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To all whom it may concern.” 
Be it known that 1, CHARLES J. Tom 

a citizen of’ the Republic of Uruguay, and 
resident of Stapleton, New York city, county 

5! of Richmond, and State of New York, have 
invented certain new and useful Improve 
ments in Internal-Combustion Engines, of 
which the following is a speci?cation. 
The invention relates to improvementsv 

W in internal combustion'engines, and includes‘ 
among its objects the provision of novel 
structures of great simplicity and high 
economy and e?iciency. ‘ _ 1 

In accordance with one form of the in 
15 vention a pair of pistons. are mounted in ' 
a cylinder to move in such a manner as to 
leave‘ a combustion chamber or working 
cylinder space, of varying'volume, between 
them. Valve means are so constructed and 

29 operated as to open communication between 
an inlet opening and this spaceand be 

. ' tween an exhaust opening and this space, 
at suitable times. 

. ‘More hroadly speaking, a pair of role 
2_5 tively movable ‘members vare mounted in 

the cylinder, at least one of which serves 
as a movable piston, the s ace between these 
members being connects at suitable times 
to the inlet and the exhaust. The ‘combus 

30. tion space between the relatively movable 
members isjvaried in volume in such a man 
net that various desirable e?ects are ob 
tained. Une of these e?’ects is that the 

-4 volume of this space“ increases to a greater 
35 maximum during the working or expansion 

stroke of the engine than it does during 
the admission stroke. The expanding 
charge performs‘ useful work throughout its 

- expansion. Accordingly the expansion of 
40 the compressed charge after explosion or 

ignition of the same will proceed i to a 
a greater ‘degree than is possible with en 
gines in which the maximum volume of 
the cylinder is the same during admission 

' 45 as during expansion; Increased output and 
economy result from this arrangement. 
In the preferred construction two pis» 

' tons are employed, one connected to one 
- crank shaft" rotating at one speed and the 

59 other to a second crank shaft rotating at 
a di?'erent speed. Both crank shafts are 

' preferablyconnected, as by suitable gear-l 
mg, to drive a single; shaft, from which 

power may be taken. The movements of 
the two pistons are so timed as, preferably, 
to bring the pistons very close together at 
the end‘ of the exhaust stroke, to scavenge‘ 
the '_cylinder positively and quite‘ com 
pletely; and to separate the pistons to one 
extent during admission, . andto separate. 
them to a router extent during expan 
sion of the c‘ arge, after explosion thereof, 
so as to provide ‘an increased expansion. 

till 

These results are obtained by moving the , 
pistons towards each other, and away from 
each other, at suitable times, at their di1f-= 
ferent‘. speeds. \ 
The shaft driven by the two crank shafts 

may, if desired, be of comparatively low 
“speed, maki'n a suitahle drive ‘for a low 
speed high pitch propeller or‘sclrew. 
The admission and exhaust are prefer- 

ably controlled by a single special form of 
sleeve valve; this is arranged at one time to 
open communication between an’ inlet “open 
ingof the cylinder‘ and the space between‘ 
the two pistons, at another time to open 
communication between an exhaust open 
ing and this space, and at other times to 
shut off this space from both the inlet and 
exhaust ports of the cylinder. ‘. . 

Various arrangements or combinations’of 
duplex cylinders of the character referred 
to may be made within the invention, ‘or, 
of course, an engine may comprise a single 
such cylinder.= 

95 

79 

so 

as. 

Other features and advantages of the in- ' 
vention will be more fully described here- _ 
inafter. The objects of the invention in 
clude the provision of various combinations, 
sub-combinations and ieotures of construc 
tion, all as will ,be more fully set forth 
hereinafter. 
A further feature oi‘ the invention is 

that the‘ cylinder volume may be made con 
siderably, less at the end of the exhaust. 
stroke than it is at the time of the explosion 
of the charge, at the‘end of the compresion 
stroke. The two pistons may, come practi 
cally together at the end of the exhaust 
stroke, to‘e?ect scavenging of practically 
i009}, .eihciency', - 
.In order that the invention may be more 

clearl understood attention is ‘hereb -di_ 
rectedy to the accompanying drawings 'orm 
ing part of this application and illustrating 

9% 

oo 

no 

1135 ‘ 



one embodiment. of the invention. In the 
j drawings— 

' Fig. lirepresents a view partly in vertical 
section and partly-in front, elevation of an 
engine comprising the invention; ‘ ' . 

ig. 2 is a diagrammatic top plan view 
' of one arrangement of a plurality of cylin 

'10 

16 

20 

ders cooperating with a common driven 
shaft, this view being considered as taken. 
on line .2-—2 of Fig. 1; . 

