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UNITED STATES

PaTeEnT OFFICE.

LUTHER H, WATTLES,

OIF PROVIDENCE, RFHODE ISLAND, ASSIGNOR, BY

DIRECT AND MESNE ASSIGNMENTS, OF THREE-FOURTHS TO WILLIAM
B. SHERMAN, OF SAME PLACE, AND BYRON C. DAVIS, OF BROOKLYN,

NEW YORK.

GAS-ENGINE.

SPECIFICATION forming part of Letters Patenﬂ No. 577,667, dated February 23, 1897.

Application filed Decembel; 7,1895. Serial No, 571,337,

To wll whom it may concern:

Be it known that I, LuTHER H. WATTLES
a citizen of the Unlted States, and a resident
of Providence, in the county of Providence
and State of Rhode Island, have invented cer-
tain new and useful Improvements in Gas-
Engines, of which the following is a specifi-

cation.

My invention relates to improvements in
gas-engines; and it consists in a novel con-
stmctlon and arrangement of the igniting
mechanism therefor, as will be more fullv de-
scribed hereinafterand e%peclally pointed out
in the claim.

The object of my invention is to produce a
simple and inexpensive engine in which gas
or vapors adaptable to use in motors of this
character can be used successfully and eco-
nomically, and especially applicable to the
propulsion of cyecles, motoeycles, carriages,
cars, boats, and other applications where
small units of power are required.

The character of my invention will be more
fully nnderstood by reference to the accom-
panying drawings, forming part of this speci-
fication, in which—

Flofure 1 represents a front view of the en-
gine, Whlch is shown as being mounted upon
(md conuected with a part of the frame of a
cycle and near the pedal-shaft mechanism of
the latfer. Fig. 2 represents a top view or
plan of Fig. 1 I‘w 3 represents an enlarged
side elevamon of the cylinder and valve mech-
anism and is shown partly in section, that
the exhaust-valve mechanism and the gas-

_annv devices may be more clearly seen.

Fig. 4 is a top view of Fig. 3, also partly show-
ing in section the admlssmn -port and igniting
meehamsm Fig. 5 is an end view of Fig. "
and shows the cam mechanism which aetu-
ates the valves. It also shows the means by
which the engine is secured to the frame of
the cycle seen in Figs. 1 and 2. Fig. 6is a
vertical section on the line ¢ bin Fig. 3.~ Tig.
7 is a side elevation of the piston mechanism,
Fig. 8 is a section of Fig. 7 on the line ¢ d.
Fig. 9 is a section on the line ¢ f in Fig. 7.
FIU‘ 10 is a rear end view of Fig. 3

Slmlleu lettersrefertosimilar parts through-
out the several views.

(o model.)

In the drawings, A represents the cylinder
of the engine, to which-the head B is fitted
by means of the internal thread A', which is
cut therein, and the threaded section B’ of
the head B, and by means of which a tight
joint between the two is obtained.

The piston C is fitted to the eylinder in the
usual manner and is provided with the di-
vided packing-ring C'and an additional pack-
ing or lubricating ring C? which may be of
leather or other suitable material for such
purposes. The piston is divided into two
sections C (3, which are secured together by
meansof the internal thread C*within the for-
mer and to which the external threaded por-
tion C® of the latter is fitted. This arrange-
ment of the parts admits of adjusting the
lubricating-ring C?in its proper position with-
out div 1d1ncr it, and securing it effectively to
the piston. Recesses C° C° are provided in
the ring C’, in which springs C7 C?are placed,
which bear outwardly against the ring C' and
cause it to make the proper contact and fit
against the internal surface of the cylinder.

An annular groove C®is provided in the pis-
ton, into which the ring C'is fitted loosely,
and blocks C9 C? are likewise fitted therein to

close the joints C¥ C between the sections.

of thering C¢'. These blocks haveinternal re-
cesses or cavities C! C, in-which the springs
C'2 C gre placed for the purpose of produc-
ing the proper bearing of the ring C' at its
jointsagainsttheinternal wall of the cylinder.
The connecting-rod D is connected with the
piston C by the wrist-pin E, which is fitted to
the piston C in the holes C*® C¥in its walls
in the usual manner of such connections.
The head B is of such construction as to
provide for bearings and seats for the gas-
valve and air-valve mechanism, a mixing-
chamber, and duet leading from the gas-valve
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to the air-valve, and also provide bearingsfor .

the shaft which rotates the cams actuating
the valves. Thehead B is consequently pro-
vided with the gas-pipe connection F, which
is screwed into the upper portion B? of the
gas-chamber B? so as to make a tight joint
therewith, while admitting of the insertion of
the gas- “valve G and its spring G’ when neces-
sary.

