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UNITED STATES PATENT‘ OFFICE. 
ARTHUR HAROLD WILKS, 0F OLTON,‘ NEAR- IBIBMINGHAM, vAND PERCY HAROLD 

HARTSHORNE, 0F BIRMINGHAM, ENGLAND. 

INTERNAL-COMBUSTION ENGINE. 

1,313,569. Speci?cation of Letters Patent. Patented Aug. 19, 1919. 
Application ?led September 28, 1917. > Serial No. 193,706. 

To all whom it may concern .' 
Be it known that we, ARTHUR HAROLD 

WILKS, of “Lansdown,” Warwick Road, 
Olton, near Birmingham, England, and 
PERCY HAROLD HARTSHORNE, of 22 Clare 
mont road, Smethwick, Birmingham, Eng 
land, and 110w in the British royal naval air 
service, both subjects of the King of Great 
Britain, have invented certain new and use 
ful Improvements in Internal-Combustion 
Engines, of which the following is a speci 
?cation. 

This invention has reference to internal 
combustion engines for aeroplanes and the 
like, and consists in an improved engine of 
the rotary cylinder type, which operates on 
the two-stroke or two-cycle principle. 
The general arrangement of the said en 

gine is shown in the accompanying draw 
ings, in which 7 
Figure 1 is a half longitudinal section, 

and half side elevation; the sectional part 
illustrating one of the cylinders, with its 
piston and its system of inlet, transfer, ex~~ 
haust and firing ports. 

Fig. 2 is a half end elevation and a half 
transverse section, while 

Fig. 3 is an enlarged sectional View of one 
of the cylinders showing the positions of 
the pistons and valve sleeve pertaining to 
that cylinder when the pistons are at the 

' outer ends of the strokes and the ports in 
the reciprocating and non- reciprocating 
parts which are then fully open. 

Fig. 4 is a sectional view of oneof the 
cylinders showing the positions of the vari 
ous ports- when the pistons are at the inner 
.ends of their strokes. 

The same letters of reference indicate cor 
responding parts in the several ?gures. 
An engine constructed in accordance with 

the said invention comprises a rotary cylin 
der member or unit which is connected to, 
and rotates with, the engine shaft, and a 
stationary member or casing which is bolted 
to a ?xed frame or other support and carries 
the carburetors and is furnished internally , 
with a system of ?xed cams or inclined 
planes against which the outer ends of the 
reciprocating piston-rods have a constant 
bearing; the said cams functioning to trans 
form the outward or working thrust of the 
pistons into a rotary motion for driving the 
cylinder unit and shaft, and to ‘impart the 
inward or return stroke to the said pistons 

for inducing. and compressing the explosive 
charges in the cylinders. 
In the engine shown in the drawings, the 

rotary cylinder unit A embodies a series of 
twelve cylinders a each provided with two 
pistons, ‘while the stationary member B con 
sists of a cylindrical aluminum casing which 

‘ is built-up of bolted-together sections (pref 
erabl two end sections 122 and a middle sec 
tion 3) which are provided externally with 
arms or web's whereby the same may be 
bolted to a ?xed frame or other support, 
while ‘the two end sections are furnished 
centrally with journal and thrust bearings 

‘ for the rotary engine-shaft e that is directed 
horizontally through the said casing. Each 
of the said end section supports has on ‘its 
inner side a stationary thrust-transforming 
cam or track. C, which is more fully de 
scribed hereafter while the middle section 
Z23 is provided externally with two carbu 
reter unlons, which are arranged diametris 
cally opposite to one another, and to whose 
intakes 6‘, suitable carburetors are con 
nected. 
The rotary unit A consists of a body mem 

her a2 which is also preferably an aluminum 
casting, and carries the group or block of 
twelve cylinders a, arranged in an annular 
series, with their axes parallel with the axis 
of the engine shaft. The cylinders consist 
of open-ended steel tubes or liners, which 
are shrunk in the body casting, and whose 
open ends are closed by gland-plates or cast 
ings a3 which are bolted to the opposite ends 
of the said body casting, and also to ?anges 
c1 at the inner ends of the sections e2 of the 
shaft e; each of the said gland plates being 
formed with a series of glands at whose axes 
register with the axes of the cylinder-tubes 
and wherethrough the reciprocating piston 
rods ,1’ of'the engine work. These gland 
plates close the outer ends of the cylinder 
tubes and form transfer compression cham 
bers or pump-chambers f1 outward of each 
piston. 