Fig. 3 is a diagrammatic representation 
of the working-conditions within one of the 
engine cylinders; ' I ' v 

- igs. 4, 5 and 6 are sections taken respec 
tivgly on lines 4-4, 5-5 and 6-6 of Fig. 1, 
an . . ' 

Figs. 7 and 8 are respectively diagram 
matictop plan viewsof modi?ed forms of 
arran mentrof a plurality of cylinders con- . 
nect with a common driven shaft. 
Referringto the drawings, a duplex cyl 

inder 1 is illustrated, having two pistons 2 
and 3 mounted therein in opposite ends ‘of 

' the cylinder, ‘the combustion chamber of 
they cylinder comprising the vspace, 4, be 
tween the two pistons. The lower piston 2 

connected by'connecting rod 5 to a crank 
6 of the crankshaft 7, while the upper 

' piston 3 is connected by a connecting rod 8 
30 

60 

tov the crank 9'of1a crank shaft 10. Crank . 
9 of the upper crank shaft, as shown, has 
a less radius or throw than crank .6 of the 
lower crankshaft. Connecting rods 5 and 
8 may be rotatably mounted at their inner 
ends ontransvers'e ins 11 and 12 respec 
tively, carried by‘ pistons 2 and 3. Crank 
shaft 10_is'- intended torotate at a fraction 
of the speed of crank shaft 7, crank shaft 10 
‘rotating at one-half of the speed of crank 
shaft 7 in]. the construction illustrated in the 
drawings. Themanner in which the vol 
ume of combustion chamber 4 will be varied 
by the movements of pistons 2' and 3 will 
be describedhereinafter._ _ ' 

The engine illustrated operates on the 
four cycle ‘principle. 

Cylinder 1 is formed in a casting having‘ 
a suitable water jacket" 1?. The cylinder 
castingh as an'opening‘13 extending there 
throug , this ‘being t e exhaust opening, 
and an opening 14 which serves as an inlet 
opening. . As indicatedfthese two openings 

__ may be located adjacent to a plane midway 
between the two ends of'the cylinder, the 
exhaust opening 13 being shown as being 
somewhat above the median plane, that is 

- on theside of the said plane towards the 
half'speed crank shaft 10, while the inlet . 
olpemng 14 is, on the other side of said plane, 
t at is,‘ the‘ side thereof towards the-full 
speed crank-shaft 7. ' As shown-these-two 
0 mngs may be separated ‘by a portion 15' 
oiethe linder casting. The position of the I 
spark p ug'po'r spark plugs'within the com 
bustion chamber is indicated at 16. I 
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The admission of ‘charge to the combus-' 
tion chamber-and the exhaust of burnt gases _ 
therefrom is ‘preferably controlled by a sin 
gle sleeve valve 17 which is adapted to re 
ciprocate at suitable intervals in the axial 
direction of the cylinder. As is indicated 
in Figs. 4 and 5, valve 17 is preferably 
crescent sha ed in cross section and is 
mounted wit in a similarly shaped recess 
18 formed “within one side portion of the 
bore of the cylinder.‘ This recess is so osi 
tioned that the sleeve valve will exten be 
tween openings 13 and 14 and the interior 
ofthe cylinder, pistons 2 and 3 having slid~ 
ing contact throughout a greater portion of 
the periphery of each against the bore of 
cylinder 1 and through a lesser portion of 
theperiphery of each against the inner sur 
face of the sleeve valve. ' 
The sleeve valve has a single opening 19 

therethrough, as is indicated in Figs. 1 and 
4. This opening 19 is adapted to register 
in one position of the sleeve valve with in 
let opening 14 ‘and in another position of the 
sleeve 'valve withexhau'st opening 13, open~ 
ing 19 corresponding in shape and size with 
the inner ends of openings 13 and 14. 

The sleeve valve is so controlled as to 
cause opening 19 to align with opening 14 
during the times when the charge, such as 
the usual gaseous mixture, (or_ air, ifliquid' 
fuel is to be injected into the cylinder later) 
is‘ to- be taken. in.‘ Opening 19 will align 
with opening 13 at'all times when the ex 
haust of burnt gases is to take place; and it 
will be in an intermediate position, out of 
alignment with both openings 13 and 14, 
that ‘is in alignment with the cylinder wall 
portion 15 between the openings 13 and 14, 
at:v times when neither admission or exhaust 
is to take place as during the compression 
and'working- of piston 2. - 
v‘The reciprocating movement of sleeve 17, 

desi nod to cause the opening 19 in the sleeve 
to ?ign with openings 13 and 14 at vthe 
proper times, is preferably imparted to the 
sleeve by means of a suitably shaped cam. 
In the construction shown in Figures 1 and 
6 of the drawings, crank shaft 10 is pro 
vided with a disc 20 concentrically mounted 
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thereon, having a cam groove 21 formed ‘in - 
the face thereof. The crescent-shaped sleeve‘ 
17 carries at its upper end apin 22 which ex 
tends into this groove. The cam groove is 
so ‘shaped as to give the sleeve the desired 
movement, as will be more fully described 
hereinafter. . 1 ‘ 

Crank shafts 7 and 10 are preferably both 
connected to drive the same shaft, 23, from 
which power maybe taken. As shown in 
the" drawings, crank chaft. 7 may be con 
ne'cted to drive shaft 23 by means of beveled 
pinions 24 and '25, mounted on crank shaft 7 
and the driven shaft 23 respectively. Simi 
larly crank shaft 10 is connected to shaft 23 
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by means of beveled pinion 26 ‘on crank shaft 
10.which meshes with beveled gear 27 on 
driven shaft 23. The gear ratios between 
gears-24 and 25, and 26 and 27, are such that 
crank shaft 10 is rotated at one half the 
speed of crank shaft 7. As shown in the 
drawings gears 25 and 27 on shaft 23 are of 
the same size, while pinion 24 has a pitch 
diameter one half of that. of pinion 26. Any 
suitable arrangement may be used which will 
give the desired result. It is, however, some 
times desirable, as previously stated, to have 
shaft 23 of comparatively low speed, and ac- 
oordingly the gear 25 is shown as consider 
ably larger than gear 24 meshing therewith 
so as to drive shaft 23 at a slower speed than 
crank shaft 7 , . 