95

ICO




s

20

25

30

35

40

45

50

55

65

w0

The valve-stem G* has a bearing G* in the
head B in the same axis with that of the gas-
chamber and gas-valve.

Themixing-chamber I isinternally thread-
ed at its upper end, and to it the cap B'is
fitted by a correspondingly-threaded portion
B%  The cap B*has a spring-cavity B¢, which
serves to retain the air-valve spring BT and
also give a beuring for the upper portion I of
the stem I' of the air-valve I>. This form of
construction, as in the case of the gas-valve
mechanism, admits of access to the spring B7
and air-valve I The lower portion I®of the
valve-stem I’ has a bearing at BS, which is in a
common axis with the eavity B® and the valve
I, and all of which are of eylindrical form.

The chambers and openings and connect-
ing-passages between the same will now be
described. The opening I in the gas-pipe I
communicates through passages T? with the
gas-chamberI3®. When thevalve G iselevat-
ed, a passage is opened from the gas-chamber
B’ to a duct G leading to an air-chamber It
The air-chamber I*is open at I for the admis-
sion of the air into the mixing-chamber IT at
the proper time when the air-valve 12 is ele-
vated for this purpose. An opening or admis-
sion-port J communicates between the mix-
ing-chamber II and the interior of the cylin-
der A, through which the mixed gas and air
enters the cylinder, by a suction of the piston
C, with every alternate outward stroke of the
latter, as will be more fully described herein-
after. When the gas-valve G is elevated, the
gas passes under it into the duct G5 and into
the air-chamber I* where it becomes mixed
with the incoming air and is then drawn with
it into the mixing-chamber I, where it be-
comes more thoroughly commingled with the
Iatter for its subsequent combustion in the
eylinder. A small ovifice G at the bottom of
the duet G*in thescrew-plug B’ forms an air-
passage for the suction of the gas remaining
in thé duect after the valve G is closed.

An exhaust-port I{ is provided at the lower
part of the cylinder A for the escape of the
products of the combustion of the gas, pro-
vided with the. exhaust-valve I, having the
stem L', which has a bearing at its inner end
L¥in the eap BY, which is fitted to the eylin-
der A by the threaded form of construction
shhown and deseribed in connection with the
mixing-chamber II and cap B! The outer
portion I? of the stem I’ has its bearing at
B heyond the end B of the exhaust-pipe

3% and connected with it by the bridge B,
This form of construction is similar to that
provided for the bearing of the air-valve stem
I"at I¥ and B® and provides an exit for the
escape of the burned gas similar to the inlet
I%, as seen in Fig. 6. Cap B has a spring-
cavity B¥, in which the spring B is secured,
which presses the valve L against its seat BI7.

The valve-actuating mechanism will now
be explained. The connecting-rod D has its
outer end D’ directly attached to the crank-
pin M of the crank M’ of the crank-shaft M?,
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and upon which the sprocket-wheel M? is
mounted. The shaft M? has its bearing in a
pillow-block N, which is secured to the frame
N’ or may be integral therewith. The frame
N’ has also another bearing N? secured to it,
and in which an intermediate sprocket-wheel
shaft O is journaled and upon which the
sprocket-wheel O’ is mounted, and of a diam-
eter equal to twice that of the crank-shaft
sprocket-wheel M3 The sprocket-wheels M?
and O’ are connected by an endless chain P,
by means of which motion may be imparted
to the shaft O, which of course makes but one
revolution for every two made by the crank-
shaft on accountof the respective proportions
of the sprocket- wheels, as described. The
connection between the frame N’ and the
bearing N? is an adjustable one, and to pro-
vide for this the bearing N? has a pair of
arms N°® N4, through which the studs N* N
are fitled, and by means of nuts N7 N® the
position of the bearing N? may be secured in
any degree necessary to give the sprocket-
wheel chain mechanism the requisite fension
on the sprocket-wheels.

Extending from the head B and integral
with it is a hanger or bracket B, the lower
end of which forms a bearing BY for a cam-
shaft Q, and which also has another bearing
B, likewiseintegral with thehead 3. Mount-
ed upon the shaft Q is a sprocket-wheel R,
which is connected with another sprocket-
wheel R’ and of similar dimensions, which is
mounted on the shaft O, by means of the end-
less chain R? and through which rotary mo-
tion is communicated from the shaft O to the
shaft Q and of the same ratio.