Each-cylinder of‘ the group is provided 
with a pair of pistons f2, [8 rigidly attached“ 

60 

65 

70 

75 

80 

85 

90 

100 

respectively to the inner ends of the two pis- ’ 
ton rods pertaining to that cylinder, ‘and 
one piston f2 of each pair is made to func 
tion as a sleeve valve for opening and clos 
ing the inlet, transfer and exhaust ports that 
are formed in the walls of the cylinder 
tubes. For this purpose, the said piston f2 
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(i. e., the valve-controlling piston) carries a 
tubular extension or sleeve 7“ that recipro 

’ cates within the cylinder and sockets over 
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the other piston 7‘8 which reciprocates with 
in the said sleeve; the valve-‘controlling pis~ 
ton being‘ provided with a piston-ring or 
rings f5 ?tting the interior of the cylinder, 
and the second or short piston f3 having a 
piston-ring or rings f6 ?tting‘ the interior 
of the reciprocating sleeve. ‘ The sleeve itself 
may also be furnished with an additional 
piston-ring, or rings f’ ?tting the cylinder. 
At a sultable istance from the ends of 

each cylinder tube there are formed a pair 
of induction 'ports 92 and 93 both communi 
cating with a common induction passage 9‘ 
which is cast in the walls of the cylinder 
body, and whose intake 95 is adapted to 
periodically register with induction passages 
in the walls of the stationary members that 
communicate with the carbureters by way of 
intakes I)‘; both the cylinder induction ports 
g2 and 93 being controlled or opened and 
closed by the reciprocating sleeve valve or 
piston extension 7“, which is ‘also formed 
with a port at is which registers with the in 
duction port g3 only when the pistons at the 
inner ends of their strokes, ‘or on their 
“ in-centers ”, as shown in Fig. 4.' —Both 
ports 92, g8 are then uncovered or open for 
admitting explosive charges into the pump 
chambers , as the sleeve-port f8 registers 
with the right-hand induction port 93, while 

~ the left-hand induction port g2 leads straight 
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into thepump-chamber f1 outward of the 
left-hand piston; _ 

T'wo transfer ports 712 and i3 are also 
formed in the outward end of every cylinder 
tube; each pair of said ports being in con 
nection with one another by a transfer 
passage 54 cast in the cylinder body, and 
.they (the ports 112 and is) are respectively 

1 controlled by suitable ports 7'2 and 7'3 in valve 
sleeve in such a manner as will admit of 
transfer of explosive mixture from the 
pump-chamber f1 into the combustion-cham 
ber it between the pistons during outward 
strokes of the latter. . ‘ 
An exhaust port In for each cylinder is 

formed in about the middle of each cylinder 
tube; this being in constant communication 
with an exhaust passage is” cast in the cylin 

> der body, and controlled by a port 763 that 
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is formed in the valve sleeve and is timed to 
register with the cylinder exhaust port-when 
the pistons are at the outer ends of the 
strokes (see Figs. 1 and 3), The sleeve also 
has a suitably-disposed ?ring port ‘(not 
shown in the drawings) which, after com 
pression of the charge in the combustion? 
chamber‘ by the in-strokes ofv the piston, 
registers w1th a ?rin port m2 in the cylin 
der and with'a spar 'ng plugchamber m8 _ 

' in the cylinder body; thus providing for the 
ignition of the compressed charge at the ap 

Lessee 
pro riate'time. The chambers 58 are fitted ; 
witl sparking plugs which are wired to a'_ 
rotary distributer carried on the engine 
shaft. ' i , ' -> 

The wholee'of the exhaust passages k2 in 
the body of the rotary cylinder unit com 
municate with an exhaust manifold is‘ which 
may be cast in the cylinder body and is‘ con 
rected'up with an exhaust pipe 705 that is 
directed outward throu h a hollow section 
of the main shaft; an .aiestos or like jacket 
being pressed into the said hollow part of 
the shaft where it passes through the bearing 
in order to protect the latter from the heat. 
The gland plates at the vright-handside of 