In Fig. 1 a second duplex cylinder 1‘:1 
is illustrated, this containing mechanism 
which may be exactly the same as that con 
tained within cylinder 1. The upper crank 
shaftv of cylinder 1“, corresponding to. crank 
shaft 10 of cylinder 1, is provided with a 
beveled pinion 28 similar to pinion 26 and 
also meshing with beveled gear‘27. Simi 
larly the cylinder 12 has a lower crank shaft 
corresponding to crank shaft 7 and having 
a beveled pinion 29 similar to pinion 24 
and also meshing with pinion 25 on shaft 23. 
Crank shafts 7 and 10 may be provided 

with crank cases 30 and 31 integral with 
or secured to the‘cylinder casting 1, crank 
shafts 7 and 10 being rotatably mounted in 
bosses or enlargements 32,‘ 32, and 33,‘ 33, 
formed on the crank case portions of the 
cylinder casting. The driven shaft 23 may 
be rotatably mounted in bearings, 34 formed 
on spiders or arms 35 extending from cylin 
ders 1 and 1“. 
The operation of the» engine will be. more 

clearly understood from the diagram il 
lustrated in Fig. 3 inwhich the travel of the 
lower or full speed piston 2 is indicated by 
the line 36. The travel of the upper or half 
speed piston 3 is indicated by the line 37. 
The horizontal upper dotted lines 38, 38, in 
dicate the upper and lower edges of exhaust 

' opening 13, while the lower horizontal lines 
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39, 39'represent the upper and lower edges 
of the inlet opening 14 in the cylinder. The 
parallel lines 40, 40 indicate the upper and 
lower ed es of the opening 19 in the sleeve 
during t e movement of the same.‘ For 
convenience the movement of the sleeve is 
also indicated by the single line 401 which 
is shown separately adjacent the bottom of 
the diagram. _ 
Referring to the diagram it will he noted 

that the full speed piston 2 is at its upper 
dead center at the position marked I on 
the diagram and is about to start on its out 
ward-stroke. At the'same moment the half 
speed piston 3 is very close to piston 2, the 
clearance. between. the two pistons at this 
moment representing the combustion cham 

-are close together at- this time. 

8 

‘her space of the cylinder, being very slight. 
As piston 2 moves away from position I 
on its outward or downward stroke, piston 
3 will be moving on its inward stroke, that 
is piston 3 will be moving in the same di 
rection as piston 2.. Piston 3, however, 
'moves at only half the speed of piston 2, as _ 
stated. It also has a much less travel in 
each direction than has piston 2 because of 
the fact that crank 9 of crank shaft 10 trav 
els about a circleof much less radius than 
does crank 6 of crank shaft 7. 
Cranks 9 and 6 are also disposed at dif 

ferent angular'positions in relation to their 
stroke circles so that one of the pistons will 
reach its :dead center positions before the 
other. Thus, as is shown in the diagram, 
piston 3 will reach its lower dead center 
position approximately at the point 42. 
Piston 2 will reach‘ its lower dead’ center 
position somewhat later, approximately at 
the point 43. - 

Piston 2 will reach ‘its next upper ‘dead 
center position at point 44 on the diagram at 1 
which time piston 3 is still moving on its 
outward stroke, .its position at this time 
being indicated by point 45 on line 37. 
‘Piston 3 reaches its outer dead center posi-_ 
tion "at approximately the point 46 on line 
37 at which time piston 2 has not quite com 
pleted its next outward stroke, piston 2 
reaching its lower dead center‘ slightly after 
piston 3 reaches its upper dead center, this 
lower dead center position of piston 2 being 
represented by point 47 on line 36. Piston 
2 completes its following upward stroke 
when the point 48 on line 36 of the diagram 
is reached, at which time piston 3 is moving 
inwardly, its position being indicated by 
point 49 on line '37, this point being close to 
point 48, indicating that the two pistons 

Points 
481 and'491 at the left hand edge of the dia 
gram, representing the starting points of 
lines 36 and 37 respectively, represent, of 
course, the same positions of pistons 2 and 
3 as do the points 48 and 49 at the ends of 
lines 36 and 37. 
The distance between the working faces 

of pistons 2 and is represented by the 
vertical distance between lines 36 and 37, at 
any point in the travel of the pistons. As 
will be explained, the admission-of fresh 
charge takes place during the interval 
marked “Admission” on the diagram, fol 
lowed by the periods indicated by the words 
“Compression”, “lVorking”, and “Exhaust”. 
Each of these periods corresponds approxi 
mately to a stroke of full speed piston 2. 
The maximum distance between the two 
pistons during the admission stroke is indi 
cated by the vertical line 43——431 connect 
ing points on lines 36 and 37. This, it is 
noted, is less than the maximum distance 
between the pistons during the vexhaust 
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stroke, indicated by the vertical line 
47- 4’? . 
The charge is ignited at‘ the beginning of 

the working stroke, at which time the dis 
tance between the two pistons is represented 
by the vertical line lit-4:5. The exhaust 

' is completed when pistons 2 and 3 have ap 

l0. 

