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INTERNAL COMBUSTION ENGINE

Herbert C. Edwards, Detroit, Mich., assigner to
Packard Motor Car Company, Detroit, Mickh,
a corporation of Michigam

Application January 5, 1932, Serial No. 534,846
10 Claims. (CL 123—139)

This invention relates to internal combustion
engines and more particularly to engine control
mechanism, . :

In engines having air and fuel introduceds

. separately into the combustion chambers and
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ignited by heat of corpression, difficulty has
been experienced, particularly when the engine
is employed as a power plant of an aeroplane,
in regulating the charges so that the engine
will idie at o desired low speed without stalling.
In other words, during idling the fuel oil regu-
lation with a normal air charge must be of such
a quantity that it orevents stalling and conse-
quently the power development is more than is

5 desirable for landing and maneuvering aero-

planes. :

An object of my invention is to provide a new
and novel form of mechanism for regulating the
air charges in a definite relation with the fuel
oil charge regulation of an engine whershy ilow

‘power development will result without stalling.

Anocther object of the invention is to provide
an engine of the character above specified with
mechanism which will stabilize the idling op-
eration. . :

A further object of the invention is to pro-
vide an engine, of the type in which air and
fuel oil are introduced separately into and mixed
in the cylinders, with means which accelerates
the air circulation in the cylinders as the supply
is reduced,

Still another object of the invention is to pro-
vide a new and novel manner of regulating en-
gine valve mechanism for controlling the air
charges entering the cylindecrs. -

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:

Fig. 1 is a vertical sectional view of an engine
showing my control mechanism associated.there-
with; ‘

Fig. 2is a
on line 2—2 of Fig. 4 and illustrating a part
of the control mechanism in its relation with the
‘crank case; - .

Fig. 3 is an end elevational view of the engine
partly broken away and partly in section, illus-
trating the fuel regulating mechanism and the
interior of one of the cylinders;

Fig. 4 is a sectional view taken substantially
.on line 4—4 of Fig. 1. :

. Referring now to the drawings by the char-
acters of reference, 10 represents a barrel type
of crank case having an integral front wall 11,

fragmentary sectional view taken

a removable rear wall 12, and interior partitions
13 and 14. The partitions are arranged in par-
allel relation, the partition 13 being formed as
an integral part of the crank case casting and
partition 14 being removably secured. This re-
lation of partitions in the crank case forms &
front chamber 15, s chamber 16 in which the
master rod 17 is located and g rear chamber
18 in which is housed mechanism for controlling
the charge forming mechanism., A crank shaft
19 extends axially through the crank case and
partitions and is carried by suitable bearings,
as indicated at 20. The master rod is mounted
on the crank pin and pistons 21 are secured to -
the connecting rods 22 asscciated with the master
rod in the usual manner.

Cylinders 23 extend radially from the crank
case and are provided with flanges 24 which bear
against fiat faces on the crank case and are se-
cured by a pair of tension band means 25. The
cylinders are formed with an integral dome, to
each of which is secured a head 26. Extending
through each of the associated heads and domes -
is a pair of passages or ports 27 and 28, the pas-

being the exhaust outlet. Each passage 27 is con-
trolled at its interior end by means of a poppet
valve 29 while each passage 28 is controlled at its
interior end by a poppet valve 30. Such valves
are normally. closed by a plurality of coiled
springs, as indicated at 31, and are opened by

-rock levers, as indicated at 32, pivotally mounted

in housings 23 forming a part of the cylinder
heads. Push rod mechanisms 34 are associated -
with valve operating rock levers and extend
through housings 35 into the chamber 18 where
they engage rock levers 36 which are mounted on
shafts 37 and arranged circularly in the chamber.
A cam 38 is mounted on the rear end of the crank
shaft 19 to engage the rock levers 36 and is driven
from the shaft through reduction gearing 39, 40,
41 and 42, the gear 42 being formed interiorly of
the cam. This reduction gearing is preferably
of an 8 to 1 ratio so that the cam will be driven at
14 erank shaft speed and in an opposite direction
relative thereto. : o
The engine illustrated is of the nine cylinder
radial type operating on the four stroke cycle,
The cam 38 is arranged to open the valves 29
through the intermediate mechanism during the
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sage 27 being the air inlet and the passage 28 80
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air intake stroke while the valves 30 are opened ’

during the exhaust stroke. Air is drawn into the

_cylinders, is compressed -therein and fuel oil is.

injected into the compressed air charges near the
end of the compression stroke of the pistons,

