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To all whom it may concermn

"Be it known that I, JAMES FRANK PLACE, a
citizen of the United States, and a resident of
the city. county, and State of New York, have
invented certain Tmprovements in Gas - En-

* gines, of which the following is the specifica-

10.

J 15

tbion. - ;

My invention has for its object the produc-
tion, in a gas-engine, of the following advan-
tageous results over such engines now in use:
a more uniform speed under varying loads,and
consequently less vibration, shock, and waste
heat in the engine; greater economy in the use
of gas, or,in other words, the maximum ofavail-
able power and the minimum of gas con-
sumption; a more thorough mixture of the gas
and air; a more thorough combustion of the

- explosive gasesin the explosion-chamber, and
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anavoidance of any admixture with theexplo-
sive gases of the burnt gases or products of
combustion; the better avoidance of leakage
of products of combustion and other gases into

_the engine-room; theuse of less water for cool-

ing the engine; a simpler, more positive, and
less expensive means and mechanism for

igniting the explosive charge and the better
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utilization of the waste heat from the engine
and products of combustion to heat, first, the
air employed in the explosive mixture of gas
and air, and, second, theair employed to drive
out the produets of combustion; also, other
minor advantageous features, which will be
hereinafter set forth.

The principles underlying my invention by
which I seek toattain the objects named above
are: an explosion of the charge of inflammable
gas and air at every revolution of the crank,
instead of at every other revolution; and a
charge of inflammable gasand aiv which varies
in richness according to the work to be done.
As a consequence of this a greater or less
amount of pressure is exerted on the piston,
as may berequired, by the varying load on the
engine. A distribution in the explosion-
chamber of a charge of air and gas which va-
ries in richness according to its location--
that is to say, richest nearest the piston and
uniformly more diluted toward the igniting
end of the cylinder—whereby when the rich
strong charge at the igniter is fired the flame
is thrown into the eylinder and. ignites the

.derlying the

weaker portion of the charge first, the richer
portion being fired after the piston is in mo-
tion. 'Thus the greatest pressure is exerted on
the piston when at half-stroke, and when the s5.
crank is acting at its greatest leverage. ‘The -
power exerted on the crank is thus made cu-
mulative, the culmination beingreached when
the leverageis greatest.. An adaptation to the
engine of an automatic cut - off governor to 6o- -
regulate the admission of gas, whereby the
gas-supply may be cut off at different points
of the stroke,and theexplosive chargeis made
rich in gas at first and gradually diluted with
air afterward. This governor is alsoadapted 65-
to entirely cut off the gas-supply when the"
charge is too much diluted to explode first at . -
onecylinder, then at the other, asthe load isles-
sened, and to immediately and automatically
resume the supply first to one eylinder and 7o
then to the other, first diluted and then uni-
formly rieher as increased power is required; .
the admission of cold air to the crank end of
one cylinder, then to the crank end of the .
other cylinder, then forcing it from the latter 735
into a chamber surrounding the exhaust, and -
then into the explosion-chamber of the eylin-
der through the piston-rod and piston. This
drives all the burnt gases out from the eylin-
der before the admission of each explosive 8o .
charge, and the waste heat of the cylinders,
and the escaping products of combustion are
absorbed to a great extent by the air which.
forms a part of the explosive mixture, and is
utilized by conversion into power. 88
Having thus stated the objects I seek to ob-
tain by my invention, and the principles un-
same, and through which said.
objects are to be attained, T will now describe
my invention with reference to the accompa- g
nying drawings, wherein— - Sl
“Figure 1 is a plan of the engine. Fig. 2 is
a sectional elevation, the line of the section
being taken through one of the engine-cylin-
ders on line 2 2 in Fig. 1. Fig. 3 is a trans- o5
verse section through the cross-head guides
on line 3 8 in Figs. 1 and 2, showing certain
air-valves. Fig. 4 is a front elevation, partly
broken away, to show the air-passage around '
the exhaust-pipe. = Fig. 4" is avertical section: 100

of the air-passage and a part of the air-cham-
ber, substantially in the vertical plane indi-
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cated by line £*4* in Fig. 4. Fig. bisavertical
mid-gection ofthe end of the second eylinder, 17,
of the engine and a part of the eross-head guide
of same on line 5 5 of Fig. 1. Tigs. 6 to 11
are on a much larger scale than the preceding.
Fig. 6 is a vertical transverse section of the
igniting mechanism and the induction and
eduction valves. 'The position of this section
is indicated by the line 6 6 in Fig. 1. TFig. 7
is a sectionon line 7 7 in Fig. 6, showing, also,
part of one cylinder. Tig. 8 is a plan of the
seab of the igniting slide-valve. Fig. 9 is a
plan of the igniting slide-valve. Fig. 10 is

