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To all whom it m&y concern:

Be it known that I, ApoLr Voer, a citizen
of Austria-Hungary, remdmﬁ' at 91 Thornl&w

road, West Norwood, in the county of Surrey,

Enwland have mvented a certain new and use-

ful Internal Combustion Motor Working with

- Combustion-at Appromm&tely Constant Pres-

‘with combustion at econstant volume, to which

“class most existing motors belong, (b) those
working with combustion at constant tempera-.

20

25

-stant pressure.
has been endeavored to be carried out; but no

tor.
with high degrees of cornpression, as the eco--

sure, of which the following is a specification.
TInternal-combustion motors may be divided
into three groups, namely: () those working

ture, to whmh class the Diesel motors belong,

and (c) those working with combustion at con-
Thls latter mode of working

practical result has been obtained.

The process with combustion at constant
volume has the disadvantage that high de-

orees of compression cannot be emploved as

to allow of a practical construction of the mo-
It 1s, however, g dealderatum to work

nomical utilization of the heat produced is a

function of the compressmn—-pressure

- 30
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The employment of compression-pressures

of the same height as the highest explosion-
pressures employed at the present day is only
~ possible with the two last above-named meth-
~ ods of working, as the operation could in this
case be so carried out that the pressure dur-
ing the combustion would not greatly exceed

that of the compression.
The mode of working carried out by the

Diesel motors—namely, with combustion at
constant temperature—can only be imper-
fectly accomplished and possesses the disad-

vantage that the compression must necessarily
beadiabatic.

Thetemperatures that occur are
comparatively high, as is also the tempera-

~ture of the discharged gases, and the work of

compression is considerable, so that it is also
not possible to carry out this- process even with
approximate economic success.

The third above-named mode of working—

namely, with combustion under constant pres-

. sure-—which is rendered practically possible

50 by means of my mventmn 1s that which al-

‘the same dimensions.

time and then igniting it.
certainly give. the best results
‘| high degrees of compression is only possible

- ¢center.
‘the better will be the action.

lows of the best utilization of the heat, as it
can be effected with the lowest maximum and
also mean temperatures, the compression tem-
perature being reducible toslightly above 100°
centigrade irrespective of the compression-
pressure. As before stated, such & motor will

“work with the lowest maximum and mean tem-
peratures for the same degree of heat utili-

zatlon as compared with other machines of
The method of oper-
ating can be carried out 1n various ways,
namely |

1. Adiabatic compression and gradual com-
bustion with constant pressure, (see Die Gas-

machinen, by R. Schottler, Braunschweig,
1899, pages 214, 216, 221.) The motors re-

ferred to were nob practlcallv useful, as the
process could not be carried out p]:'(:v];)e:['l;yr

thereby. -
- 2. Almostisothermic compression and grad-

-ual combustion with constant pressure.
the explosion-pressure would then be too high |

3. Kxplosive combustion with constant pres-
sure (¢) with an adiabatic and (b) w1th al-
most isothermic compression.

The methods of operating referred to under
2 and 3 can be carried out according to my in-

vention in two different ways, namely (@) in

compressing the combustible mixture either

~within or outside the cylinder and (3) by only -

compressintr the air in the cylinder and blow-

‘ing into this the combustible at a point near

the dead- center during the shortest possible
2 and 3.(5) will
With 3 (o)

when the combustible is introduced subse-

quently. This method might be practicable
‘when forcing in sprayed liquid combustible,
as 1n this case the combustible is at once vap-

90

orized and, as 1n the case of the Diesel mo-

tors, also at once 1gnited. With my improved
‘method of working the total amount of the

combustible can be introduced at the dead-
The more rapidly it is introduced

For satistying all the above requirements

1t sufhices acedrding to my invention to ren-

der some part of the walls of the compression-
space movable in such manner that while the
combustible charge is being compressed it re-
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mains statlonary; but when the pressure
slightly exceeds the maximum compression-
pressure on the ignition of the charge such
part will yield as long as the excess of pres-
sure continues and will thereby . approxi-
mately maintain such pressure in the com-
pression-space by the automatic increase of
capacity thereof during the time of combus-
tion. On the other hand, when the pressure

nearly to the compression-pressure owing to
the expansion consequent upon the forward

motion of the motor-piston the said movable.

part will gradually resume its original p05‘1-
tion.
In the following description of my inven-