‘ the cylinder unit are formed, on their inner 
. sides, with annular clearances a,5 that regis 
ter with the cylinder tube ends into which 
the right-hand ends of the corresponding 
valve sleeves extend during the inward 
strokes of the pistons {2. ' _ 
The engine is air-coo ed; the exterior walls 

of the cylinder body bein 
ably arranged cooling '1 s or ?ns, while 
openings are formed in t e end gland plates 
of the rotary unit - to provide for the cir 
culation of air through the inside of the said 
body. ' v ' 

Each of the reciprocating rods f of the 
cylinders is forked‘at' its outer end n and 
the fork is ?tted‘ with a‘roller or bushing 
‘n2 mounted on ball or other anti-friction 
bearings interposed between the said roller 
and a pin a3 that is located across the 
branches or cheeks of the said fork. These 
forks n saddle or seat upon, and trayel 
around, the inclined cam»tracks or planes C, 
Which, as already mentioned, are ?xed in 
side the two end sections 122 of the stationary 
engine-casing. . 
These cam-tracks are in the form of zig 

zag rings which are mounted concentrically 
‘to the engine-shaft, and are of the same 
diameter as that of the‘ circle which con 
tains the axes of the annular series of cylin 
der tubes; each track comprising a succes 
sion of four inclined planes arranged in the 
form of two complete V-like cams, with one 
‘ide of each V sloping inwardly from the end 
of the ?xed casing toward the rotary unit,‘ 
and the other side sloping in the reverse 
direction, 2'. 6., from the rotary unit toward 
the casing ends. , ' 
The outer ends of the two piston rods of 

each cylinder are slidably connected or 
coupled respectively with the cam-rings at 
the opposite ends of the casing B by reason 
of the fact that their forks n saddle over 
the corresponding'rings, and. the arrange 
ment is such that, as each piston rod makes 
its outward or working stroke under the 
impulse derived from the explosion of a 
cylinder charge, it travels along ‘an out 
wardly sloping or retiring'plane of its cam 
ring which re-acts, through the piston rod, 
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upon the rotatable cylinder unit A and thus 
transforms the longitudinal piston thrust 
into a ‘rotary motion for drivin around the 
said cylinder unit A and sha e, whereas 
when each iston rod has completed its driv 
ing stroke own the outwardly-sloping plane 
and comes into engagement with the suc 
ceeding inwardly-sloping or advancing 
plane, it is forced inward by the action of 
the said plane for the induction and com 
pression stroke. ’ 

' Thus, as‘ the right-hand pistons of all the 
cylinders are in engagement with the right 
hand ?xed cam-ring and all the left-hand 
pistons are in engagement with the left-hand 
cam-ring, and as there are two inward planes 
alternating with two outward planes in_ each 
ring, it follows that, in the twelve-cyllnder 
rotary unit now being described, ,the'two 
pistons of each cylinder make two worki 
or impulse strokes and two induction an 
compression strokes during each complete 
rotation of the said unit. 
All the piston rods arepreferably made 

hollow for lightness and so also that they 
may be used to convey oil ("by passages 05) 
to the piston walls, and also to the ball 
‘bearings of the cam-engaging forks through 
holes 0 that are drilled in the said rods and 
communicate with supply leads or passages 
02 formed in the gland plates; the distribu 
tion of oil to the cylinder walls and bearings 
in the rotary unit bei assisted by the 
centrifugal action. Sui le pipes or other 
connections such as 03, o‘ are also provided 
for supplying oil to the main shaft bearings, 
and preferably all the passages, pipes and 
leads of the system are suitably connected 
with a central oil'reservoir connected to a 
suitably arranged oil-pump, while partition 
plates 06 ?tting the cylinders may be ar 
ranged on the inner ends of the hollow pis 
ton rods, outward of the piston-oiling leads 
05 from the said hollow rods, to revent the 
escape of charges of gas from t e transfer 
compression chambers during the transfer 
strokes. 