It can be seen that the shaft @ makes but
one revolution for every two made by the
erank-shaft M? and consequently every four
strokes of the piston C. This being under-
stood, the control of the movements of the
valves by the cams will now be described.
Secured to the shaft Q are the gas-valve-ac-
tuating cam Q’, the air-valve cam Q?, and the
exhaust-valve cam Q°, by means of which the
movements of the gas-valve G, the air-valve
I?, and the exhaust-valve I are controlled,
respectively. The cams Q' Q*are single-act-
ing—that is, they have each but a single pro-
jection thereon—and thereby make their re-
spective valves move up and down but once
during each revolution of the shaft Q—that
is, so as to admit gas and air into the mixing-
chamber IT and eylinder A with every alter-
nate outward stroke of the piston C. The cam
Q% however, is double-acting—that is, it has
two projections Q' QF, which cause the ex-
haust-valve L to open with each return stroke
of the piston C. The object of this arrange-
ment of the exhaust-valve mechanism is to
provide against non-compression of air and
gas within the eylinder, as will be explained
more fully hereinafter.

The shape of the cams is determined and
arranged so as to produce the proper move-
ments of the valves with the requisite accu-
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racy and precision,as can be understood with-
out further explanation.

Secured in a hole through the head B of
the engine is an electrode or terminal 8, pro-
vided with-a thread S’ and nut S? and an in-
sulating-bushing S° by means of which the
electrode may be adjusted in its position with-
in the cylinder, an electric conductor S be
connected therewith, and the electrode be in-
sulated from the head B of the engine. An-
other electrode T is connected with the piston
C by means of a tube T, which is threaded
therein at its outer end T? and its inner end
T% being internally threaded, so as to receive
the ad justing-serew T, to which the electrode
T is secured by the screw T° The adjust-
ing-screw T*is secured more effectively to the
tube T' by means of & ¢heck-nut T®. Theend
T? makes contact with the electrode S with
each return stroke of the piston C and of
course breaks contact therewith at the begin-
ning of each outward stroke of the piston,
thereby producing an electric spark to ignite
the gas mixture within the eylinder at the
time and produce the explosion or expansive
power which actuates the piston. The elec-
trode T is in circuit through the serew %,
tube T, piston C, wall of the cylinder A, and
a standard or support U and binding-post or
terminal U’, to which the other wire or con-
ductor U?is connected. The conductors U?
and $° are in circuit with an electric genera-
tor and apparatus capable of producing an
are or spark whenever contact is broken be-
tween the electrodes S and T, and an electric
cireuit is established between them at the
time. '

U U? represent standards orsupports which
are securely attached to the cylinder A, and
are also shaped and constructed so as to fit
overtheframeN’, upon which the whole mech-
anism is mounted and to which it is rigidly
connected by means of the straps or caps U*
U® and serews U® U° U” U7, respectively.

The operation of the invention will now be
described. The-valves being all in the closed
positions, as shown in Figs. 3 and 6, and the
piston being at its extreme inward position,
as indicated by the dotted line ¢ in Fig. 3,
and the electrodes 8 and T being in contact
with each other, at the beginning of the out-
ward stroke of the piston C the cam-shaft Q
rotates, carrying the cams with it, which lift
the gas-valve G and air-valve I?, allowing the
gas from the pipe F to flow into the air-cham-
ber I* simultaneously with the requisite vol-
ume of air, which enters through the opening
1%, and both the gas and air being drawn into
the mixing-chamber H and through the ad-
mission-port J into the ¢ylinder. During this
operation the gas and air become thoroughly
commingled and in the proper proportions
for the complete combustion following the ex-
plosion caused by their ignition by the elec-
tric spark at the beginning of the next out-
wardstroke of the piston. The outward move-
ment of the piston continues to suck into the

cylinder the gas mixture to the end of its
stroke, but in the meantime the cams have
each performed their functions of actuating
the gas and air valves, and the latter are
closed down on theirseats by their respective
springs G' B7, so that no more gas or air will
enter the cylinder until the second next out-
ward stroke of the piston on account of the
single-acting construction of the cams Q' Q?
and the fact that the cam-shaft Q rotates only
half as fast as the crank-shaft M%. The con-
dition of the mechanism, therefore, at the
end of the first outward stroke is that the
maximum space between the piston C and
the head B in the cylinder is filled with the
mixture of gas and air drawn in, as already
described, but still unexploded. The mix-
ture of gas and air in the cylinder at this
time is more or less completely effected and
rarvefied according to the respective quanti-
ties of air and gas admitted and the time of
their cut off, and which is regulated by the
shape of the cams Q' Q? and their positions
upon the shaft Q. By this arrangement the
following condition can be attained, namely:
The gas, by reason of its extreme buoyancy
or specific lightness, will collect in the upper
portion of the cylinder, while the air or par-
tially-mixed air will take the lower portion
in the cylinder on account of its greater spe-
cific gravify than that of the gas. The pis-
ton C now commences its return stroke, and
at the same time the exhaust-valve L opens
by the action of the cam Q3 thereon and al-
lows the. piston C to return again without

