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UNITED STATES

1,988,533

PATENT OFFICE

1,988,533 ‘
INTERNAL COMBUSTION ENGINE

Lionel M. Woolson, deceased, late of Detroit,
. Mich., by Emma F. Woolson, executrix, Bloom-
field Village, Mich., assignor to Packard Motor
Car Company, Detroxt, Mich., a corperation of

Michigan

Application July 22, ‘1930, Serial No. 469,895

9 Claims.

This invention relates to internal combustion
engines and more particularly to fuel injection
mechanism for engines of the Diesel type.

It is a general object of the present invention

5 to provide a novel and improved fuel injection
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mechanism for internal combustion engines.:
More particularly it is an object of the inven-
tion to provide a fuel injection mechanism where-~
in the quantity of fuel injected in each cylinder
of the engine is regulated in accordance with the
temperature of that cylinder.
An important feature of the invention resides

‘in mounting fuel injection mechanism on each

cylinder in such a manner that any increase in
length of a cylinder from expansion results in
a decrease in the quantity of fuel delivered

" thereto,

Another important feature of the invention

_consists in so mounting the fuel injection mech-

anism that it is inherently subject to a reduction
in delivered volume of fuel as the cylinder ex-
pands and to further provide multiplying linkage
also actuated by expansion of the cylinder to aug-
ment the inherent fuel regulation.

Other and further features and objects of the
invention will be more apparent to those skilled
in the art upon a consideration of the accompany-
ing drawing and following specification wherein
is disclosed a single exemplary embodiment of
the invention with the understanding, however,
that such changes may be made therein as fall
within the scope of the appended claims without
departing from the spirit of the invention.

In said drawing:

The single figure is an axial section through
one cylinder of a multi-cylinder, radial type, Die-

sel engine, the section being taken on the axis of -

the fuel injection mechanism and wherein parts
not distinctly related to the invention are shown
in elevation.

The present invention, for convenience in dis-

closure, is shown in connection with a radial cyl-
inder engine of the Diesel type such as particu-
larly constructed for aviation use although it will
be apparent that it can be used with equal facility
with other types of engines both of the air and
water cooled bypes.
. This invéntiorn particularly relates.to that type
of Diesel engine disclosed in the copending appli-
cation of Lionel L. Woolson, Serial No. 358,899,
filed April 29, 1929, but is not necessarily limited
to such types of ‘éngines.

For the sake of convenience, but a single cylin-
der 10 has been shown together with a fragment
11 of a substantially cylindrical crank case which

(Cl. 123—139)

supports the cylinder at the inner or end oppo-
site the head 12, as clearly shown, and wherein
suitable clamping rings 13 secure the cylinder
rigidly to the crank case.

The fuel injection mechanism is of the type
which includes a separate pump for each cylinder
shown in general by the reference character 15
and~“intended to deliver fuel in the liquid state
into the cylinder prior to each explosion. This is
sometimes known as-solid fuel injection. The
pump comprises essentially a pump barrel 16 ra-
dially disposed and having its axis substantially
parallel to the axis of the cylinder. A solid rod
17 forms the plunger or piston of the pump and is
arranged to reciprocate within the barrel and to
discharge oil through the check valves 18 and 19
into a head 20 provided with & projection 21 which
extends into the engine cylinder just above the

top position of the piston 22. This projection 21

may be provided with a spring-controlied nozzle
head 23 which normally is substantially closed
and provides a resistance to the oil delivered by
the pump.

Just below the check valve 18 there are a plu-
rality of inlet ports 25 through the wall of the
pump barrel. These ports are arranged in a
ring around the periphery of the barrel and open
into an annular chamber 26 surrounding the
pump barrel and always supplied with fuel oil
at a low pressure by any suitable means. The
piston or plunger of the pump is arranged to re-
ciprocate from a position below the ports 25 to a
position above these ports. It will be seen that
when it is withdrawn below the ports oil will en-
ter through them and fill the barrel below the
check valve 18, and that when the piston rises or
moves outwardly it will not begin pumping oil
through the atomizing nozzle until it has first
closed the inlet ports 25. It can, therefore, be
said that the pump is of the type wherein the
quantity of discharge is dependent on the dis-
placement of oil beyond the inlet ports. It is
not so much the length of the stroke as the posi-
tion of the stroke of the plunger which controls
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the quantity of discharge. The effective stroke 4

of the pump plunger is that portion which takes
place after the ports 25 are covered.

