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2 Claims.
1

This invention relates to radial engines and
has for one of its objects the provision of an im-
proved internal combustion radial engine that is
adapted to produce more horse power per pound
of weight than conventional radial engines here-
tofore made, and which engine is of relatively
simple construction and utilizes many elements
common to conventional radial engines.

Another object of the invention is the provision
of an internal combustion four-cycle radial
engine having an even number of cylinders that
are adapted to be fired twice for each complete
revolution of the drive shaft to which the power
from the pistons during their power strokes is
directly transmitted.

In most static four-cycle radial engines here-
tofore made an odd number of cylinders has been
employed, such as nine, and the fuel has been
ignited in every second cylinder around the
engine as it rotates. Thus all cylinders have
been fired once during each two complete revolu-
tions of the engine. With my engine an even
number of cylinders is used and all cylinders are
fired twice during each complete revolution of
the engine, and the firing of the cylinders is in
pairs instead of singly, the firing pair being pref-
erably axially aligned and at opposite sides of
the drive shaft to which they transmit their
power on the power stroke. Thus my structure
provides an engine that is balanced with respect
to torque forces developed during the power
strokes of each pair of pistons in the firing eylin-
ders, while the structure also makes possible
greater horse power per pound of weight.

Other structure hereinafter described more in
detail will show other objects and advantages of
the invention.

In the drawings,

Fig. 1 is a semi-diagrammatic view of an en-
gine, part in section and part in elevation.

Fig. 2 is a fragmentary sectional view through
one cylinder of the engine of Fig. 1 as seen from
line 22 of Fig. 1.

Fig. 3 is a diagrammatic view of the central
cam in one of the positions during driving thereof
by the pistons.

It will clarify the description to explain that
many of the elements of my engine are conven-
tional or substantially so, such as the cylinder
barrels, cylinder heads, poppet valves and valve
actuating mechanism, crank case, and manner of
mounting the cylinders on the crank case. Also,
the crank case may be of the type that has a
nose section, power sections (carrying cylinders),
mounting section (for securing to usual engine
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mounting ring), and super-charger, pumps,
tachometer, gun  synchronizers, etc.). These
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various sections are well known in the art and
are not all indicated in Fig. 2, it being under-
stod that no claim is being made to any of such
sections in themselves.

Eight equally spaced cylinders are indicated
in Fig, 1 and are numbered [ to 8, inclusive,
cylinder | being the uppermost, and the others
being numerically in order from 2 to 8 in a
clockwise direction as seen in Fig. 1. The con-
ventional cooling fins are not shown on the eylin
ders for the sake of clarity in the drawings.

Each cylinder has a conventional head with the
usual poppet valves 9, 10 therein, the valve 9
being the intake valve, and valve (0 being the
exhaust valve.

Pistons 11 to 18 are respectively in the cylinders
[ to 8, each piston having the conventional seal-
ing rings thereon, and each being formed with
bosses 19 (Fig. 2) in which a wrist pin 20 is sup-
ported. In the drawings an inner race 21 is sup-
ported on the wrist pin 20 centrally thereof, and
roller bearings 22 rotatably support an outer an-
nular race 23 thereon concentric with the axis of
pin 20. 'The rollers 22 may be centrally grooved
and inner race 21 may be formed with an an-
nular ridee extending into the grooves in said
rollers as seen in Fig. 2, if desired.

A central drive shaft 25 carries the main cam
26, the hub 28 of the latter being splined to the
shaft as at 21.

Where the engine is used in an aircraft, the
one end 29 of the shaft 25 may be the propeller
shaft, unless it is found desirable to provide a
gear connection between the propeller and shaft
29, while the other end 30 of shaft 25 may be for
driving accessories such as a super-charger,
pumps, etc., not shown.

For an eight cylinder engine, as shown in the
drawing, the central cam is formed with four
equally spaced lobes 31, 32, 33, 34 (Figs. 1, 3), the
peripheral outline of the cam being convexly
curved at the outer ends of the lobes and con-
cavely curved at the low points 35 between ad-
jacent pairs of lobes. 'The lobes are identical with
each other in size and contour and the cam is
symmetrical at opposite sides of a plane bisecting
it through lobes extending oppositely from each
other relative to the axis of the central shaft 25.

