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Be it known that I, JAMES FRANK PPLACE,

a citizen of the United States, residing in the

city, county, and State of New York, have in-
vented certain new and useful Improvements
in Gas-Engines; and the following is a descrip-
tion and specification of the same.

My invention relates to that class of motors

or gas-engines in which the explosive charge
is compressed before ignition. It 1S equally
applicable to the use of ordinary coal or water
oas or any other inflammable gas, or to the
vapor of gasoline or other hydrocarbon liquids.
Wherever the word ‘““gas’’ is used herein,
it refers to inflammable gas, 1n contradistine-
tion to atmospheric air. .
My invention has for its object the securing
of ereater economy in the use of gas, a more
uniform explosive mixture, greater regularity
in speed, less annoyance from ofiensive odors,
and greater simplicity in construction and ease
in starting and running. To this end the en-
oineis built so that the burned charge is ** com-
pounded’’ and allowed further expansion in a
sccond cylinder, having a larger area of pis-
ton than the high-pressure or explosion eylin-
der. The amount of gas charged is varied,
according to the speed and requirements of the
engine, but is mixed with the air and is deliv-
ered to the explosion-chamber in such a man-
ner as to retain a rich explosive mixture close
to the igniter, the richness of the mixture be-

ing uniform, and the variation in amount of

the explosive charge being regulated by the
35 B

overnor, so as to increase or diminish said
amount without changing in any degree 1its

richnessorinflammahbility. In this case, when
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the speed ‘‘slacks up’’ or is diminished, the
amount of the explosive charge is increased,
and the amount of the ‘‘air-cushion’’ in the
explosion-chamber and cylinderis correspond-
ingly diminished as each explosive charge and
air charge (or cushion) is delivered to the ex-
plosion - chamber, until the maximum explo-

sive charge is reached, or until the speed |
ceases to slack up and recovers to that point
If the

for which the governor 1s fixed to run.

speed increases beyond that point, then the
amount of the explosive charge is diminished,
and the amount of air charge (or cushion) in
the eylinder and explosion-chamber 18 corre-
spondingly increased until the speed ceases to
increase, or fallsto that point for which the gov-
ernor is set to run., Should successive and

than oncein five or six revolutions, and unless

constantly more and more diminished explo- 535

sive charges not reduce the speed to that fixed
point, then, when the minimum amount of the
explosive charge is reached, the gas chargeto
the gas-measuring pump is, by the action of
the governor or movement of the slide-eccen-
trie, cut off entirely, and the engine will re-
ceive no explosive chargeat all until thespeed
lowers, when it-will receive the minimum ex- .
plosive charge again, the action of the gov- .
ernor being to always maintain a uniform
speed. |

The regulation of speed is sought to be at-
tained in all other gas-engines, so far as'1
know, by one of two methods—viz., first, by
reducing or increasing the richness or inflam-
mability of the explosive charge; or, second,
by “skipping’’ charges or delivering the same
at irregular intervals, and thus regulating the
speed by the number or frequency of the ex-
plosions. In this latter case (which is at the
present time the most popular method) the ex-
plosions are uniform in coneussion, but very
irregular in times, sometimes exploding at
every other revolution,and at times not oftener
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the engine is heavily loaded the speed as a
natural result is very irregular and ¢ jerky.”’

In the first method above named (where the
engine speed is regulated by diluting the ex-
plosive charge) the regulation is of quite lim- 85
ited range. Ifor instance, when the richness

or inflammability of the explosive chargeis re-
duced or diluted much below twelveofairtoone

of gas, the charge will not explode, and 1s thus
wasted. Thesame result is reached generally go
when it is made richer than one of gasto six of
air. Such a regulation, then, of the speed of a
oas-engine, by reducing ov increasing the "
amount of the gas alone, (which necessarily in-
creases or diminishes therichness or degree of g5
inflammability of the explosive,) is not only
very irregular, imperfect,and of limited range,

but isalso very wasteful of gas. Thisimportant
feature of regulating the speed by varying the
amount of the explosive charge without vary- 100
ing its richness in gas or degree of inflamma-
bility is attained in my present engine by the
slide-valve being driven by an automatic cub-

off governor in combination with my gas-meas-
uring pump. Thisgas-measuringpumpisinore 105
fully described in my application for patent,
Serial No. 190,692. As therein described, the

| gas-supply to the pump is regulated by aslid-
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- in the stroke: voth: the gas-inlet port to the:

o eas-pump, and the port which ‘connects the:

. high-pressure and. low-pressure cylinders.
- By this method the gas-supply to the gas-
25 measuring pump is cut off carlier or later in -
. the stroke, and the gas-charge thus varied in .

