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32 Claims. 

This invention relates to improvements in in 
ternal combustion engines, particularly "straight 
thru'? scavenging of the two-stroke type, and 
more particularly to engines employing single 
Sleeve. Valves. . . . 
One of the main objects of the invention is to 

provide in an engine of this character for the 
era Oval. Of Seewe or piston with the renoval Of 
a minimum number of other parts. Another object is to...provide Such an engine 
with a minimum height dimension. 
- Another further object is to provide a Single 
sleeve engine having over-compensated port tim 
ing. • 

A still further object is to provide an engine 
having the above objects incorporated and fur 
ther to permit the accomplishment of fluid pump 
ing. Without undue. Complication of parts. 

Still another important object is to provide 
a radial engine of the character described hav 
ing features accomplishing all of the above men 
tioned objects effectively incorporated therein. 
Other objects are to improve the operation and 

utility of high output engines, having other de 
sirable features as will become apparent herein 
after. ... 

Broadly stated the invention consists in the 
provision of a single sleeve-valve engine, the op 
erating means for the sleeves being connected to 
the sleeves outside the crankcase by any suitable 
Operating connection. These sleeves are prefer 
ably provided with extensions outside the crank 
case for connection with the operating means. 
This connection permits the sleeves to be re 

moved outwardly and away from the crankshaft, 
by removing the head, or the head and cylinder 
Only. In all previous sleeve engines where the 
sleeves...are driven from their end adjacent the 
crankshaft, and within the crankcase, the con 
necting projection on these sleeves prevents their 
outward removal and requires the removal of the 
crankshaft, and practically dismantling of the 
entire engine. 
The Connecting projection of a sleeve in the 

present invention is further adapted to be located 
Within the minimum sleeve length; thereby re 
quiring no additional operating space, and con 
sequently a minimum height engine may be main 
tained. In all previous sleeve engines, the con 
necting projection being adjacent the crank 
shaft, requires some additional space between the 
cylinder bottom and the sleeve bottom, to permit 
the connecting projection and its associated parts, 
to clear in their operation, whereas in the present 

of this disclosure, and in which: 

(C. 123-65). 
invention the sieeve bottom may encroach well 
Within the clearance space of the crank throw. 

It is well known that the expansion of the fiuid 
charge in entering the highly heated engine re 
duces the quantity of the charge and consequently 
reduces the maximum efficiency of the engine. 
It is further well known that a heated engine 
grows in length and naturally, any ports in the 
cylinder, "grow’ in distance, further from the 
crankshaft than when the engine is running A sleeve in Such a cylinder having its “cool. 
operating connection at the bottom, would also 
extend its ports in the same direction as the ports 
in the sleeve and produce no appreciable change 
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in port timing when the engine is “hot”. A sleeve 15 
having its operating connection at the top, how 
ever, as in the present invention, would cause its 
port to "grow' toward the crankshaft and in a 
direction opposite to the directional “growth.' 
of the port in the cylinder, so that the earlier 20 
opening and later closing of the ports is thus ef 
fected. This effect permits a greater period of 
inlet and exhaust to the fresh and burned charges 
respectively, to compensate for the rise in tem 
perature and the accompanying reduction in time 
of port opening at higher speeds. This is gen 
erally known as over-compensating port timing, 
and is important in aeroplane engines, or other 
high output engines. . . . . . . . 

Conversely to the prior mentioned effect of the 
rections to each other, the subsequent idling of 
the engine of the present invention, causes the 
sleeves and cylinders to “cool'. Consequently the 
cylinder and sleeve shrink toward and away from 

30 
: 'growing' of cylinder and sleeve in opposite di- i. 

the crankshaft respectively, to a point where the 
ports remain open a shorter period. This over-compensating arrangement permits 
the design of ports for good idling without sacri 
ficing port efficiency at higher speeds. 