- tion it will be shown in which manner the

35

able degree during the time that the said part

40

‘compression-space or the combustion-space
.can be so arranged as to fulfi
. scribed mode of action. With normal motors |
-operating without liquid either the rear part
of the piston or, preferably, the cylinder-cover
-1s made to give way. In motors operating
'with a Iiquid-piston the yielding part can be

1 the above-de-

provided in the downward extension of the
vertical explosion-chambers, or such extension

-may also be arranged laterally. This said
-yielding part must be loaded, by means of a
.spring device, tosuch an extent that it remains

3¢

In 1ts normal position up to the highest de-
oree of compression-pressure. LThe spring

~must, however, yield as soon as the compres-
sion-pressure is exceeded 1n consequence of
- the 1gnition of the charge.

The spring must
be such that on. compressing the same the
pressure shall not increase to any consider-

recedes to i1ts end position. Furthermore,

~the said spring must have as little mass as
possible in order that for the compression of

- the same no special accelerating pressures may

- .be requisite.

This also holds good for the

“receding part of the walls, ‘which should be

45

‘made as light as possible.
.mous pressures which will occur in such cases
{on a piston-surface of one square decimeter

With the enor-

. they will amount already to-4,000 kilograms
- when the compression-pressure has reached

- forty atmospheres) steel springs do not appear

suitable for thispurpose. A pneumatic spring

-+ 1s certainly the most advantageous for the
purpose, as it is almost without mass, will
- consequently act most rapidly, and is not sub-

- -Jectto any wear, the medium being either alr,
55

oases, Or vapors.
T will now describe my Sald invention with

: reference to the accompanymﬂ' drawings, in

. which—

60

Figure 1 shows a section of part of a mo-
tor- cylmder in which the piston is construct-

- ed with a telescopically-sliding rearward ex-

. tension.

Fig. 2 shows a part section of a

- - motor - cylmder the rear end of Wthh 18

65

formed as a yielding piston. Fig. 3 is an In-
dicator-diagram, showing the action of a mo-

sion-space 25.

752,036

tor constructed according to my invention.
Kig. 4 shows a part section of a motor-cylin-
der the piston of which 1s provided with a
sliding rear extension similar to Fig. 1. Fig.

5 shows a longitudinal section of a motor

provided with a yielding auxiliary piston
working in the cylinder - cover; Fig. 6, a

‘section through the cylinder on line ¢ b,
Fig. 5, showing the discharge-valve; f1g. 7,
in the said space has been again reduced | a
. the combustible mixture and the starting-

section on line ¢ 7, showing the valve for

valve; Fig. 8, a section on line ¢ d, showing
one part of the starting-valve gear; Fig. 9, a

-section on line 2 £, showing the other part of

the starting-valve gear; Fig. 10, a part side
view showing the valve-gear; FKig. 11, a sec-
tion at g A, showing the pump-valve of the
yvielding piston; and Fig. 12 is a section of a

form of reducmﬂ-valve

In Fig. 1 1is Shown q, Workmﬂ' piston 1,
whose end 1* 1s arranged to sllde in and out
of the other part. The hollow space 1° there-
of is filled through the pipe 2 with com-
pressed air at a pressure which i1s sufficient

. to maintain the rear part of the piston in the

outwardly-extended position indicated up to
the end of the compression of the combusti-

ble charge, which will then be contained in
the space 25 of the working cylinder 26. At
the moment of combustion the part 1* of the

piston will of course be forced inward into

the other part, so that no considerable in-
crease of pressure need occur 1n the explo-

will then remain stationary relatively to the
cyvlinder during the forward motion of the
main piston-body until this part of the pis-
ton carries the rear part along with 1t. This

will take place at the moment when the pres-

sure in the explosion-space and that within
the movable part of the piston becomeegual.

In Fig. 2 is shown an arrangement 1n which
the rear end of the cylinder or the cover is
made movable. In the space 27 behind the
piston 3 1s again contained compressed air of
such a pressure that the piston 8 is main-
tained in the forward position shown until
the end of the compression of the combusti-
ble charge, which will then be situated in the
space 28. At the moment of combustion the

piston 8 will move backward and in enlal o-

ing the space 28 proportionately to the in-

This rear end of the piston

70

75

30

Q0

95 -

LOO

105

110

115

crease in volume of the gases will thereby

maintain the pressure approxim&tely con-
stant during the time of combustion. The
working-piston 29 will then move forward
and piston 3 follow it up in consequence of
the air-pressure existing in space 27 behind
it until the front end thereof, which is pref-
erably formed to act as a Valve as shown,
agaln bears upon the seat 4 of the cyhnder
From this moment the adiabatic expansion

