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NTERNAL comnusrion ENGINE 
Application ?led Kay 81, 1929. Serial No. 367,184.‘ 

This invention relates to internal com 
bustion engines. . ' ' ' 

_ One of the objects of the invention is to 
provide a new method of operating an in 
ternalcombustion engine. ' ‘ 

_ Another object ofthe invention is to pro 
vide» an internal combustion engine which 
operates upon anew cycle. ' 
‘A further object of the invention is to 

10 provide an internal combustion engine which 
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I 'vide an internal combustion engine of the. 
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operates with a ten-stroke cycle which in 
cludes two idle strokes. _ ' 
Another object of the invention istoypro 

vide an internal ?combustioniengine which is 
characterized by extreme simplicity of ‘con 
struction. ' - ‘ 1 p _ 

A further object of theinvention-is to pro-' 

‘opposed piston type in iwhic'h the pistons 
move inv ‘substantially parallel relation dur 
ing two strokes of the engine. 7 
‘A still further object of the invention is 

to. provide an internal combustion engine of 
the ‘opposed piston type in which there is two 
separate sets of fuel inlet ports and a single 
set of outlet ports througlf which the ex; 
haustis removed from the working chamber. 

, Another object of the invention is to pro 
> vide an internal combustion engine of the 
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opposed piston type in which each piston re 
mains stationary during one stroke of a 
cycle of engine operation. ’ . 
Other objects ofvthe inventionv will ap 

' pear from the following description taken in 
connection with the drawings forming a part 
of thisspeci?cation, inwhich :— - i 

Fig. 1 is a median sectional vview of an in 
ternal combustion engine incorporating my 
invention taken on line 1—1 of Fig. 3; 

Fig. 2 is a view showing the piston moveL 
ment, relatively, during a complete cycle ofv 
the engine operation; ' ' 

Fig. 3 is a sectional view of the engine taken. 
on line 3—3 of Fig. 1; v _ 

Fig. 4 is a sectional?view of a fragmentary 
portion of the engine taken on line 4‘—4 of 
Fig. 1. - . i ' 

Referring to the drawings, -10 represents 
, generally a two-cylinder internal combustion 
engine constructed in accordance with the 

" way between the annular series of inlet ports 

present invention. _ As shown, the engine has 
a cylinder block 11 consisting of upper and' 
lower cylinder portions 12 and 13 and inter- I ' 
connecting ortions 14 joining the cylinder 
portions. base 15, preferably integral 
with the lower cylinder portion 13, provides 
means for supporting'the engine upon a suit 

for securing the engine in a desired position. 
The cylinder portion 12 is provided with a 

’ working chamber 17 andthe cylinder portion 
13 is provided. with a working chamber 18. 
Each working chamber preferably extends 
substantially the full length of they cylinder 
and is open at both ends. As shown, each cylj ' 
inder is provided with ‘two spaced .fuel 
charge inlets preferably consisting of a se 
ries of ports 19 and 20,. While preferably [mid 

there is provided in each of the cylinders an 
annular series of exhaust ports 21. ‘ Each se 
ries of inlet ports have a. passage 22 ar- ' 
ranged “adjacent thereto and in communica4 
tion therewith, which passages are joined by 
connecting manifolds 23 with which,‘ an inlet 
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. able foundation or bed, apertures 16 being -‘ 2 
provided to receive suitable fastening means f 
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pipe 24 communicates.‘ .A passage 25 is ar- ’ 
ranged adj acent and in communication with 
each of the series‘ of exhaust ‘ports 21, such. 
passage being connected by a manifold 26 
having an outlet portion 27 extending there— 
from. A suitable'mu?ling. device can be as 
sociated with the manifold outlet 27,-and the 
inlet pipe 24 leads to a suitable fuel'source 
such as a. carburetor. - ‘ 

