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To all whom it may concern. 
Be it known that I, CHARLEs A. ANDER: 

soN, a resident of Chicago, in the county of 
Cook and State of Illinois, have invented 
certain new and useful Improvements in 
Carbon-Dioxid Engines, of which the fol 
lowing is a specification. 
My invention relates to carbon dioxiden gines, particularly to that class of g 

in which the driving gas is alternately heat 
ed and cooled. . 
Among the important objects of my in 

vention are to provide an arrangement in 
which a number of driving sets can be used, 
each involving a power element for driv 
ing a common main shaft and a displace 
ment element in which the gas is alternately 
heated and cooled and the resultant pressure 
applied to the power elements; to provide an 
arrangement in which the displacement ele 
ments are controlled from the power de 
livered by the power elements; to provide an 
arrangement in which displacement pistons 
are quickly moved from one end to the other 
of their stroke and are caused to remain at 
rest for a period of time after reaching the 
limits of their strokes, in order to allow 
more efficient application and use of the 
heated or cooled gas by the power elements; 
to provide improved adjustable flexible or 
yielding mechanism for controlling the op 
eration of the displacement pistons; and in 
general to provide for improved and more 
efficient construction and operation of en 
gines of the class referred to. 

In the accompanying drawings, which 
illustrate all the features of my invention, 
Figure 1 is a side elevational view of the 
engine looking from the left, parts being 
removed and broken away, Fig. 2 is a side 
elevational view looking from the right, 
with parts removed and broken away, Fig. 
3 is a sectional view taken substantially on 
planes 3-3, Figs. 1 and 2, and Fig. 4 is a 
diagrammatic view illustrating the move 
ments of the engine parts. 
The main supporting bed plate 5 of the 

engine supports a casing 6 whose left and 
right ends have removable circular wall 
sections 7 and 8 respectively having thread 
ed engagement with the casing, as shown. 
An intermediate wall 9 divides the casing 
into chambers 10 and 11. As best shown in 
Fig. 2, similar cylindrical bosses 12 and 12 
extend upwardly from the top wall of the 
casing, their upper ends being of reduced 

diameter so as to leave annular seats 13 and 
18 for receiving the displacement cylin 
ders, 14 and 14' respectively, the lower ends of the cylinders being internally threaded 
to engage the threaded upper ends of the 
bosses, as shown, the bosses then forming the lower wall of the displacement cylinders. 
As best shown in Fig.1, the top wall of 
the casing at the opposite end from the 
bosses has threaded openings 15 and 15 
EEg with chamber 10, and in these openings are threaded the lower ends 
of the power cylinders 16 and 16, the lower 
open ends of these power cylinders then 
communicating with chamber 10. The power cylinders are preferably provided 
in their lower ends with annular flanges 17 
and 17 respectively for seating against the 
casing top with gaskets 18 interposed. 
Within the power cylinders are the pistons 
19 and 19' respectively, which are hollow, 
as shown, and which support pivot pins 20 
and 20 respectively for pivotally receivin 
the upper ends of pitman rods 21 and 21, 
these rods extending downwardly through 
openings 15 and 15' and into chamber 10. 
Journaled axially in end wall 7 and inter 
mediate wall 9 is a shaft 22 to which is 
keyed a walking beam structure 23 support 
ing pivot pins 24 and 24. The lower end 
of pitman rod 21 terminates in a head 25 
which is pivoted to pin 24 between the 
walking beam sides, and pitman rod 21 
terminates in a head 25' which pivots to pin 
24 of the walking beam, the pivot centers 
of the pins being diametrically opposite 
and equidistant from the center of the shaft 
supporting the walking beam. Journaled in 
bearing extensions 26 and 27 extending up 
wardly from the casing 6 is the main shaft 
28 which extends parallel with shaft 22 and 
midway between the power cylinders and 
the displacement cylinders. The shaft at its 
left end is further journaled in a standard 
29 extending upwardly from the bed of the 
machine, and between the bearing supports 
26 and 29 the main shaft carries the crank 
arms 30 and 31 connected by a crank pin 32. 
This crank pin pivotally receives the upper 
end of a connecting rod 38 whose lower end 
is pivoted by means of pin 34 to the arms 
35 of a crank frame 36 secured to the left 
end of shaft 22 outside of the walking beam 
casing. The adjustment is such that the 
radius of rotation of pin 32 is less than the 
radius of rotation of pins 24 and 24', so 

