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UNITED STATES

PateENT OFFICE.

NICOLAUS A, OTTO, OF DEUTZ, GERMANY, AND FRANGIS W. CROSSLEY AND. -
WILLIAM J. CROSSLEY, OF MANUHESTER, ENGLAND.

IMPROVEMENT IN GAS-MQTOR ENGINES.

Specifieation forming pirt of Letters Patent No. 196,473, dated Dctober 23, 1¥77; patepted in England
Juane 4, 1877, for fourteen yeéars; Reissne No 8,107, dated Tebrnary 235, 1878; applieation liled

Febin ary 18, 1878,

To all whom if may concern:
Be it known that we, NICOLAUS AUGUST

O1r1o, of the Gas-Motoren Fabrik-Deutz, at.

Deutz, in the (erman Empire, and. FRANCIS
WiLniay: Crosstry and WILLIAM JOHN
CROSSLEY, both of Great Marlborough Street,
Manchester, county of Lancaster, England,
have invented an Improved Construction of
Gas-Motor Engines; and we do hercby declare
that the following deseription, taken in-con-
nection with the accompanying drawings, here-
inafter referred to,forms a full and exact speci-
Aecation of the saine,wherein we have set forth
the natureand principles of our said improve-
ment, by. which our invention may be distin-
guished from:otliers of a similar class, to-

gether with such parts as we claini and desire.

to sceure by Letters Patént—that is to say, for
which invention Letters Patent were granted
to us in Tngland, June 4, 1877, and nuinbered
2,777 : S L

Our invention relates to that class of gas-.
motor engines wherein the gasecus pressure.

inside aeylinder resulting from the combustion

of a mixture of inflammable gas or vapor and

air catses a piston to perform its stroke, the

products of combustion being expelled by the |
return stroke of the piston.” According toone’
-arrangement of such engines heretofore ‘em-~
ployed, the mixture of gasand air in the cylin-

“der wag of an explosive nature, so that on ig-
nition the piston wa3 propelled rapidly for-
ward without doing work,the work being done
by the return-stroke of the piston, effected by
the pressure of the atmosphere against a par-

-{ial vacuum formed DLehind the piston. Ac-
cording to another arrangement, described in
the specification to N. A. Otto’s patent, dated
August 14, 1877, No. 194,047, n charge of air
was first introdaced into the cylinder; and

then a charge of combustible mixture of gas.

and air, so that, the latter -charge bécoming
more and more dispersed in the air at points
more and ‘more distant from the inlet-port, the
combustion took place rapidly on first igniting
the charge, and then proceeded more and more
slowly as it extended to the-front part of the
charge, the. object being to obtain a . more

gradual development -of pressure, suited for
imparting motion to a piston ecrinected to a
crank-shaft. - .
Now, aceording to our present invention, in-
stead of producing a stratified condition of the
combustible charge, such as is obtained by the -
means last ahove described, we effect a similar
gradual development of the motive power by
introducing into the cylinder 4 aniformly-di-,
luted mixture of gas and air—that isto say, a
mixture containing a.greater proportion of air
‘than the strong or explosive mixture, which
only contains as much air as is necessary for
the complete combustion of the combustible
gas—so that on ignition this weak charge will -
burn with considerably less rapidity than the
explosive mixture.  1f this charge. were ig-
nited in the ordinary way,eithier by an electrie
spark or Ly a small gas-flame, the combustion
- would proceed too slowly at first for produecing
a useful result. We thercfore introduee into
ageparate passage or chamber, co mmunicating
with the eylinder and with thelighting-flame,
a‘charge of strong or ¢xplosive mixture of gas
and air, so that on ignition of this eharge the
resulting flame will be projected with some
force from the passage or chamber into the
cylinder, and, in being thus brought into ex-
tended contact with the diluted charge therein,
will effect its more rapid ignition; cansing the
maximum pressure of the gases to be attained

| before the piston-has performed any consider-

‘able part of its stroke. In this mode of oper-
ating, by varying the proportion existing be-
tween the strong and diluted charges—that is,
by making the passage or chamber containing
the strong charge larger or smaller in, propor-
tion to the space in.the cylinder containing the
‘weak charge—the combustion. may be made to
take place quicker or slower, and thus the du-
ration of combustion be adjusted’ to the re-
quired speed of the engine. .
In gas-motor engines of presenb construction
the slide for regulating the admission of the
combustible charge is kept up to the cylinder-
face by a spring sufficiently strong to resist
the gaseous.pressure generated‘in the cylinder

by the combustion of the char e, and consid-
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erable disadvantage results from the conse-
quent friction and wear caused by this constant
pressure of the spring. - S
According t0 our preseut invention, we
renedy this evil by causing the gaseous press-
ure inside the cylinder itself, directly or indi-
rectly, to press the slide against the face on
. which it works with sufficient force to prevent
the escape of gas through the port, while at
other times the slide is only kept up to its fice
by a light spring. : -

In gas-motorengines the ignition of the com-

bustible charge is frequently effected by filling
a cavity in the slide with gasesus combustible
mixture, which, after having been ignited by
contact with a small gas-flame, is, by the mo-
tion of the slide, brought in front of the cyl-
inder-port, and thus ignites the charge in the
latter. A L .