.compression of the confined gas mixture in

the cylinder, and if any of the mixture is
forced out of the cylinder it is only that in
the lower portion thereof, which is only air
or that containing a low percentage of the
gas. If the cut-off mechanism of the gas-
valve and air-valve be properly constructed
and adjusted, a partial vacuum or at least a
degree of rarefaction of the gas mixture can
be attained, so that little of the mixture will
be expelled by the piston in its return stroke,
and which end can be facilitated by the proper
timing of the movements of the exhaust-valve
L through its actuating-cam Q3. The object
sought for and attained by this arrangement
of the parts is the non-compression of the
gas mixtare with its consequent heating ef-
fects upon the mechanism and the econom-
ical application of the gas and the prevention
of the noise incidental to the exhaust of com-
pression-engines. ‘

‘When the piston C reaches the end of its
first return stroke, the gas and air valves, as
well as the exhaust-valve, are closed, the elec-
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trodes S and T are in contact, and the gas -

_mixture is ready to beignited when the elec-

trodes break contact and produce a spark
necessary for igniting the mixture. The gas
being thus ignited immediately explodes, ex-
panding with great force and propelling the
piston forward again, and thus making its
first live or working stroke in the cycle of its
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movements. All the valves remain closed
during this live outstroke of the piston to
the end, after which the piston C malkes its
second return stroke, and at the same time
the exhaust-valve L again opens and allows
the produets of combustion within the eylin-
der to escape through the exhaust-port K and
the exhaust-pipe B into the atmosphere. At
the end of thissecond returnstroke the whole
eyele of movements of the partsis again re-
peated as already described, and so on in-
definitely during the working of the engine.
It will be observed that by means of the
sprocket - wheel and chain mechanism by
which the movements of the cam-shaft Q are
controlled from the crank-shaft M®and the
intermediate shaft O, with its means for ad-
justment of the tension of the chains con-
necting the twoshafts together, a very simple,
complete, and effective mechanism is pro-
vided for the operation of the valve devices.
The engineisshown as being mounted upon
a part of a frame of a cycle for which it is
especially applicable. The details and ad-
vantages of such an application can be more
fully seen and understood by reference to an-
other application for Letters Patent for an
improvement in motocycles which I have
made on December 7, 1895, Serial No. 571,338,
and which is now pendmg before the Office.
My inventionisalso peculiarly well adapted
for the use of hydrogen gas or hydrogen gas
and electricity generated in a genemtm of
these forces, and of which a description may
be obtained by reference to another applica-
tion for Letters Patent which I have made
on December 7, 1895, Serial No. 571,336, for
an improvementin systemsof generating and
using hydrogen gasand electricity, and which

is now pending before the Office.

My invention is also well suited asa motor
for all kinds of devices for propulsion of ve-
hicles, cars, boats, launches, and other ap-
paratus for transportation or the like.

Itis

577,567

also appheable in stationary engines, where
small or large power 1llsmllamons are need ed,
and gas or vapors of a combustible chamcter
can be used as the fuel or generator of the
power in the form of expansion by combus-
tion within a eylinder mechanism.

Any gas, vapor, or mixture of the same
that can be used in other gas, gasolene, or
petroleum motors or the like may be used in
connection with this engine and as a fuel
therefor.

This device has been referred to as a ‘“non-
compression” engine, but it can of course be
understood and seen that by dispensing with
one of the projections Q! Q° uponthe cam Q7
which actuates the exhaust-valve I, a single
movement of the latter will be made during
the working eycle of strokes of the piston L
the same as made by the gas and air 11\'05,
and consequently that a 1eg’ularcomprcssion
of the gas mixture could be obtained, the

same as in any other four-cycle compression
gas-engine.

IL.wmy thus described my invention, what
I claim, and desire to secure by Letters Pat-
ent, is—

The combination of a cylinder, a piston
provided with an electrode connected there-
with by means of an adjusting-screw and a
tube having a threaded connection with the
adjusting-serew, and a eylinder-head secured
to the cylinder, and through which, an insu-
lated electrode is fitted and with which, the
piston-electrodeisadapted to make and break
contact, during its movements, subsmnbially
as speuﬁcd

Signed at Brooklyn, in the county of Kings
and State of New York, this 5th day of De-
cember, A. D. 1895.

LUTHER II. WATTLES.

Witnesses:
G. W. IRWIKN,
JAMES A. MCBAIN.
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