80 

65 

70 

75 

80 

85 

90 

95 

OO 

105 

O 



10 

2. w 1,037,190 s 

that pin 32 and the main shaft will make 
complete revolutions while the 'walking 
beam 23 will merely oscillate. As shown, 
the radial distance of pin 34 is equal to that 
of pins 24 and 24 from the center of shaft 
22, while the radial distance of pin 32 from 
the center of the main shaft is less. As the 
power pistons are reciprocated in opposite 
directions walking beam 23 will oscillate 
and the main shaft will receive full revolu 
tions, - 

A shaft 37 of less diameter than shaft 22 
is journaled axially in end wall 8, and in the 
inner end of shaft 22, as indicated in Fig. 3. 
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Keyed to this shaft is a walking beam frame 
38 supporting between the ends of its side 
wallspins 39 and 40, which are diametri 
cally opposite and equi-distant from the 
shaft center. Within displacement cylin 
der 14 is a hollow closed displacement cylin 
der 41 from whose lower end extends a E. 
ton rod 42 which extends through and has 
sliding bearing in the boss 12, the piston rod 
terminating at its lower end in a bifurcated 
head 43 supporting pivot pin 44 to which is 
ivoted the upper end of a link 45 whose. 
ower end terminates in the hub 46 pivoted 
to pin 40 between the sides of walking beam 
38. Likewise, in displacement cylinder 14' 
is the displauement piston 41 from whose 
lower end extends piston rod 42 which ex 
tends through and has sliding bearing in the 
boss 12, the lower end of this piston rod 
terminating in a bifurcated head 43 which 
pivots the upper end of link 45 whose lower 
end terminates in the hub 46 receiving the 

a pivot pin 39 of the walking beam 38. Se 
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cured to the right end of main shaft 28 is a 
crank frame 47 having the crank pin 48, 
and secured to the right end of shaft 37 is 
a hub 49 having parallel - crank arms 50 
carrying a crank pin 51. Between crank 
pins 48 and 51 is interposed pitman or con 
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necting rod mechanism characterized as a 
whole 52, and the details of which will be 
explained later. The radius of rotation of 
crank pin 48 is less than that of the walking 
beam pins 39 and 40 so that while the crank 
frame 47 and crank frame 48 will rotate 
through complete revolutions with the main 
shaft 28, the walking beam frame 38 will 
merely oscillate. As the main shaft is there 
fore positively rotated upon oscillation of 
walking beam 23 driven E. the power pis 
tons, the walking beam 38 will be oscillated, 
due to its connection with the main shaft 
just described, and the displacement pistons 
will be reciprocated in opposite directions in 
their cylinders. The relative angular posi 
tion of the walking beams is also such that 
a power piston and its associated desplace 
ment piston will always be moving in oppo 
site direction, as clear shown in Fig. 3... The length of each displacement piston is 
less than the length of its associated cylin 

medium, such as water. 

der, and the external diameter of each pis 
ton is slightly less than the internal diame 
ter of its cylinder. Therefore when either 
displacement piston is at one end of its cyl 
inder there will be a compartment at the 
other end of the cylinder, and the difference 
in diameters will provide a narrow annular 
space or by-pass 53 between each piston and 
its cylinder. Referring to Fig. 1, piston 41 
is at the lower end of its Air 14 to leave 
a compartment 54 between the top of the 
piston and the top of the cylinder. The up 
per part of the cylinder adjacent this com 
partment is surrounded E. heatin 
nism for highly heating the cylinder walls 
adjacent the compartment. As shown, the 
heating mechanism comprises a circular 
burner 55 mounted on the annular shelf 56 
secured to the cylinder, and the flames from 
the burner are confined against the cylinder 
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mecha- . 
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85 
walls by an annular, inclosure 57 mounted . 
on the shelf 56. The top of cylinder 14 is 
similarly surrounded by heating mecha 
nism and these heating mechanisms may in 
gas burners be supplied from a common 
ge 58. (Fig. 2). The lower end of cylin 
er 4 is surrounded by an annular water 

jacket 59 resting on the shoulder 13 of the 
boss 12 supporting the cylinder, and like 
wise the lower part of cylinder 14 is sur 
rolinded by a water jacket 59 resting on 
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boss 12, piping 60 being suitably connected 
with the upper and lower parts of the jack-. 
ets in the manner well understood, to cause 
circulation through the jackets of cooling 

