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Lo all whom it may concern: -
Beit known thatI, JOHN MACHAFFIE, a sub-
ject of the King of Great Britain, residing at
Schenectady, in the county of Schenectady,
5 State of New York, have invented certain
new and useful Improvements in Gas-En-
gines, of which the followingisa specification.
This invention relates to motors driven by
an explosive mixture of air and hydrocarbon
1o vapor; and its object is to effect certain im-

provements in the details of construction

whereby the efficiency of the engine is in-
creased, 1ts operation rendered more uniform
- and reliable, its mechanism simplified, and
15 1is cost of construction and maintenance less-
~ened. To accomplish these ends, the usual
valve-gearingis dispensed with, and by means
of suitably-arranged ports and passages the
pistons are made to govern the admission
20 and exhaust.  Theengine requires two work-
ing cylinders, each containing a single-acting
piston, each piston controlling certain pas-
sages leading to the other. In connection
with the working cylinders, in which the
25 mixture of air and vapor is exploded, there
are two air-pump eylinders and two mixture-
pumpcylinders. These are preferably,though
not necessarily, arranged in line with the
working eylinders, so that one piston, with
3o three abutments, can be used for each set of
working and pump cylinders. I shall de-
seribe an engine in which this construction
18 used, though it is evident that separate
pumps may be employed, if desired, suitably
35 piped to the working cylinders. - -
In the accompanying drawings, Figure 1 is
& longitudinal sectional elevation of my en-
gine. Figs. 2 and 3 show the check-valvesin
enlarged longitudinal section. Fig. 4 is a
40 cross-section of a working ceylinder and pis-
ton, showing a modified arrangement of the
exhaust-ports. Iig. 5 is a plan of a portion

of the same cylinder. |
The engine shown has two sets of working
- 45 cylinders A A’"and pump-cylinders B B', the
latter being larger in diameter than the for-
mer. A trunk-piston C C' fits each working
cylinder and extends through the pump-cyl-
inder, in which it is provided with a head ¢

each piston C C' forms the abutment against
which the exploding gases exert their pres-
sure to drive the enginein the usual manner.
The upper side of the heads ¢ ¢’ forms a sec-
ond abutment and the lower side of said
heads a third abutment, each codperating
with the adjacent annular heads of the pump-

25

| eylinders B B'. ' -

At some convenient point, preferably be-
tween the two sets of cylinders, is a mixing- 60
chamber D, in which the hydroearbon vapor
is mixed with atmospheric air to form the ex-
plosive mixture. This mixing-chamber may
be of any desired construction, the mixer
forming no part of my invention. Passages
11" lead from the mixing-chamber D to the
mixture pump-cylinder, which in this case is
the annular space between the head c or ¢’
and the lower end of the cylinder B or B'.
A check-valve K E' permits the mixture to
enter said passage, but prevents it from be-
ing returned to the chamber D. A branch
passage 2 2' leads from the passage 11’ to a
port 3 3’ in the corresponding working cylin-
der A A’ at a point distant from the upper
end of said cylinder by nearly the stroke of
theengine, so that said port will be uncovered
by the trunk-piston C C’ at the end of its
power or out stroke. Just above the port 3
3" is a second port 4 4', which communicates 8o
with the space above the head ¢ ¢’ in the op-
posite pump-cylinder—that is, port 4 in eylin-
der A communicates with pump-cylinder B’,
while port 4’ in cylinder A’ communicates
with pump-cylinder B. The annular space
above the head ¢ ¢’ has also a passage 5 5’
opening to the atmosphere and controlled by
an inwardly-opening check-valve F' F',

In the upper end of each working eylinder
18 an exhaust-passage 6 6, connected with
an exhaust-port 7 7' in the wall of the oppo-
site working eylinder, as shown. Adjacent
to each port 7 7' is an escape-port S 8',:lead-
ing to an escape-pipe G. Intheside of eéach
piston C C'is a recess 9 9', adapted to con- g5
nect the ports 7 8 and 7' 8’ when the pistonis
near the end of its instroke. For ease of
llustration I have shown the ports 7.7 and
3 8" in Fig. 1 lying lengthwise of the cylin-
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- stems H H' are preferably held in sleeves 11,
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place them side by side, as shown in Figs. 4 |

and 5, and make them rather narrow, so that
they will be in communication but a short
time during the stroke of the piston for a
reason hereinatfer pointed out.