-will take place in consequence of the continued
‘motion of the working piston. The small

piston 5, connected to the piston 3, only acts

120
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It will be seenthat by eonstruet—-
ing piston 3 as a valve its rear part is of
larfrer diameter than its front face, so that
the pressure required to keep it up against

its seat will be proportionately less than the.

pressure exerted by the compressed charge in
space . -

In Fig. 8 is shown an mdlcator dlagram

- Tepr esentmo* the theoretical action of the mo-

'::"10

tor. In this diagram the -influence of the

~speed of the working piston upon the action

20

has been neglected. With petroleum or ben-

701 motors thls will not have to be considered.

at all, in consequence of the rapid combustion.

"The compression is effected partially isother-

mically. If the motor were not arranged with
a yielding cover to the cylinder, the explosmn-
pressure would, with the assumed -compres-
sion of thirty-nine atmospheres, rise to about

It has in this

~ case been assumed that the yielding cover or

. at the moment of ignition the pressure will |
rise from B to E.in mder to exercise the req-
uisite accelerating pressure upon the yielding

| 30

_plston has the same diameter as the working
- piston and that the pressure of the compressed
~air behind the yielding piston is equal to the

maximum compression-pressure. In thiscase

piston. This plStOIl then moves from H to 1,
during which time the pressure of the air-

- oueh"lon will rise from M to N, equal to from
K to J, the yielding piston bemO' brought to

35
- the dead-center.

- a standstill at the lineIJ. It is assumed that
at this moment the working piston is still at
The yleldmﬂ' piston or its

-air-cushion will have taken up the work, which

‘is represented by the surfice HI J K. Both

“the working piston and the yielding piston

o
- arrived at_F, at which moment the yielding

will now move forward until the former has

- piston will have arrived at H, when the pres-
- sures behind and in front of it will be equal.

- 45;
. will then represent the work performed. As
“during the first moment of combustion the
- pressure has risen to.E, the combustion will
- actually take place at constant pressure.
‘Increase of pressure from B to K can be ren-

From the point F will commence the adiabatic
expansion.  The diagram A B E F G D A

The

~ dered very small by increasing the volume of

- the air-cushion and decreasing the weight of
- . the yielding piston, which may be of elumlm-.

~um, so that the line E F will become practi-
By increasing the diameter.
-of the yielding piston relatively to that of the :

~ working plStOIl the stroke of the iormer can -
- be reduced. o

cally horizontal.

In Fig. 4 is shown an a,rranfrement with ex-
pansible piston in which -the compreesed alr
1S Supplled automatleally

- opposite the pipe 7, through which the space

65

8 can be filled. w1th air; Durmw the combus-

tlon of the charge the rear part 10 ot the. pis-

At the outermost
- position of the main piston its edge 6 arrives

o

ton is forced inward into the main part and

the air contained in the space 8 will be forced

through the annular valve 11 into the space 9. -

On the part 10 moving outward again the air
will pass from the space 9 through the valves
12 and 13

ton.
which allows the escape of any excess of air
above the quantity required when the air in

14 has been compressed to the maximum de-
‘gree by the inward motion of piston 10. In

this case the pipe 16 will not be required for
charﬂ'mcr with compressed air. The surplus
alr IIllO‘ht however, also be forced through

pipe 16 into a separate receiver, the valve 15

being in that case fitted to the latter_ In this

70

2 (shown in two different arrange-
‘ments) into the space 14 of the yielding pis-
At 15 there is provided a loaded valve

75

30

way compressed air is obtained automatically

“for starting the motor and for the spraying of
‘two hundred and thirty-five atmospheres, giv- |

" ing the diagram A B C D A.

water for cooling during the compression.
-~ Figs. 5 to 11 show a gas-motor engine pro-

vided with a yielding auxiliary piston in the

cylinder-cover.

The yielding piston 17 is -

shown at Fig. 5 in its position of rest witha

cushion of compressed air in chamber 19. 17"
1s a soft packing for the end of this piston,
such as galvanized asbestos, &c., or even
leather. The rear end of the piston 17”again
acts as alr-pump and also as buffer.

QO

The .