E. practice, there 
fore, the upper end of each displacement 
cylinder will be highly heated and the lower 
part thereof will be cold, these extremes in temperature acting on the driving gas of 
the engine to cause great expansion and 
contraction thereof. As best shown in Fig. 
3, a pipe 61 connects the upper part of 
power cylinder 16 with the top of the asso 
ciated displacement cylinder 14, and where 
such connection is made below the heating 
compartment 54 of the displacement cylin 
der the wall of the cylinder may be grooved 
to form a port 62 for more rapidly convey 
ing the hot high pressure gas from compart 
ment 54 to the power cylinder. Likewise, a 
pipe 61' connects the upper end of power. 
cylinder 16 with the heating compartment 
of the associated displacement cylinder 14. 
From the description thus far the opera 

tion of the engine can be clearly understood. 
The engine shown of course has two operat 
ing sets, each comprising a power element 
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and an associated displacement element, and 
it will be necessary only to describe the 
cycle of operation of one set, which is shown 
in section in Fig. 3. To start the engine it 
is first charged with gas under pressure. 
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Different kinds of gas could of course be 
used, but on account of its inert chemical 130 
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nature and its high co-efficient of contrac 
tion and expansion I preferably employ 
carbondioxid gas. The valve 63 shown as 
mounted on end wall 7 is connected with a 
source of compressed gas and is open to 
allow the gas to enter first compartment 10 

- through the passageway 64 and then com: 
partment 11 through the passageways 64 
extending to intermediate wall 9 between 
the compartments. This gas, say 800 
pounds per square inch pressure, will force 
its way between the various bearing sur 
faces to the power cylinders and displace 
ment cylinders until the pressure is of 800 
pounds throughout the chambers and cylin 
ders, whereafter valve 63 is closed the crank 
chambers as well as the cylinders being then. 
entirely sealed. The burners are now light 
ed and the water circulated through the 
cooling jackets. As indicated in Fig. 3, the power piston is up and the displacement 
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cylinder down. As the gas in compartment 
54 becomes highly heated its volume is very 
much increased and its pressure correspond 
ingly raised say to about 1200 pounds per 
square inch. During operation of the en 
gine there will therefore be 400 pounds per 
square inch initial pressure on the pistons. 
Piston 19 being forced downwardly by the 
expanding gas will turn the shaft 22, which 
rotation is transmitted through connecting 
rod 33 to main shaft 28, the walking beam 
23 being oscillated and the main shaft re 
volved. This rotation of the main shaft is 
transmitted to crank frame 47 and through 
connecting mechanism 52 to shaft 37 to os 
cillate walking beam frame 38 and to recip 
rocate the displacement pistons. Therefore, 
as piston 19 moves downwardly the displace 
ment piston 41 is carried upwardly. As the 
displacement piston moves upwardly the hot 
gases remaining in compartment 54 are dis 
placed and flow downwardly through the 
thin annular space 53 and through the cool 
ing compartment now formed at the bottom 
of the displacement cylinder adjacent the 
waterjacket, the gas being primarily rap 
idly cooled by passing as a thin film through 
annular passageway 53 adjacent the water 
jacket, and then finally cooled by the sur 
rounding water jacket, and its volume and 
pressure greatly diminished. The main 
shaft carries a fly wheel 66, and the inertia 
of this fly wheel will of course tend to cause 
the power piston to return to its upward po 
sition. However, the pressure of the cooled 
gas quickly falls below that of the gas in the 
walking beam compartments, and the differ 
ence in pressure acting on the lower part of 
the power piston will force this piston up 
wardly, the resultant rotation of the main 
shaft being transmitted to the walking beam 
38 and the displacement pistons, the piston 
41 being returned to its lower position to 
force the cold gases upwardly back to com 

3. 