an elevation of the igniting valve chamber

and the operating mechanism of the valve,
seen from arrow 10 in Fig. 6. TFig. 11 is an
elevation of the induction and eduction valve
chambers and the mechanism for operating
said valves seen from arrow 11 in Fig. 6.
Fig. 2 is a cross-section of the engine-cylin-
ders, taken on line 12 12 in Figs. 1 and 2, and
on the same scale as these figures. Fig. 13 is
a horizontal mid-section of the automafic cut-
off governor and the gas-inlet valve and mixer
on a large scale. Fig. 14 is an elevation of
the governor as seen from arrow 14 in Tig.
13, but on a larger scale; and Fig. 15is asimi-
lar elevation of the opposite side or face of the
same. Fig. 16 is a view showing the tappets
which actuate the gas-inlet valve on a large
scale, and Fig. 17 is a side view of the inter-
mediate levers acted on by these tappets.
Fig. 18 is a detail in section on line 18.in
TFig. 15.

I will preface the description of my engine
by saying that T employ, as in other engines

of this character, an explosive mixture of in- -

flammable gas and air, which is compressed
by the piston before ignition. My engine com-
prises two cylinders, the pistons of which move
together orinunison, being coupled to cranks
which are set alike on the power-shaft. The

- explosions take place alternately in these two
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cylinders, whereby I obtain one explosion for
each revolution of the shaft—that is to say,
one piston is compressing its explosive charge
while the other is expelling the burned gases,
and on the instroke one is moving under the
impulse of the explosion while the other is re-
ceiving its charge of the explosive mixture of
gas and air. The inner or erank ends of the

-cylinders of my engines are clesed, and the

piston-rods play through stuffing-boxes, and
I supply these cylinder-heads with induction
and eduction air-valves, whereby I employ
one end of each eylinder as an air-pump to
compress a charge of air which is employed
to wash out or expel the burned gases from
the explosion - chamber at each revolution.
This charge of air enters the explosion-cham-
ber (or outer end of the cylinder) through the
tubular piston-rod and a valved aperture in
the piston, .

I may also state here that I am aware gas-
engines have been proposed having two cyl-
inders, in which the charges are exploded al-
ternately, and having the cranks, pistons, and

-inafter desecribed.

piston-rods arranged to move in unison; and -

T am also aware ‘that gas-engines have been
proposed having the crark ends of the cylin-
ders closed and provided with induction and
eduction valves. These features I do not
therefore claim, broadly. .

Referring now particularly to Figs. 1 and
2, L and 1* are the cylinders; 2 the pistons,
which are shown at mid-stroke in Fig. 2 and
at outstroke in Fig. 1.

The dotted lines # in Figs. 1 and 2 indicate
the limit of the outward travel of the pistons.
That portion of the cylinders between this line
and the outer heads of the cylinders is re-
served to form the explosion-chambers, and
these explosion-chambers oceapy about one-
third of the cylinders.

3 are the hollow or tubular piston-rods, at-
tached to eross-heads 10, which play in cross-
head gnides 13.

4 represents the water-jackets around the
cylinders, which may be supplied with run-
ning water in the usaal way. ,

6is the main shaft,mounted in suitable bear-
ings, and provided with two cranks, 7 7, set
alike or in the same plane. These cranks are
coupled to the cross- heads by connecting-
rods 8 8.

14isabed-plate, which is cast hollow to form
two air-chambers, 15 and 15%, which are sep-
arated by a partition, 15". On the bed-
plate thus formed are mounted the cross-
head guides 13 and the bearings for the pow-
er-shaft 6. :

9 is the fly-wheel.

Referring now to Tigs. 6, 7, 11, 12, and 13,

as well as IMigs. 1 and 2, I will explain how

the air and gas are mixed and admitted to the
explosion-chamber.

5 istheigniting chamber or chambers, which
extends across the ends of the cylinders and
opeus into them at 2, as shown. This cham-
ber is divided ab its center by a cross-parti-
tion, 5%

18, Fig. 6, is the air inlet or supply pipe,
which is controlled by a thumb-screw, 81. The
air entering at this valve passes around the ig-
niting-chambers and valve-chambers through
Passage 64 to the mixing- chamber 19, Fig,
13. Here it is mixed with the proper pro-
portion of gas through the medium of the de-
vices I will now describe.