110



10

15

20

25

30

35

40

45

50

65

60

ee

70

75

2

whereupon the fuel oil mixes with the compressed
air and ignition takes place due to the heat of
compression. }

In order to supply the charges of fuel oil, I pro-
vide injection devices associated preferably one
with each cylinder. Each device is similar and
consists of the nozzle portion indicated generally
at 43 and a pump device indicated generally at
44. The nozzle outlet end is indicated at 45, in
Fig. 1, and, in Fig. 3, I have illustrated the details
of a pump mechanism which can be employed.
This pump mechanism is formed with an exterior
housing 46 within which is arranged a barrel 47,
the pump plunger 48 being reciprocated in the
barrel.- The barrel communicates with the in-
terior of the nozzle and is connected with the fuel
supply manifold 49 by means of ports 50 which
extend through the barrel and through the pump
casing.. Within the pump casing is a coil spring
51 which engages a guide member 52 with which
the pump plunger is connected and normally

moves the pump plunger in a direction such that

it uncovers the ports 50. When the ports are
uncovered, fuel in the manifold 49, which is pref-
erably under low pressure, will fill the barrel
with oil, movement of pump plunger toward the
nozzle forcing oil out of the barrel through the
ports 50 until such ports are covered by the
plunger, whereupon a high pressure is formed
behind the oil trapped in the nozzle and a portion
thereof is displaced through the nozzle end 45
into the cylinder. Regulation of the pump plung-
er stroke, with respect to its movement after clos-
ing the ports 50 will regulate the quantity of fuel
injected into the cylinder.

Articulated push rod mechanism 53 extends
through the crank case and the outer end is ad-
justably associated with the pump plunger guide
52 while the inner end rests upon the curved face
formed on the rock lever 54 which is mounted on
the shaft 37, there being one of such mechanisms
associated with each pump. It will be noted that
the cam 38 is provided with three parallel sets of
lobes for operating the three rock levers mounted
on each of the shafts 37, there being four lobes 55
for actuating the fuel rock levers and four lobes,
as indicated at 56, in two sets for actuating the
inlet and exhaust rock levers 36.

Adjustment of the inner part of the articulated
push rods 53 along the curved faces on the rock
levers 54 will regulate both the quantity in the
fuel charges and the time of delivery thereof as
the arcuate movement of the rock levers 54 along
the curved face with which the push rods engage
is different. In order to regulate the position of
the push rods on the curved portion of the rock
levers 54, I provide an endless control ring 57
which is held against the partition 14 by means
of bolts 58 extending through arcuate slots 59.
Links 60 connect the inner end of the articulated
push rods with this ring 57 and the ring is given
a rotational movement in either direction through
means of a rack 61 fixed thereto and a pinion 62
which is fixed upon the shaft 63 extending through
the crank case and controlled by an arm 64 fixed
thereto. A suitable mechanism, as indicated at
65, is associated with the arm 64 so that the
shaft can be rotated from a remote point. Rota-
tion of the ring member 57 will vary both the
quantity of the fuel charges and the time of their
injection. As shown in Fig. 3, the fuel push rods
are arranged in a position on the curved faces
of the rock levers such that the arcuate movement
imparted to the rock levers 54 by the cam 38 will
not be sufficient to cause the pump plungers 48
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to close the ports 50 and consequently no fuel
charges will be delivered when the mechamsm is
s0 regulated. Movement of the push rods in'an
anti-clockwise direction on the curved faces, as
viewed in Fig. 3, will increase the fuel charge
quantities and will advance the timing thereof so
that through the medium of the ring member 57
fuel control can readily be had.

A second valve mechanism is associated with
each of the air inlet passages 27 in order to regu-
late the quantity of air entering the cylinders
when the poppet valves 29 are open. Arranged
preferably adjacent the inlet end of the passage
at 27 is a butterfly valve 66 which is fixed to a
shaft 67 extending transversely through the neck
68 formed as a part of the cylinder head. In or-
der to control such butterfly valves, I provide rods
69 each having one end claniped to a shaft 67
and the other end splined to a hollow extension
70 which projects through a bearing 71 extending
through the crank case’wall. The inner end of
such rod extensions 70 have a bevel gear 72 se-
cured thereto by means of a key or tapered pin
73, such key also extending through a bearing 74
in the hollow rod extensions. A coiled spring 75
extends between each rod 69 and bearing
74 and exerts axial pressure against the asso-
ciated rod so that the ends of the rods will be
held against the necks 68 and reduce vibration
as well as noise,