partment 54. The cold gases passing in a 
thin film through annular space 53 adjacent 
the hot power end of the cylinder will be 
EY quickly heated and then finally eated in compartment 54 by coming in 
contact with the highly heated adjacent 
walls of the cylinder, and the pressure 
quickly exceeding that of the pressure in the 
walking beam compartments, the power pis 
ton is again driven downwardly. Thus, the 
gas is alternately highly heated and greatly 
cooled at opposite ends of the cylinder, and 
the resulting difference in pressure acting on 
the power piston will cause reciprocation 
thereof to drive the main shaft. Both en 
gine sets of course operate simultaneously to 
drive the main shaft, the two power pistons 
operating always in opposite direction, and 
likewise the two pistons always operating 
in opposite direction on account of the inter 
connections hereinbefore described. 

It is very desirable that the full volume 
of gas be retained in either the heating or 
cooling compartments until the pressure re 
sulting from heating or cooling will have 
had ample time to thoroughly and efficiently 
act on the power pistons. I have therefore 
devised the improved form of connecting rod 
mechanism 52 between the main shaft and 
shaft 37 for causing the displacement cyl 
inders to undergo periods of rest when at 
their uppermost or lowermost positions 
within the displacements cylinders so as to 
give the heated or cooled gas ample time to 
become effective in driving the power pis 
tons. The connecting rod 67 pivots at its 
FE end to the crank pin 48, the lower end 

of the rod extending through the head of a 
closed cylinder 68 and terminating therein 
in a piston 69. The base of the cylinder has 
the bearing lug 70 which pivots on the pin 
51 on crank frame 49 secured to shaft 37. 
As before stated, the radius of revolution 
of pin 51 is greater than the radius of revo 
lution of pin 48, and therefore shaft 37 will 
oscillate and the main shaft will freely re 
volve if the connecting mechanism 67 were 
of the ordinary kind and of the proper 
length. However, the connecting rod 
mechanism 52 is yieldably shortened so that 
part of the main shaft revolution will be 
resisted by the pneumatic mechanism com 
prising the cylinder 68 and piston 69. As 
shown in Fig. 2, the piston is midway in 
the cylinder 68, and walking beam 38 has 
been rotated in one direction to carry cyl 
inder 16 to its lowermost position and cylin 
der 16' to its upper position, and the beam 
can rotate no farther in this direction. 
However, the crank pin 48 has not yet fin 
ished its complete revolution, and can only 
finish its revolution by compressing the air 
in the cylinder 68 between the head thereof 
and the piston. The walking beam and con 
sequently the displacement pistons remain 
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at rest until the crank pin 48 has passed 
through the dead center and the piston 69 
has again reached its intermediate position. 
The walking beam will then be rotated in. 
opposite direction to raise piston 16 and to lower piston 16', whereupon the pistons will 
again remain at rest: during the interval 
that crank pin 48 passes through the oppo 
site dead center, and piston 69 travels toward 
the bottom of cylinder 68 and back again 
to intermediate position. Thus when the 

... displacement pistons reach their upper or 
lower positions they remain in these posi 
tions for a short time to give the heated and 

is cooled gas ample time to thoroughly act on 
the power pistons. In Fig. 4 these move 
ments are diagrammatically illustrated. 
The circle a represents the path of crank 
pin 48, and lineb represents the harmonic 

20 movement of the pin. Point a represents 
the position of pin 48, as shown in Fig. 2, 
in which position the piston is midway in 
cylinder 68 and the walking beam 38 at the 
limit of its movement in the one direction. 

25. When the pine reaches the dead centerd 
the piston 69 will be at the upper end of the 
cylinder, and the main shaft during this 
movement is retarded by the compression 
of the air between the piston 69 and the 

so head of its cylinder. Immediately after 
the pin passes the dead center d the re-ac 
tion of the air in cylinder 68 becomes ef 
fective, and the retardation to the main 
shaft is compensated for during the time 
that the.pin passes from the dead center d 
to the pointe, at. which point the piston 
again assumes its middle or neutral posi 
tion. Now as the pin c travels from e to f 
the walking beam 38 will rock in the oppo 
site direction and will again come to rest 