It is particularly desirable to provide radial 
engines wherein the accessibility and disassembly 
of the sleeves individually in order to reach the 
piston can be accomplished without removing the 
propeller, the nose, the front, crankcase section, 

: the reduction gearing and the crankshaft. 
These and other analogous improved features 

are accomplished by the novel construction, com 
bination and arrangement of parts hereinafter 
described as well as illustrated in the accompany 
ing drawings, constituting a material component 

Figure 1 is a longitudinal cross section of a 
radial two-cycle engine incorporating the in 
yention, 
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adapted to be supported in a crankcase . 

Figure 2 is a front elevation of the engine shown 
in Fig. 1, with the nose portion seen in section to 
disclose the mechanism for driving the sleeves. 

Figure 3 is a fragmentary exploded view of one 
cylinder of the engine, with the parts shown in 
disassembled relationship. 

Figure 4 is a diagrammatic view of the sleeve 
and cylinder relationship in a 'cool' engine. 

Figure 5 is a similar. View of the sleeve and 
cylinder relationship when the parts in Fig. 4 are 
expanded due to heat. 

Figures 6 and 6a are views showing port tim 
ing diagrams of the engine shown in Fig. 1. 

Figure 7 is a longitudinal view of a two-cycle 
"in-line' engine embodying the invention. 

Figure 8 is a fragment of a modified form of the 
invention. 
The reference character O represents the 

crankshaft of a two-stroke cycle radial engine, 
Se 

cured to the crankcase are a plurality of cylinders 
2 having inlet ports 3 near the inner end sur 
rounded by inlet manifolds 4, and exhaust ports 
f8 at the outer. ends of the cylinders. A super 
charge 5 is adapted to supply fluid to the inlet 
manifold. Secured to the outer ends of the cylin 
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sleeve., at its outer end. 

ders are cylinder heads 6, which heads are adapt 
ed to be extended inwardly into the cylinders and 
adapted to provide sliding space for the outer 
ends of sleeves 7, between these heads and the 
cylinders. - 
The sleeve T in each of the cylinders is pro 

vided with inlet ports 3a adapted to cooperate 
with the inlet ports 3 of the cylinder. Exhaust 
ports 8a are also provided in the sleeve which 
are adapted to cooperate with the ports 8. The 
sleeve is provided with a projection f 9 at its outer 
end adapted to connect with operating means for 

- the sleeve. - 
A nose section 25 is secured to the front of 

the crankcase and provides a housing for the 
sleeve driving mechanism. This mechanism 
comprises a disc 26 secured to the crankshaft to 
and is provided with an eccentric groove 27. A 
plurality of sliding shoes 28, one for each sleeve 
of the engine, is adapted to slide in the groove 27 
as the disc is rotated. Adapted to slide in the 
housing 25 and pivotally connected to each shoe 
28, is a driving rod 29. This rod is adapted to be 
suitably connected to the projection f 9, of the 

A piston 35 is adapted to be operated in the 
sleeve IT, and is further adapted to assist in the 
control of the inlet ports during its operation. 
The pistons 35 are connected to the crank throw 
36 of the crankshaft by the usual master connect 
ing rod 3 and the associated articulated rods 38. 
By this construction it is apparent that the 

sleeve may be removed outWardly thru the head 
end of the cylinder, by removal of the head only, 
without removing or affecting the adjacent cylin 
ders, sleeve drives and cranktrain, as clearly 
shown in Fig. 3. . . . . 

65 This construction permits the provision of an 
engine of minimum diameter or height, as will be 
seen with reference to Fig. 7. The dimension R 
represents the radius of the clearance path re 

- quired by the crank throw. The Sleeve d is 
70 shown in its innermost position in dot and dash 

lines and the lower end of this sleeve is shown as 
encroaching considerably in the clearance circle 
of the radius R. The sleeves fi 7 and | Ta are capable of moving completely within the cylinder 
and Outside of the clearance space circle of the 
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Crank throw since there is no drive connecting 
projection at this end of the cylinder. 