A ring member 76 is arranged in the chamber
16 and surrounds a shoulder 77 projecting lat-
erally from the partition 13, there being bolts 78
extending through arcuate récesses 79 in the ring

80
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to hold the ring against the partition and, at 139

the same time, allow limited rotation thereof in
either direction. The ring is provided with rack
members 179 which project through arcuate slots
80 in the partition 13 and mesh with the gears
72 keyed to the rod extensions 70. Rotational
movement of the ring member 76 will move the
racks therewith and will rotate the gears 72 and
the associated rods 69 which, in turn, will ro-
tate the butterfly valves 66 because of their con-
nection with the shafts 67. Thus through regu-
lating the position of the ring member 76, the
position of the butterfly valves in the inlet pas-
sages 27 can be simultaneously and uniformly
regulated so that the desired quantity of air will
pass into the cylinders when the valves 29 are
mechanically held open through the mechanism
previously described.

Suitable mechanism can be prov1ded for con-
trolling the position of the ring member 76,
however, I prefer to utilize the fuel regulating

mechanism for this purpose so.that a single ma-

nipulation by the operator will regulate both ring
members, and also, so that the butterfly valves
will be regulated in a definite relation with the
fuel oil regulation. To this end, I provide the

rod 81 which traverses the chamber 16 and is

supported by the partitions 13 and 14. Fixed to
this rod is a lever 82 having a roller carrying arm
83 engaging a slotted bracket 84 which extends
from and is fixed to the ring member 76. Fixed.
to the rod 81 in the chamber 18 is another arm
85 which is connected by an adjustable link 86
to a bracket 87 fixed to the ring member 57. Ro-
tational movement of the ring member 57 will
transmit rotation to the shaft 81 through means
of the bracket 87, the link 86 and the arm 85,
and the rotation of the shaft 81 will be im-
parted to the ring member 76 through means of
the arm 82 engaging with the bracket 84. Thus
the two ring members 57 and 76 will be rotated
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upon manipulation of the control extension 65
by the operator, in a manner hereinafier de-
scribed.

In starting the engine, it is desirable that the
fuel injection devices be regulated so that they
are set to deliver a maximum fuel charge in order
to form a readily ignitable charge during turning
over of the crank shaft, but just as soon as the
engine starts to operate under its own power the
throttle is shifted back from a position adjacent
the end of the rock levers 54 o a position nearer
the shafts 37 so that smaller fuel charges suitable
for idling of the engine will be injected. The
butterfly control mechanism is preferably of
such a character that the valves will be sub-
stantially closed under 300 engine R. P. M. and
will be gradually moved from a closed to a wide
open position between 300 and 1400 R. P. M., and
beyond 1400 R. P. M., the butterfly valves will
be wide open. 'This arrangement of opening the
butterfly valves is preferable because the engine

illustrated provides the power plant of an aero-

plane in which 1400 R. P. M. is requsite to sus-
tain fiight, it will be understood, however, that
the opening and closing of the butterfly valves
with respect to the fuel injection and the R. P. M.

~ of the engine can be grranged as desired.

The air inlet passages 27 are of Venturi form
and are arranged to enter the cylinders in a tan-
gential relation such that air drawn in during the
stiction strokes of the pistons will rotate within
$he cylinders,

When the butterfly valves are partially closed,
the speed of the gsir fowing through ithe pas-

. sages 27 will be swifter than when the valves are

open, and thus the air rotation within the eyl-
inder will be faster and & beiter mixture with
fuel ofl Injected therein will thus be had. By re-
ducing the air supply when the engine is idling,
o better mizture will result, and stability during

_idling operation will be had because of increased

" air ‘rotation. When the butterfiy valves are

closed or partially closed and the engine has been
cut down to an idling speed, such as it is when
an aervoplane is. getting ready to land or is glid-
ing, & vacuum is created in the cylinders during
the suction stroke which must be overcome by
piston work and thus the propeller, (not shown),

- mounted in s conventional manner at the front

€0
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end of the crank shaft 19, will be rotated at &
slower speed than would occur if the butterfly
valves were not throttling the air inlet passages.
Thus the butterfly valves can be utilized to act
a8 g brake upon the engine and, at the same time,
to improve the character of the fuel mixture
such that there is less likelihood of the engine
stalling during idling operation. )

