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To all whom it may concern:: -
- Be it known that I, HIRAM S. MAXIM, a citi-
- zen of the United States, at present residing

in Paris, in the Republic of France, have in- |
vented certain new and useful Improvements

n

in Gas-Motors, of which the following is a
specification, reference being had to the draw-
ings accompanymn and fmmmo 2 pcﬂt of the
same. - |
In a previous appllcﬁfmon L have shown and
described a gas motor or engine in which two
connected p1stonb were employed-—-one of
larger diameter than the other--and which op-
erated conjointly, the latter as a working the
15 former as a vacuum-producing piston, the ob-
ject of this construction being to withdraw
- from the working-cylinder at the end of each
stroke the pr oducts of combustion remaining
1n the cylinder aiter the explosion.
20 My present invention consists, mainly, of
“improvements in the construction of an engine
of this character, the said improvements be-
ing directed mainly to the attainment of a
higher speed, and to the production of an en-
gine which, while capable of a great amount
of work, may be more economically produced
and more compact and durable. To this end
I have constructed a motor in which is em-
ployed a vertical cylinder, one part of larger

10

_-.2'5

pistons, one-—that oceupylnﬂ* the smaller end
of the cylinder—being designed as the work-
ing-piston, and the other or larger piston be-
ing constructed for producing a vacuum for
clears ing the working-cylinder of the exploded
gases. “The pistons Treferred to, in lieu of be-
ing mounted on the same rod, are cast in one
solid piece. I have also 1mproved the con-
struction of the engine in many particulars,
the nature of thh improvements will be
more fully hereinafter set forth. | |
Intheaccompanying drawings, Figurelrep-
“resents a vertical central section of an engine
constructed in accordance with my invention,
45 the section being parallel -to the axis of the
~erank-shait. I‘10* 2 18 a vertical central see-
tion of the same b right angles to the axis of
‘the crank-shaft. Fig. 3 1s a side eleévation of
the 'engiﬂe_'cmn’plete. Fig. 41s a detail of the
governor mechanism.
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section of the igniting apparatus; Fig. 6, a |

diameter than the other, and fitted with two_

Fig. 5 1s a horizontal

!

wheel and a fly-wheel.

provided with a spiral spring,

’o

side elevation of the same; I'1g. 7, & hor1zon~

tal section of the working- plston Fw 8, are-

versed plan of the air -inlet V*lee

Similar letters refer to corresponding parts 55
in all the figures.

A and B are two pistons, the plston B hav-
ing an area of rather more than twice that of
piston A. These two pistons are cast in one
piece, and are connected to a pistou’-r’od which 50
operates a crank-shaft, C C. The pistons
work in a vertical cyllnder which is cast in
one piece, and has a portion, B, of sufficient
diameter to receive the piston B, and a smaller
portion, A’, in which works the piston A.

Below the piston A is a space, I, known as
the ¢ explosion-chamber’’ in engines of this.
character. This explosion - chamber and a
portion of the cylinder A’ are surrounded by
the usual water-jackets, S, through which a
circulation of water is maintained during the
operation of the engine, the water bemﬂ adl-
mitted at the port Y and dlschfbrg,ed at Y.

On the ecrank-shaft C is 11)1‘1(36(1 a pulley-
In the latter is a
frame, KX K, supporting a hinged weight, H,
which is held to the hub of the Ay- “wheel by
means of a stout spiral spring, p. Through
a projection from the hub of ‘the ﬂy-wheel
passes a spindle, J, on which is aloosesleeve 8o
formed with a rim, I, the whole constitutinga
,Sshifting roller. An arm, #, extending from
the weight H, engages wmh thls 10]161 The
tension Of the spring p is adjusted by means
of a set-screw, ¢g. These parts constitute the
ogoverning mechanism, and their functions will
be explalned more fullsr hereinafter. |