In the head of each cylinder A A’is my

improved electriec igniter, which forms the
subject of a separate application. It com-

prises two longitudinally-movable stems car-

rying contacts and rotatable in order o effect
a rubbing action between the contacts. The

mounted in a block K of insulation suitably
secured in a bushing XK', screwed intoa holein
the head of the eylinder. At their lowerends
the stems have valve-faced collars 2 /' fitting
seats+2 inthelowerendsofthesleeves tomake
a gas-tight joint. Above these collars are
packing-rings /i*. Theinnerend of each stem
carries a contact-disk L L., one overlapping
the other and normally separated from it, as
shown. The stem H is provided with means
for imparting to 1t a combined rotating and
axial movement, such as a screw-thread A° of
coarse. pitch meshing with similar threads
in the upper part of the sleeve'I. By means

of an arm II” or other suitable device the

stem can be connected with a moving part
of the engine, s0 as to receive impulses at
regular intervals. The inward twisting mo-
tion -of the stem H causes the disk L to
strike the disk I and partlallv rotate it with
a rubbing action. A spring H? between the
sleeve I’ and a head hf on- the stem H per-
mits the stem to yield inwardly when the
disks come in contact. KEach sleeve I1'is

~connected with a terminal M M’ of an induc-

tion-coil or the like, so that when the disks
approach each other near enough a spark will
pass between them and explode the charge
of air and gas in the working ylmder

The operation of my invention is as fol-
The cranks N N’ are one hundred and
eighty degrees apart, so that the pistons C C/,
connected therewith by the rods P P’, oper-
ate alternately. When a piston moves up
to the position of C in Fig. 1, the head ¢

“draws into the lower part of the pump-cylin-
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der B a charge of the mixture from the cham-
ber D, the check-valve K opening outwardly
from said chamber. At the same time the

upper side of the head ¢ is compressing a

charge of air in the upper end of cylinder B
and head of the piston C is compressing a
charge of the explosive mixture in the work-
ing cyhnder A. Meanwhile the piston C
has been moving downward under the pres-
sure of the exploded gases above it, the head
¢’ ecompressing in the lower end of the pump-
cylinder B’ a charge of the mixture and draw-

- ing into the upper end of said cylinder a

charge of air through the check-valve FE',
which opens inwardly. When the head of
the piston C' passes and uncovers the port

4', the charge of air compressed in cylinder |

B sudd enlyiescapes into the eylinder A’, blow-
ing out the burned gases through the‘ 6X-

729,104

haust-passage 6', the exhaust-port 7, the re-
cess 9 in the plSl}Ol‘l C, escape-port 3, ‘and es-
cape-pipe G. A further movement of the
piston C closes the exhaust-port 7, and the
corresponding movement of the plston C’ un-

covers the port 3’ and permits the charge of
mixture compressed in the lower end of the

cylinder B’ to expand into the cylinder A’,
the volume of the expanded gas being JHSD
sufficient to fill said cylinder. The com-
pressed charge of mixture in cylinder A is
now exploded, forcingthe piston Cdownward,

drawing a charge of air into the upper end

of the cylinder B and compressing the charge
of mixture in the lower end thereof. At the
same time the piston C' makes ifs instroke,
compressing its charge of mixture a second
time, compressing the air in the apper end
of the cylinder B’and drawing a fresh echarge
of mixture into the lower end thereof. As
the recess 9’ passes the ports 7' 8’ the ex-
ploded gases in the cylinder A are allowed Lo
escape mmultaneouely with the admission
into said cylinder of the scavengering blast
of air from the upper end of cylmder B'.
The cyele in each cylinder is therefore as fol-
lows: On the outstroke explosion, exhaust
and scavengering admission of mixture; on
the instroke, compression of mixture. There
is thus an GY_DIOSIOH at every hali- revolution
of the crank-shaftt.