The bracket 84 is formed with two arms 88 and
8¢ between which there is formed & slot into
which the extension 83 of the arm 82 extends.
The base portion of the slot, formed by the adja-
cent surfaces of the arms, is substantially straight
while the outer end portion of the slot, formed by
the similarly curved inner fices 90 and 91, is
arcugte. Looking at Fig. 4, which is a front view
of the butterfly valve operating mechanism, the
ring member 76 is at one extreme position of its
adjustment and in such position the fuel adjust-
ment ring 57 is at one extreme position of its ad-

} justment wherein the pump push rod mechanisms

are related with the rock levers 54 such that the
stroke imparted by the cam 38 will not be suffi-
cient to cause the pump plungers to close the
ports 50 and consequently the engine will not
operate. With the rings in such position, the arm

3

extension 83 will lie at the base of the groove in
the bracket 84. Movement of the ring 57 away
from the cutoff position shown in Fig. 3 will in-
crease the stroke of the push rods and thereby
increase the stroke of the plungers so that the
fuel charges are increased in quantity. Similar
movement will be transmitted to the ring mem-
ber 76, causing it to move in a clockwise direc-
tion, as viewed in Fig. 4, through engagement of
the arm extension 83 with the inner face of the
arm 90. So long as the arm extension bears
against the straight portion of the inner face of
the arm 99, the ring 76 will respond to the rota-
tion of the shaft 81 and rotation of the ring 57,
but when the arm extension 83 reaches the arcu-
ate portion of the inner face'of the arm 80, the
ring 76 will not be moved as’the arm face will be
more than the radius of the arcuate mcvement of
the arm 82. It will be thus seen that the entire
adjustment of the ridg 76, while increasing the
fuel quantity, takes place during the time that
the arm. extension 83 engages the straight por-
tion of the inner face of the arm 83. When the
{uel volume is decreased through movement of

the ring member 57 in a clockwise direction, as 100

viewed in Fig. 3, the arm extension 83 will engage
the inner face of the arm 89 of the bracket 84
and will move the ring member 76 in an anti-
clockwise direction, as viewed in Fig. 4, however,

there will be no movement of the ring member 76 108

until the arm extension reaches the straight por-
tion of the inner face of the arm 88. ‘In other
words, the curved inner fice 91 of the arm 89
merely serves as a guide. When the control

mechanism for the fuel is in the position shown 110

in Fig. 3, the butterfly valves are adjusted to a
position slightly past the transverse relation in
the passages 27 so that the first portion of the
movement of the ring 57 to increase the fuel

siightly, will move the butterfly valves to a posi- 116

tion transversely of the passage and such move-

ment will be continued with a continuation of

_the movement of the ring 57 until the butterfly

valves are wide open. ‘The groove in the bracket

84 is of such a character that the valve will be 120
wide open at approximately 1400 R. P. M. and will -

extend transversely of the passages at approxi-
mately 300 R. P. M. and thus there is a gradual
opening or closing of the butterfly valves between

300 and 1400 R. P. M. which, with the engine illus- 125

trated, may be termed the idling range. 'The but-
terfly valves aré of slightly less diameter than
the passages In which they are arranged so that
there will be a small amount of air drawn into

the cylinders even when the valves extend trans- 120

versely of the passage. Rotation of the ring 76
will move the racks 179 therewith and will there-
by transmit rotation to the gears 72 which are

‘keyed to the shaft extensions, and as the shaft

extensions are splined to the rods 69 and as the 135

rods’ 69 are fized to the shafits 87, the butterfly
valves will in this manner be rotated. -

The links 86 are adjustable so that the distance
between the brackets 87 and the arms 85 can be

regulated. Such regulation of the links will 140

change the relation of the connecting mechanism
between the two ring members so that the move-
ment imparted to the ring member 76 relative to
the movement of the ring member 57 can thus be
varied. In this way, the timing of the closing
movement of the butterfly valves relative to the
fuel adjustment can be regulated as desired with-
in a limited range. g ' ‘
Although the invention has been described in
connection with a specific embodiment, the prin-
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ciples involved are susceptible of numerous other
applications which will readily occur to persons
skilled in the art. The invention is therefore to
be limited only as indicated by the scope of the
appended claims.

What I claim is:

"1. In a fuel injection engine, having a crank
case and radial cylinders provided with air in-
let passages, means for controlling the flow of air
through the passages comprising valves, rods fixed
to the valves, gear means in the crank case asso-
ciated to rotate the rods, a movable ring member
mounted in the crank case, racks on the ring mem-
ber arranged to mesh with the gear means, and
ring actuatmg means extendmg exteriorly of the
crank case.