"In engines wherein the combustible eharge
is introduced into the eylinder in a state of

compression, or i3 compressed while in the

cylinder, as described in the specification to
the before-mentionied patent of N. A. Otto, this
mode of igniting the charge is subject to the
disadvantage that when the said cavity, with
its burning charge at atmospheric pressure, is

- brought in frontof the cylinder-port, the com-.

pressed gaseous charge in the latter, in rush-
ing back into the said cavity, is apt to force

the burning charge back into the gas-supply -
_pipe, and so extinguish it, preventing the ig-.

nition of the eylinder-charge, - -
According to our present invention, we ob-
viate this difficulty by establishing an equi-
Tibrium of pressure betweenthe slide-chamber
and the interior of the cylinder a little before
the opening of the slide to the cylinder, this
. result being attained by effecting a commuui-
cation between. the twa parts by a restricted

* passage or channel at the time referred to,-

through which the compressed gas can flow
~into the slide-cavity, but not with such force
orinsuch a way as to produce the before-nien-
‘tioned prejudicial effect, or cause ignition of
the gylinder-charg. before theslide-cavity com-
. -municates direct with the port. _
The accompanying drawings show our im-
proved construction of gas-engine, embodying
the before-described several parts of our in-

‘will be presently referred to. . '
-Figure 1 'shows a side élevation of the en-
gine. Fig. 2 shows a sectional plan; Fig. 3,
- an_end elevation.. ‘Fig, 4 shows an enlarged
. end view of the cylinder and slide, and Fig. 5
. shows a vertical section on line X X, Fig. 4.
Fig. 6 is an enlarged sectional end view of the
¢ylinder, showing the'cam and gear for work.
ing the'gas-valve. - Fig. 7 shows an. enlarged

_‘vention, agalso someother paris thereof, which

sectional pars-plan of the engine. Fig. 8.

- showsacross seetiononline Y'Y, Fig: 7. Figs,
- 9and 10 show, respectively, a part vertical

- lengitudinal section and 2 part plan of the eyl- |
inder. - Figs. 11112, and 13 show, respectively, -]

- theioner fase, the outer face, and u sectional
.| 3 v -
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plan of the slide detached; and Fig. 14 shows
the inner.face of the slide-cover.,
The piston A of the cylinder B is eonnected
by the rod O to the [erank-shaft D, ‘with fiy-
wheel E. The slide I is actuated by the rod
G2 from the erank G on the way-shaft G', which
is driven from the shaft D by gearing H, so
proportioned that the shaft G makes onerevo-
Intion, and, consequerntly,thesiide one to-and-
fro motion, for every tworevolutions of I, the
engine being intended to work generallyin the
same manner as- that deseribed in Otto’s he-
fore-mentioned patent—that isto say, the gas-
‘eous charge being drawn in by the one cut-
stroke of the piston compressed by the follow-
ing instroke, then fired so as to eause the pis-
ton to perform its nextountstroke,the produects
of combustion being expelled by the following
instroke. o . - -
The gaseous charge is introduced into the
cylinder and fired, after compression, in the
following manner: From the end of the cylin-.
der a long rarrow passage,-I, extends to the
port I', formed in the eylinder-face, against
‘which the slide F works, the passage I being,
by preference, made to project into the.eylin- -
der, as shown, for & purpose to be preséntly
described. - In theslide F is formed a passage,
S'y which, when moved into the position in .
which its one oritice is situated over the port
T, establishes & communication- between the
cylinder and the inlet-passage K ior atmos.
pheric air. . Atthesametimethe perforations
J*in the slide communicating with the pas-
sage f' are brought opposite the passage I! in
the slide-cover L, into which combustible gas
igintroduced through the pipe M, so that com-
bustible gasissues in small divided jets throngh
the perforations into the passage 17, so ‘as to-
mix intimately with the air entering the cylin-
der,thus forming the combustible charge. The:
passage of .the gas is controlled by means of
the valve M', which is kept closed by means of
a spring, M’ (see Fig. 3,)and is'pushed open
at the proper time by means of a lever, N,actu-
ated by a cam, N' N? (see Fig. .6;) on the shaft
G'.: The part N' of this cam being of less
height than the part N?, it follows that, during -
neprly the whole of the time that the piston,
by its outstroke,is drawing in the gaseous mix-
-bure, the gas-valve isopened to so small an ex-
tent as to admit only such a proportion of com-
bustible gas: to mix with the air as will pro-
duce the before - deseribed weak or diluted
compound,while, when the.cylinder has neatly
received ifs full charge, the valve M, before
closing, is saddenly opened to a gregter ex-
-tent for a short {ime by the action of the part
N*of the cam,whereby a greater proportion of
gas will be admitted with the air, constitnsing
the strong compound with which the passage
I'is charged. On igniting this.strong charge )
“by means of 2 small quantity of burning gas |
couveyed to the port I'in the cavity f* of the