To the end of the mixing-chamber 19 is con-
nected a cylindrical valve-chamber in which
plays a parted gas-valve, 17, and to which gas
is admitted at. an inlet, 24, controlled by a
cock. The gas-valve 17 is controlled by an
automatic cut- off governor, which will be here-
The gas does not enter the
mixing-chamber directly, but passes into a
perforated tube, 20, arranged in the mixing-
chamber, and through the perforations into
the mixing-chamber in jets, whereby it is
thoroughly mixed with the air entering said
chamber through the air-passages 64. I may
algo arrange in the mixing - chamber a fo-
raminous partition or partitions, 63 throngh
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which the air and gas. must pass, and which
will serve toinsure a more thorough comming-
ling of the two; but these I do not consider
essential. o

Mixers for gas-engines having a perforated

gas tube or pipe arranged within-an air-pipe

having been  heretofore proposed, I do not
claim this construction. . :
The mixed charge of gas and air is led to
the eylinders through pipes 19* and 19°; the
former admitting it at the sides of the cylin-
ders, as will be hereinafter explained, and the

latter admitting it through the medium of the:

igniting-chambers 5 and the. induction-valve
29. This valve and its operative mechanism
are best shown in Figs. 1, 6,7, and-11.
shaft, 25, is rotatively mounted on the bed-
plate, and is driven through the medinm of

a bevel-wheel, 79, on said shaft, and a ‘bevel--

wheel, 80, of.half the diameter of 79, on the
power-shaft. Thus the shaft 25 malkes one
revolution to two of the main shaft.

On shaft 25 is fixed a cam, 35, Fig. 11, which
acts on a-roller in the forked end-of the bell-

crank lever 36, the other end of which lever

aets on the stem of valve 29 to move it in
one direction.
other direction by a spring, 29, Fig. 7.
valve 29 is cylindrical, and- plays longitudi-
nally in a ecylindrical chamber. It has two
circumferential grooves forming ports or chan-
nels, which grooves, when the valve is moved
back and.forth, form, alternately, channels of
communication between the inlet 19° and ports
on either side of the partition 5% leading from
the valve-chamber. into the igniting-cham-
ber 5. \

The eam 35 is of such a form- (shown in
Fig. 11) that, in connection with the spring
29* it admits a portion of the explosive mix-

ture first to one eylinder through its igniting-

chamber, and then to the other, but the ports
are opened only for a moment and then closed.

I will now explain the mechanism for ad-
mitting the explosive charge at the sides of
the cylinders, referring particularly to Tigs.

1, 2,and 12. The pipes 19*lead the explo-.
.sive mixture from the mixing-chamber 19:to

ports in the sides of the eylinders,which ports

are controlled by spring-valves 39, which open’

inward. The apertures which admit the
charge to the cylinders are oblique, so that
the charge is given'a gyratory motion as it
enters, as shown in Fig. 12. Now, when the
piston stands at the end of its outstroke (see
dotted line ) it covers these side inlets; bub
as it moves in toward the crank these side
inlets are opened, and the suction of the pis-
ton causes the charge to enter at these ports,
as deseribed, the port controlled by thevalve
29 being now closed. Thos I get a rich charge

in the igniting-chamber 5, and a rich charge
next the piston, this latter-charge béing uni-
formly more and more diluted in proportion:

to the distance from the piston.. ce
The exhaust or induction valve 30'is con-
structed and operated precisely in the same

A

The valve is moved in the
This’

way as the induction-valve 29. Therefore the
sectional view of valve 29, Fig.:7, will serve

-for both. This valve is operated by a cam,

32, on shaft 25, and a bell-crank 'lever, 36"

The products.of combustion pass off through-

a pipe, 38.

70"

I will now describe the meaxs employed for -

driving out the burned gasés or products of
combustion from the explosion-chamber, and
the means adopted : for utilizing the wdste-
heat of the products of combustion, and: the
cylinders for heating the charge of air that is
employed to drive off said burned gases and
to replace them. L

Referring particularly to Figs. 1, 2, 3, 4,
4*,and 5, in the inner end of the cylinder 1 is

‘a valve, 75, which opéns inward, and which,
.when the piston ‘moves -outward from the"

erank, admits cold or normal air to said cyl-
inder.. On the return-stroke of the piston
this air is foreced out of the cylinder through