16 

preached very close together, as stated, their 
positions being indicated by points 48 and 
4-9 (or points 481 and 491 at the left of the 
diagram), The distance between the pis 
tons at this time, represented by vertical 
distance 118——49, is much less than the dis 
tance between them. when the charge is ?red, 
represented by line 44_—45. 
This general explanation having been 

made, the movements of'the two pistons 
and of sleeve valve 1’? will now be described 
in greater detail, ‘in the diagram, Fig. 3, 
the.’ cycle of the engine is represented as 
commencing at the point indicated by l, at 
the end of the exhaust stroke.- At this mo 
ment piston '2 is at its upper’ dead center 
position, represented by point 481 on the 

* diagram. Piston 32 is close thereto, its posi 
tion ‘being represented by point 491. Sleeve 
valve 17 at this time is in its uppermost 
position, in which its opening 19 would 
open communication between exhaust port 
13 and the interior of the ‘cylinder, except 
for the fact that theupper edge of piston 
2 is slightly above opening 19 so that the 
latter is closed, 

Piston 2 moves downwardly from the po-> 
sition referred to its downward or outward 
travel being represented by the downwardly 
extending portion of line 36 which terminates 
at point 43. The half speed piston 3 at the 

i - same time'is moving in the same direction, 

to 

ed 

that is to say,iit is moving on itsinwa-rd or 
downward stroke, which terminates at the 
lower dead center position, indicated by 
point 42 on line 37.‘ The volume of the 
space between the two pistons will constant 
ly increase during this movement of the 
pistons because of the fact that while both 

‘pistons are moving in the same direction 
piston 2 is moving more rapidly,-and also 
because of the fact that piston 2 has a longer 
stroke than piston 3. i 
The sleeve valve begins to move down 

wardly at or about the time that piston 2‘ 
leaves its upper dead center position l. As 
stated, the travel of the sleeve valve is indi 
cated by the parallel lines ~10, All), and also 
for convenience by the single line 401. T he 
upper edge of piston 2 and the upper edge 
opening 19 in the sleeve valve will movev ap 
proximately together as they descend belowv 
exhaust opening 13, so that “communication 
between the exhaust port 13 and the inte» 
rior of the cylinder will not be opened at 
this time. Opening 19 in the sleeve valve 
descends until it opens communication with 
the inlet port 14;, As is indicated by the 

harsher 

diagram, the lower edge of opening 19 in 
the ‘sleeve valve passes downwardly past the 
upper edge of inlet opening 14 when the 
point indicated by TI is reached in the dia 
gram. At this time the upper edge of the 
lower piston 2 has descended below, opening 
19, as is indicated by the line 36, so that 
communication is opened between inlet port 
14 and combustion chamber 4 of the cylin-~ 
der, when opening 19 aligns with the inlet 
port. 
The sleeve valve descends until its open 

ing 19 completely aligns with the inlet port 
14 of the cylinder, as is indicated at the 
point marked 50 on the lower one of the two 
lines 40 in the ‘diagram. The sleeve valve 
will be held stationary in this position until 
the point 51 on the lowerot the two lines 
40 is reached, at which time the sleeve valve 
begins again to move upwardly, opening 19 
of the sleeve valve passing entirely out of 
communication with inlet port 14; when the 
position indicated by HT is reached. A 
charge of gaseousmixture is accordingly 
admitted to the combustion chamber during 
the period represented by the distance‘ be 
tween points l1 and ill, the entire admis 
sion period being represented bythe cross 
hatched area 52. It will be noted that pis 
ton 2 moves downwardly, more rapidly ‘than 
does piston 3, between positions 11 and H, 
before the fresh charge begins to be ad~~ 
mitted, and durino this period a high vac 
uum will be pro need within the combus» 
tion chamber, the burnt gases of thia previ 
ous charge having been practically com 
pletely expelled from the cylinder when the 
position 1 was reached, as .will be explained 
hereafter. As the piston 2 continues to move 
downwardly more rapidly than does piston 
3 ‘during the’ admission stroke this vacuum 
will be increased throughout the downward 
stroke of piston 2 represeiited by-the portion 
of line 36 which terminates at, point 43. 
Beginning with point 43 on line 36 piston Yb’ 

2' commences its next inward or upward 
stroke which terminates when position 44; 
on line 36 is reached. During this time pis 
ton 3 is also moving on ‘its upward or out 
ward‘ stroke, that is in the same direction ' 
as piston 2, but at a rate which isconsider~ 
ably less than that at which piston 2 travels. 
Accordingly the volume of the combustion 
space between the two pistons will be con 
tinually decreased during the upward move 
ment of piston 2, terminating at point 44 
and the intaken charge will be compressed 
between the two pistons until piston 2 
reaches the position 44, which is denoted at 
the bottom of the diagram by the indica 
tion IV. The explosion or ?ring; of the 
compressed charge takes place at or about 
the upper dead center position 44- of piston 
2 'at whichtime the nest outward or down 
ward stroke of piston 2 begins, 
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The sleeve valve,‘havi closed inlet port 
3 1st at position HI, rises s ightly to its posi 

MD 
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tion intermediate ports 14 and 13, indicated 
by point 53 on the lower of the two lines 40 
in the diagram. The sleeve valve is held 
stationary In this intermediate position un 
til point 5% on the diagram has been reached. 
The sleeve valve is thus held stationary, be 
tween points 53 and 5a during the greater 
part ofthe compression stroke of piston 2 
and during the greater part of the succeed 
ing working or expansion stroke of piston ,2. 