35 

40 
when the pin reaches the point f, and the displacement cylinders will again remain at 
rest during the time that the pin travels 
from the point f through the opposite dead 
center g and toE". h, the main shaft be ing again retarded as the pin travels from 
f to g and accelerated when the pin travels 
from g to hand the pressure in cylinder 68 
equalizes. Now as the pin travels from 
ointh back to the point e, the walking 
E. is again rocked in the first direction, 
and the pistons are returned to the positions 
indicated on the drawing. Thus the dis 
placement pistons are held at rest while the 
crank pin 48 is traveling through those 
parts of its path adjacent its dead centers, 
and are moved rapidly from one end of 
their cylinders to the other, while the pin 
48 travels through the remaining portions 

60 of its path. There is consequently no ther 
mal disturbance in the heating or cooling 
compartments during initial movement of 
the power pistons, except that from the ex 
pansion or contraction of the gas, and the 

65 pressure will have ample time to become 
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ing pounding of the displacement pistons 
against the cylinder ends. This abutment 
mechanism is 

cushions 76 and 77 preferabl 

my invention, and I therefore claim the fol 

1037,190 

: fully effective on the pistons before dis 
placement takes place. 
In order to increase or decrease the pneu . 

matic effect in cylinder 68 air reservoirs 71 
and 71 are provided communicating respec 
tively with the cylinder at oppositesides of 
the piston. Each cylinder has an adjustable 

70 

plug or piston 72 locked into position by a 
set screw 73 engaging through a stuffing box 
74 having threaded engagement with the 5 
reservoir end. By adjusting the pistons or 
plungers in or out the volume can be de 
E. or increased. I also preferably pro vide cushioned stop mechanism for prevent 

80 

est shown in Fig. 2. An arm 
75 extends downwardly from the hub 49 and 
at the opposite sides of its end carries : 

of rubber. 85 
Mounted on the bed frame 5 of the machine 
are standards 78 and 79 whose ends carry 
adjustable abutment screws 80 and 81 against 
which the cushions 76 and 77 impinge, 
cushion 77 striking abutment screw 81, as 90 shown, just before the displacement pistons 
reach the position indicated, and cushion 76 
striking abutment screw 80 just before the 
pistons reach their opposite positions. By 
adjusting these screws the angle of oscilla 
tion of walking beam 38 can also be ad 
justed, and thereby the stroke of the dis 
placement pistons and the speed and power 
of the engine regulated - 
I do not desire to be limited to the precise 

construction, arrangement and operation 
shown, as changes are of course possible 
which would still come within the scope of 

95 

00 

lowing: * . 

1. In a carbon dioxid engine, the combina 
tion of a displacement cylinder having a dis 
placement piston therein of less length than 
the cylinder to leave compartments at the 
ends of the cylinder upon reciprocation of 110 
the piston, means for heating one end of the 

05 

cylinder, means for cooling the other end 
of the cylinder whereby gas within the cylin 
der is alternately heated and cooled and its 
pressure increased and decreased upon re- 115 
ciprocation of the piston, a power cylinder 
connected with the displacement cylinder 
for interflow of gas, a power piston within 
said power cylinder, a main crank shaft con 
nected with said power piston to be driven 
thereby, a second crank shaft connected 
with said displacement piston to control the 
reciprocation thereof, and a longitudinally 
elastic connecting rod mechanism connect 
ing said main shaft with said second crank 
shaft for controlling the operation of said 
second crank shaft. - 

2. In a carbon dioxid engine, the combina 
tion of a displacement cylinder, a displace 
ment piston within said cylinder of less 130 
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axial length than said cylinder whereby 
compartments are alternately formed at 
the ends of the displacement cylinder upon 
reciprocation of the piston therein, means 
for heating one end of the cylinder and 
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means for cooling the other end thereof 
whereby gas within the cylinder is alter 
nately heated and cooled and its pressure 
varied upon reciprocation of the piston, 
power mechanism connected with the dis 
placement cylinder to be operated by the 
effect of the varying pressure of the gas, a 
shaft revolved by said power mechanism, a 
crank arm secured to said shaft and having 
a crank pin, a secondary shaft, connecting 
mechanism between said secondary shaft and 
displacement cylinder for controlling the re. 
cinrocation of said piston upon rotation of 
said secondary shaft, the stroke length of 
said piston being less than the diameter of 
revolution of said crank pin, and yieldable 
connecting mechanism between said crank 
pin and secondary shaft for controlling the 
operation of said secondary shaft. 

