending in an opposite direction to the
slots in the sleeve, a pin extending through the
slots in the starter jaw shaft and the slesve and
projecting into the slots in the shaft, said pin
having fiat surfaces engaging a wall portion form-

“ing the slots in the starter jaw shaft, means nor-

mally urging the pin into a position at the rear
end of the slots, the rear end of the siots in the
sleeve being in advance of the rear end of the
slots in the starter jaw shaft and ferminating in
an offset pocket in which the pin has a driving
relation when in its rearmost position.

10. In a mechanism of the class deseribed, a
shaft having & hollow end formed with diametri-
cally axially extending slots through the wall, a
gear carrying sleeve extending intc the hollow
shaft and having oppositely disposed helical slots
therein, a starter jaw shaft extending through the
sleeve and having oppositely disposed helical slots
therein exiending in an opposite direction to the
slots in the sleeve, a pin extending through the
slots in the starter jaw shaft and the sleeve and
into the slots in tha shaft, said pin having flat
surfaces engaging a wall portion of the starter
jaw shaift forming one side of the slots, and means
normally urging the pin into a position at the rear
end of the slots, the front end of the slots in the
starter jaw shaft being behind the front end of
the slots in the sleeve to prevent the pin from
binding with the sleeve when in its forward posi-
tion.

HERBERT C. EDWARDS.
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