- amount, and by the peculiar construction of

- this gas-pump (more fully deseribed in appli-
~ocatlon Serial No, 190,692, referred to above,)
the gas-charge 1s invariably mixed with that
~ portion of the air-charge which goes into the |
- explosive-chamber last, or just before the pis-
- ton reaches the limit of its outstroke (from the
erank:) Theareas or displacement of the low- -
~pressure piston less the high-pressure piston,:
- !(:Whi:ch: 18 the :ilil‘fl)llllll} ;djsplaeemenﬁ;) and
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1ng rod or pawl acted upon by the governor-:
‘balls, which pawl or rod is acted npon in turn:
by a series of steps or incline face on the ig- |
‘niting-slide or pump-rod, which cuts off the |
5 gas-supply to the gas-pump at varying points
- in the stroke, the stroke of the pump-piston |
- being synehrenous-with the power-piston.  In
~my present invention the supply of gas to the
. gas-pump is cut off at varying points of the |
stroke by the main slide- valve, which has
ports for regulating the supply of gas to the:
pump, aswell as ports for connecting the high-
pressure with the low-pressure eylinder.: This. |
slide-valve is operated by an eccentrie, which:
ds varied 1n its position on the main erank- |
. .shaft, so as to make: the stroke of the eccen- |
. -tl"i@é(mlﬂ consequentiy that of the slide also):
. longer or shorter, the inlet-port opening at
. very nearly the same point in the stroke at
all times, while 16 cuts off at varying points

the gas-pump piston being in about the pro-
portion of seven to one, the explosive charge
is uniformly made in about those propor-
tions, regardicss of an earlier or later cut-off,
thus securing invariably that explosive mix-
ture for the charge which it most inflammable
and which gives the best results. In this
way also the explosive charge is always kept
next to the igniter. The balance of the aiy

charge, which was forced into the explosion- |

chamber betore the gas charge in the gas-
pump had reached that degree of compression
equal to the air charge, is unmixed with gas,
and 1t acts as @ clearing-out or ‘“scavenger?”’
charge to clear the eylinder of carbon sparks,
and 1t also acts as an ‘‘air-cushion?’ {or the
explosion. 1t receives the heat of the explo-
sion, and while serving to reduce the initial
pressure yct enables me to get a larger mass
under pressure for a small engine and seeure
the benefit of mecreased expansion. This air-
cushion (which goesinto the explosion-cham-
ber in advance of the explosive charge) also
takes up the heat of the walls of the explo-
sion chamber and eylinder, which auements
its pressure, and to that extent it is in an
economical point of view a clear gain. By
varying the length of stroke of the slide-valve
and changing the position of the eccenirie
on the shatt correspondingly under control
of the governor, the compression of the re-

-mainder of the butned gases in the high-press-
ure cylinder atter the connection between the
ports ‘of thetwo eylinders is ' elosed: by the -
slide-valve, is increased or diminished accord- -
ingtoearlier or later cut-off by the slide-valve.
Thus in this way, in my present improve-
~menf, as the gas charge is increased (and
~consequently the explosive charge is larger)
the compression in the high-pressure eylinder
(and explosion-chamber): is’ diminished, the =
~cut-oft to low-pressure cylinder being later,
-and as the gas charge is lessened (and explo-
sive charge diminished inamount accordingly)
the compression is inereased, the cub-off to @

8o

low-pressure cyvlinder being earlier in ‘the =
stroke.. - 'Lhis i an important: and valuable ==

uniform speed.

T'he storage air-tank is not new, but with
my system of valves, in combination with the
siide-valve, it furnishes a very simple and very
cifective self-starter.

With my improvements the pressure of the
compressed air from the tank acts upon both
the high and low pressure pistons alternately,
thus making it double-acting and as easily
started as a steam-engine with stean.

A large portion of the frietion of compres.
siont gas-engines as now built is due to the
slide.”” My device (2 diaphragm-spring for
balancing the slide-valve,) is simple, and re-
duces the friction to almost nothing.