The purpose of arranging the ports 7 8 side
by side, as shown in I‘lfrs 4: and 5, is to re-
duce the time of the exhaust so that these
ports may remain open as short a time as pos-
sible, and thus lessen any liability of the
fresh charge of mixture to escape from either
cylinder when the exhaust-ports arereopened

during the outward movement of the other

plst{m When the charge is exploded, the
pressure forces the valve-faces i /' tightly
against their seats, thus preventing any es-
cape of gas around the stems I H'.

It will be noted that the air-compressing
chamber is interposed between the mixture-
compressing chamber and the explosion-
chamber, thus preventing any possibility of
exploding the charge of mixture in the pump-
cylinder when that in the working ceylinder is
fired.

What I claim as new, and desire to secure
by Letters Patent of the United States, 18—

1. In a gas-engine, the combination with
two working cylinders, of an air-pump and a

mixture-pump for each eylinder, air and mix-

| ture ports in each cylinder controlled by the

piston in that cylinder, and an-exhaust-pas-

sage from each cylinder controlled by the pis-
ton in the other.

2. In a gas-engine, the combination with

| two working cylinders, of an ailr-pump and

a mixture-pump for each cylinder, air and
mixture ports in each cylinder controlled by
the piston in that eylinder, an exhaust-pas-
sage in each cylinder connected with a port
in the other cylinder, an escape-pipe con-
nected with each eylinder near said port, and
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a recess in each piston arranged to connect | pressed air, and means for igniting the mix- 30

the escape-pipe with said pmt at a certain
point in its movement.

3. In a gas-engine, the combination with
two WOI‘kII]“‘ cylmdels of an air-pump and a

mixture-pump for each eylinder, an exhaust-

passage opening into one end of the cylinder,

~ an air-port in the side of the cylinder, a mix-
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ture-port in the ‘side of the eylmdel at a
oreater distance from its end than the air-

'port, an exhaust-port in the side of the cyl-

inder still farther from its end and connected
with the exhaust-passage of the other cylin-
der, an escape-pipe entering the eylinder ad-
jacent to the exhaust-port, and a piston
adapted to uncover the airand mixture ports
in succession on the outstroke, and provided
with a recess to connect the exhdust-pm t and
escape-pipe just before it reaches the end of
1ts instroke.

4, In a gas-engine, the combination with
two WOI‘klI]U' eylmdel% of means for com-
pressing air at each instroke of a plston
means for admitting the compressed air sud-
denly into the other cylinder, means for com-
pressing the explosive mixture on each out-
stroke of a piston, means for admitting the
compressed mixture suddenly into the cylin-
der shortly after the admission of the com-

ture after it has been again compressed by
the instroke of the plStOH |

- 5., In a gas-engine, the combination with
the two working cylinders, of the pump-eyl-

1nders in line therewith and of larger diame-

ter, the trunk-pistons having one abutment

fitting the working cylinders, and a head fit-

ting the pump-cylinder and affording two
abutments therein, an exhaust-passage in the
end of each working cylinder connected with
an exhaust-port in the other cylinder covered
by the piston therein, an escape-pipe con-

nected with each cylinder near said exhaust-

port, a recess in each piston controlling said
ports, an air-port in each cylinder connected
with the inner end of the opposite pump-cyl-
inder, a mixfture-port in each cylinder con-
nected with the outer end of its own pump-
cvlinder,

with the outer ends of both pump- -¢ylin-
ders.

In witness whereof I have hereunto set my |

- hand this Sth day of August, 1901.

A

JOHN MACIIAFFIE

Witnesses:
BENJAMIN B. HULL,
CHARLES STEINER.
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