Piston 2 starts its working or expansion 
stroke, as stated, at the point 44 on the dia 
gram, this outward movement of piston 2 
terminating at point 471' Figure 1 of the 
drawings represents the position of the 
parts at the moment when the charge is 
?red, and when piston 2 is about to start 
on its working stroke. During the outward 
or downward travel of piston 2 piston '3 is 
also moving on its outward or upward 
stroke, until the upper dead center position 
of piston 3 is reached, at point 46. As is 

5=2 shown by the diagram, piston 3 moves only 
a slight distance on its succeeding inward 
or downward stroke between the points 46 
and 471, at which time piston 2 completes 
its downward stroke. Accordinglythe vol 
ume of the combustion chamber space be 
tween the two pistons will increase rapidly 
during all the time that the expansion of 
the exploded charge takes place. Also, as 
has been previously stated, the gases are ex 
panded at the end of the working stroke of 
piston 2 to a volume considerably greater 
than the maximum volume occupied by the 
charge during the admission stroke of pis 
ton 2. 
The sleeve valve begins‘to move upwardly, 

that is towards the exhaust port 13, at point 
54: on the diagram. Communication between 
the combustion chamber and the exhaust. 
port is established shortly thereafter at 
about the point indicated at 46 in the dia—. 
gram, when opening 19 in the sleeve valve 
begins to register with exhaust opening 13. 
Opening 19 will register completely with ex 
haust port 13 shortly thereafter,.valve '17 
then being held stationary in its upper po 
sition until point V l, which is the same as 
point l, is reached. . 
During the exhaust from the combustion 

chamber full speed piston 2 has completed 
its downward stroke and moves upwardly 
on its succeeding inward stroke. At the 
point marked 55 on line 36 the upper edge 
of piston 2 begins to move past opening 19 
in the sleeve valve. At the end of this up 
ward stroke of piston 2, represented by 
point 48 on the diagram, piston 2 has com 
pletely covered opening 19 in the sleeve 
valve. thus closing the exhaust from the 
combustion chamber. The period of exhaust 
is indicated by the cross hatched area 56 on 

the diagram, the exhaust extending from 
point 46 to point48. . 
During the upward travel of 1 piston 2 

from position 47 to position 48, that is the 
upper dead center position of piston 2, pis 
ton 3 is moving on its inward or downward 
stroke. . The exhaust port having been open 
all of this time the burnt gases are scavenged 
or driven out of the cylinder, positively, by 
the movement of the two‘pistons towards 
each other. As‘ the two pistons come almost 
together at positions 48 and 49, the burnt 
gases will be scaven ed or driven out of the 
cylinder with an e ciency which may be 
practically 100%, before the period or‘ ad 
mission of fresh mixture into the cylinder is 
again started. 
The movement of the sleeve valve, as de~ 

scribed, may‘ readily be accomplished b 
properly shaping the cam groove 21 witi 
which pin 22 on the sleeve valve co-acts. 
Referring to Fig. 6, the cam disc 20 may be 
considered as rotating in a counter clock 
wise direction. When pin 22 is at oint 
48“ in the cam groove,~piston 2 is‘just eav-p 
ing its upper dead center position I. The cam 
groove is so shaped as to force pin 22 down 
wardly, from point 483 of the groove to ap 
proximately point 5Oa at which time inlet 
opening 14 is fully uncovered. The cam 
groove has a portion substantially concen 
tric with the crank shaft from point 50BL to 
point 51“, where the direction of the cam 
groove changes so as to raise pin 22 slightly. 
\Vhen point 533 has been reached by pin 

22 opening 19 in the sleeve valve will‘ have 
reached its intermediate position, and a con 
centric portion of'the cam groove follows, 
until point 54“ has been reached when the 
cam groove again moves inwardly from its 
concentric path so as to again raise pin 22 to 
bring opening 19 in the sleeve valve into 
alignment with exhaust, port 13. 
centric portion of the groove then folilows, to 
hold the pin stationary until point 48“ is 
against reached. ' >- i 

As has been stated engines constructed in 
accordance with the invention may com 
prise one or more cylinders and the cylin 
ders ma be grouped‘ or arranged in various 
ways. 
in which six cylinders 11 are mounted at 
equal angular distances about‘ the driven 
shaft 23. The driven shaft is represented 
as having a beveled gear 271 thereon with 
which the beveled pinions 261 on the upper 
crank shafts of the various cylinders mesh. 
This may be considered as the same arrange 
ment as that shown in Fig. 1, Fig. 1 being 
taken on a section which may be considered 
as extending along the axis of the upper 
crank shaft of any cylinder and of the c l 
inder diametrically opposed thereto. he 
crescent shaped sleeve valve or each cylin 
der is represented at 171, a pin 22‘ on each 
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sleeve valve being indicated as cooperating 
with the cam groove on the crank disc 20‘ of 
the upper crank shaft of that cylinder. 
With such an arrangement power will be ap 
plied to the driven shaft 23 at equally spaced 
points around the periphery of shaft 23 both 
at the level of the upper crank shaft and at 
the level of the lower crank shaft. 