Referring to Fig. 3. In the event it is desired 
to remove the piston, the removal of the cylin 
der as Well as the sleeve is necessary. This can 
be easily accomplished by removing the nuts or 
other securing means of the individual cylinder to 
expose said piston completely. It will be particu 
larly noted that the crankshaft and its associated 
drives and connections are not dismantled. This 
arrangement distinctly avoids the necessity of re 
moving the entire engine from its mountings, or 
Substantially dismantling it, as would be the case 

- in sleeve engines where the sleeves are operated 
from their bottoms and necessarily removed in 
Wardly and toward the chankshaft. 

FigS. 4 and 5 show the relative growth and dis 
position of the ports when the engine is “cool' and 
'hot', respectively. The reference letters L5 and 
L5 represent the distance from a common index 
line A-A which may be the center line of the 
Crankshaft. The letter G represents the advance 
of earlier opening and later closing of the exhaust 
ports to produce over-compensating port timing. 

Figs. 6 and 6a, are typical diagrams of port tim 
ing of a reciprocating two-cycle single sleeve valve 
engine shown in the drawings. 

Fig. 7 ShoWS the invention as applied to a two 
cycle Single sleeve valve “in-line's engine. 
parts bearing similar reference characters are 
similar to those previously described. - 
The sleeve drive consists of a crank throw 50 

formed on the crankshaft and adapted to 
operate a crosshead 5 by a connecting rod 52. 
therebetween. Secured to the crosshead 5 as by 
means of a bolt 53, is a member 54, having an ex 
tension 55 which is connected at its outer end to 
the projection 3 of the sleeve fia. Integrally 
formed with the member 54 is a disc piston 56 
adapted to reciprocate in a housing 57 integrally 
formed with the cylinder block 58. The disc 56 
may be adapted to pump air on one side and a 
fuel inixture on the other to the respective inlet 
chambers 59 and 60, through suitable conduits 5sa and 56b. 

In Fig. 8 the projection 9 of the sleeve is sub 
Stantially midway thereof but outside the crank 
case. The sleeve may be removed outwardly by 
removing the cylinder and head. 
The foregoing disclosure is to be regarded as 

descriptive and illustrative only, and not as re 
strictive or limitative of the invention, of which 
obviously an embodiment may be constructed in 
Cluding various modifications without departing 
from the general scope therein indicated and de 
noted in the appended claims. 
Having thus described the invention what is 

claimed as new and desired to secure by Letters 
Patent, is:- 

1. In an internal combustion engine the com 
bination of a crankcase, a crankshaft in the 
Crankcase, a cylinder secured to the crankcase 
having inlet ports at the bottom and exhaust 
ports at the top thereof, a piston, a head secured 
to the cylinder, and a reciprocating sleeve in the 
Cylinder having intake and exhaust ports therein 
adapted to register with the ports in the cylinder, 
Said sleeve adapted to circumscribe the head and 
the entire piston at all times during its Operation, 
Said sleeve being operatively connected to the 
Crankshaft at its end remote of the crankshaft. 

2. In a radial internal combustion engine the 
combination of a crankcase, a crankshaft in the 
Crankcase, a plurality of cylinders radially dis 
posed around and Secured to the crankcase, each 
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cylinder having intake and exhaust ports, a sleeve 
having intake and exhaust ports respectively reg 

- istrable with the ports in the cylinder, and means 

5 

() 

15 

? ??? 

2. 5 

10 

60 

70 

75 

for operating the sleeve extending outside the 
crankcase and connected at its outer end to the 
Sleeve. . . . . . . " 

3. In a radial internal combustion engine the 
combination of a crankcase, a crankshaft in the 
crankcase, a plurality of cylinderS. radially dis 
posed around and secured to the Crankcase, each 
cylinder having intake and exhaust ports, a sleeve 
having intake and exhaust ports, respectively reg 
istrable with the ports in the cylinder, and means 
for operating the sleeve extending outside the 
Crankcase and connected at its Outer end to the 
Sieeve at the erid of the sleeve farthiest from the 
crankshaft. . . . . . . . . . . . . . ... 