2. In a fuel injection engme having a crank
case and radially extending cylinders with air
inlet passages leading therein, said crank case
having an arcuately slotted partition therein,
means for contfrolling the flow of air through the
passages comprising valves, rods fixed to the
valves, gear means in the crank case on one side
of the partition, said gear means being asso-
ciated with the rods, a ring mounted in the ecrank
case on the side of the partition opposite from
the gear means, rack means associated with the
gear means, said rack means projecting through
the arcuate slots in the partition and being fixed
to the ring member, and ring member regulating
means extending exteriorly of the crank case.

3. In an engine, having a cylinder with an air
intake conduit, a shaft extending into the con-
duit, a butterfly valve in the conduit fixed to the
shaft, a rod secured to the end of the shaft ex-
teriorly of the conduit, a hollow extension splined
to the rod, resilient means in the hollow exten-
sion exerting pressure axially against the rod, and
means for rotating the rod extension.

4, In an engine, having a cylinder with an
air intake conduit, a shaft extending through
the conduit, a butterfly valve in the conduit fixed
to the shaft, a rod secured to the end of the shaft
exteriorly of the conduit, a hollow extension
splined to the rod, & coil spring in the hollow ex-
tension exerting pressure axially against the rod,
and means for rotating the rod extension.

5. In an engine, having a crank case and ra-
dially extending cylinders with air infake con-
duits, mechanism for confrolling the flow of air
through said conduits comprising a pair of ring
members, means connecting the ring members,
valves in the air intake conduits, shafts fixed
to the valves for rotating the same, shaft rotating
mechanism inciuding racks and gears associated

with one of the ring members, and means asso- -

ciated to rotate the other ring member.

6. In an engine, having a crank case and ra-
dially extending cylinders with air intake con-
duits, mechanism for controlling the flow of air
through said conduits comprising a pair of ring
members, means for rotating one of the ring mem-
bers, valves in the air inlet conduits, actuating
mechanism intermediate the other ring member
and said valves, and adjustable means for con-

1,938,620

necting said ring members, said connection he-
ing effective to operate the valve associated ring
member during only a part of the range of move-
ment of the other ring member.

7. In an engine, having a crank case and ra-
dially extending cylinders with air intake con-
duits, mechanism for controlling the flow of air
through said conduits comprising valves in the
conduits, a pair of ring members, actuating con-
nections between one of the ring members and the
valves, means associated with the other ring
member for imparting rotational movement there-
to, and connecting means between the ring mem-
bers including an adjustable link, the adjustment
of said link regulating the angular movement of
said ring member for actuating the air valves
with respect to the angular movement of the fuel
control ring member.

‘8. In an engine, having a crank case and ra-
dially extending cylinders with air intake con-
duits, mechanism for controlling the flow of air
through said conduits comprising valves in the
conduits, a pair of ring members within the crank
case, actuating means connecting one of the ring

“members with the valves, means associated with
the other ring member for imparting rotational
movement thereto, a rotatable cross shaft mount-
ed in the crank case, and link means connecting
the shaft with the two ring memnibers, said link
means associated with one of said ring members
having a lost motion connection.

9. In an engine, having a crank case and ra-
dially extending cylinders with air intake con-
duits, mechanism for controlling the flow of air
through said conduits comprising valves in the
conduits, a pair of spaced ring members in the
crank case, actuating mechanisms connecting one
of the ring members with the valves, means as-
sociated with the other ring member for impart-
ing rotational movement thereto, a rotatable shaft
mounted within the crank case, and a pair of link
means connecting the shaft with the ring mem-
bers, one of said link means including a slotted
bracket fixed to a ring member and an arm ex-
tending through the slot.

10. In an engine, having a crank case and ra-
dially extending cylinders with air intake con-
duits, mechanism for controlling the flow of air
through said conduits comprising valves in the
conduits, a pair of ring members within the crank
case, valve rotating mechanism associated to be
actuated by one of said ring members, means
associated with the other ring member for im-
parting rotational movement thereto, a shaft
mounted in the crank case, arms fixed to the shaft,
and an adjustable link between one of the arms
and a ring member, and a slotted bracket fixed to
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the other ring member and co-acting with an arm

on the shaft, the slot in said bracket having the
end portion thereof curved at a greater radius
than the length of the associated arm, whereby
rotation of the shaft will be imparted to the
bracket carrying ring member by the arm dur-
ing only a part of its actuation.

HERBERT C. EDWARDS.
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