Rotatably mounted in the cylinder block 
11 is a drive shaft 28, and, in the form shown 
in this shaft is‘journaled in ‘the interconnect 
ing portion 14 of the structure preferably 
idway between the cylinders 12 and 13 and I 

suitable anti-friction bearings 29 are pros 
vided- therefor. .Keyed 6r otherwise ‘non 
rotatably mbunted on the tapered ends of the ‘ 

- drive shaft 28 which projects outside of the 
cylinder block 11,-are camwheels 30 and 31,‘ 
each cam wheel being‘ preferably of cylin 
drical cup shaped formation and vmounted on 
the drive shaft with the closure end of the 
Wheel toward the. cylinder block as shown. 
Each of these cam wheels 30 and 31 carries a a 
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continuous cam preferably projectingfrom 
the outer cylindrical surface of the wheels 
and integral therewith, as shown,‘ the wheel 

.. 30 carrying a cam 32 and the wheel 31 carry 
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ing a cam 33, the opposite outer edges of each 
cam being beveled to provide opposed bear 
ing surfaces 34.‘ Due to the form of the 
cams and, their arrangement with driving or 
driven means, it will be necessary to form 
the cams of varying thicknesses in accordance 
with their angular relation with such driving 
or driven members. The development of the 
cams and their relation with respect to the pis 
ton position in the different strokes is clearly 
shown in the diagram in Fig. 2 of the draw 
lngs. 
Each cylinder 12 and 13 is provided with a 

pair of opposed pistons 9 and 35, each piston 
being preferably hollow and having project 
ing from one end. an extension 36 of substan 
tially rectangular cross section, preferably 
formed integrally with the associated pis 
ton and having spaced parallel arms 37. One 
of the arms 37 is preferably longer than the 
other adjacent arm of each piston and is 
formed with an arcuate bottom surface 38, 
as shown, of substantially the same curvature 
as that of the outer wall of the associated pis 
ton. A shaft 39 extends across the space 
between the‘arms 37 and carries the beveled 
roller 40, and axially spaced from this roll 
er 40 is another beveled roller 41 rotatably 
mounted on a shaft 42 secured at one end in 
the longer arm '37 of each piston extension. 
These beveled rollers 40 and 41 are adapted 
to engage the opposed bearing surfaces 34 of 
the cams 32 and 33 to actuate the cam wheels 
or to be actuated thereby as will presently 
appear. " 

The arrangement of each piston in its cy 
linder during operation of the engine is 
maintained by suitable guides in which the 
piston extensions 36 are adapted to move. 
These guides 43 each consists of an elongated 
member substantiall in transverse cross sec 

» tion as best shown 1n Fig. 4, the ‘guide sur 
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faces being ?nished to provide a ?t with the 
long arm 37 of the piston extension 36. As 
shown,,the guides 43 are spaced from the out 
er ends of the cylinders so as not to interfere 
with the pistons on their outward strokes,v and 
each guide is provided with an arm 44 for 
attaching ?anges 45 for securing the guides 
to the cylinder block in any suitable manner 
such/as by means of the bolts 47. A pair of 
spaced spark plugs48 are screwed into the 
wall of each cylinder, preferably in the cen-' 
ter of the cylinders, and ‘are connected 
through wiring 49 to a suitable distributor 
in a manner customary with dual ignition 
internal combustion engines. 
Power is transmitted from the engine by 

means ofa shaft ISO-coupled in any conven 
ient manner to the drive shaft 28 or toone 
end/of the cam wheels 30 or 31. In the form 