4. An internal combustion engine, having a 
Crankcase, a crankshaft, a cylinder on the crank 
case, intake ports in the cylinder, a sleeve operat 
ing in the cylinder and having ports adapted to 
register with said ports in the cylinder, a piston 
in the sleeve adapted to establish communication 
between the ports in the cylinder and the inte 
rior of the sleeve, when the piston is operated, and 
an operating connection on the sleeve radially 
OutWard of sleeve ports from the crankshaft, 
Said sleeve ports being radially outward of the 
cylinder ports during the closed position thereof, 
Said sleeve ports being adapted to move toward 
the cylinder ports when the sleeve is expanded 
Under the influence of heat, thereby effecting an 
earlier opening of the ports when the sleeve is 
expanded than when the sleeve is not expanded. 

5. In a two-stroke cycle internal combustion 
engine having a crankshaft, a sleeve, ports in the 
sleeve, and a sleeve driving connection on the 
outer end of the sleeve whereby the ports are ad 
vanced toward the crankshaft when the sleeve is 
heated. . . 

6. In an internal combustion engine the com 
bination of a crankcase, a crankshaft therein, a 
cylinder on the crankcase adapted to thermally 
expand in a direction away from the crankshaft, 
a sleeve in the cylinder, operating means for the 
sleeve secured to the crankshaft and the Outer end 
of the sleeve whereby the sleeve may thermally 
expand in a direction toward the crankshaft, and 
cooperating ports in the sleeve, and in the cyl 
inder adapted to extend toward and away from 
each other during expansion and contraction of 
the port containing members. 

7. In an internal combustion, engine the com 
bination of a crankcase, a crankshaft therein, a 
cylinder on the crankcase adapted to expand 
away from the crankshaft, a sleeve in the cylinder 
adapted to expand toward the crankshaft, an in 
let port in the cylinder, and an inlet port in the 
sleeve adapted to cooperate with the inlet, port 
in cylinder. - 

8. In a two-stroke cycle sleeve valve engine 
having a cylinder, a crankshaft, reciprocating 
sleeve valve means, asssociated with the engine 
cylinder, and sleeve valve actuating means includi 
ing an eccentric means directly on the crankshaft 
and connected to the Outer end of the sleeve. 
9. In a sleeve valve engine having a cylinder, 

a crankshaft, reciprocating sleeve valve means as 
sociated with the engine cylinder, and sleeve valve 
actuating means secured to the outer end of the 
sleeve, said means. including an eccentrically 
grooved disc on the crankshaft. 

10. In a sleeve valve engine having a crank 
shaft, a plurality of cylinders disposed radially 
about the crankshaft, sleeve Walve means aSSO 

3 
ciated with each cylinder, and sleeve valve actu 
lating means, including an eccentric means on the 
crankshaft operatively connected to all sleeves at 
the Outer elds of the sleeves. . . . . . 

11. In an internal combustion engine having 
a. crank case, a cylinder thereon, a cTankshaft 
in the crankcase, a sleeve valve in the cylinder, 
a piston in the sleeve, intake ports in the sleeve 
and intake ports in the bottom of the cylinder, 
Said ports adapted to cooperate: during the oper 
ation of the sleeve, a crank piiri oil the crankshaft, 
for operating the piston, sleeve operating Eileans 
din the crank shaft in phased relation to the crank 
pin for opening and closing said ports, and means 
between the sleeve and sleeve operating. In earnS, 15 
whereby the instant of opening of the ports is 
advanced and the instant of closing is retarded 
With respect to the crank.pin angle, in direct pro 
portion to the temperature of the sleeve. 

12. An internal combustion engine having a 0 
crankshaft, a cylinder, ports in the bottom of the 
cylindel, a sleeve operating in the cylinder, ports 
in the sleeve cooperating with said first men 
tioned ports in open relationship for a predeter 
mined period of the engine cycle, and means op- ? 
erably associated with the crankshaft for increas 
ing said period in direct proportion to the temper 
ature of the sleeve. 

13. In an internal combustion engine, a crank 
shaft, a cylinder, intake ports in the botton of 
the cylinder, and a heat responsive port register 
ing sleeve in said cylinder operatively connected 
to the crankshaft whereby the open period of 
said ports in the cylinder is increased when the 
engine is heated. 