With my gas-measuring pump the use of

the ordinary gas-reservoir or rubber bag is
avolded, which isalways morcor less ¢ lealy?’
and offensive.

In the drawings annexed hereto the same
numbers 1 different figures refer to similar
parts.

Ifigure 1 1s a side clevation of my engine,
showing sectional view of gas-pump. Fig, 2
18 a sectional plan of the two cylinders, pis-
tons, slide with ports, &e. Iig. 3is aview of
the erank end, showing fly-wheel, antomatic
cut-off governor, &e., in section. Tig, 4is a
view of the cylinder end of the engine. Ifigs,

5, 6, and 7 are different views of the governor
| details.

IFig. S1s a view of the stop-off and

Mfeature in my present engine, and secures a
‘uniform speed, and avoids the shoeks and
suddenstrainswhich gas-engines hithertohave
“been liable to by reason of the great variation
1n the different explosive shocks. The expan-
‘sion of the explosive charge after ignition in
ordinary gas-engines as now built is about one
‘volume into two or three volumes.  Neecessa-
rily the terminal pressare is very high, in =
some cases-as high as fifty pounds above the
-atmosphere, which involves a great loss in
economy. DDy ¢f compounding ?? Olﬁ\pandmg 95 SRR
1n anether eynder thie terminal ‘pressure is
reduced. to almmost nothing, which insures a -
very considerable gain, the same proportion- =
ally as 1n the steam-engine. ' In addition the
pressurc on the piston is divided between in-
stroke and outstroke,making the engine prac-
tically double-acting, and thus rendering it
less difficult for the governor to maintain a
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‘gas-inlet check, which, when the engine runs |

too fast, cuts off entirely any gas-supply to the |
~pump. Figs. 9 and 10 are sectional views of
the cross-head and hollow piston-rod. Fig.
11 is a sectional view of theslide-valve, show-
ing the manner of balancing with the dia-
phragm-spring. Tig. 121is a sectional view of
 the check and screw valves to admit and re-
tainastorage of burned gases and air tothe air-
tank, and for starting the engine with the same
when under compression. -
1 will now proceed to describe the operation
of my engine, supposing the position of the
crank to be as shown in Fig. 2,the piston about
to commence on the instroke (or move toward
the crank.) 1 is the high-pressure and 2 and
23 the low-pressure piston. 3 is the explo-
sion-chamber. Theend 3 nexttotheigniter,
we will suppose to have an explosive charge,
ready forignition, while the other part, 3°, next
to the cylinder, is filled with compressed air’
unmixed with gas. The slide 5 movestoward
~ theexplosion-chamber,and therod 6, by means
of the lever 7, raises the electric igniter and
breaks the circuit at 4 of the electrie current
caused by the small dynamo 8, Fig. 3. Anin-
‘tense electric spark is the result at the points
of theigniter 4, which ignites the charge. The
fire fills the chamber 3, and instantly the press- -
ure of the charge is augmented to from six to
twelve atmospheres, according to the amount
of the explosive chargein the end of the cham-
ber at 3*. This pressure fills the high-press-
ure cylinder 29, and acts on the piston 1
throngh the passage 26 and forces 1t out into
the low -pressure cylinder 9. During this
movement the slide 5 moves toward the ex-
plosion - chamber, and in its movement the
slide-port 12 uncovers the port 10 and forms
10 a connection between that and port 11, which
" allows the gas to enter the gas-pump 13, Fig.
1. Before the piston 14of the pump reaches,
say, half-stroke the slide 5 has returned and
cut off the connection between the two gas-
ports 10 and.11, so that for the balance of
the stroke, or until the piston il reaches the
point shown in Fig. 1, the supply of gas be:
ing cut off, the piston 14 pulls againsi a par-
tial vacuum, and on 1ts return commences to
compress the gas charge at the point where
the supply was cut off. When the main
piston 1 2 commences to move under the
pressure of the explosion, a vacuum is caused
in the end cf cylinder 9 at 15, which sucks air
in through the cross-head 16, Fig. 9, the hol--
low piston-rod 17, Fig. 2, and the perforations
18, into the recess in the large piston 2, and
thence through the valves 19, until when the
piston has reached the limit of its instroke ;
(toward the ecrank) the cylinder 9 (less the
displacement of the high-pressure piston1)1is
filled with air. Atthis pointtheslide b moves |
further toward the crank-shaft, and by means
of the port 20 forms a connection between the
65 ports2land 22. Theburnedgases and hot alr,
then under high tension, rushing in through
the port 22, immediately act upon the low-
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follows the expanding burned gases through