3. In a carbon dioxid engine, the combina 
tion of a displacement cylinder, a displace 
ment piston within said cylinder of less 
axial length than said cylinder whereby com 
partments are alternately formed at the ends 
of the displacement cylinder upon reciproca 
tion of the piston therein, means for heating 
one end of the cylinder and means for cool 
ing the other end thereof whereby gas with 
in the cylinder is alternately heated and 
cooled and its pressure varied upon recipro 
cation of the piston, power mechanism con 
nected with the displacement cylinder to be 
operated by the effect of the varying pres 
sure of the gas, a shaft revolved by said 
power mechanism, a crank arm secured to 
said shaft and having a crank pin, an oscil 
latory shaft, a walking beam on said oscil 
latory shaft, connecting mechanism between 
said walking beam and piston whereby said 
piston is reciprocated upon oscillation of 
said oscillatory shaft, a crank arm extend 
ing from said oscillatory shaft and having 
a crank pin, the chord of oscillation of said 
oscillatory crank pin being less than the 
diameter of revolution of the first mentioned 
crank pin, and yieldable connecting rod 
mechanism connecting said pins. 

4. In a carbon dioxid engine, the combina tion of a displacement cylinder, a displace 
ment piston within said cylinder of less axial 
length than said cylinder whereby compart 
ments are alternately formed at the ends of 
the displacement cylinder upon reciproca 
tion of the piston therein, means for heating 
one end of the cylinder and means for cool 
ing the other end thereof whereby gas with 
in the cylinder is alternately heated and 
cooled and its pressure varied upon recip 
rication of the piston, power mechanism 
connected with the displacement cylinder to 

s 

be operated by the effect of the varying pres: 
sure of the gas, a shaft revolved by said 
power mechanism, a crank arm secured to 
said shaft and having a crank pin, and a 
train of connecting mechanism between said 
shaft and piston for causing reciprocation. 
of said piston within said cylinder upon ro 
tation of said shaft and for causing said pis 
ton to assume periods of rest when at the 
ends of the cylinder. 

5. In a carbon dioxid engine, the combi 
nation of a displacement cylinder, a dis 
placement piston within said cylinder of 
less axial length than said cylinder where by compartments are alternately formed at 
the ends of the displacement cylinder upon 
reciprocation of the piston therein, means for 
heating one end of the cylinder and means 
for cooling the other end thereof whereby 
gas within the cylinder is alternately heated 
and cooled and its pressure varied upon re 
ciprocation of the piston, power mechanism 
connected with the displacement cylinder 
to be operated by the effect of the varying 
pressure of the gas, a shaft revolved by sai 
power mechanism, a crank arm secured to 
said shaft and lhaving a crank pin, an oscil 
latory shaft, a walking beam on said oscil 
latory shaft, connecting mechanism be 
tween said walking beam and piston where 
by said piston is reciprocated upon oscilla 
tion of said oscillatory shaft, a crank arm 
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extending from said oscillatory shaft and 
having a crank pin, the chord of oscillation 
of said oscillatory crank pin being less than 
the diameter of revolution of the first men 
tioned crank pin, a connecting rod pivoted 
at one end to the shaft crankpin and ter 
minating at its other end in a piston, and a 
cylinder pivoted to said oscillating crank 
pin and receiving said piston, said connect ing rod, piston, and cylinder forming yield 
able connecting rod mechanism between said 
plns. 

6. In a carbon dioxid engine, the combi 
nation of a displacement cylinder, a dis 
placement piston within said cylinder, said 
piston being shorter than said cylinder in 
order to leave a compartment at each end 
of the cylinder when the piston is at the op 
posite end, means for heating one end of the 
cylinder and means for cooling the other 
end whereby the gas within said cylinder 
will be alternately heated and cooled in the 
compartments and its pressure, alternately 
increased and decreased, a power cylinder 
having connection with i displacement 
cylinder for interflow of gas, a power pis 
ton reciprocable in said power cylinder, 
power transmitting mechanism driven by 
the reciprocating power piston, means for 
reciprocating said displacement piston from 
one end to the other of this displacement 
cylinder. and means for causing said dis 
placement piston to assume periods of rest 
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when at the ends of its cylinder whereby 
the within the compartments of said 
displacement cylinder will have ample time 
to be heated or cooled and to give its changed pressure ample time to operate on 
said power piston. 