In Figure 7 a different multi-cylinder en 
gine arrangement is indicated in which the 
various duplex cylinders 12 are mounted in 
straight line relation with the driven shaft 
231 parallel to all of the cylinders. In this 
case all of the sleeve valves l’i'g'are posi~ 
tioned in the direction of the crank shafts. 
The cylinder 12_at the extreme left of the 
diagram is represented as having its sleeve 
172 at the extreme left, connected by pin 
222 to the crank shaft 102, to which the next 
adjacent cylinder 12 is also connected. This 
second cylinder has its sleeve valve 172 
mounted at the right of the cylinder, and 
connected by its pin connection 222 to crank 
shaft 102, this crank shaft being connected 
by beveled pinion 262 to the beveled gear 
272 on shaft 231. The two'cylinders indi 
cated at the right of the driven shaft 23 
are similarly connected. With this arrange 
ment the pair or other plurality of cylinders 
at the left of the, driven shaft all drive the 
same pair of crank shafts which impart 
power to the shaft 231 at one side of the same 
vwhile the plurality of cylinders to the right 
of the driven shaft operate a pair of crank 
shafts which apply power to the shaft 231 
on the opposite side of the same. 
A somewhat different arrangement‘ is 

shown in Figure 8 in which cylinders 13 are 
mounted in straight line relation with the 
driven shaft 23?\ parallel thereto and situat 
ed between the same, the same as has been 
described in connection with Figure 7 . In 
the arrangement shown in Figure 8, how 
ever, the sleeve valves 173 of the cylinders 
are not positioned in alignment with the‘ 
crank shafts, but are mounted on the sides 
of the cylinders,~'90° away from the posi 
tions indicated in Figure 7. In this case 
the pin 223 cooperating with the crank disc 
203 of the upper crank shaft of any cylinder 
may be connected by an angular connection 
57 with the sleeve valve 1'?3 of that cylinder. 
~With such an arrangement all of the cylin 
ders at one side of the driven shaft 281 co 
operate with the same upper and lower 

' crank shafts, while all of the cylinders at 
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the opposite side of the driven shaft coop» 
erate with the same pair of upper and lower 
crank shafts in the same manner as has been 
described in connection with Figure 7. This 
arrangement permits the cylinders to be 
more closely spaced than does the arrange 
ment shown in Fig. 7 ' 
In connection with the constructions 

which have been described. it will be noted 
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that an extremely simple engine construc 
tion is provided. In. each engine cylinder 
the only moving parts which do not take 
part in the transmission of power to the 
driven shaft are the single sleeve valve and 
the pin and cam groove by which the valve 
is‘v operated. The usual cam shaft and plu 
rality of valves commonly operated thereby. 
in usual prior constructions, are eliminated. 
The only moving parts are. the two'pistons 
and one sleeve valve in each cylinder togeth 
er with the two crank shafts and connec* 
tions between the same and ‘the two pistons. 
both crank shafts being power transmitters. 
Power may be transmitted very effectively 

to the driven shaft and applied to the latter 
at points so distributed as to produce a 
smooth and even application of power there 
to. The driven shaft may be operated at a 
reduced speed in comparison to the speeds 
of the crank shafts, as is desirable for ex 
ample where a screw or propeller having 
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high pitch and low speed is to .be operated. ' 
The mechanism described enables the two 

pistons to come practically together at the 
end of the exhaust stroke, so that the ex 
haust of the burnt gases will be very posi 
tive and in some cases may be made prac 
tically 100% e?‘icient. The arrangement is 
such that the volume of the combustion 
chamber is much less at the end of the ex 
haust stroke than it is at the time of the 
?ring of the compressed charge. The very 
e?icient scavenging, permits a correspond 
ingly efficient dimensions. that is to say. the 
burnt gases having been entirely expelled, 
the cylinder will be filled practically entirely 
with fresh gases during the period of ad 
mission. Because of this construction an en 
gme built in accordance with the invention 
will develop greater power than an engine 
having the same stroke, bore of cylinder and 
other admissions, in whch the scavengingr 
and admission of fresh charge are not so 
e?icient. 
{Because of the fact, as described, that both 

pistons move in the same direction during 
the admission stroke but move in opposite 
directions during the explosion stroke. the 
result is obtained of expanding the explod 
ed charge to a greater volume than the max 
imum volume of the cylinder during the ad 
mission stroke. In prior engines so ‘far as‘ 
I am aware, the expansion of the exploded 
charge is not carried to a greater volume 
than the maximum volume of the cylinder 
during the admission stroke. The increased 
expansion permitted by the construction de 
scribed utilizes the power of the charge to 
a greater extent and increases the eii’icienev I ’ 
of the engine correspondingly. According 
1y. it maybe said that the present construc 
tion permits a ‘greater output of power in 
comparison with an engine operating upon 
the same volume of charge in which such in_ 1% 
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creased expansion is not obtained. Ac 
cordingly, the economy of the construction 
described is considerably enhanced. The 
construction described and illustrated en 
ables a production of power which may be, 
for example, from 15% to 25% greater than 
the power‘ obtainable from a similar unit 
consuming the same amount of fuel. Like 
wise, of course, if the same power be develé 
oped as a corresponding engine which does 
not expand the compressed charge in the 
manner described, the fuel consumption will 
be correspondingly decreased, so that there 
may be in such a case a saving of fuel of, for 
example. from 15% to 25%. 

‘It will also befnoted that the exceedingly 
etiicient- exhaust which has been described 
enables the maintenance of an average 
working temperature considerably less than 
that employed in prior engines, in which no 
such efficient exhaust is obtainable. 

It will also be noted that the cylinder may 
be fully charged with pure fresh mixture at 
every desirable rate of engine speed, because 
of the extremely e?icient scavenging and the 
extremely e?icient production of vacuum in 
the cylinder during the period of admission. 