3
S

pressure piston on the larger area 23 when it
is in the erank end of the cylinder at 24 as the
crank passes the center. The piston is thus
forced back to the point shown in Fig. 2, and
the hotair and burned gases are thus further
expanded, down to almost atmospheric press-
ure. When the piston has reached about half-
stroke in this last movement, the air in the
air-compressor end 15 of the cylinder 9 will
equal the pressure of the expanding burned
gases, and the compressed-air outlet-valve 25
will be forced open, and the fresh-air charge
80
the pipe 27 into the explosion-chamber 3. -
This point (when the fresh air opens the valve
25 and begins to enter the explosion-chamber)

varies, according to the amount of and press-

ure generated by the previous explosion, but
as the burned charge is constantly being low-
ered in pressure, as the piston 2 moves on its
outstroke, (from the crank,) the compressed
air on the other side of the piston 2 at 15 18
constantly increasing in pressure, so that when
the pressures become equal one counterbal-
ances the fother—that is, the pressure on the
area of the low-pressure piston at 23 just off-
sets the pressure on the high-pressure piston
at 29 added to the pressure in the air-com-
pressor at 15, and from that point 1t 18 simply
a displacement, no power being absorbed, the
compressed air entering through valve 25 as
fast as the piston moves, and the burned gases
(or old charge) receding from the explosion-
chamber through the passage 26, and the ports
21 and 22 into the low-pressure cylinder, both
the volumes and pressures remaining nearly
the same. YWhen about one-third of the com-
pressed air has entered the explosion-chamber 105
3 from the compressor 15, the compression of
the gas in the gas-pump 13 (depending, of
course, upon the point of cat-off in the stroke
when the gas entered the pump) will equal
the air-pressure in the pipe 27, and will com- r10
mence to enter and mix with the column of
airthrough the check-valve 28, Asthestrokes
of the main piston and-the gas-pump piston
are synchronous, and as the areas or displace- .
ment of the air-compressor and gas-pump are 17135
in proportion of about seven to one, the bal-
ance of the compressed-air charge is thor-
oughly mixed with gas from the pump through
the valve 28, as it (the air) passes through the
pipe 27 and the valve 25 into the explosion-
chamber. It will be noticed that the explo-
sive charge fills the explosion-chamber 3 in
the igniter end at 3° from one-fourth to two-
thirds the capacity of the chamber, accord-
ing to the amount of gas 1n the gas-pump, 123
which amount varies according to the point

of cut-off of the slide 5, and which point of
cut-off depends entirely upon the governor
which regulates the position of the eccentric

on the shaft, (see Tigs. 5, 6, and 7,) which I 130
will now explain. :

- The antomatic cut-off governor (shown in
Fig. 7) is not new, but its adaptation to a gas-
engine is entirely new. ™There are several

100
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forms of this kind of governor used on the
steam-engine. Its operation is quite simple:
As the speed increases, the weights 30 move
outward aud carry the eccentric 31 along on
the shaft through the slot or opening 34, the
eccentric being held or pivoted at the point
00, and connected to the governor-weights by
the rods 36. In this movement of the eccen-
trie (to the left in Fig. 7) the centers of the ec-
centric and shaft 32 come nearer together, and
thus shorten the stroke of the ececentriec and
slide 5, which is driven by the rod 33, which
rod is connected to the stran around the ec-
centric 31. On one side of the eccentric T
have two lugs, wedge-shaped, 37, which fit into
correspondingly-wedge shaped recesses in the
sleeve or thimble 38 on the shaft. This thim-
ble orsleeve is held in position on the shaft by
the feathered key 39. Itisalso held up against
the eccentric by the two springs 40, which
are made fast to the small fixed eccentric 71,
Figs. 3 and 5, which operates the exhaust-
valve 70, IYig. 2. On the face of this thimble
or sleeve 1 have a cam or raised part, 42,

which corresponds to about two-thirds of a
stroke, or, say, one hundred and twenty de-