7. In a carbon dioxid engine, the combi 
nation of a displacement: cylinder, a dis 
lacement piston within said cylinder of 

f axial length than said cylinder whereby 
compartments are alternately formed at the 
ends of the displacement cylinder upon re 

20 

ciprocation of the piston therein, means for 
heating one end of the cylinder and means 
for cooling the other end thereof whereby 
gas within the cylinder is alternately heat 
ed and cooled and its pressure varied upon 
reciprocation of the piston, power mecha 
nism connected with the d cylin 
der to be operated by the effect of the vary 

'ing pressure of the gas, a shaft, revolved 
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by said power mechanism, a crank arm se 
cured to said shaft and having a crankpin, 
an oscillatory shaft, a walking beam on 
said oscillatory shaft, connecting mecha 
nism between said walking beam and pis 
ton whereby said piston is reciprocated upon 
oscillation of said oscillatory shaft, a crank 
arm extending from said oscillatory shaft 
and having a crankpin, the chord of oscil 
lation of said oscillatory crank pin being 
less than the diameter of revolution of the 
first mentioned crank pin, a connecting rod 
connected at one end with one of said pins, 
a cylinder pivoted to the other pin, and a piston reciprocable within said cylinder and 
connected to the other end of said connect 
ing rod whereby air at opposite sides of the 
piston will be alternately compressed upon 
passage of the shaft crank pin through its 
paths adjacent its dead centers. 

8. In a carbon dioxid engine, the combi 
nation of a displacement cylinder, a dis 
lacement piston within said cylinder of 
E. axial length than said cylinder whereby 
compartments are alternately formed at the 
ends of the displacement cylinder upon re 
ciprocation of the piston therein, means for 
heating one end of the cylinder and means 
for cooling the other end thereof whereby 
gas within the cylinder is alternately heated 
and cooled and its pressure varied upon re 
ciprocation of the piston, power mechanism 
connected with the E. cylinder to be operated by the effect of the varying 
pressure of the gas, a shaft revolved by 
said power mechanism, a crank arm secured 
to said shaft and having a crank pin, an oscillatory shaft, a walking beam on said 
oscillatory shaft, connecting mechanism be 
tween said walking beam and piston where 
by said piston is reciprocated upon oscilla 
tion of said oscillatory 
extending from said oscillatory shaft and 
having a crank pin, the chord of oscillation 

shaft, a crank arm 

1,087,190 

of said oscillatory crank pin being less than 
the diameter of revolution of the first men 
tioned crank pin, a connecting rod con 
nected at one end with one of said pins, a 
cylinder p 
reciprocable within said cylinder and con 
nected to the other end of said connecting 
rod whereby air at Eile sides of the 
piston will be alternately compressed upon 
passage of the shaft crank pin through its 
aths adjacent its dead centers, and means 
or increasing or decreasing the available 
volumes of air to be compressed upon recip 
rocation of said piston. . . . 

9. In a carbon dioxid engine, the combi 
nation of a displacement cylinder, a dis 
EE piston within said cylinder of ess axial length than said cylinder whereby 
compartments are alternately formed at the 
ends of the displacement cylinder upon re 
ciprocation of the piston therein, means for 
heating one end of the cylinder and means 
for cooling the other end thereof whereby 
gas within the cylinder is alternately heated 
and cooled and its pressure varied upon re 
'ciprocation of the piston; power mechanism 
connected with the displacement cylinder to 
be operated by the effect of the varying pres 
sure of the gas, a shaft revolved by said 
power mechanism, a crank arm secured to 
said shaft and having a crank pin, an oscil 
latory shaft, a walking beam on said oscilla 
tory shaft, connecting mechanism between 
said walking beam and piston whereby said 
piston is reciprocated upon oscillation of 
said oscillatory shaft, a crank arm extend 
ing from said oscillatory shaft and having 
a crank pin, the chord of oscillation of said 
oscillatory crank pin being less than the 
diameter of revolution of the first mentioned 
crankpin, a connecting rod connected at one 
end with one of said pins, a cylinder pivoted 
to the other pin, a piston reciprocable with 
in said cylinder and connected to the other 
end of said connecting rod whereby air at 
opposite sides of the 
crank pin through its paths adjacent its 
dead centers, a reservoir connected with said 
cylinder at each side of the piston, and 
means for adjusting each reservoir to in 
crease or decrease the available volume of 
gas to be compressed by the reciprocating 
pistons. 