glide, the regulbing fame will be projected with

*foree foto the aylinder, thus coming info ox-
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tended contact with the uniformly - dilated
charge therein, and effecting its rapid com-
. bustion, as before described.  As, for the pur-
pose of effecting the compression of the charge
“within the cylinder, there must exist a space
in the lattér belind the pistow when at end
- stroke for containing the compressed charge,
as Shown on the drawing, this space must of
necesgity retain some of the gaseous products
of combustion when-the piston on its return-
-stroke éxpels the lattér through ‘the escape-

‘valve O. Asthe following-combustible charge
~must mix with these products on entering the

eylinder;. we insure their mixing uniformly
therewith by means of the peculiar projecting

-mouth of the passage I, whereby, instead of.

the ecombustible charge pushing the produaets
of combustion in front of it as it enters, and
“_thus retaining the two ina stratified condition,
a8 was the case with the conical form of cylin-
der deseribed in Otto’s before-mentioned pat-
-ent, the combustible charge is projected in
the form -of a jet into the cylinder, and thus
becomes efféctually mixed with the products
-of combustion therein.: - :
By means of this form of the passage I it is
possible to produce the before-deseribed uni-
formly - diluted charge when operating in a

similar mannertothat deseribed in thesaid pat-.
ent, of Otto—that is, by first introduacing into-

- the eylinder.a charge of atmospherie air, and
tlien a charge of strong combustible mixture,
" asthe latter, in entering in a jet, as deseribed,
-~ will become effectually mixed with the charge
of air, thus producing the diluted charge, while
" thie last portion of the combustible mixture
filling the passdge I will constitute the strong
.charge. o ' SRR
The passage f° is charged with combustible
. ‘gas from a pipe, &, opening into a channel, P,
“in the slide cover L, with which the passage
. f* leading info f°, communicates. At the
sdme time air énters f* through an opening,?,
in the slide-cover,and the mixture of gas and
:air thus produced is ignited by the small gas-
. flame P kept burning in the chimney-Z® on the
- glide cover. "By the motion of the slide the
chamber f%, with its ignited charge, is then
moved away from the flame #, and bronght in
front of the port I’ for firing the charge; but
before f* opens to the porf 1" the small pas-
sage f* is caused, by means of a Jateral noteb,
(shown more clearly at Figs. 11, 12, and 13,)
to communicate with the small passage ¢ lead-
ing into the eylinder, whereby the pressure of
the compressed charge in the latter will be
trangmitted to the charge in f* before this

opens to-the cylinder, and thus, the pressure

in.the cylinder and valve-chamber being in
equilibrio, the extinguishing of the flame by
the rushinug in of the compressed gases, as be-
fore deseribed, is prevented.
Instead of providing the special passage 4,
communicating with the c¢ylinder, the lateral
" noteh of tlie passage f* might be.so formed as
to commumirate with the port I’ of the cylin-

-3

der; or a. notch might extend laterally from
the cavity 7¢ itself for this purpose.

. The power of the engine is regulated by the
governor I’; driven from the shaft G, by en-
tirely eatting off the supply of combastible gas,
and thuspreventing the introduetion of a com-
bustible.charge into the eylinder when the en-
gine is running beyond the nermal speed.
For this purpose the cam N' N* carried on a
sliding sleeve, N® actuated by the gévernor P
and lever I, is only made slightly sider than-
.the roller on the lever N, and when the engine
is’ ranning ab its normal. speed the governor
holds the sleeve N* in the position shown at
Fig. 15; in which thecam is directly under the
roller of the lever N. When, by the rising.of
the ‘governor- balls, consequent upon an in-
crease of speed, the sleeve N* is.pushed to the
left hand, the cam.is moved from under the
lever, as indicated by dotted lines in Fig. 15,
it being thus prevented from affecting the
opening of the gas valve M, so that the en-
gine continues its motion without a fresh com-
bustible charge being introduced until, by the
reduction of the speed, the can is bronght un-
deér the lever again, o