The cylinders | to 8 may be secured in the
usual manner to g conventional crank case 36 by
means of bolts extending through mounting

" flanges 87 on said cylinders, and which crank
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case is prov1ded with the usual bearings rotata,bl’y
supporting shaft 25 (Fig, 2).

The cam 26 is supported on shait 25 in a posi-
tion so that the outer race 23 in each of the pis-

tons will roll on the peripheral surface of the -

cam. As each of the said races 23 is virtually a
roller, the term roller will be used hereafter to
designate the said races,

4 ‘
eighth of a revolution of cam 26 will complete
the exhaust stroke of- piston fl and the next

~ eighth of a revolution will complete the intake

The rollers 23 are held in engagement with the

peripheral “surface of the cam 26 at all times
by means of a pair of arms extending divergently
from the wrist pin in each cylinder to the wrist
pins of a pair of other cylinders.
the eight cylinder engine of Fig. 1 there are, all
told, eight arms. . From the wrist pin of piston
{1, a pair of arms 40 extend to the wrist pins of
piston 14, 16, the latter being in the cylinders at
opposite sides of the cylinder 5 that is opposite
cylinder |I.
extend divergently to the pistons 15, {7 and from
piston 13 arms 42 extend divergently to pistons 16,
t8, Asone end of arm 49 connects piston {1 with
piston. 14, & second arm 43 connects piston {4 with
piston {7. Piston I5 is connected with piston 12
by one of the arms 41, therefore a second arm

4 connects piston 15 with piston 8. By this ar-

rangement each piston is connected with those
pistons of the pair that are at opposite sides of
the piston directly opposite thereto.

The: peripheral contour of the cam 28 is such X

that the arms comnecting the pistons will hold
all the rollers 23 against the said countour, and
“when any one roller 23 is positioned at the OUueI‘
end of one of the cam lobes, the rollers in

pistons directly connected thersto by a pair of ;

the armns above described will be positioned at the
low points on the cam at the opposite sides of the
lobe directly opposite the one over which the
roller is passing.

The compression, power, exnaust and intake
strokes of the pistons are controlled by the actua-
tion “of the valves, ignition, efe., in the usual
manner

The intake and exhaust valves 9, 18 are each
held closed by a valve spring 5. To each valve
is 3 rocker arm 1 carrying a roller 52 at one end
for actuating the valve.- The opposite end of the
rocker arm is connected by a push rod 53 with
a’ tappet 54 that carries g roller BS5.
BT carried by shaft 25 actuate the tappets.for
~actuation of the intake and exhaust valves -in
proper order and timing. Spark plugs 58 in the
cylinder heads are actuated in the conjv_entlona,l
manner for firing the cylinders. All these ele-

ments are conventional, although the cams 86,"

57 are designed for opening and closing the valves
in the eight cylinder engine herein 1llustrated
“instead of bemg for the ordmary nine cylmdev
engine.

In Fig. 3, the rollers 23 represent those 1nd1—
cated in Fig. 1 and the pistons to which they are
connected are indicated théreon. Also on each
roller is indicated its stroke; for example;
means power stroke, “ExX.” means exhaust stroke,
“T” means intake stroke, and “C” means com-
pression stroke, The central cam 26 in Fig. 3
has rotated clockwis¢ one sixteenth of a revolu-
tion from the position in Fig. 1. This view being
understeod, the actual operation of the engine
through the four cycles of piston !l may readily
be followed.. A one-eighth revolution of cam
Llockwise from the position of the cam in Fig' 1
will complete the power stroke of said piston, or
-another sixteenth of stich revolution of the cam
(3= Pie, 3 will' complete such stroke.

From the piston 12 a pair of arms 4f -

Cams 5§, .
50

“p -

Another -

10

stroke. After the intake stroke, the next eighth

“revolution of cam 26 will complete the compres-

sion stroke and the four cycles are completed.
In all, cam 26 will have rotated clockwise only a
half revolution during the four cycles of each
cylinder.