Entering the space T below the piston A is
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2 passage, D connected by a pipe, u, with a

supply of __gas or mixed gas and air. The

Qo

passage is closed by a VELIVB 0, opening 1in-

ward. The spindle of valve O extends out-
ward through the tube or casing D, and 1s
i, which keeps
the valve O closed. - 95

Gz is a bell-crank lever pivoted to a portion __
of the base of the engine, and provided with
an adjustable screw, N that bears upon the
end of the valve SPmdle and is used for ad-
justing the travel of valve O.. To lever G 1s
connected arod, M, the end of which is turned

100

back upon itself, as shown in Fig. 3, A wheel -




or pin, I, 1s placed on the cylinder or other
convenlent part of the engine, and serves to
keep the rod M in place, while permitting it
to move freely up and down. In the normal
operation of the engine the rounder or bev-

- eled end of rod M lies in the path of move-

IO

ment of theroller I. -

li1s aslide or piston connected with the strap
X of an eccentric, W, on the crank-shaft, so
as to receive a vertical reciprocatory move-
ment. In the piston E isa chambered space,
«, which Dby the movement of piston I 18
caused to register alternately with an opening,

¢, in ifs cyhuder or casing, and with the Sp‘lce

T' beneath the piston A.
If 18 a chimney with a contracted opening,

-z, at the bottom; ¢, a gas-jet in the lower part

20

-the opening

of the chimney, and f a gas-flame, which is
kept constantly ignited during the oper ‘1th11
of the engine. |

h 13 an opening in the chlmuey opposite
in the casing of piston E.
Notches w v are cut into 1)1st0n i from the
chamber«, 1n such positions that the notch w
e'%mbhshes communication with the flame-
chimney and the chamber a before the lat-
ter has reached the opening ¢, and the noteh
v establishes communication between the

- chamber ¢ and space T before the said cham-

30

ber ¢ has arrived opposite the space T. From
the lower portion of chamber ¢ a passage, d,
leads through the piston K to a small 'Gham-
ber, ¢, tormed 1n the side of said piston,with
a smaller chamber, ¢, in the piston E, and
through this chamber and passage the gas es-
capes from T' whenever the piston E is raised

~and the pressure at T exceedsthatin chamber

.

A screw-stem, 0, passes up through the

- piston K, and 18 employed to regulate thesize

40

of the jet burning at «.
Below the piston K in the base of the en-
gine is a receptacle, ¥, for containing oil, into

which pist-on I dips at every Strol{e, the pur- !

- pose of this being to keep the piston E Iubri-

50

cated and prevent the dripping of oil. Inthe
lower portion of the space l’ is a large air-
valve, I’, opening inward. A thumb-piece,
{3, 18 connected to the spindle of this valve for
turning 1t 1n its seat for removing any for-
eign matter which may accumulate there. A
spring, R, 1s connected with the valve-spin-
dle, and provided with anadjusting-screw, m,

- by which the tendency of the valve to 1"186

05

nmy' be ‘controlled.

Jetween the two portions A’ and B’is an en-
largement containing an annular space, U.
ADbove this space 18 a ring, £, of the same di-
ameter as the portion A’ of the cylinder.
Above thisring is a second annular space, V,
from which le“LdSap]pe containing an e?hfmst
check-valve, 7.

7 1s a safety-valve 1)1‘0?1(16{1 with a spiral
spring, {, the tension of which may be adjust-
ed 1n .«.my ordinary manner.

- The operation of an engine constructed in
the manner described is as follows: Upon the

¥
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main, and a eirculation of water beingstarted
in the jacket 5, the gas-flame is ignited at e.
The pistons A B are then set 1n motion by re-
volving the crank-shaft C. As the piston A
ascends, 1t draws in air through the valve P.