1,808,083 

shown, the shaft 50 is provided with an annu- ~ 
lar ?ange 52 which is secured to the cam 
wheel 30 by the bolts 53. The engine may be 
lubricated by any suitable means or method 
such as by means of forced feed or splash 
system, or it may be lubricated by merely 
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supplying lubrication to the inside of the ' 
cam wheels whence it will ?ow by the cen 
trifugal force during operation of the en 
gine through suitable passages not shown 
provided in the cam wheels to the rollers, 
guides, pistons,cylinders and~other parts re 
quiring lubrication. The engine is prefer-' 
ably cooled by water, the cylinder jackets 
and connections (not shown) being of con 
ventional design althoughitis apparent that 
the engine may be cooled by air if desired. 
The operation of the engine will be clearly 

and more readily understood by referring 
to Fig. 2 of the drawings, which shows, the 
development of the, cams 30 andv 31"and the 
corresponding position of the pistons in one 
of the cylinders relative to the cams during 
one complete ten-stroke cycle of the engine 
operation. Beginning from the left end of 
‘the, diagram in Fig. 2, it will be seen that the 
cams are formed and function to provlde a‘ 
power stroke," then an exhaust stroke, then 
an idle stroke in which the opposed pistons 
travel in parallel relation, then a suction 
stroke, then a compression stroke, then- an 
other power stroke, then an exhaust stroke, 
and then another idle stroke in which the pis 
tons again travel in parallel relation substan— 
t-ially the entire stroke, then a’ suction stroke 
in which one of the pistons remains station 
ary and then a compression stroke in which 
one of the pistons remains substantially. sta 
tionary. The drive shaft and dams of the, 
engine having been rotated and an ex losive 
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charge having been drawn into the cylinders, I 
the pistons 9 and 35 are at the beginning of a 
power stroke in position “A” of Fig. 2, the 
movement of the piston 9 being illustrated by 
the lower line of the diagram while the move 
ment of the piston 35 is illustrated by the up-v 
per line of the diagram. On the. power 
stroke of the engine ignition takes place and 
the piston 9'will be moved outwardly of the 
cylinder while the piston 35 will remain sub— 
stantially stationary and in a position just 
closing the exhaust ports 21, the outward 
movement of the piston ‘being from a point 
adjacent the stationary piston in this stroke 
to a point in the working chamber adjacent 
to the intake ports 20. At the end of the 
power stroke the pistons are in position “B” 
of Fig. 2, and beginning to start the exhaust 
stroke. In this exhaust stroke the piston 35, 
which was stationary during the power 
stroke, moves just su?icient to uncover the 
exhaust ‘ports and remains stationary dur 
ing the balance of the stroke while uncover—. 
ing the same, and the piston 9, which moved 
outwardly during the power stroke,- moves 
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inwardly during the exhaust stroke to a po-. 
sition-closing the exhaust ports at the end of 
this stroke, thereby forcing substantially all 
of the burnt gases out of the working‘cham 
her through the exhaust ports as the piston 35 
remains stationary just uncovering the ex 
haust ports until the scavenging vpiston 9 
is adjacent thereto. - At the ?nish of the ex 
haust stroke the pistons are in position “C” 
and between positions “C” and “D” they 
move in substantially parallel relation to 

. ward the inlet port 19 until the piston 35 
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opens the inlet port 19 and the piston 9 is 
moved to a point adjacent the port 19, which 
movement is termed an idle “stroke; During 
the next stroke which is between the posi 
tions “D” and “E” in the diagram of Fig. 2, 
the piston 35 remains substantially station 
ary while uncovering the ports 19, and the 
piston 9 moves away therefrom to a point ad 
j acent the exhaust ports and thereby sucks in 
an explosive charge during substantially this 
entire stroke. At the beginning of the com 
pression stroke, as shown at “E” the piston~ 
35 closes the ports 19 and then moves toward 
\the exhaust ports. Between the position 
“E” and the position “F”, shown in diagram, 
the piston 9 remains stationary adjacent to 
but not uncovering the exhaust ports while 
the piston 35 moves in the cylinder closing 
the intake ports 19. and approaching the po_ 
sition of the now stationary piston 9. The 
next stroke of theeng'ine is a power stroke 
which extends between the positions “F” 
and “G”, during-which stroke igntion takes 
place. The piston 9 ‘continues to ,remain 
stationary while the piston 35 moves out 
wardly of the. cylinder to a point adjacent 
the intake ports 19 but not uncoveringthe' 
same. There is then an exhaust stroke which 
extends between the positions, shown at “G” 
and “H”, at the beginning of which the‘ 
piston 9 uncovers; the exhaust ports and re 
mains stationary during the remainder of 
the stroke while the piston 35 moves inward 
ly to a point adjacent the stationary piston 9,‘ 
thus completely scavenging the working 
chamber of burnt gases. There is then an 
idle stroke, as shown between “H” and “J”, 
during which the piston 35 continues its in 
ward movement to a point adjacent the in 
take- ports 20 but not uncovering the same, 