14. In an internal combustion engine, a cylin 
der with intake ports, at the bottom thereof, a 
reciprocatory sleeve in the cylinder having ports 
registrable. With the ports in the cylinder, and 
sleeve operating means connected to the Outer. 
end of the Sleeve. 

15. In an internal combustion engine, a crank 
shaft, a cylinder with intake ports at the bot 
tom thereof, a reciprocatory sleeve in the cylinder 
having ports registrable with the ports in the 
cylinder and means whereby the sleeve expands 
toward the crankshaft when the sleeve is heated. 

16. fn i ara - internal combustion engine having 
: a crankshaft, a cylinder with intake ports at the 
bottom, a reciprocatory sleeve in the cylinder, 
having ports registrable with the ports in the cyl 
inder, eccentric means on the Crankshaft for ac 
tuating the sleeve, and reciprocating connecting 
means between the sleeve and the eccentric 
means disposed in a plane common to the crank 
shaft and the cylinder. 

it. In an internal combustion engine, a crank 
shaft, a cylinder with intake ports at the bottom, 
a reciprocatory sleeve in the cylinder having ports 
registrable with the ports in the cylinder, means; 
on the crankshaft for actuating the sleeve, recip 
rocating connecting means between the sleeve 
and the actuating means, a pump cylinder com 
municating with the intake ports, and a fluid 
pumping piston in the pump cylinder secured to 
the reciprocating connecting means. 

18. In a two-cycle internal combustion engine 
including a Working cylinder having intake and 
exhaust ports, a reciprocatory sleeve in the work 
ing cylinder having intake and exhaust ports reg 
istrable: with the respective ports in the cylinder, 
a pump cylinder having communication with the 
interior of the sleeve through the intake ports, a 
fluid pumping piston in the pump cylinder, and 
common actuating mechanism for the sleeve and 
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4. 
the fluid pumping piston, Said pumping piston 
disposed between the sleeve and the sleeve actuat 
ing mechanism. 

19. In an internal combustion engine, a crank 
shaft, a cylinder with intake ports at the bot 
tom, a sleeve reciprocatory in the cylinder and 
having ports registrable with the ports in the cyl 
inder, means on the crankshaft for actuating the 
sleeve, reciprocating connecting means between 
the sleeve and the actuating means, a pump cyl 
inder communicating with the intake ports, and 
a fluid pumping piston in the pump cylinder Se 
cured to the reciprocating connecting means, 
said crankshaft, cylinder, reciprocating connect 
ing means and pump cylinder disposed in a com 
mon plane. 

20. In an internal combustion engine, a cylin 
der with intake and exhaust ports therein, said 
ports being respectively at the bottom and top 
of the cylinder, a single sleeve adapted to operate 
in said cylinder and having ports adapted to co 
operate with the ports in the cylinder, and oper 
ating means for said sleeve connected to the outer 
end of the sleeve, whereby the sleeve when 
heated expands axially inward and in a direc 
tion opposite to the direction of expansion of the 
cylinder when heated, thereby causing an earlier 
opening and later closing of the intake ports to 
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effect a greater valve capacity When the engine 
is so heated. 

21. In a two-stroke cycle radial internal com 
bustion engine, cylinders having intake ports at 
the inner ends thereof, sleeves with intake ports 
therein registrable with the intake ports in the 
cylinders, pistons in the sleeves cooperating with 
the intake ports, and operating means for the 
sleeves connected to the Outer ends of the sleeves. 

22. In an internal combustion engine, a cyl 
inder having intake ports near the inner end 
thereof, a reciprocatory sleeve in the cylinder 
having ports registrable with the ports in the 
cylinder, a pump cylinder having communica 
tion with the intake ports in the cylinder, a fluid 
pumping piston in the pump cylinder, and com 
mon actuating means for the sleeve and fluid 
pumping piston. 