‘space which is formed between the yielding. 95

piston and the seat 18 during the yielding mo-

tion of the piston is connected with a pres-

sure-valve 23 and a suction-valve 24, asshown

at Fig.- 11. From the pressure-valve 23 a

pipe 23 leads to a reservoir of compressed.

alr containing air at. a higher pressure than

that in space 19 behind the piston. The space

19 1s connected, by means of pipe 20, with
thig ‘alr vessel, ‘the. pipe 20 being pr ovided

with a reduomﬂ'-velve of any known construc-
‘tion, suchas shown by way of example at Fig. .
12, where the compressed air coming from

the reservoir is admitted to chamber 34 (eom-—

municating with chamber 19 of the engine,)

by means-of ports controlled by a slide 35,

‘attached to a piston 36, acted upon by aspring -
37, so that when the pressure in 19 sinks’
below -the normal piston 36 in sinking will -

cause slide 35 to open the ports, soasto admit

‘more air-pressure, which maintains the pres-

sure in space 19 at a constant degree when the

yielding piston is in its position of rest. The -
rear end 17° of the piston and chamber 19 be-

100

105
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115

ing of larger diameter than the front part of

the piston ‘the pressure 1n 19 can be kept lower
than the compression-pressure.

may be provided a loaded valve that opensat

‘a- maximum allowable compression-pressure .

At 21 there

120

in the motor, and thus allows excess of air to

“escapefrom the space 19 when the piston 17 ar-
rives near the end of its yielding motion. In -

order to reduce the inertia of the mass, the

125

body of the piston 17 can be made of alumini-

um. . The motor is intended to act with a four-
stroke cycle..

The regulation thereof 1is ef-
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20

25

30
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fected by stoppage of the explosion charges,

this being effected by shifting-cams, Whleh
may be also employed for starting the motor
with compressed air. 292 is a plate of soft
material which serves as an abutment for the
ylelding piston in the.event of the pressure
in the space 19 having sunk below normal.

With motors Workmﬂ' with such high com-
pression the 1‘60“111&1310]1 may also be effected
in such manner that the volume of the com-
bustible charges isvaried without varying the
composition thereof When the motor is run-

ning idle, there will be a less degree of com-

pression; but,on the other hand, the expansion
will be eerrled to etmOSpherle pressure with
very small compression work and small loss
of effect through friction. When the motor
works with a small load, the combustion will,
it 1s true, no longer work with constant pres-
sure. If as above described, only the air-

supply 1s compressed in the eyhnder and the

combustible is forced in near the dead-center,
the described pumping action of the yleldlnu"
piston can be utilized for forcing the oasSeous
or liquid combustible into a reservoir at the
requisite pressure mstead of air, asdescribed,
from which reservoir it is then admltted into
the charge of compressed air.

The eonstruetlon and arrangement of the
other parts of the motor formmﬂ' no part -of
my present invention can be carried out in
various other ways besides those shown and
need, therefore, not be further described. In

- the arrenﬂ'ement shown, the eounter-sheft 38,

35

40
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60

Figs. 6, 7 8, 9, and 10, running at half the
speed of the engine- sha,ft carries, first, the
cam 39, Fig. 6, for WOI‘leU' the dlscherﬁ‘e-
valve 39 by means of lever 40 secondly, the
cam 41, Fig. 7, for working the inlet- valve
31 by means of lever 42; thlrdly, the cam 43,
Kig. 8 for working theetartmﬂ'—velve 33, Fl*TS
7 and 9 by means of lever 44 and rod 45.

HeV1n0' thus described my invention, what I
claim as new therein, and desire to secure by
Letters Patent, 1s—

1. Inan internal-combustion metor a.COIM-
pression and combustion space of the WOI’kll‘lU‘
cylinder having a part of its walls capable of
ylelding, and means for holding such part in
position durmﬂ' the entire compression of the
charges and only allowing 1t to yield to the

combustion - pressure,. eubstantla,lly as de-

scribed.

2. In an 1nterna,1—combust1011 motor a com-
pression and combustion space of the Workmcr
cylinder having a part of its walls capable ef
yielding, and an elastic cushion behind such
yleldmﬂ' part that holds it in the forward po-
sition during the entire compression of the
charges and only allows it to yield to the com-
bustlon-pressure and causes it to move for-

- ward again as such pressure smks substan-

65

tially as described.