. and the piston 9 moves parallel with the pis 
-_ ton 35 ‘to a position uncovering the intake 
ports 20' at the. beginning of the suction 
istroke “J ”.. The next stroke between “J” 
and “K” is a suction stroke durinor which the 
piston 9 remains stationary whi e uncover 
ing the intake ports 20, while the piston 35 
moves in a direction toward and in close 
proximity to the exhaust port, but not un 
covering the same, so thatat the end of the 
suction stroke the pistons are in ‘the position 
shown at “K”. There is then a compression 
stroke between “K” and “A” during which 

the piston 35 remains stationary in close 
proxlmity to,» but not uncovering the ex 
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haust ports, while the piston 9 moves’ in- , 
wardly of the cylinder to a point adjacent 
to the piston 35. ' . 

It will be "seen that during the ten-stroke 
cycle of the engine operation just described 
that there will be two power, exhaust, ‘idle, 
suction and compression strokes of the en~' 
g'ine. It will‘be seen that one of the pistons 
remains stationary while uncovering the in 
let port during each suction stroke, and it 
will. be further ‘seen that the piston move 
ment is such during the exhaust stroke that . 

‘80 the burnt gases are completely removed. It 
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will further be seen that the pistons are ' 
moved on an idle stroke into a relation such . 
that one of the pistons will move substan~ 
tially the entire length of one ofthe cylin 
der working chambers during the suction 
stroke so that a complete charge of explosive 
mixture will be drawn therein. ~ 
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WVhile the operation of the engine has been - 
described with reference to one cylinder only, 
it will be apparent that the other cylinder of 
the. engine shown will operate on the same 
cycle and in the same manner, the cylinders 
?ring alternately and not at the same time, 
as Wlll be understood. _ _' _ 
From the following it will be seen that the 

‘engine operates on a ten-stroke cycle con 
sisting of the power stroke, exhaust stroke, 
idle stroke, intake stroke, compression stroke, 
a power stroke, an exhaust stroke, an idle 
stroke, a suction stroke and a compression 
stroke, thus there are eight strokes and two 
idle strokes, an idle stroke being intermediate 
each of the exhaust and intake strokes of the 
engine. ' " " 

a It will be noted that duringthe idle Sake. 
of the engine both pistons have substantially 
the same length of travel .and both move in 
the same direction and at substantially the 
same rate of speed; On each of the power, 
exhaust, suction and compression strokes, one 
of the pistons is substantially stationary 
while the other piston is moved relative 
thereto.‘ , ' 
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Due to the relatively small number of parts ' 
required to construct a combustion engine in 
accordancewith the present invention, vex 
clusive of the ‘carburetor and a few utility 
parts, economy ofmanufacture results. It 
will be apparent that the engine has a positive 
valve action withv freedom from engine 
troubles of any kind as the pistons serve to 
cover‘the inlet and outlet ports, and as the 
spark plugs are protected from the exhaust 
gases during the latter part of the exhaust 
stroke relatively highfcompression pressure , 
can bamaintained. It is obvious that. an 
engine of the type described can be utilized 
with afuel feeding system in which air and 
liquid oil are injected separately" and di 
rectly into the working chamber. ' 
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While a two-cylinder engine has been 
shown and described, it will be understood 
that any desired number of cylinders may be 
employed. It will also be understood that 
this form of engine selected, illustrated and 
described is to be considered a preferable 
type and the invention is to be limited only by 
the scope of the appendedclaims. 
Having thus described the invention what 

is claimed and desired to be secured by Let 
ters Patent is: 

1. In an internal combustion engine,‘ in 
combination, a cylinder, a pair of opposed 
pistons movable in the cylinder, vand cam 
means for moving the pistons in two idle 
strokes during a complete cycle. 