_ Oil-retaining covers p may be ?xed inside 
the ends of the stationary casing to extend 
over the end gland-plates of‘ the rotary unit 
and so inclose the cam-rings and piston rod 
ends working thereon; these covers being 
provided with suitable oil-drainage-pipes 121' 
connected with the oil-circulating system. 
Packin rings g may also be inserted be 
tween t e outside of the middle part of the 
rotary cylinder body and the interior of the 
stationary casing, to prevent air-leaks into ' 
the induction passages that is cast in thls ; 
part of the said cylinder fbody. ' 
As already the formation and dis 

position of the cam rings insures that each 
cylinder will give adowble impulse twice in ' 
each revolution of the rotary unit; all twelve 
cylinders ?ring twice during each revolution 

and the diametrically opposed cylinders 
?ring simultaneously. The ?ring angle is 
30° so that six cylinders are doing work at 
the same time;-two being two-thirds through 
the working stroke, two one-third through, 
and two commencing;v each of these pairs 
being diametrically opposed. Thus the driv 
ing effort is practically continuous while the 

' general arrangement of the parts makes for 
perfect balance and reduces vibration to a 
minimum. 

It may be added that, when the improved, 
engine is running, as each iston approaches 
its “in-center”- the in-cham r f1 in the outer 
end of the cylinder, and that, at a certain 
point before this in-center is reached, the 
sleeve valve opens communication between 
the cylinder induction-ports g'*" and the 
chambers f1 to enable new charges to pass 
into the outer ends of the cylinder. On 
further rotation, and as the pistons move 
outward, these charges will pam through 
the transfer ports and passages into the com 
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bustion chambers between the backs of the ' 
pistons, while as the continuation of the ro 
tation takes the pistons back to in-center 
again, the transferred charges are com 
pressed and ?red to give the impulse stroke. 
The valvesleeve exhaust ports are opened or 
brought into register with the exhaust pas 
sages of the cylinder body as the pistons ap— 
proach their outer center; the cycle of oper 
ations providing for each pair of pistons 
'obtainingan impulse at each in-center and 
transferring a charge at each outer center, 
while as the ‘pistons of two diametrically op 
posed cylinders reach in-center together, two 
8X§OS1OI1S occur simultaneously. ' - 

aving now described our invention, what 
we claim and desire to secure Iby Letters 
Patent is:— 

, An internal combustion engine oper 
ating on the two-stroke principle’ comprising 
a rotary member, an annular series of paral 
lel cylinders embodied in the said member, 
two‘ reciprocating pistons arranged in each - 
ofpaid cylinders, a valve sleeve connected to 
one of said pistons, induction, transfer and 
exhaust ports adapted to ‘be controlled by 
sa1d sleeve, cam tracks adapted to accommo 
date the action of the piston in effecting the 
rotation of the rotary member comprising 
oppositely inclined contactv edges or surfaces 
dlsposed outward of the opposite ends of 
the series of cylinders and devices 
on the rods of the pistons for engaging said 
cam tracks. 
_ 2. An internal ‘combustion engine operat~ 
mg on the two~stroke principle comprising 
a rotary member, a station-artyr inclosin'g 
member, an annular series of parallel cylin 
ders embodied in said rotary member, two 
reciprocating pistons, arranged in each of 
said cylinders, a valve sleeve connected to 
one of said pistons, induction, transfer and 
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exhaust ports controlled by said sleeve, ?xed 
cam tracks on said stationary member 
adapted to accommodate the action of the 
pistons in effecting the rotation of the, rotary 
member comprising oppositely inclined con 
tact edges or surfaces disposed outward of 
the opposite ends of the cylinders, bearing 
devices on the rods of the pistons for‘ en 
gaging said cam tracks, a shaft to which the 
rotary member is connected and rbearings 
carried in the stationary member for said 
shaft. _ 