It should be understood that while I have ' 
described certain forms and featuresof the 
invention with particularity, the invention 
is not limited to the exact details which have 
been described, but that various modi?ca 
tions may be employed, as will. be clear to 
those skilled in the art, after reading this 
speci?cation, the. scope of the invention 
bein indicated by the accompanying claims. 

hat I claim is‘: ’ 
1. In an‘ internal combustion engine, the 

combination of a cylinder, a pair of pistons 
therein. movable away from and towards 
each other to establish a combustion ‘cham 
ber between them, one of said pistons having 
successive strokes during which admission 
to, compression in, expansion in, and ex 

"- -haust from, said chamber take place, means 
comprising a. single slide-valve for admit 
ting a gaseouscharge to the combustion 
chamber. and exhausting burnt gaseslthere 
from at appropriate times, and means for 
so moving said‘, pistons that the maximum 
volume of the éombustion chamber will be 
greater during the working or expansion 
stroke than it is during the admission stroke 
of the pistons. 

2. In an internal combustion engine, the 
combination of a cylinder, means compris~ 
ing a single slide valve for admitting charge 
thereto and exhausting burnt gases there 
from periodically, two movable members 
therein, one of the same being a piston hav 
ing successive admission, compression, ex 
pansion and exhaust strokes, and means for 
permitting said movable ‘members to so move 
that the ignited charge will expand’ to 
greater volume in the cylinder during the 

expansion stroke than'the, volume the charge 
attains in the cylinder during the admission 
stroke. ~ ' " 

3. In an internal combustion engine, the 
combination of a cylinder, 9. pair of pistons " 
therein, movable away from and towards 
each other to establish a combustion cham 
ber between them, means comprising a single 
slide valve for admitting charge to and ex‘ 
hausting burnt gases from said chamber 
periodically, and means for so moving said 
pistons that ‘they will move towards each 
other during practically the entire period 
of exhaust, to drive out the burnt gases, and 
will come almost into contact with each 
other at ‘the end of the exhaust. 

at. In an internal combustion engine, the 
combination of a cylinder, a piston and an 
abutment therein,‘ relatively movable to 
wards and away from each other to establish 
a combustion chamber between them, means 
comprising a single slide valve for admit 
ting charge to and exhausting burnt gases 
from said chamber periodically, and means 
for causing relative movement between said 
piston'and abutment to take place in such 
manner as to vary the distance between them 
while said piston has successive admission, 
compression, working and exhaust strokes, 
the relative movement being so arranged 
that the distance between the piston and 
abutment will be greater at the end of the 
compression and the beginning of the work 
ing stroke than at the end of the exhaust 
stroke. , 

5. In an internal combustion engine, the 
combination of a cylinder, a pair of pistons 
therein,‘movable away from and towards 
each other to establish a combustion cham 
ber between them, means for admitting 

v‘charge to and exhausting burnt gases from 
said chamber periodically, said cylinder 
having successive admission, compression, 
working, or expansion, and exhaust periods, 
and means for so moving said pistons that 
the distance between them will be greater 
at the end of thecompression and the be 
ginning of the working or expansion period 
than at the end, of the exhaust period, and 
that the maximum distance between them 
will be greater during the working or ex 
pansion period than during the admission 
period. , _ 

6. In an internal combustion engine, the 
combination of a cylinder, a pair of pistons 
therein, movable away from and towards 
each other to establish a combustion chamber 
between them, means for admitting charge to 
and exhausting burnt gases from said cham 
ber periodically, said cylinder having succes 
sive admission, compression, working or ex 
pansion, and exhaust periods, each occupying 
substantially one stroke of one of said pis 
tons, and means for so moving said pistons 
that they will move in the same direction 

80 

85 

96 

100 

110 

I15 

120 

125 > 

130 



throughout the greater part of the admission 
period, and in opposite directions away from 
each other, during the working or expansion 
period. 
I 7. In an internal combustion engine, the 
combination of a cylinder, a pair of pistons 
therein, movable away from. and towards 

- each other to establish a combustion chamber 
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between them, means for admitting charge 
to and exhaustin burntgases from said 
chamber periodica ly, said cylinder having 
successive admission, compression, working 
or- expansion, and exhaust periodsreach oc 
cup ing substantially ‘one stroke of one of 
sai pistons, and, means for so moving said 
pistons that they will move in the same di 
rection, one traveling furtherand faster than 
the other, throughout substantially all of the 
admission period-and in opposite directions 
during the working or expansion period. 

8. In an internal combustion engine, the 
combination of a cylinder, 'a pair of pistons 
therein, movable away from and towards 
each other at di’?’erent speeds to establish a 
combustion chamber between them, said cyl 
inder having inlet and exhaust ports, a 
single slide valve ada ted to control com 
munication between said ports and combus 
tion chamber, at suitable times, crank shafts 
to which said pistons are connected, and 
means opera'tively connecting one of said 
'crank shafts and said valve. 