2. In an internal combustion engine, in 
combination, a cylinder, a pair of pistons 
movable in the cylinder, and cam means for 
causing the pistons to move in the same direc 
tion throughout two complete strokes of the 
engine during a complete cycle. 

3. In an internal combustion engine, in 
combination, a cylinder, a pair of pistons in 
the cylinder, and cam means for moving the 
pistons in the same direction on two idle 
strokes during each cycle of the engine. 

4. In an internal combustion engine, in’ 
combination, a cylinder, a pair of‘p-istons in 
the cylinder, and cam means for moving the 
piston substantially equally in the same direc~ 

‘ tion on two of the strokes in each cycle of 
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eration. - 

the engine. 
,5. In an internal combustion engine, in 

combination, a cylinder, a pair of pistons in 
the cylinder, and cam means for moving the 
pistons substantially equally in the same di 
rection on two idle strokes of the cylinder 
during each cycle. ' 

6. In an internal combustion engine, in 
combination, a cylinder having spaced inlet 
ports and an intermediate exhaust port, a 
pair of pistons in the cylinder, and cam means 
for moving the pistons in a single direction 
from a position in which twoof the ports are 
closed to a position adjacent the other port. 

7. In an internal combustion engine, in 
combination, a cylinder, a pair of pistons 
movable in the cylinder, the cylinder having 
a combustion chamber between the. pistons, 
and cam means causing the pistons to move 
substantially equallyin the same direction 
on two of the strokes in a cycle of the engine. 

8. In an internal combustion engine, in 
combination, ‘a cylinder, a pair of pistons 
movable in the cylinder, the cylinder having 
a combustion chamber between the pistons, 
and cam means causing the pistons tomove 
substantially equally throughout two com 
plete strokes in eachvcycle of the engine ep 

9. In an internal combustion engine, in 
combination, a- cylinder having spaced inlet 
and exhaust-ports, a pair of pistons movable 
in the cylinder, and cam means for moving 
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the pistons intwo idle strokes during‘ each 
cycle of the engine operation. 

10. In an internal combustion engine, in 
combination, a cylinder, a pair of pistons 
movable in thelcylinder, the cylinder-having 
a combustion chamber between the pistons, 
and cam means for retaining each of the pis 
tons substantially stationary .during ‘one but 
different strokes in the cycle of the engine __ 
operation. , 

11.'In an'internal combustion engine, in 
combination, a cylinder, a pair of pistons 
movable in the cylinder, the cylinder having 
a combustion chamber between the pistons, 

' and cam means for retaining each of the pis 
tons substantially stationary during an ex 
haust stroke in a cycle of engine operation. ‘ 

12. ‘In an internal combustion engine, in 
combination, a cylinder, a pair of pistons 
movable in the cylinder, and cam means for 
retaining each of 'the pistons substantially 
stationary during an inlet stroke of the en 
gine in a cycle of operation. 

13. In an internal combustion engine, in_ 
combination, a cylinder, a pair of pistons 
movable in the cylinder, and cam means 
maintaining each of .they pistons substan-_ 
tially stationary during an inlet stroke and 
maintaining each-of the pistons substantially 
stationary during an exhaust stroke of the 
engine- in a cycle of operation; ‘ 

14. In'an internal combustion engine, in 
combination, a cylinder having inlet andout 
let ports, a pair of pistons movable in the 
cylinder, and cam means for retaining one 
of the ‘pistons substantially stationary during 
the inlet and exhaust strokes of the engine. 

15. In an internal combustion engine, a 
" cylinder, a pair of pistons in the‘ cylinder, 
and cam means causing one of said pistons to 
remain substantially stationary during the 
power, exhaust, suction and compression 
strokes of the engine in a cycle of operation. 