3. In an internal-combustion motor, a com-

pression and combustion space of the WOI‘klIlU'

yielding,

yielding,

752,936 - s

cylinder having a part of its walls capable of
a cushion of compressed air behind
such pert which allows it to yield only to the
combustion- -pressure and causes it to move
forward again as such pressure sinks, and

means Whereby sald part is made to act as an

alr-pump during the forward stroke for sup-
plying compressed alr to the air-cushion for
making good leakage, substantially as de-
scribed. - |
4, In an 1internal-combustion motor, a com-
pression and combustion space of the WOI’]{IHU‘
cylinder having a part of its walls capable of
a cushion of compressed air behind
such pert which allows it to yield only to the

. combustion- -pressure and causes it to move

forward again as such pressure sinks, and
means whereby sald part is made to act as an

alr-pump during the forward stroke for sup-

plying eempressed alr to an air vessel whence
part of such compressed air is conveyed to the

said air-cushion to make good leakage, sub-

stantially as described. |

5. Inaninternal-combustion motor, an aux-
1liary piston constituting a yleldlncr wall of
the compression and combustion space of the
working cylinder, a chamber in the cylinder-
walls in Wthh such piston works, and a cush-
ion of compressed air in said chamber that
keeps said piston in the forward position dur-
ing the entire compression of the combustible
charges and only allows it to yield to the com-
bustion-pressure, and causes it to move for-
warcd again as such pressure sinks, substan-
tially as described. |

6. In an internal-combustion motor, a pis-
ton constituting a yielding wall of the com-
pression and combustion space of the work-
ing cylinder, which piston works in a cham-
ber containing a cushion of compressed air
acting on said piston so as to keep it in the
normal forward position until the maximum
compresslon-pressure is exceeded, said piston
being formed toact as a valve bearing against
a Seetmcr in the said chamber when in “the nor-
mal position soas toclose sald chamber against
any escape of compressed air ther efrom.

7. In an internal-combustion motor, a pis-
ton conetltutmcr a ylelding wall of the com-

' pression and eombustlon space of the work-

ing cylhinder, which piston works in a cham-
ber containing a cushion of eompressed alr
acting o said piston so as to keep 1t in the nor-
mal forward position until it is forced back-
ward, after the completion of the compression
of a eharo*e by the pressure of the ignited
cha,rcre, means for causing said piston: durmo’
1ts forward stroke to compress a separate body
ot gaseous fluid, and means for conveying said
body of eompressed ogaseous fluid into a sepa-
rate reservoir, substentlally as described.

8. In an mternel combustion motor, a pis-
ton constituting a yielding wall of the com-
pression and combustion space of the work-
ing cylinder, which piston works in a cham-
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752,936

ber containing a cushion of eompre'ssed' alr
acting on said piston so as to keep itin the nor-
mal forward position until it is forced back-

“ward, after the completion of the compression

of a charge, by the pressure of the ignited
charge, means for causing said piston durmg

~ its forward stroke to compress a separate body

10

of gaseousfluid, and means for conveying said
body of compr_essed gaseous fluid into a sepa-
rate reservoir at a hlgher pressure than the

compression-pressure and a duct. containing a

-~ reducing-valve connecting said reservoir Wlth

20

the chamber behind ssud plStOIl substantlally
as described.
9. In an internal-combustion motor, a P1s-

ton constituting a yielding wall of the com-

pression and combustion spa,ce of the work-

1ing cylinder, which piston is'of larger diame-

ter than the working piston of the engine and

works in a chamber which is of correspondmﬂ' |

larger diameter than the working cylinder
and contains a cushion of compressed air act-
ing on said piston so as to keep it in the nor-
mal forward position during the compression
of a combustible charge, but to allow it to
yield to the increased pressure on the com-

bustion of said charge substantla,llv as and
for the purpose described.

10. In an internal-combustion motor, a pis-
ton constituting a yielding wall of the com-
pression and combustion space of the work-
ing cylinder, the rear part of which pistonis
of larger diameter than the forward part
thereof that forms the wall of the compres-
sion-space, a chamber in the working cylin-
der containing said piston and made of corre-
sponding larger diameter at 1ts rear part than
at its forward part, and a cushion of com-
pressed air contained in the rear part of said
chamber and acting upon said piston so as to
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keep it in the forward position during the -

compression of the combustible charge but to
allow it to yield to the increased pressure con-
sequent on the combustion of the charge, sub-

I_sta,ntially as and for the purpose described.
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In testimony whereof 1 have hereunta set .

‘my hand in presence of two subscribing wit-

nesses.
| ADOLF VOGT.
Witnesses: . - | -
Cuas. D. ABEL,
GERALD L. SMITH.
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