The spring R, however, is set so as toprevent
a fall "LtmOSp]lele entering. A partial vacu-
um is thus produced in the cylinder A’. The
piston B, in its upward movement, also pro-
duces a pa-rtial vacuum 1u the chamber Or an-
nular space V. When 1t has reached a point
where the piston A i1s wholly withdrawn from
1ts cylinder, there 18 a free connection estab-
lished through the annular space U into the
chamber V.
from one chamber to the other until the same
degree of vacuity exists in the chamber T as
exists in the space or chamber V. As the
crank-shaft is rotated, the piston A descends
and closes off the communication between the
cylinder A" and thespace U. Atthismoment

the roller Iis brought in contact with theend

of rod M, which, operating through the bell-
crank lever G and the adjusting-screw N,
presses the valve O open, thus admitting suf-
ficient gas or gas and air through O to bring

the pressure in the exploding-chamber T to

one atmeosphere. 'The descent of the piston
A compresses the gases in the cylinder A’
until a pressure of about forty pounds 1s at-
tained.
descended sufficiently to bring the chamber
¢ Into commumnication with space T, when
the explosion takes place and the piston 1s
driven upward with great force. As it passes
in its upward stroke beyond the space U,
the gas below it will be instantly sucked out

into the chamber V, and as there 1S not gas

sufficient to fill this chamber air will be drawn
in through P. Thenwhen the piston descends
agaln the space beneath 1t will be partly filled
with pure air until the piston has reached a
point where the valve O is opened, as before,
when sufficient gas will enter at O to produce
onc atmosphere of explosive mixtare at T.

The air passes freely, therefore, .

At this moment the piston E has.
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When an explosion occurs at T, the flame in

chamber a, which ignited the gasat T, is ex-
tmnmshed but at the next lnlf stroke of the
engine the ﬂ‘l,me, in this chamber is again ig-
nited from the constant flame f. As the P1s-
ton I again descends, a small flamme appears
at d, which may be adjusted by the screw b,
and which continues to burn until another
flame 18 ignited at the mnotch ». This con-
tinues until the chamber a is brought into full
contact with space T. 1t will thus be seen
that when the explosion oceurs the cylinder
1s completely cleared of its exploded gases, a
sufficient charge of air is admitted and this
alr 18 1mpregnated with gas, ready for an other
explosion at each stroLe of the engine.

The operation of the governor is similar to
those described by me in other applications,
the prineciple of operation being to regulate
the number of charges, rather than the quality
of each individual charge. It will thus be un-

proper connections being made with the gas- | derstood that any increase above the normal
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trifugal action, in this way shifting the sleeve
or Toll I out of line with the plate M, so that
the latter is not depressed, and the valve O in
consequencenot opened until the normal speed
has been again reached, when the roller I will
be brought back into position to operate the

‘rod M. 'The quantity of gas admitted at each

stroke of this engine may “be adjusted by the
tension of the spring R. If this spring per-
mits the valve P to open freely, then the press-
ure in the exploding-chamber T will hardly

‘ever be less than a full atmosphere, and but

very little gas will be admitted to supply the
difference between the pressure at T and the
external atmosphere or pressure of gas used.
If, however, the tension of the spring R should
be 80 Increased that i1t would require a differ-
ence of pressure of one-third of an atmosphere
between the external and internal pressures

speed of the engine will cause the welght H to I
recede from the hub of the fly-wheel by cen-

to open 1t, then at the moment of the opening |

of the valve O one-third part of the volume of
space below the piston A will be supplied
throngh the valve O. Itwill therefore be seen
that the amount of gas entering through O will

be adjusted by the tension of spring R as the

degree of the vacuity in the exploded cham-
ber 1s determined by this spring. Piston B
operates as an exhaust-pump, sucking the gas
into the space V through U as it ascends, and
expelling the gas thrmwh the exhaust check-
valve J as'it descends.

For effecting and maintaining the necessary
lubrication I employ oll-cups ¢ s s, two of
which supply oil to the bearings of the crank-
shaft. The other is provided with a wick, =,
from which a tube, o, scrapes a dro_p of oil at
every turn of the crank.

Other details in the construction are not

here described at length, for the reason that
they are now commonly {31111)103 ed in enﬂ*mes

- of this kind.

