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... 1. 
This invention pertains to a hot-gas engine, 

and more particularly to a device: for controlling 
the indicated power by modifying the phase angle 
between the working piston. and the displacer 
piston. 

It is known that by modifying the phase of the 
movements' of the working piston and of the dis 
placer piston; it is possible to regulate the course 
of the pressure in the cycle and consequeritly 
also the power of the motor. A known device for 
regulating this. phase angle consists of separate 
drives for the piston and for the displacer, in 
which event the displacer is driven by two differ 
ently arranged eccentrics, which are connected 
with the rod of the displacer, through the inter 
mediary of a link beam, which construction is 
also: found in piston steam engines which corn 
prise a slide valve as the steam distributing neith 
ber. Such a link construction has the drawback 
that the smass which is to be noved to and fro 
is: large, which drawback. is especially prevalent 
in engines running at a high speed. 
Aprimary object of this...invention is to over 

come the above problem. . 
A further object of this invention is to pro 

vides means for alterings the power'. Ottput of a 
hotegas engine. 
A still further object of this invention is to pro. 

wide a phase changer device for piston type: en 
giness - . 

; Other objects and advantages of this invention 
will be apparent as the description proceeds, here 
inafter. - 
The drawing: shows a preferred embodiment of 

the present invention 
According...to the present invention use is made 

of another distinctly different device from those 
nientioned, and known for modifying the phase 
between the: working piston and the displacer 
piston. Generally speaking, this device is char 
acterized in that a separate crankshaft is pres 
ent for the piston as Well as for the displacer, 
which crank shafts are coupled With one another 
via gear wheels by means of an intermediate 
shaft, which is slidable in the direction of the cen 
ter-line of this shaft. Considering each of the 
gear wheels on the said intermediate shaft, it is 
noted that the quotient of the gear wheel diam 
eter and the angle between the direction of the 
teeth. and the center-line of the intermediate 
shaft is not equal to that of the other gear wheel, 
förif, use is made. of gear wheels with oblique 
orchielical teeth...there occurs simultaneously, with 
the sliding:movement of this intermediate shaft 
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2. 
the angular displacement of the point of appli 
cation on the gear wheel of the gear wheel-mesh 
ing therewith. The angle of displacement of this 
point of application is directly proportional to 
the angie' which forms the teetii with the eeritera 
line of the intermediate shaft and is inversely 
proportional to the gear wheel diameter. If for 
the two gears on the intermediate shaft these 
quotients are equal, only the intermediate shaft 
is consequently rotated upon displacement, the 
shafts coupled therewith remaining at rest duit. 
ing this rotary motion: If the quotients are tari 
equal, as in the case according to the invention, 
the angular displacement on the one gear: wheel 
is consequently, with a determined displaceinient, 
not equal to that on the other gear wheel; and 
therefor the two crankshafts rotate relatively to 
One another and the phase angle between the two 
Cranks Varies. 
A hot-gas engine is generally constructed in 

such manner that with a determined phase' angle 
between the piston and the displacer; which angle 
may be, for example, 90°, the maximum indicated 
power is obtained. A larger phiase angle is in 
possible from a construetional point of view be 
cause in this case the pistoni and the displacer 
would butt against one another;" a smaller phase 
angle is, however, always possible. If the phase 
angle becomes Zero; the indicated power' is nil. 
If the phase angle becomes: negative; the motor 
rotates in the opposite direction. The negative 
value may rise to the same height as the maxi 
mum positive value, that is, 90°, as described here 
inafter, so that it is again just impossible for the 
piston and the displacer to butt against one an 
other. The device according to the invention is 
preferably constructed in such mariner that the 
phase angle between the positive and negative 
maximum values is variable so that the described 

i; construction may serve not orily for the control 
of the power but also for the reversal of the di 
rection of rotation of the engine. 
Owing to the fact that the displacer pistori 

can be displaced with respect to the working pisi. 
ton, it is possible to start the engine by means of 
this construction. 
The invention will be explained more fully with 

reference to the accompanying drawing, whichi 
represents, by way of example; one entibodiment 
thereof. 
The drawing represents only the parts: of a 

hot-gas engine which are essential for an: under 
standing of this inventioni. A" working piston, ff 
and a displacer. piston. being... aligned... piston 

rotation of the latter. This rotation is: equal to 55 means: are connected to separate; crankshafts3f2. 
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and 3 respectively through the intermediary of 
various cranks and connecting rods. Piston 
means if is coupled to the crank shaft 2 by a 
Y or wishbone shaped connecting rod means ". 
A piston rod O' attached to the piston means. 
is coupled to the crankshaft 3 through the in 
termediary of offset pitman means 13. The 
phase between the piston if and the displacer 
consequently depends on the phase angle between 
the two crankshafts 2 and 3. Since a modifica 
tion of this phase angle entails a change in the 
course of the pressure of the cycle, the indicated 
power of the engine may be varied by adjusting 
this phase angie. 
These crank shafts are coupled with one an 