75

80'» :

a valve, 76, which opens into air-chamber15,

The air from this chamber 15 is drawn ‘into

90

cylinder 1° (see Fig.'5) through a valve, 78, -
in same, and on the return-stroke forced -out

said cylinder into chamber 15% ~Thus by
passing  through both -éylinders. the -air -is
caused to absorb heat'from the same; and the
cylinders and pistons are made to serve as air-

95

pumps to eompress.one charge of air at each -

revolation. ‘ ‘ S

In the chamber 15" is a chamber, 62, ar-
ranged in the exhaust-pipe 88,and this serves
also to raise the temperature of the air in
chamber 15*; and to further utilizethe heat of
the burned gases, I arrange the exhaust-pipe

‘1 88 within a passage, 63, which leads from
‘chamber 15° to valve-chambers (see Tig. 3)

arranged under: the cross-heads and having
cylindrical valves 40. The under sidé of the

100

103

eross-head -is recessed, and this recess con-.

nects with a passage, 43,-in the cross-head,
which in turn connects with the tubular pas-
sage through the piston-rod 3. ~ The valve 40
controls the admission of the heated air from
63 to the passage through the piston-rod and

piston, and the passage through the piston is .

controlled by a spring-valve, 68, which opens
outward or into the explosion-chamber.

The mechanism for operating the valve 40
comprises a cam, 41, on shaft 25, arcanged to
act on one end of the lever 41° the other
end of which engages a valve-rod, 41°, com-
mon to both valves 40. The cam 41:is con-

Lig

I2¢

structed very similar to the cams thatb ac-

tuate the induction and ‘eduction valves be-
fore described, and it moves the valve in one
direction, the movement in the opposite “di-
rection being effected by a spring, 40*. Each
of the valves 40 controls the admission of air’

to its respective ecylinder, and the cam 41
opens and closes each valve at alternate revo- -
: ‘130

Intions, as will be understood.

T will now describe the igniting mechanism
‘with especial reference to Figs. 6; 7, 8,9, and
10, : ’ : ‘
Mounted on the side of the igniting-chami-

2 ‘

125"
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ber 5, and at its middle, is the chamber 27,
containing the igniting slide-valve 28. On
the back of chamber 27 is a globular cham-
ber, 27°, which opens into the valve-chamber,
and in this chamber is arranged the igniting-
Jjet 69, which connects by a branch pipe, 70,
with a gas-supply pipe, 71, from any source
of gas. : :

37 is a pipe, which branches from 71 and
supplies gas to a master-light, 37*, which en-
ters the valve-chiamber obliquely from below.
The slide-valve 28 is provided with a recess,
34, in its upper side, which is always open to
the igniting - jet 69. Through or across the
valve, vertically, is arranged a passage, 72,
which is at the proper time brought into co-
incidence with an air-passage, 77, in the valve-
chamber, whereby air is admitted to the jets.
The valve also has two ports, 85, which at the
proper time are brought to coincide with re-
spective ports 86, opening through the valve-
seat into the chambers 5 on opposite sides of
partition b

In Fig. 10 the mechanism for operating the
valve is illustrated. Tt consists of a'cam, 31,
on shaft 25, arranged to act on one arm of a
bell-erank lever, 814 the other end of which
acts upon the end of the stem of the valve.
A spring, 28, Tig. 7, serves to move the valve
in the opposite direction. Inthe walls of the
valve - chamber are two passages, 33, which
lead from the igniting-chambers 5, from op-
posite sides of partitions 5% to the globular
chamber 27", These passages extend through
the valve-chamber, and are controlled by the
valve, the latter having ports which, as the
valve moves, are put into and out of coinci-
dence with said passages, thus opening and
closing them at the proper time. The pur-
pose of this is to admit a portion of the ex-
plosive mixture from the chamber 5 to the
chamber 27% in order to drive out any burnt
gases that may be incarcerated therein and to
so render the mixture of gas in the recess or
hollow of the valve more explosive. As the
explosive mixture in chamber 5 is compressed

. at the moment communication is established

50
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with chamber 27% it will be readily seen that
a strong jet will be forced through passage 33
at the proper moment.

In order to prevent compression of the air
in the closed chambers of the valves 29 and
30, holes are made in the partitions across
them, to which the valve-stems are attached.
These are shown at 82 in Fig. 7. The slide-
valve 28, which also playsin a closed cham-
ber, should be similarly provided.