The engine which I have now descrlbed 18
compact and powerful, and is more economi-

cally eonstructed anu run than others of its

50

kind.

I do not claim, broadly, herein a vacuum or
exhaust and a working piston connected to-
oether, or to the same piston-rod, as this I
have made the SlleeCt of other appheatmns
but

What 1 (,]alm 18— -

1. In an engine of the kind described, the
combination, with cylinders, of a working and
exhaust or vacuum-producing piston formed

~in one piece, and operating conjointly and

HO

without intermediate valves or stuffing-boxes,
substantially as specified.

2. In a gas engine or motor, the combina-
tion of an explodmmchambe_ll_ a working eyl-
inder and piston, a vacuum-producing cylin-

‘der and piston, and an intermediate vacuum-
‘chamber, these parts being constructed and
| alrzmﬂ'ed for operation without the aid of in-
| termedlate valves or stuffing-boxes, in sub-

st{mtmllv the manner set forth.

1

3. In a gas engine or motor, the combina-
tion of a woﬂunn‘ cylinder &nd piston, a vac-
uum-producing cyhnder and piston, an inter- 7o
mediate vacuum-chamber, and a ring within
said chamber, and qdapted to surround the
working- 1)1813011 in the m anner and for the pur-
pose sljeelﬁed

4. The combination, with the exploding- 7
chamber, of air-inlet and gas valves, a work-
ing plston and cylinder, a vacuum-producing
piston and cylinder, an intermediate vacuum-

N

~chamber, and an exhaust connected there-

with, the working and vacuum-producing eyl- 8o g
inders being connected together without inter-
mediate vwlves as rmd for the purpose set
forth.

5. The combination, with a working-eylin-
der, of means for mthdmwmn therefrom the 8s
products of combustion, an cldl]llSthble valve
for admitting air to fill or partially fill the vac-
uum produced by the withdrawal of the pro-
ducts of combustion, and an independent gas-
inlet valve, these parts being constructed and 90 -

arranged in such manner ‘[}h‘Lt the amount of

oas 1r1troduced may be controlled by the regu-
lation of the air-valve in substantially the
manuer set forth. | |
6. The combination, in a gas-engine, with a g5
working - cylinder and a piston arranged to
be carried completely out of the cylmder ab
each stroke, of a vacuum-chamber which is
brought into communication with the work-
ing- cylmder by the removal ther efrom of the 100
piston, as set forth. .

7. In a gas-engine, the combination, Wlth'
the working cylinder and piston, of an auxil-
12Ty cylmdw or ring placed in juxtaposition |
to the working- cylmder for the purpose of 103
holding the piston in position and preventing
the expansion-of its ring or rings when with-
drawn from the working-cylinder, as set forth.

8. In a gas-engine, the, Lombm‘mtlon with a
1'e01p1*0m13111ﬂ e:aplodmn -piston, of a 1ecept'1- 110
cle for containing oil below the piston and 1n
its path of movement as and for the purpose
set forth.

9, The combination of the plston 1D D Space
a a, screw b, space ¢, and jet d, when con- 115
strueted and arra nﬂ*ed substantmlly in the
manner and for thepm pose herein shown and
described.

10. The combination of the chlmney If, hav-

{-ing a contracted bottom, z, and pr ovided with I20

an opening, /i, for G‘lrllSl]Jg a deflection in the
igniting - ﬂame when constructed and ar-
ranﬂ*ed Substantlallg in the manner and for

the 1 purpose herein shown and specified. |
- 11. The comDbination of the Wweight H, roller 123

I, spindle J, rod M, bell-crank Tever G, ad-
Justmﬂnserew N, and valve O, when construct-

ed and arrang ed Subst"mtimlly In the manner

and for the purpﬂse herem Shown ‘Lud Spect-

fied.

‘HIRAM S, MAXIM.

\Vltnesses
- Rost. M. HOOPLR
Davip T. S, FULT, L 2.
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