grees; and I havea pawl or lever, 43, the end
of which bears against the face of the thimble
33, and having a rod, 44, which is connected
to a valve, 45, in the gas-supply pipe 10, Fig.
2, and 46, INig. 1, just below where it enters
the port. This pawl 43 is held in place by
the stud 47, made fast to the frame. Now,
when the speed inecreases beyvond a predeter-
mined point the governor-weights will carry
the eceentric to the left, as shown in Fig. 7,
and the stroke of the slide 5 being shortened
the port 12, I'ig. 2, cuts off the gas-supply at
an earlier and carlier point in the stroke, and
the gas charge admitted to the pump 13 be-
comes less and less. During this operation

~the thimble 38 is being gradually pushed by

45
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the lugs 37 to the left. (See Figs. 5 and 6.)
Finally, when it is not economy to reduce the
gas charge further, if the speed continues to
inerease at a predetermined point, the cam 42
on the thimble 38 is moved away from the
pawl 43, Fig. 5, and the gas-supply check-
valve 45, I'ig. S, is no longer raised at all,
and as a consequence no gas at all enters the
gas-pump 15 for the following stroke, or again
until the speed lowers. The lugs 37 ean be
placed on thesleeve and the inelined recesses
made 1 the eccentrie, where the lngs are
shown, (sce Ifig. 7,) or the recesses may be
dispensed with and lugs placed on both the
eccentric and sleeve. T either case the result
sought 1s the same-—namely, moving the sleeve
and cam 42 out of contact with the lever 48
and leaving the gas-valve 45 closed until the
speed 1s reduced. As soon as the speed

slacks up any, then the ecceentric will move
to the right, (sece Fig. 7,) and the lugs 37 will
allow the springs 40 to push the thimble 3

to the right, as shown in Figs. 5 and 6, and
the cam 12 comes in contact with the pawl 43
again, which causes the gas-check valve 45 to |

open at regular intervals again. The gas-
charge in the pump will be light at first, ow-
to the shortness of stroke and consequent early
cut off; but if the speed continues to lower,
the eccentric will continue to move to the
right, (see Fig. 7,) which lengthens the stroke
of the eccentric and slide b, and the gas-sup-
ply will be cut off at a later and later point
in the stroke by the port 12, IFig. 2, and the
amount of gas-charge to the gas-pump will be
correspondingly increased until the maximum
charge is obtained. By the movement of the
cecentric on the shaft under the action of the

governor, the port 20,Fig. 2, cuts off the connee-

tion betweenthetwoports2land 22 at different
points in the strolke, whieh variation, however,
1s not as great as that of the gas cut off by port
12, owing to the less amount of ‘*lap’’ 1n the
port 20 In uncovering the port 22. The result
of this is that the high-pressure piston1 in the
last portion of its outstroke (from the crank)
compresses the air in the eylinder 29 and ex-
plosion-chamber, and the hot air and bhurned
gases 1n the low-pressure cylinder 9 for the
balance of the stroke (being cut off from the
pressure 1n the high-pressure cylinder) are
utilized by natural expansion,and are thus used
more econoniically and the terminal pressure

reduced to almost the pressure of the atmos-

phere. 1t will be observed that owing to the
location of the cylinder-ports 21 and 22 with
reference to the gas-ports 10 and 11 that the
earlier the gas-supply is cut off (and conse-
quently the smaller is the explosive charge)

the earlier is the conneetion cut off between

the ports 21 and 22, and as a consequence the
higher is the compression in the high-pressure

cylinder 29 and explosion-chamber 3, and vice

versa—-that is, the larger in amount is the gas-
chargeadmitted to the pump, and consequently
the larger is the explosive charge—the lower
1s the compression of the charge before igni-
tion 1n the explosion - chamber. This is a