The pump plunger is adapted to be recipro-
cated, in the present instance, from a cam ring
30 which rotates in an extension of the crank-
case and is suitably driven from some rofating

. part of the engine, not shown. Bearing on the

cam is a follower 31 connected to & rocker 32
journalled on a shaft 33. This rocker is pro-
vided, along its upper surface, with a groove 35
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in which the lower end of a strut 36 bears. This
strut is pivoted at 37 to the lower end of a con-
necting rod 38 the upper end of which. bears,
with a suitable joint, on the lower end of the
cross head slide 39 reciprocable in a sleeve 40
seated in portion 42 of the crankcase extension.

Means, fully described and shown in appli-
cation Serial No. 358,899, previously referred to,
are provided for adjusting the ends of the struts
along the grooves to vary the strokes and the
positions of the upper ends of the plungers 17 in
respect to the inlet ports 25 for changing the fuel
consumption of all of the cylinders simultane-
ously to thus vary the speed and/or power of the
engine. :

A coil spring 43 surrounds the pump barrel
16 and bears at its upper end on an enlargement
thereof and at its lower end on a head 45 on the
lower end of the plunger 17 to normally main-
tain the plunger in its retracted position. This
spring is housed in a sleeve 47 secured to the
main body of the pump. The spring causes the
plunger 17 to be biased in the direction of the
cross head 39 which is co-axial therewith.

The whole pump mechanism, but particularly
the barrel part, is supported from the head end
of the cylinder where it is seen to.be secured
into position by the bolts 50. The. operating
mechanism for the pump is all at the crankcase
end of the cylinder. This arrangement provides
an inherent means for reducing the quantity of
oil supplied to each cylinder as its temperature
increases and it will be seen that expansion re-
sultant from an increase in temperature will
move the pump barrel radially outwardly with
respect to the crankcase and, therefore, will cause
the pump plunger to reciprocate through a range
closer toward the center of the engine and hence
to have less displacement above the intake ports
25. This produces an automatic adjustment
which insures that any cylinders which become
overheated will of themselves reduce their fuel
supply to permit a resumption of normal operat-
ing temperature and to cause any excessively
cooled cylinders to take up the load which will
become evenly distributed among all of the cyl-
inders. It is self evident that the fuel injection
mechanism will remain at a substantially con-
stant temperature irrespective of changes in the
cylinder temperatures.

In some cases this inherent regulation of fuel
supply may be inadequate to equalize the cylin-
der temperatures and it can be augmented by
suitable linkage mechanism controlled by the ex-
pansion of the cylinder. One convenient way of
doing thisis shown in the drawing wherein a
pair of links 52 and 53 are pivoted together at 54
to form a toggle. The upper link is pivoted at
55 to the housing for the spring 43 and the lower
link at 56 to a boss on the crankcase part 42.
Likewise pivoted at 54 is one end of a wedge
member 58 which extends hetween the pointed
end 59 of the plunger head 45 and the pointed
head 60 of the cross head. This wedge member
increases in thickness from the pivot cutwardly

‘as shown. It will be clear that as the cylinder
expands the toggle will be straightenéd, the

wedge member 58 forced to the right and the
pump plunger retracted to reduce its effective
stroke. On cooling of the cylinder a converse
action takes place as will be readily understood.

The major portion of the wedge member 58 is
enclosed in the tubular housing 65 secured at its

inner end to a boss on the bushing 40 and hav--
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ing a sliding fit over the inner end of the spring
housing 47.

It will be clear that other mechanical ex-
pedients will be equally effective for augmenting
the inherent fuel regulation of the type of pump
shown and it is the intent of the following claims
to cover all mechanical equivalents of this struc-
ture for essentially the invention resides in in-
herent fuel regulation in accordance with cylin-
der temperature and means for augmenting this
inherent regulation. It will be appreciated that
the expansion of the cylinder and its increase in
length is a function of the temperature so that it
can be said that the regulation of fuel supply
is dependent on cylinder temperature.

Having thus described the invention, what is

claimed as new and desired to be secured by

Letters Patent is:

1. In an engine of the fuel injection type, in
combination, a cylinder of the air cooled type, a
fuel injection pump barrel secured to the cylin-
der near one end, arn'‘inlet port in said barrel,
a plunger operating in:said barrel to deliver fuel
in quantity .depending on its extent of move-
ment beyond the inlet port on its delivery stroke,
actuating means assotiated with the opposite
end of said cylinder to move the plunger on its
delivery stroke, means to return the plunger after
delivery, means nmmaHy spacing the plunger
and actuating means an{l means actuated by an
increase in_ the distance Between the two ends of
the cylinder from heat expansion to reduce the
spacing between said actué'tmg means and the
plunger.