9. In an internal combustion engine, the 
combination of a cylinder having separated 
inlet and exhaust ports, pistonmeans in said 
cylinder, a single sleeve valve controlling 
said ports and having a single opening there 
in and means for operating said sleeve valve, 
to cause it to move into a position to open 
said inlet port by aligning said opening 
therewith, then into position to close both 
ports and to remain stationary in such posi 
tion for an interval, and then into position to 
open said exhaust ort by aligning said open 
ing therewith, said7 operation being repeatedv 
cyclically. ' 

10.. In an internal combustion engine, the 
combination of a cylinder having separated 
inlet and exhaust ports, piston means in said 
cylinder, a single valve having a sigle open 
ing therethrough controlling said ports, and, 
means for operating said valve, to cause it 
to move into a positlon to open said inlet port 
by aligning said opening therewith, then 
into'position to close both ports and to re 
main ‘stationary in such position for an in 
terval, and then into position to open said 
exhaust port by aligning said opening there 
with, said operation being repeated cyc 
lically. v 

11. In an internal combustion engine, the 
combination of a cylinder having separated 
inlet and exhaust ports, piston means in said 
cylinder, a single valve having a single 
opening therein controllingv said ports, 
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and means for operating said valve, to cause ' 
it to move in one direction from a position 
in which both ports are closed to a position 
in which one of said ports is opened by align 
ing said opening therewith, then in another 
direction to a position in which the other 
port is opened by aligning said opening 
therewith, and then back to the position in‘ 
which both ports are closed, said operations 
being repeated cyclically. _ 

12. In an internal combustion engine7 the 
combination of a cylinder having separated 
inlet and exhaust ports, piston means in said 
cylinder, a single valve having a single open 
ing therein controllin said ports, and means 
for operating said va ve, to cause it to move 
in one direction from a position in which 
both ports are closed to a position in which 
one of'said ports is opened by aligning said 
opening therewith, then‘ in the opposite di 
rection, across said ?rst position, to a posi 
tion in which the other port is opened by 
aligning said opening therewith, and then 
back to the ?rst position, said operat1ons 
being repeated cyclically. 

13. In an internal combustion engine, the 
combination of a cylinder having axially 
separated inlet and exhaust ports, a piston in - 
said cylinder, a crank shaft connected to 
said piston and having a cam thereon, a cres 
cent shaped sleeve ‘valve having a single 
opening thereincontrolling said orts and 
means for operating said valve from said 
cam to cause said single opening Ito align 
with said inlet and exhaust ports respec 
tively, with periods of movement and 
periods of pause. '_ 
' 14. In an internal combustion engine, the 
combination of-a plurality of cylinders, hav 
ing parallel axes arranged in .a circle, a pair 
of pistons in each of the same, movable away 
from and towards each other, a separate crank 
shaft for each piston, connected therewith, 
extending radially of said circle, a driven 
shaft at the center of said circle, and gear 
‘connections ‘between each crank shaft and 
said driven shaft, the gear connections be 
tween said driven shaft and the crank shafts 
adjacent one end of each cylinder all having 
the same gear ratio, and the gear connections 
between said driven shaft and the crank 
shafts adjacent the opposite end of each cyl 
inder all having the same‘ gear ratio, differ" 
ent from the ?rst named gear ratio. - 

15. In‘ an internal combustion engine, the 
combination of a cylinder, a pair of pistons 
therein, movable towards and away from 
each other, crank shafts at opposite ends of 
the cylinder to which said pistons are respec 
tively connected, one of said crank shafts be 
ing' rotatable at a fraction of the speed of the 
other, said cylinder having inlet and ex 
haust ports, a single sleeve valve having a 
single opening therein ‘and means for oper 
ating said valve to cause it to control admis 
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sion of charge through said inlet port into 
the space between the istons, and exhaust 
of burnt gases from said space through said 
exhaust port, at appropriate times. . ‘ 

16. In an internal combustion engine, the 
combination‘ of a‘ cylinder having axially 
separated inlet and exhaust ports, a pair of 
pistons therein, movable towards and away 
from each other,‘ a crescent shaped sleeve 
valve 7 having a single opening there, 
in, slidably mounted between said cylinder 
and pistons, said valve controlling both said 
ports, and means for operating said valve at 
appropriate times. 

17. In an internal combustion engine, the 
combination of a cylinder, having axially 
separated inlet. and exhaust ports, a pair of 
pistons therein movable away from and to 
wards each other to establish a combustion 
chamber between- them, a single sleeve valve 
situated between the cylinder wall and said 
pistons, having asingle opening therein, con~ ' 
trolling said ports, means for operating said 
valve to cause it to open and close said ports 
at suitable times, said cylinder having suc 
cessive admission, compression, working, or 
expansion, and exhaust periods, and _means 
for so moving said pistons that the distance 

between them will be greater at the end of 
the compression and the beginning of the 
working or expansion period than at the end 
‘of the exhaust period, and that the maximum 
distance between them will be greater during 
the working or expansion perlod than dur 
ing the admission period. 

18. In an internal combustion engine, the 
combination of a cylinder having axlally sep 

_ arated ‘inlet and exhaust ports‘ both located 
adjacent the central portion of the length of 
the cylinder, a pair of pistons therein, mov 
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able away from and towards each other to - 
establish a combustion chamber between 
them, a single slide, valve for admitting 
charge to and exhausting burnt gases from 
said chamber periodically, and means for so 
moving said pistons that they will move to 
wards each other during practically the en 
tire period of exhaust, to drive out the burnt 
gases through said exhaustv port, and will 
come almost into contact with each other at 
the end of the exhaust. ' 
In testimonyywhereof I have 'i ed my 

name to this speci?cation, at New ‘foli'k city, 
N. Y., this 11 day of April, 1922. ‘ 

CHARLES J. TOTH. 
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