It is: pertinent to note that piston 5, which is
directly opposite piston “IT, “is actuated to go

" through its power, exhaust, intake and compres-
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sion strokes simultaneously with piston (1. When
the cylinder | (carrying piston (1) -is fired, the
eylinder § (carrying piston 15) is also fired. Thus
these pistons move toward and away from.each
other simultaneously. It will be observed that
the movement of piston 11 in its power stroke will
cause outward movement of pistons 4, {8, the
former being on its compression stroke -and the
latter on its exhsust:stroke; while the movement
of ‘piston 15 in ity power stroke. causes outward
movement-of pistens. 18; :{2, the former being on
its. compression stroke (and diametrically oppo--
site piston F4) while the latter:will-be on- its ex-
haust stroke (and diametrically. oppesite piston
£8). This movement: of pistons {4, I by piston
{{ is by resson: of arms. 49 that connect. them,
together - with -thie power: transmitted through
lobes 22,-33 of- cam 26; while the movement of
pistons 12, F8 is by-reason of arms &f, 44, 'tcvemer

‘with the power‘tra,nemitted throuvh Ie‘oes 35,

of the cam:
The remalnmn two dlametrlca,lly opposﬂ)e pis~
tons {3, {1 are respectively conneeted to. pistons

18, 18 (by armg 42y, and 12,14 -(by-arms &1, 43)

and which pistons l3 F are caused-to move in-
wardly on intake strokes by reason of the out-
ward movement -of: plstons I8, 18 and {2, 14. Bach
dLametncally op'pos1te ‘pair-of cyhnders is ﬁred
twice during each complete revolution of the cam
26, and these diamétrically opposite pairs of pis-
tons always have the same stroke. The firing
arder of the cylinders of the particular engine
1llustrated 1n Pigs, 1, 34811,
and 12, Two opposme cynnders are afways'
fired s1muItaneously j .

The shape of cam 26 may be shﬂhtly modifisd
according to, the diameter of the rollers 23 and

.desired stroke. of the pistons. I Fxgs 1land 21t
~will be seen that. the cylinders are slotted.at @9

to-pass the cam lebes. The pistons themselves
are formed with brace and gulde members, as at
61 (Fig. 2) and one of the arms 46, 41, 42, and.
arms A3 are at_one Slde of the. cam 26, -while the
other of arms 40, 4{; 42 and arm 48: are at the
opposite side of said cam. This- arrangement
could be modified to provide for posmomng all
of the arms between a-pair of spaced cams simi-
lar to cam 26, and by providing a pair of rollers
in each plston but it is intended: that sueh-modi-
fication shall come within the scope of the claims.
In Fig. 3-it will be seen that as seon as the

~rollers 28 pass the outer ends- of tiie lobes of tlie

cam on the power strokes of the pistons, the ini-
tial radially inward movement of the rollers de-
livers the maximum-power to-the: carn, ‘which
power progressively becomes: less untit the rollers
are at the low points hetweerd lobes. ~Thus the

timing. of the firing is such as to take advantage

of the full power of the power strokes where there
is the max1mum efﬂcrency 1n transfer thereof to
the cam. -

The mventmn hereinbefore descmbed is 'in=

{514, I8—13, 13—
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tended as illustrative of the invention and not
restrictive thereof.

Having described my invention, T claim:

1. In a radial internal combustion engine hav-
ing a rotatable central shaft, an even number of
not less than eight equally spaced stationary eyl-
inders radially positioned around said shaft, a pis-
ton reciprocable within each cylinder, o cam fol-
lower carried by each piston and reciprocabls
therewith, a cam on said shaft having radially
extending equally spaced similar lobes equal o
one-half the number of said cylinders, said cam
followers being in engagement with the cam sur-
faces of said cam, the improvement that com-
prises; a pair of arms extending divergently from
each piston and past opposite sides of said shaft
connecting each piston with a pair of different
pistons that are equally spaced therefrom by in-
tervening pistons and cylinders and which latter
pair are spaced from each other by a single inter-
vening piston and cylinder only.

2. In a radial internal combustion engine hav-
ing a rotatable central shaft, an even number of
not less than eight equally spaced stationary cyl-
inders radially positioned around said shaft, a
piston reciprocable within each cylinder, a cam
follower carried by each piston and reciprocable
therewith, a cam on said shaft having radially
extending equally spaced similar lobes equal to
one-half the number of said cylinders, said camn
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followers being in engagement with the cam sur-
faces of said cam, the improvement that com-
brises; a pair of arms extending divergently from
each piston and past opposite sides of said shait
connecting each piston with a pair of different
pistons that are equally spaced therefrom by in-
tervening pistons and cylinders and which latter
pair are spaced from each other by a single inter-
vening piston and cylinder only, each of the arms
of each pair extending across an arm of another
pair in close relationship thereto.

ORVILLE E. IRVING.
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