other by means of an intermediate shaft 6 
through the intermediary of screw Wheels or gear 
means. Since in a hot-gas engine the speeds of 
the piston and of the displacer are equal, the 
ratio of transmission via this intermediate shaft 
and these gear wheels is 1:1. However, in Order 
to be able to modify the indicated power, it must 
be possible to modify the phase angle relation 
ship between the crankshafts 2 and 3. This is 
effected by displacing the intermediate shaft 6, 
which is coupled for this purpose with a lever 9. 
The intermediate shaft has mounted on it two 
screw or gear wheels or gear means 5 and 8 
of which the former meshes with a gear wheel 
14 on the crankshaft f2 and the latter with a 
gear wheel 7 on the crank shaft 3. The gear 
wheels 5 and 8 are constructed in such in anner 
that upon displacement of the shaft f(, along its 
own axial length the shafts 2 and 3 perform 
unequal rotary motions so that the phase between 
these shafts varies. This consequently implies 
that upon displacement of the shaft 6 the point 
of application between the gear Wheels 7 and 
8 is displaced through another angle than the 

point of application between the gear wheels 
and 5. With screw wheels or gears the dis 
placement of the point of application or original 
contact depends on the pitch of the teeth and on 
the diameter of the gear wheel, and this in Such 
manner that the angular displacement is greater 
according as the pitch angle is larger (by "pitch 
angle' is meant the angle formed between the 
teeth and the center-line of the shaft), this an 
gular displacement being, with the same pitch 
angle, inversely proportional to the gear wheel 
diameter. Upon displacement in the direction of 
the shaft, gear wheels whose quotients of pitch 
angle and gear wheel diameter are equal may 
consequently undergo equal angle displacements, 
although the gear wheel diameters are unequal. 
In the case under consideration, however, the 
angular displacements may not be equal, so that 
the said quotients are consequently also unequal. 
With a determined axial displacement of the 

intermediate shaft, a maximum variation of the is: 
phase angle between the crankshafts of the pis 
ton and of the displacer is obtained, if on the 
two gear wheels the angles formed between the 
teeth and the axis of the gear Wheel are oppo 
site. The numerical values of these quotients are 
therefore preferably made equal in order that two 
equal gear wheels milled in opposite directions 
may suffice. On the ground of these latter con 
siderations the diameters of the gear wheels 5 
and 8 and therefore also those of the gear wheels 
f4 and f are all made equal to one another. 
What We claim is: 
1. In a hot-gas engine, a device for controlling 

its indicated power by modifying the phase angle 
between its piston and displacer comprising a 
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crank shaft of the piston, a crank shaft of the 
displacer, parallel gear means fixed to each of 
said shafts, an intermediate shaft, gear Wheels 
parallel With said gear means coupled to Said in 
termediate shaft, said gear wheels being coupled 
to said gear means respectively, said gear wheels 
being so proportioned that the quotient of one 
gear wheel diameter and the angle between its 
teeth and center-line of the intermediate shaft 
is not equal to that of another gear wheel. 

2. A device as claimed in claim i wherein said 
intermediate shaft is axially movable with re 
spect to said Crankshafts to such an extent that 
the phase angle varies from a positive maximum 
value to a negative maximum value. 

3. A device as claimed in claim 1 wherein said 
quotients are of equal but of opposite values. 

4. A phase changing device for a hot-gas en 
gine comprising a piston crankshaft, a separate 
displacer crankshaft parallel to the first, gear 
means fixed to said shafts respectively, an inter 
mediate shaft parallel to said shafts, spaced gear 
wheels coupled to said intermediate shaft, said 
gear Wheels being so proportioned that the 
quotient of one gear wheel diameter and the 
angle between its teeth and the center-line of 
Said intermediate shaft is not equal to that of an 
other gear wheel whereby various longitudinal 
movements of the same into mesh with said re 
Spective crankshaft gear means cause phase angle 
differences between said crankshafts, and means 
for moving said intermediate shaft along its own 
longitudinal axis in two directions. 

5. A phase changer device as claimed in claim 
4 wherein said intermediate shaft is axially mov 
able with respect to said two crankshafts to such 
an extent that said phase angles vary from posi 
tive values to negative values. 

6. A device as described comprising aligned pis 
ton means, connecting rod means coupled to said 
means, a first one of said rod means being mov 
able within one of Said piston means, parallel 
crankshaft means coupled to said connecting rod 
means, offset pitman means, one of said crank 
shaft means being coupled to said offset pitman 
means, an intermediate shaft substantially in 
terposed between said crankshaft means, gear 
Wheel means fixed to said respective crankshaft 
means and intermediate shaft for coupling said 
piston means, and means for moving said inter 
mediate shaft with gear wheel means thereon 
axially whereby the phase angle between said pis 
ton means is changed. 

7. A device as claimed in claim 6 wherein the 
- Structural relationship of the gear wheel means 
On Said intermediate shaft is such that the 
quotient of the gear wheel diameter and the 
angle of one gear wheel means between its teeth 
and center-line of said intermediate shaft is not 
equal to that of another gear wheel means. 
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