~valuable feature in my present engine, for

by 1t the initial pressure afterignition of each

explosion is anticipated, and the amount of

compression best adapted for that explosion
regulated in every instance by the same slide-
valve which regulates the amount of the gas-
charge, both under control of the same gover-
nor; and then,again,when the gas-charge under
cumulatively high speed is cut off entirely by
the pawl 43 dropping out of range of the cam
42, I‘ig. 5, the compression of the air-charge
1s kept up to the maximum, ready for a re-
newal of the gas charge, so that when renewed
again (by the springs 40 foreing the cam 42
under the pawl 43) the best results of the ex-
plosion are attained. If this were not so con-
structed, then,if an explosion were missed, the
next one following would not have the benefit
of any compression at all, and would, conse-
quently,be very weak, and several would have
to take place before one of a fairiy high initial
pressare werce obtained. The result would be
less economy in gas, and not so quick a regu-
lation of speed; but with my cut-off, as herein
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described, the compression varying with the
gas charge inversely and the explosive charge

being always delivered to the igniter end of |
the explosion-chamber, the governor can bub |

be very sensitive, and the engine will respond
quiekly to its slightest changes of load.
The slide-valve is the principal cause of

~ friction in most gas-engines.- It is usually

- IC

_'_[5

25

held to its face by stiff springs, which have to
exert a pressure sufficient to overcome the
highest initial pressure, which in some en-
oines is two hundred and fifty pounds to the
square inch. Whenthe exhaust-valve opens,
and there is no pressure atall in the eylinder,
these springs are doing their full work just
the same, holding the slide up to its face with
a force of over two hundred and fifty pounds,
all of which has to be overcome by the engine,
as the slide must be kept moving. |

I balance my slide 5, Fig. 11, by having a
place on its back 48 recessed out about one

‘thirty-second of an inch deep and of equal

area to the port 20. A small hole, 49, con-
nects the port 20 with the recess. Then I
have a-light independent back slide, .50, (see

~ Fig. 11,) which is firmly held to a disk-dia-

phragm, 51, by the serews 52. This dia-

- phragm is of thin sheet-steel, and acts as a

30

spring to hold the independent back slide, 50,
at all times with the pressure of a few pounds

only against the main slide-valveb. DBetween

this diaphragm-spring 51 and the independ-
ent back slide, 50, there is a thin alr-space,

“equal in area to the port 20. Thisdiaphragm

40

~ is the amount due to the spring of the dia-

is theld firmly by the screw 53 to the fixed
onide 54, which guide is fastened to the out-
side of the eylinder or frame by the bolts 55.
It will be observed that no matter what the
pressure may be against the slide in the port
20 it is reacted against the fixed guide 54, and
that the only pressure on the slide at any time

- phragm 51, which can be adjusted to justsufii-

+35

cient in amount to prevent any leakage. The
diaphragm under the edges (at the screws 52)
can be packed with ordinary sheet-rubber

- packing. |

-
55
60
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The amount of extra clearance due to bal-
ancing the slide-valve in this manner is al-
most nothing. Another form of this dia-

phragm-balance is shown in Fig. 2. I prefer,

however, the one shown in Fig. 11. The other

end of the slide b, which covers the gas-ports

10 and 11, (see Fig. 2 or 11,)is held to its face
by a very light spring, 75, as there is no

pressure in the gas-ports to amount to any-.

thing. . | | |

The piston of my gas-measuring pump I
drive from a crank fixed to the face of the gov-
ernor case or guard 56, Fig. 3. The connect-

ing-rod which connects to this crank-pin 56

is shown at 57 in Fig. 1.. This gas-measuring
pump and its manner of operation are fully
described in my application for patent on
February 3, Serial No. 190,692, .

In Fig. 1is shown a boiler-iron air-tank, 58,

~ located under the engine inside the frame, and

which is connected to the side of the cylinder

by the pipe 59 and the valves 60. (Shown 1n -

detail in Fig.-12.) The pipe 59 continues 7o
above the valves 60 and opens into the port-

21 (see Tig. 2) at the point 61. '

In Fig. 12 the valve 62 is the storage-valve.
63 is a check-valve, with a hand-screw, 64, by
which it can be kept open against the spring 75
65. When the engine is running, the valve
62 may be opened, and valve 63 is left as &

check-valve to be operated by the spring.

The air and burned gases under high press-
ure are forced through the check-valve 63 un- 80
til the pressure in the air-tank 58 equals the
pressure of the explosion. Then valve 62 may

be tightly closed, and the contents of the air-
tank are ready for use whenever the engineis -

to be started at some future time. In-starting, 85
all that is required is to open valve 62 and also
check-valve 63 by screwing in the thumb-
serew 64 and forcing the valve off its seat.