So far as deseribed, the operation of my im-
proved engine is as follows: The pistons be-
ing at the ends of their outstrokes, (linex,) as
they start to return the inlet-port of one eyl-
inder is opened, and the explosive compound
from the mixing-chamber is drawn into that
eylinder through the igniting-chamber 5. The
piston, now moving inward, passes the in-
let-opening in the sides of the eylinder con-
trolled by valve 39, and the inlet-valve 29

is instantly closed. The explosive compound
is now drawn directly into the cylinder at
these lateral ports. When the piston has
reached the inner end of its stroke, it will be
found that,owing tothe action of the governor,
which will be hereinafter described, the charge
of explosive gases next the piston will be rich,
and that it will be more and more diluted as
we approach the outer end of the eylinder,
and that the explosive charge in the igniting-
chamber 5 will berich. The piston now starts
to return on its outstroke, the valves 39 in-
stantly close, and the charge is compressed in
the explosion - chamber. At the instant the
piston reaches the end of its out stroke the
slide-valve 28 brings the ports S5 and 86 ap-
pertaining to that cylinder into coincidence,
and the flame from the igniting-jet 69, which
has been burning, ignites the explosive comni-
pound in the igniting-chamber 5 belonging
to this eylinder, which immediately communi-
cates it to that in the explosion-chamber of
the cylinder. Asthe charge in the chamber
5 is vich and strong, the combustion is rapid,
and the explosion is communiecated with much
mechanieal disturbance to the charge in the
cylinder. Although apparently simultaneous,
owing to the rapid movement of the piston,
the combustion is really cumulative, owing to
the varied richness of the charge, the greatest
explosive force or impact on the piston being
exerted when the crank reaches a position at
or abont at right angles with the connecting-
rod. ThusTam enabled toavoid the expendi-
ture of the force of the explosion on the erank
as it is passing the center. When the piston
has reached the end of its instroke, the ignit-
ing-valve closes, and the exhaust or eduction
valve opens its port, to allow the burned gases
to pass out through pipe 38 and chamber 62.
While the above operations have been going
on, the inner end of the cylinder, acting in its
capacity as a pump, has taken in air and com-
pressed it in chamber 15 The valve 40 isat
this moment opened and a charge of heated air
rushes through the tubular piston-rod and
into the oufer end of the eylinder as the piston
starts on its outstroke, thus driving out the
burned gases by the combined action of the
charge of air and the outward displacement
of the piston.

In order to guard against the incarceration
of the burned gases next to the piston I pro-
vide a deflecting - plate, 74, Fig. 2, mounted
on the outer face of the piston, so as to sereen
the air-inlet’ controlled by valve 68. This

70
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plate deflects the incoming air laterally in a

sheet close tothe piston and drives the burned
gases forward. The operation of compressing
and heating this echarge of air has been suffi-
ciently explained hereinbefore. While the

above-described operations are going on ia
one cylinder, they are being repeated in the
other cylinder; but, as before stated, one cyl-
inder is receiving its charge while the piston
in the other is being acted upon by the ex-
pansion of the exploded charge, and one is

125

130,
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compressing its charge while the other is ex-
pelling its burned gases. In this manner the

- pistons, while moving in and out in nnison,

10

are really being acted upon by the successive

- explosions alternately, whereby I get one ex-

plosion for each revolution of the main shaft.

I have shown two side inlets for the admis-
sion of the explosive charge to the cylinder,
but I may employ one or more. I arrange
these inlets obliquely in order to give the
gases a gyratory motion, so that when they
enter they may follow the curved wall of the
cylinder,and thus fill the space next the piston,

. displacing the air already there.

5

. .ab alternate revolutions.
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- t0 one of the shaft 25.

1 may apply my improvements to a single-
cylinder engine, and contemplate doing so;
bub in that case there will bean explosion only
As T only require
one charge of compressed air to remove the
products of combustion at each alternate revo-
lution, I compress the air from one cylinder

in chamber 15, and take air with the other:

eylinder from this chamber and foree it into
chamber 15°. By this means I better ufilize
the heat in heating the air. I do not limit
myself to this specific arrangement, however.
Each - eylinder might take in cold or normal
air and compress it in a chamber common to
both or in separate chambers.