10. In a carbon dioxid engine, the combi 
nation of a displacement cylinder, a piston 
reciprocable within said cylinder, said pis 
ton E. shorter than said cylinder where 
by a compartment is left at each end of the 
cylinder when the piston has traveled to 
ward the other end of the cylinder, means 
for heating one end of the cylinder, and 
means for is, the opposite end thereof whereby gas within said cylinder will be 
alternately heated and cooled within said 
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compartments formed by the reciprocation 
of the piston and the pressure of the gas 
thereby alternately increased and decreased, 
power mechanism connected with said cylin 
der to be acted upon by the varying gas 
therefrom and thereby operated, a main 
shaft connected with said power mechanism 
to be revolved upon operation thereof, an 
oscillatory shaft, an arm secured to said 
shaft and connected at its end with said pis 
ton to cause reciprocation of said piston 
upon oscillation by said shaft, a crank arm 
on said oscillatory shaft, a crank arm on 
said main shaft having a crank pin, a sec 
ond arm on said oscillatory shaft having a 
pivot pin at its end, adjustable mechanism 
for limiting the arc of oscillation of said 
oscillatory shaft and thereby limiting the 
stroke of said piston, said adjustment being 
such that the oscillation of said second arm 
will always be less than would cause com 
plete revolution of said main shaft if said 
crank pin and oscillating arm pin were con 
nected together by a rigid connecting rod, 
and longitudinally yieldable connecting rod 
mechanism connecting said crank pin with 
said oscillatory arm pin whereby said main 
shaft may continue its rotation to carry the 
crank pin over the dead centers when the 
oscillatory arm reaches the ends of its oscil 
lations. 

11. In a carbon dioxid engine, the combi 
nation of a crank case, a cylinder communi 
cating with the crank case, a crank shaft in 
said crank case, a piston in the cylinder con 
necting with said crank shaft, said crank 
case and cylinder forming an inclosed space 
for receiving and retaining carbon dioxid 
gas under heavy pressure, means for heating 
one end of the cylinder, and means for cool 
ing the other end thereof whereby the gas 
within the cylinder is alternately heated and 
cooled and its pressure varied to cause re 
ciprocation of the piston within the cylinder. 

s? 

12. In a carbon dioxid engine, the combi 
nation of a crank case, a displacement cylin 
der, a power cylinder supported on said cas 
ing and communicating with the interior 
thereof, said crank case and cylinders form 
ing an inclosed space for receiving and re 
taining carbon dioxid gas under heavy pres 
sure, a displacement piston within the dis 
placement cylinder, a power piston within 
the power cylinder, crank shaft mechanism 
in the crank case and connected with said 
pistons, means for heating one end of the 
displacement cylinder and means for cool 
ing the other end thereof whereby the car 
bon dioxid within the displacement cylinder 
is alternately heated and cooled upon dis 
placement of the piston and its pressure 
varied. . 

13. In an engine, the combination of a 
power cylinder, a piston reciprocable within 
said cylinder, a main crank shaft connected 
with said piston to be rotated upon recipro 
cation of said piston, a gas reservoir for 
supplying gas under pressure to said power 
cylinder, a displacing member within said 
gas reservoir, a secondary crank shaft, a 
crank arm on said secondary crank shaft 
connected with said displacement member, a 
second crank arm on said secondary shaft, a 
crank arm on said main crank shaft, the 
length of stroke of said displacement mem 
ber being less than the diameter of revolu 
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tion of said crank arm on the main crank 
shaft, and longitudinally elastic connecting 
rod mechanism between said main crank 
shaft crank arm and said second crank arm 
on said secondary shaft. -.' 
In witness hereof, I hereunto subscribe my 

name this 17th day of January, A. D. 1911. 
CHARLES A. ANDERSON. 

Witnesses: 
CHARLEs J. ScHMIDT, 
NELLIE B. DEARBORN. 
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