‘The compressed air enters the port 21 (see

Fig. 2) at 61; and no matter what position go

the crank may be in (if slightly off the center)

the engine will start at once, the pressure of the

air acting on both pistons 1 and 23, the engine

being for the time the same exactly as an ordl-

nary double-acting steam-engine. | c§
For ignition I use a small dynamo of about

‘one-tenth horse power,and drive the same with

a small round belt from the governor case or
onard. (See Iig. 3.) - |

I amaware thattheuse of a small dynamo to roo
oenerate the ignition electrie spark isnot new; |
but my devices connected with the poles of the
wires forming the igniter are new, and are
made so as to avoid the trouble hitherto ex-
perienced of the gathering of soot on the in- 104
sulated poles. The current is carried to the

insulated rod 66, Fig. 2, which is raised by

the lever 7. The other end of the wire con-

‘nects with insulated disk 67, which has the

points or projections 68. The ends of the iro
jgniter 4 are in form of two springs,whichare
forced in between the points 68, which points

are rough or corrugated on the inside edges,

so the rubbing of the sides of the spring ends

4 on the same will always preserve both ends 1153
and points clean and free from carbon or soot.

As the piston reaches the limit of its outstroke,
(from the crank,) the rod 66 is raised through

the metallic insulated stuffing-box 69, and the
electric current is broken, and an intenseelec- 120
tric spark is generated between the spring
ends 4 and the projections 6S. - The exhaunst-
valve 70, Fig. 2, I drive with a small eccen-

| trie, 71, Fig. 8, connecting to therod 41, Kig.

2. The stem of the valve has a relief-spring, 123
72,which the eccentric works against on half
its stroke, and lifts and closes the valve dur-

‘ing the otherhalf, corresponding in timeto one

full instroke (toward the crank) of the main
piston. The exhaust produets are carried off 130
by the pipe 73 into the cast-iron exhaust-pot
74. inside the frame, from which they are car-
ried off in the usual manner. |

Having thus fully deseribed my invention,




~what I'claim as new, and desire to secure: byf

| or thimble with cam thereon for opening the
-gas-inlet valve, lugs or projections on said 7o
sleeve for foreing said cam out of contact with ©

Letter P’Ltellt 18—

5 -~ stantially as deseribed.

10 g

2. In a gas-engine, in eombmatmn mth Q
 ga8S- Supp]y pump,a Sllde -valve regulating the
~supply to said pump aud operated by an ec-

: ~centric on the main shaft, the eenters of said
~eccentricandsaid shaft relatively to each other

15

- thelr axial center,: snbsmutml]y for (he

. being dependent upon the position of the
V {0 |
| matic cut-olf’ governor arranged so
off ‘the g

Wewhts of a ceutuiuml covernor relative

pur-

o poge and as helem deseribed.

3 In a gas-engine, n cmnbma‘[lon WIUL.&?

g bas supply pump, a &lide valve reg ulating the
20

supply to said pump and opemted by a re-

~volving eccentrie, which cecentrie is movable

admlly and Spll“tll} on its shaft in a plane af

o rwhb angles to the axis of said shaft, its posi-
- tmn in that respect relatively to the center of

25

the shaft depending upon .the speed of a cen-
- trifngal governor, %ubstm}tm]h, as and: 101 the

~ purpose Tierein deserlbed

4. In a compound gas- enﬂ*me hﬁ,\’ll]“ on onc

 valve-seat ports for connecting the 111':}*}1 and

30

o ;Wlth the high and low pressure cylinders. and
... the gas- snpply pump, ol a slide-valve
_ ;'ufttmﬂ‘ the above-named ports and operated |
Dy an eccentric on a revolving shaft, the posi-
" tions of centers of said eccentric and said shaft |
pump, substantially a

Y

. relatively to each otherbeing dependent upon:
- the speed of a centrifugal governor, so as to

40
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low pressure eylinders and for the Supply of’
gas to a. gas- supply pump, the combination,

shut off the connection between the two cyl-
inders and the gas-supply at varying points
of the stroke ’10(301{1111”‘ to the fluctuations of
the speed of the engine, substantially as set
forth

In a compound gas-engine, in combina-
tlon with ports to the high and low pressure
cylinders and to a gas- supp]y pump, all open-
1ng on the same Seat, a slide-valve actuating
all said ports, substantially as described.