3. An internal combustion engine operat 
ing on the two-stroke principle comprising a 
rotary member consisting of a casting, an an 
nular series of parallel cylinders formed 
from open—ended tubes secured in said cast-I 
ing, gland plates for closing the ends of said 
cylinders, two reciprocating pistons ar 
ranged in each of said cylinders, glands in 
said gland plates through which the rods of 
said pistons work, a valve sleeve connected 
to one of said pistons, induction, transfer 
and exhaust ports adapted to be controlled 
by said sleeve, ?xed cam tracks adapted to 
accommodate the action of the pistons in elf-a 
fecting the rotation of the rotary memberw 
comprising oppositely inclined contact edges - 
or surfaces disposed outward of the opposite 
ends of the cylinders and /bearing devices 
on the rods of the piston/sfor engaging said 
.cam tracks. 7 

4:. An internal comb stion engine operat 
ing on the two-stroke principle comprising a 
rotary member consisting of a casting, an 
annular series of parallel cylinders formed 
from open-ended tubes secured in said'cast 
ing, gland plates for closing the ends of said 
cylinders, two reciprocating pistons ar 
ranged in each of said cylinders, glands in 
said gland plates through which the rods of 
said/pistons work, a valve sleeve pertaining 
to one of said pistons which sockets over the 
other piston, the space within the valve 
sleeve and between the pistons constituting 
the combustion chamber of the cylinder, in 
duction transferiand exhaust ports opened 
and closed by said sleeve, ?xed cam tracks 
adapted to accommodate the action of they 
pistons in e?ecting the rotation of the rotary 
member comprising oppositely inclined con 
tact edges -or surfaces disposed outward of 
the opposite ends of the cylinders'and bear 
ing devices on the rods of the pistons for 
engaging said cam tracks. 

5. An internal combustion engine operat 
ing on the two-stroke principle comprising a 
rotary member consisting of a casting, an an 
nular series of parallel cylinders formed . 
from open-ended tubes secured in said cast 
ing, gland plates for closlng the ends of said 
cylinders, induction, transfer and exhaust 
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passages in said casting, induction, trans 
.fer and exhaust ports in said cylinder tubes, 
two reciprocating pistons arranged in 
each of said cylinders, ' lands in sa1d_ gland 
plates through which t e‘rodsof sald p1S-. 
tons work, a valve sleeve pertaining to one 
of said pistons which sockets over the other 
piston, the space within the valve, sleeve and 
between the two pistons constituting the 
combustion chamber of the cylinder, ports 
in said sleeve for openin and closing said 
induction, transfer and e aust ports in the 
cylinder, ?xed cam tracks adapted to accom 
modate the action of the pistons in e?’ecting 
the rotation of the rotary member compris 
ing oppositely inclined contact edges or sur 
faces disposed outward of the opposite ends 
of the cylinders and bearing devices on the 
rods of the pistons for engaging said cam 
tracks. ' 

6. An internal combustion engine operat- . 
ing on the two stroke principle comprising 
a rotary member, a stationary inclosing 
member, an annular series of twelve parallel 
cylinders embodied in said rotary member, 
two reciprocating pistons arranged in each 
of said cylinders, a valve sleeve connected 
to one of said pistons, induction, transfer 
and exhaust ports controlled by said sleeve, 
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a shaft to which the said rotary unit is con- , 
nected. and bearings for said shaft carried in 
the sald statlonary inclosing member, ‘cam 
tracks on said stationary inclosing member '95 
adapted to accommodate the action. of the ' 
pistons in effecting the rotation of the ro 
tary member, each track consisting of'a horiw 
zontally zig-zagged ring concentrically dis 
posed in relation to the said shaft and formed 
of four inclined planes alternately directed 
outwardly from and inwardly toward the 
said rotary member, bearing devices on all 
the rods of the pistons pertaining to each 
corresponding end of the said rotary mem 
ber adapted to engage and maintain con 
stant contact with said cam track so that the‘ 
two_ series of piston rods and the two op 
posing tracks cause the pistons of each‘ cyl 
inder to make two vworking or impulse 
strokes and twoinduction and compression 
strokes during each ‘complete. revolution of 
the said rotary cylinder unit, the simulta-. 
neous ?ring of two diametrically opposed 
cylinders resulting. 
In testimony whereof we have hereunto 

set our hands in presence of two subscribing 
witnesses. -’ ' 

ARTHUR HAROLD WILKS. 
PERCY HAROLD HARTSHORNE. 

Witnesses: 
ARTHUR SARTER,“ 
G. M. HOOKHAM. 
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