2. In an engine of the fuel mJectlon type hav-

ing a cylinder, a plunger pump substantially

parallel to the cylinder and of the type wherein
the position of the plunger at the end of the in-
jection stroke determines the quantity of fuel
delivered, the combination of means actuated by
the expansion .of the cylinder by heat to with-
draw the plunger from the pump barrel, and fur-
ther means actuated by the increase in length
of the cylinder by expansion to augment said
withdrawing. )

3. In an engine of the fuel injection type, in
combination, a cylinder mounted on a crankease,
a plunger pump barrel fastened to the cylinder
near its head end, a plunger in said barrel, a
spring to move said plunger toward said crank-
case, an operating mechanism in said crank-case
for- said plunger, means normally spacing the
plunger and its operating mechanism, a linkage
having its ends associated with the opposite ends
of the cylinder, and means actuated by said link-
age when the cylinder expands by heat to reduce
the spacing between sald plunger and operating
mechanism.

4. In an engine of the fuel injection type, in
combination, a cylinder mounted on a crankcase,
a plunger pump barrel fastened to the cylinder
near its head end, a plunger in said barrel, a
spring to move said plunger toward said crank-
case, an operatinhg mechanism in said crankcase
for said plunger, a linkage having its ends asso-
ciated with the opposite ends of the cylinder,
wedge means between the plunger and operating
mechanism and an operative connection between
the linkage and wedge means to reduce the dis-
tance between the plunger and operating mecha-
nism as the cylinder expands.

5. In a fuel injection engine, in combination,
a plurality of radially disposed cylinders, a crank-
case secured to the inner ends of the cylinders,
a radial fuel pump barrel attached to the outer
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tem operated by the expansion of each cylinder

snd of each cylinder and having a fuel iniet pord
near its outer .end, a plunger in each barrel and
determining the quantity of fuel delivered by the
distance its end is projected beyond the inlet
port, a part movable in said crankcase for oper-
ating each :plunger, mechanism actuated by the
expansion of each cylinder and means actuated
by said mechanism and between each pump
plunger and its operating part to reduce the dis-
tance between the adjacent end of said plunger
and said plunger operating part.

6. In a fuel injection engine, the combination,
2 plurality of radially disposed cylinders, a crank-
case secured to the inner ends of the cylinders, a
radial fuel pump barrel attached to the outer end
of each cylinder and having & fuel inlet port near
its outer end, a plunger in each barrel and deter-
mining the quantity of fuel delivered by the dis-
tance its end is projected beyond the inlet port,
a part movable in said crankcase for operating
each plunger, means to adjust the delivery of
&1l pumps simultaneously to vary engine speed
or power, wedge means between each plunger and
part and s linkage positioning each wedge and
adapted {o move the same longitudinally with
changes in temperature of the associated cylin-
der whereby an overheated cylinder has its fuel
supply automatically reduced below that of other
cylinders to reduce the heating.

7. In a fuel injection engine, in combination,
8 plurality of radially disposed cylinders, a crank-
case secured to the inner ends of the cylinders, a
radial fuel pump barrel dttached to -the outer
end of each cylinder and having a fuel inlet port
near its outer end, a plunger in each barrel and
determining the quantity of fuel delivered by
the distance its end is projected beyond the in-
let port, & part movable in said crankcase for
operating each plungér, ¢ multiplying lever sys-

0(3

and means actuated by said system to retract the
associated plunger end from said port as the
cylinder increases in length. :

8. In an engine of the liquid fuel injection
type, in combination, a crankcase, a plurality of
air-cooled cylinders having heads, means secur-
ing the ends of the cylinders opposite the heads
to the crankcase, a fuel injection pump barrel
supported from the head end of each cylinder
and having its axis substantislly parallel to the
cylinder axis, & fuel inlet port in the wall of
each barrel, a plunger reciprocable in each bar-

1

rel and determining the guantity of fuei injected .

in accordance with the extent of its. movement

beyond the inlet port toward the head end, and
means carried by the crankcase to actuate and
position said plungers, the cross-section and

" stroke of each plunger being defermined in re-

spect to the thermal expansion of the cylinder
to prevent overheating of any one cylinder by thie
proper reduction in fuel delivered thereto by the
consequent withdrawal of the plunger whereby
the load is equalized among ali cylinders.

9. In & fuel injection engine, in combination,
o plurality of separate cylinders, a fuel injection
device for each cylinder, means to adjust the

20

said devices simultaneocusly to vary the speed

of th- engine and always supply the same nomi-

nal quantity of fuel to each cylinder, and regu- 3

lating means actuated by expansion of any cylin-
der to independently reduce the quantity of fuel
delivered to that cylinder by the injection device
therefor, progressively as its temperature in-
creases while the nominal fuel delivery to that
cylinder remains under control of the aforesaid
adjusting means.
EMMA F. WOOLSON,
Ezxecutriz of the Estate of Lionel M. Woolson,
Deceased.
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