0. In a gas- engine, a sleeve or thimble hav-
Ing a cam for opening a gas-supply valve ar-
ranged to be moved by an eccentrie on a re-
TOlV ng shaft (the movement of said eccentrie
on smd shaft being in a plane at a right angle
to the axis of the shmt) out of contact with the
gas-valve pawlor lever when the engine runs
beyond a predetermined speed, the1 eby clos-
1ng saild valve until the speed lowels substan-
tml]y as and for the purpose herein descr 1bed.

7. In a gas-cngine, a sleeve or thimble hav-
Ing a cam for opening a gas-valve, arranged

to be moved by an cceentrie on a 1evolv‘1nn
shaft, so the cam will De entirely to one qlde
of the pawl or lever againsta Spring when the
engine runs too fast, mmd spring so fixed as to
move the cam in CODt’thJ with the pawl again
when the speed is reduced, subsmntml]v as
and for the purpose herein deseribed.

1. In a gas- engine, in combmatlon W1th Q.
gas-supply pump, a shde valve operated from
a movable eccentrie, whiceh is controlled by a
~governor soas o cut oif' the gas-supplytosaid
- pump at varying 1)01nts 111 the Stl 01-.._9 Sub- |

|

f

[

act- |

g—
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8. - 1In a gas- -engine having a movable sleeve

the gas-valve pawl or lever when the engine

). Ina gas-engine hfwnw

10. In a gas- engine, 4 valve and

gas-supply and cut off the outlet of

the exlﬂosmn -cylinder, both at varying: poinits
1in the stroke, B
charge "ldlllltted the greater is the compres-
sion of the explosive: (,h"m?e before ignition, -
substa ntnlly as and f01 the pulpf_}SL 11(,1 em RENERS
fdescubed X B

SO tha.t the smaller the gas

1. In a cmnpouud

ogas charge and the conneetion betweenthe

tially asand for the purposes herein described.

as and 101' th
herein deseribed.

15. Ina gas-engine, an electric igniter con-
sisting of the spring- forked end, and the Tugs
provuled with grooved edges, arranged so that
the spring end 1*ubs the said edr‘r(,.s when in
contact and preserves the 1)0111ts ol contact
free fromsoot and carbon, substantially as and
for the purpose herein descubed

14. In a gas-engine, in combination with a
small dynamo, the rod and lever 7, and the
spring-pointed igniter, with the lugs to come
in contact therewith, substantially as and for
the purpose herein descube(]

15. In a gas-engine, a centrifugal covernor
and movable eccentric under control of same,
in combination with the sliding sleeve and
cam, and the gas-inlet valve mld a lever
ol)emtmn* sald valve by said cam, substan-
tially as and for the purpose herein descnbed

16. In a gas-engine, the movable eccentric
on a revolving shaft, controlled in the length
of its stroke by a centmﬁwal governor, in
combination with the Slldmn sleeve, 1110
double-ported slide- -valve, and “the a1r-com-
pressor and  gas-measuring pump, substan-
tially as and for the purpose herein described.

JAS. FRANK PLACL.

Witnesses:

J. 8. SHERBURNE,
W, I Sranrk.,

| %hdmfr Sleeve5
or tlumb]u with cam thereon for opening the
gas-1nlet  valve, lugs or projections on a 7
‘movable eccentuc for forcing said eam outof
|-contact with - the: ffflfs-v"zlve pawl or lever
|- when the engine rans too fast, subs:bmtm]ly
as and for the purpose herein deseribed.- o
an -.LL-uLo- SR
as to cut

runs too fast, ‘:ubstm]tnl]y as aml for the pur-
=pose herein desm ibed. . o

5
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gas-engine, the fmto-: .
rm‘“ttlc cat-oif governor Wlth the movable ec-
centrie, the 1enn*bh of the stroke of which is & =
- :dependent uapon. the speed of said governor,
~1n combination with a slide-valve operated 1’3"
~said eccentrie, which controls admission of
the ¢ .
two cyhndem, and the air-compressor in one
end of the low-pressure cylinder, all substan-
100
12, In a gas- enﬂme, the centrlfug tl gov-
| emor with the guard or shield, in combina- -
tion with the crank- pin and the gas-measuring
¢ purpose

%

105

I1TO

115

120

125

130




	Drawings
	Front Page
	Specification
	Claims