Heretofore gas-engines have been, and they
are at present, provided with governors simi-
lar to those on steam-engines, and adapted to
lessen the amount of gasused in proportion to
the decrease of theload on the engine. These,
however, do not cut off the gas at different
points in the stroke, and they are limited in
their movement by the fact that in such en-
gines the reduction of the gas-supply below a
certain proportion to the air employed will
prevent an explosion. )

Now, as my construction insures a rich ex-

plosive charge in the igniting-chamber and a

rich partial charge next the piston, the explo-
sion of my charge is assured, no matter if the
charge intervening be all or nearly all air.
Therefore T am enabled to employ an auto-
matic cut-off governor that will cut off the
supply of gas completely at different points of
the stroke, varying with the load; and in ad-
dition to this, by employing a_cut-off tappet
of peculiar shape, I am enabled to cut off the
gas gradually, so as to obtain a gradunally-di-
luted charge; but the governor always opens
the gas-inlet valve fully, and then closes it en-
tirely. Thus it is possible for me to employ,
taking the entire volume of gases in the eylin-
der and igniting-chamber, a proportion of gas
that is much below the proportion that will
form, when intimately mixed; an explosive
compound. ‘ _— ,

In Figs. 18,714, 15, 16, 17, and 18 I have
shown my improved automatic governor,
which I will now describe. - 67 is a horizontal
shaft driven from the shaft 25 by bevel gear-
wheels.
Secured to shaft 67 is

a disk, 46, provided with a curved inturned

This shaft 67 makes two revolutions.

‘outer rim, 61. On arms 47, which branch

from shaft 67, are mounted to slide governor-
balls 22. The balls 22are provided withlinks
48, to which are attached springs 23, which
tend to draw the balls in toward shaft 67.
The centrifugal force tends to throw the balls
out and distend thesprings. On therear face,
Fig. 15, of the disk 46 is mounted a tappet,
51, which, as the disk rotates, acts on the end
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or arm of an intermediate spring-lever, 53,

Fig. 17, and this lever acts on one arm of a
three-armed lever, 21, Fig. 13, to depresssaid

arm. The lower or pendent arm of lever 21

is coupled to the rod 21° of the gas-valve 17,
and when the tappet 51 acts as above de-

80"

seribed this valve 17 is thrown full open and

gas is admitted to the mixer. (Shown in sec-
tion in Fig. 18.) A spring, 44, which acts
against the pendent arm of lever 21, holds it

85 -

in position whichever way it may be thrown. -

Anothertappet,50,(shown enlarged insideele-

vation in Fig. 16,) acts on another interme-

diate lever, 52, Fig. 17, and through it on the
other lateral arm of lever 21, and by swing-
ing the pendent arm of said lever over (to the
position seen in Fig. 13) serves to fully close
the gas-inlet controlled by valve 17. Now, in
the construction shown the tappets 50 and 51
are so arranged that mormally the limib of
cut-off is at one-third of the stroke; but this
limit may be varied..

I will now deseribe the means \vhereby the’

movement of the governor-balls is caused to
vary the position of the cut-off tappet 50 with
reference to the opening tappet 51, so as as to
vary thepoint of eut-off. Inconcentricgrooves

gc
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in the outer face, Fig. 15, of the disk 46 are:

arranged to play rings 45, which are secured
to arms 45* by pins or studs, which pass through
slots 22¢ in disk 46.. These arms 45"are at-
tached to a boss or hub, b5, which turns freely
on shaft 67. To this hub is secured one end
of a cord, 54, which is wrapped around the
hub, and has its other end attached to one of
the springs 23. This construction issuch that

105"
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when the speed slackens and the springs 23 -

draw the balls 22 in toward the axis the cord
54 will also rotate the hub 55, which will
move the rings 45 around in their grooves.
‘When the balls are thrown out by the increase
in speed,and the springs 23 are distended,then
the rings 45 will be rotated in the opposite
direction by means of another cord, 54%

‘wound oppositely on the hub. 55, and. con-

nected to a spring, 234, as shown. Now, one
of these rings 45 bears the cut-off tappet 50,
and it will be obvious that as the speed in-
creases and the balls are thrown out the tap-
pet 50 will be’ carried ahead or toward the
radial plane in which the opening-tappet 51
stands, and that in eonsequence the higher the

15

120

125

rate of speed the sooner will the gas be cut off

after the valve has been thrown open,and,also,
the slower the speed, the later will the gas be

cut off, as the cut-off tappet will be carried .
Figs, 14and ~

backward as the speed slackens.
15 show the balls thrown .out and the governor
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cutting off at one-third of the stroke. I may
provide spring 49, arranged, Fig. 14, so thab
when the balls near their extreme outer limit
they will impinge -on said springs, and thus
require an inecreased velocity to move them
farther. These, however, I do not consider
as essential. )

Referring now particularly to Tigs. 15 and
18, itwill beseen that the tappet 51is mounted
to slide radially in order that it may be moved
out of the path of the intermediate lever, 53,
when the speed has reached its maximum,
and thus the gas remains cut off. When the
speed reaches its maximunr, as when the load
is thrown off the engine and the balls of the
governor are thrown out, a shoulder, 80, on
the sliding tappet 51,will engage a spring, b6,
and be thrown imward out of the way of lever
53, and the engine will receive no explosive
charge.
ernor-balls will be drawn in, the rings 45 will
move back, and spring 56* will contact with
the opposite shoulder, 80%, on tappet 51, and
move it back again into the way of lever 53.