16. In an internal combustion engine, a 
cylinder, a pair of pistons in the cylinder, and 
cam means causing one of said pistons to 
remain substantially stationary‘during the 
power, exhaust, suction - and compression 
strokes of the engine in a cycle of operation. 

17 .'In an internal combustion engine, in 
combination, a cylinder having spaced port's, , 
a pair of pistons in the cylinder, and cam 
means causing said pistons to move in each 
half of the cylinder during a cycle of opera 
tion to produce two power strokes. 

18. In a multi-cylinder internal combus~ ‘ 
tion engine, in ‘combination, a plurality of 
cylinders, a pair of pist'ons movable in each ‘ 
cylinder, and cam means for moving the 
pistons inxtwo idle strokes during a cycle of 
engine operation. _ - ' 

19. In a multi-cylinder internal combus 
tion engine, in combination, a plurality of 
cylinders, a pair of pistonsmovable in each 
cylinder, and cam means for moving the 
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pistons in two idle strokes during a cycle 0 
engine operation, ‘ - - ‘ 

20. In an internal combustion engine, a 
cylinder, a pair of pistons, and cam means 
for causing said pistons to move in two idle 
strokes between the exhaust and intake 
strokes during a ten-stroke cycle of ‘engine 
operation. 

21. 
cylinder, pistons reciprocable in the cylin 
der, and cam means for causing said pistons 
to operate the engine'in a ten-strokecycle. 

22-. In an internal combustion engine, a 
cylinder, pistons reciprocable in the cylinder, 
and cam means for causing said pistons to 
operate the engine on a ten-stroke cycle two 
of the strokes being idle. » 

28. In a ten-stroke cycle internal combus 
tion engine, a cylinder, opposed pistons re! 
ciprocable in the cylinder, and cam means 
causing operation of said pistons in a ten- " 
stroke cycle. 

24. The method of operating an internal 
combustion engine having a cylinder and 
opposed pistons therein forming a working 
chamber comprising moving the pistons to 
open thechamber to a source of fuel supply, 
then moving the pistons to expand the cham 
ber to thereby draw in a charge of explo 
sion mixture, then moving the pistons‘ to 
close the expanded chamber, then moving 
the pistons to contract the chamber thereby 
compressing the charge therein, then ?ring, 

In an internal combustion engine, a. 

5 

chamber from one zone to the other in the 
cylinder to open the chamber for the suc 
tion charge, and then repeating the above 
recited operations in another portion of the 
engine. _ 

In testimony whereof I af?x my signature. 
MILTON TIBBETTS. 

the charge in the chamber and thereby againv ' 
moving the pistons to expand the chamber, 
then moving the plstons to open the chamber 
to atmosphere, then agam .movmg the pis 

- tons to contract the chamber to thereby ex 

40 
haust the burnt gases therefrom, then mov 
ing the pistons to close the chamber, then 
moving the pistons to maintain the chamber 
‘in closed and contracted condition for a 
period and until re-opening of the’ chamber 

' for the succeeding charge, and then again 
repeating the recited operations. 

25. The method of operating an internal 
combustion engine having a cylinder and 0p 
posed pistons therein forming a working 
chamber comprising moving the pistons to 
open the chamber to a source of fuel supply, 
then moving the pistons to expand the 
chamber to thereby draw in a charge of ex 
plosion mixture, then moving the pistons to 
close the expanded chamber, then moving, 
the pistons to contract the chamber and 
thereby compressing the charge therein, then , 
?ring the charge in the chamber and thereby 
again expanding the chamber, then moving 
the pistons to open the chamber to at 
mosphere, then moving the pistons to'again 
contract the chamber to thereby exhaust 
the burnt gases therefrom, then moving the 
pistons to close the chamber, then moving the 
pistons to maintain the chamber in closed 
and contracted condition and shifting the 
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