23. In an internal combustion engine, a cyl 
inder having intake ports near the inner end 
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thereof, a reciprocatory sleeve in the cylinder 
50 having ports, registrable with the ports in the 

cylinder, a piston operable in the sleeve to con 
trol the intake ports, a pump cylinder having 
Communication with the intake ports in the cyl 
inder, a fluid pumping piston in the pump cylinder, 
and common actuating means for the sleeve and 
filltid pumping piston. - - 

24. In a 'straight-thru' Scavenging sleeve 
Valve engine, a crankcase, a crankshaft in the 
crankcase, a plurality of cylinders on the crank 
case and disposed radially about the crankshaft, 
sleeves in the cylinders, and Operating means for 
the sleeves connected to the sleeves exterior of 
the crankcase. . . . - . 

25. In a two-stroke cycle “straight-thru' 
Scavenging sleeve valve engine, a crankcase, a 
crankshaft in the crankcase, a cylinder on the 
crankcase, a sleeve in the cylinder, ports in the 
sleeve at opposite ends thereof, a piston in the 
sleeve, and operating means for the sleeve Con 
nected to the sleeve exterior of the crankcase. 
26. In a two-stroke cycle “straight-thru’ scav 

enging sleeve Valve radial engine, a crankcase, 
a crankshaft in the crankcase, a cylinder on the 
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crankcase having ports near the inner end there 
of, a sleeve in the cylinder having ports coopera 
tive with said cylinder ports, a piston in said 
sleeve cooperative with said sleeve ports, and op 
erating means for the sleeve connected to the 
sleeve exterior of the crankcase. 

27. In a two-stroke cycle internal combustion 
engine the combination of a crankcase, a crank 
shaft in the crankcase, a cylinder secured to the 
Crankcase having exhaust ports at the top and 
inlet ports at the bottom thereof, a head secured 
to the cylinder, and a reciprocating port control 
ling sleeve in the cylinder and having intake and 
exhaust ports therein adapted to register with 
the ports in the cylinder, said sleeve being oper 
atively connected to the crankshaft at its end 
remote from the crankshaft. 

28. In a two-stroke cycle internal combustion 
engine the combination of a crankcase, a crank 
shaft in the crankcase, a cylinder secured to the 
Crankcase and having exhaust ports at the top 
and inlet ports at the bottom thereof, a head se 
cured to the cylinder, and a reciprocating port 
controlling sleeve in the cylinder having intake 
and exhaust ports therein adapted to register 
with the ports in the cylinder, said sleeve being 
operatively connected to the crankshaft exterior 
of the crankcase. 

29. In a two-stroke cycle internal combustion 
engine having a crankcase, a crankshaft therein, 
a stationary cylinder on the crankcase having ex 
haust ports at the top and inlet ports at the bot 
tom thereof, a reciprocatory port controlling 
sleeve Operable within Said cylinder and having 
intake and exhaust ports adapted to register With 
the ports in the cylinder, and means for Oper 
ating the sleeve by the crankshaft, said operating 
means being connected to the end of the sleeve 
remote of the crankshaft. 

30. In a two-stroke cycle internal combustion 
engine the combination of a crankcase, a crank 
shaft therein, a stationary cylinder on the crank 
case having exhaust ports at the top and inlet 
ports at the bottom thereof, a reciprocatory port 
controlling sleeve operable. Within said cylinder 
and having ports therein adapted to register With 
the ports in the cylinder, and means connected 
to said sleeve exterior of the crankcase for Op 
erating the sleeve directly from the crankshaft. 

31. In an internal combustion engine of the 
single-sleeve valve type the combination of a cyl 
inder having exhaust ports at the top and intake 
ports at the bottom thereof, a sleeve having in 
take and exhaust ports at the top and bottom 
thereof to register With the ports in the cylinder, 
and means for Operatively connecting the sleeve 
at its end remote from the crankshaft to move 
sleeve ports into and out of register with the cyl 
inder ports. 

32. In an internal combustion engine of the 
single sleeve valve type, the combination of a 
cylinder having a head and exhaust ports at the 
head end of the cylinder and intake ports at the 
inner end of the cylinder, a sleeve having intake 
and exhaust ports adapted to register with the 
ports in the cylinder, and means to move said 
sleeve ports into and out of register with the cyl 
inder ports connected to the head end of the 
sleeve. 
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