In order that-the movement of the tappet
51 by the springs 56 and 56 may be sudden
instead of gradual, I provide keepers 57, ar-
ranged to engage projections 5S on the base
of the tappet at the time the springs engage
it, and to free it when the spring has flexed

sufficiently to move the tappet fully over.
These devices may be arranged in various

ways, so long as the sudden and not gradual
movement of the tappet is effected.

In order to throw the tappet 51 oub of the
way of the lever 53 when the engine is stop-
ping, and thus insure the cutting off the gas,
I employ the spring 90. -

In starting the engine the spring-bolt 59 1
hooked on to the pin 60, which brings the
tappet outb of range of spring 90 and in range
of pawl 53. As soon as the engine begins to
run at ordimary speed, the pin 60 is forced
away from bolt 59, which is then drawn by its
spring out of the path of said pin.

I am aware that it has been proposed in a
hydrocarbon-vapor engine to inject the mix-
ture of air and vapor into the cylinder ob-
liquely, and I do not broadly claim this ob-
lique injection; but insuch engines the entire
explesive charge has been introduced to the

explosion-chamber in this way, and the air-’

valve controlling the injection has been op-
erated mechanically, opening and closing at
regular intervals. My construction is differ-
enf. Iintroduce a compressed charge of gas
and air, and employ automatic valves wliich
are closed by the explosion. The inlet isnor-
mally closed against theinjection of the charge
by the piston, and when the explosion takes
Place is closed by the self-closing valves. I
am also aware that it is not new with me to
heat the air used to mix with the gas in mak-
ing-the charge, and that the heat of products
of combustion have been to some extent util-
ized for this purpoese. :

I do not wish to limit myself to the specific

This will slacken the speed, the gov- -

construction of the mechanism herein shown,
as said mechanism may be varied to a consid-
erable extent without departing from my in-
vention. . For example, I might employ other
forms of governors for cutting off the gas com-
pletely at different points in the stroke, and
also other forms of igniting mechanism.

Having thus described my.invention, T
claim— :

1. A gas-engine provided with a tubular
piston-rod constructed to.admit air through
said piston-rod for the purpose of expelling
the burned gases from the explosion-chamber.

2. In a double-cylinder gas- engine, the
nieans, substantially as described, whereby
the piston of one engine compresses a charge
of fresh air in an air-chamber, and the piston
of the other cylinder compresses air from this
chamber into a second chamber, whence said
air is taken to expel the burned gases from
the explosion-chambers of the cylinder, as set
forth.

3. In a gas-engine, the herein - deseribed
method of heating the air to be mixed with
the gas to form the explosive charge, which
consists in passing the said air, on its way
from the air-inlet to the mixer, through a
Jjacket around the valves and igniting-cham-
bers, substantially as and for the purposes set
forth. :

4. A gas-engine provided with an air jacket
or passage around the valve-chambers, and
igniting chambers, and a mixer, substantially
as set forth, and with an air-inlet connected at
one end with said passage or jacket, and the
other end of said passage or jacket connected
with the mixer, whereby the air employed
in forming the explosive charge is heated by

“waste heat, as set forth.

5. In agas-engine, the means, substantially
as herein described, for admitting a portion

-of the explosive charge through the igniting-

chamber and the remainder of the charge
through lateral openings in the cylinder, for
the purposes set forth.

6. In a gas-engine, the combination of a
mixer for the explosive charge, an igniting-
chamber, a pipe or passage connecting said
mixing and igniting-chambers, avalve and its
operative mechanism for controlling the pas-
sage, a cylinder provided with one or more
lateral valve-controlled passages arranged
substantially as shown and connected with the
mixer, a piston and piston-rod, a connecting-
rod, a crank, and a power-shaft, substantially
as and for the purposes set forth.

7. The herein-described method of supply-
ing an explosive mixture of gas and air to the
cylinder and igniting-chamber of a gas-en-
gine, which consists in first supplying a rich
charge to theigniting-chamber, and then sup-
plying a charge to the cylinder which is rich-
est next the piston and more diluted toward
the outer end of the cylinder, for the purposes

-set forth.

8. Thecombination, with a gas-engine, of an
automatic cut-off governor adapted to open
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the gas-inlet valve fully at the commencement
of the instroke of the piston, and to com-
pletely close the gas-inlet valve at varying
points in the stroke of the piston, as required
by the varying load on the engine, substan-
tially as and for the purposes set forth.

9.” The combination, with agas-engine, of an
automatic cut-off governor arranged to con-
trol the admission of gas to form the explosive
charge, said governor being provided with
means,substantially as deseribed, for gradually
cutting off the gas supply, whereby the ex-
plosive charge is richest at the first moment
of admission and more diluted, uniformly,
during the time of admission, for the purpose

‘set forth.

10. In a gas-engine, means, substantially as
described, for supplying to the cylinder of the
engine an explosive charge that varies in rich-
ness, whereby the said charge is made richest
next the piston and more diluted toward the
outer end of the cylinder, for the purposes
set: forth. '

11. The herein-described method of intro-
ducing an explosive charge composed of in-
flammable gas and air to the cylinder of a gas-
engine, which consists in first introducing a
rich portion of the charge to the igniting-
chamber, then a rich portion of the charge
next to the piston, and then a more diluted
portion of the charge intermediate between
these richer portions, whereby an expiosion
is assured when the proportion of gas. in the
charge, as a whole, is less than the proportion
to form an explosive charge, as set forth.

12. The herein-described method of intro-
ducing the gas to the mixing-chamber of a
g:s-engine for making the explosive charge,
which consists in first admitting the gasin
larger quantity in order that the first portion
of the charge may be rich, and then gradually
reducing the quantity of the gas admitted in
order to dilute the charge more and more, for
the purposes set forth. o ‘

13. Thecombination, ina gas-engine, of the
cylinder provided with induction and educ-
tion air-valves in their closed inner or erank
ends, the air-chambers 15 and 15% the air-

“passages 63, leading from chamber 15* to the |
cross-head guides, the recessed cross-heads 10,

provided with air passages or ports, which
connect with the tubular piston-rods, the said
rods, the pistons'provided with valves 68, to
admit air from the tubular rods to the explo-
sion chamber, and valves and their operative
mechanism, substantially asdeseribed, for con-

trolling the admission of air from chamber 15*

14. The combination, with the tubular pis-
ton-rod, the piston, and the valve in_the pis-
ton for admitting air to the explosion-chamber,
of thedeflecting-plate 74, mounted on the pis-
ton over the said valve to deflect the air later-
ally, substantially as and for the purposes seb
forth.. ‘ . :

15. Ina gas-engine, the combination, with
the eylinders, their pistons, and tubular pis-
ton-rods, of the chambers 15and15", the air-
passage leading from 15° to the cross-heads,
and the exhaust-pipe for the products of com-

“to the tubular piston-rods, substantially as and -
-for the purposes set forth. o
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bustion, arranged within said  air-passage, -

whereby the heat of said products is utilized
to heat the air employed for expelling the pro-
ducts of combustion from the cylinder, sub-
stantially as set forth.

16. In a gas-engine, the combination of the
cylinder, the piston, the tubular piston-rod,
the valve 68 in the piston, the cross-head pro-
vided -with ports 43, the air-chamber 15°

-and air-passages 63, and the valve 40 and its

operative mechanism, all constructed and ar-

ranged to operate substantially asset forth.
17. Inadouble-cylindergas-engine,the com--

bination, with the cylinders, pistons, tubular
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piston-rods, ported cross-heads and their .

guides, connecting-rods, cranks, and power-
shafts, of the valves 75 and 76 in cylinder 1,
and valves 77 78 in eylinder 1°, the air-cham-
bers 15 and 15% the air-passage 63, and the

valves 40 and their operative mechanism,

90

all arranged to operate substantially as set

forth. :
18. Tnadouble-cylinder gas-engine,the com-

_bination of the-two eylinders, the igniting-

chambers 5, the induction-valve, constructed
substantially as shown, and its operative mech-
anism, the eduction-valve and,its operative
mechanism, and the -igniting-valve and its
operative mechanism, all arranged to operate

substantially as shown, whereby the explosive.

chargeisadmitted to the eylinders and ignited,
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and the burned gases removed in alternate

.order, as deseribed.

Tn witness whereof I have hereunto signed
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my name in the presence of two subseribing

witnesses.
_ JAS. F. PLACE.
Witnesses: ‘

HeNRY CONNETT,
GEO. BAINTON.