Should the sleeve N* and c¢am W' N? be
prevented from moving farther to the right
than the position shown in full lines at Fig. 15,
it might happen that,if from overwork or ae-
cident, when the engine comes to-a standstill,
the cam would be just in the positionin which
it holds the gas-valve open, i1 which case gas
might feak out through the slide and air-pas-’
sage K of the engine. To prevent this the
sleeve and cam arc so arranged that, when the
enginc comes toa standstill, the governor P,
in falling nioves the lever P', and with it the
sleeve, into thie position shown in TFig. 1, in
whieh it will ‘be scen that the cam is moved
from under the lever N in the same manner as,
.but in the opposite direetion to, that in which
.it is moved by the governor when the engine is
running too fast, so that, whatever position the
cam may be in when'the engine stops,the gas-
-valve will remain closed. AS, inorder tostart
the engine dgain, it is necessary to bring the
cam into position for actuating the gas-valve
-agaiu at the propet time, before this can be
effected by the governor the sleeve is, in the
firet instance, noved into the positionshown at
Tig. 15 by hand, and is temporarily lteld there
by mears. of thesmall strot ¥, hinged lovsely
to the goverhor, which is raised into the posi--
tion shown, so that-the lever P' rests against
it. Onthe engine being started, the action of
the governor will, on the attainment of the
normal speed, move the lever somewhat to the
left, thus allowing the strit P? to fall into the
position shown at Fig: 1, so that the sleeve N
is again free to move to theright when theen-
gine stops.” i . .
The arms of the governor-balls are pivoted

to a pin, P%, passing -through siotted lioles in
the sleeve I, and carried by the spindle P5
{ tlie sleeve T being made to rise and fall by
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the action of the fingers on the governor-arm,
as shown ab Fig. 15.
‘Ptig g loose weight, which, whew the gov-

eruor-balls drop, owing to the engine running-

helow the normal speed, vests upon the pro-
jeeting ends of the pin P% and doés not-act
upon the governor. When, however, the en-
wine attains “its normal speed, a shoulder on
the.sleeve I? lifts the weight P* off the pin,
thus loading the governor fo a greater extent,
' 50 that although the cam N¥is readily brought
“into position by the governor for actuating
“the gas-valve when the eéngine is Tunning at a
. slow speed,. yet it i3 not moved beyond that
poink, so as to cut off the gas-supply again
until the normal speed is attained:.
The opening of the escape-valve O for the

_eseape of the products of :combustion on the.

‘return-stroke of the piston-is éffected by the
ream ' acting on"the lever 0%, which :is cen-
nected to the stem of the vaive, as.sbown at
Fig. 8. ' , e .

On starting the engine it requires to be
worked bv hand, in order, first, t¢ draw in
the combustible charge by the outstroke of
the piston, and, secondly, to compress the
charge by the foltowing instroke before the ig-
nition thereof is effected, In enginesof large
size the power required to effect this compres:
gion of the charge is so considerable as fo ren-

der the manual labor inconvenienily heavy.”

Inorder to obviate thisinconivenienge, the cam
O' is mounted upon a sliding sleeve, O°, upon
whick is fermed a second small eam or tappet,
0, whieh is only partly as wide as O'.  When
. the engine is ab work the sleeve O° is in the
position shown at Figs. 1, 2, and 7, in which
the eam O* does not act on the roller of the
"Jever O% and the valve O is consequently enly
opened: during that instroke of the piston

during which the produets of combustion are’
expelled.  On starting-the-engine, however, |

the sleeve O° is. moved by hand into the posi-
tion shown at Fig. 16, in which cas¢the cam O
is caused to act on the lever O° so as to open

the escape-valve for a short time, when the

piston commerces the instroke,. duripg which

the combustible charge is  compressed. By’

this means a portion of the charge just drawn
in is allowed to -escape again, in gonsequence
of which the. compression only begins when
the piston has partly performed its stroke,
and, the degree of compression being thus
much less than under ordinacy eircumstances,
it is easily effected by hand. 'Thie engine being
. started - the sleeve O° is pushed back into its
-original position, 80 as to put thie cam O oup
ofaction again. o7 :

At the top of the éyi.inder 3 is a small eyl-

. inder, R, (see Fig. 9,) communicating with the
interior of the cylinder B by a passage, R},
and having a ‘piston, B?, ‘which is cennected
Ly a link, B, to one end of a lever, RY The
guhier end of this lever is pivoted 60 a rod, B,
projecting from the sylinder, and at an inter-
mediase point it is ccinected to a bridge-plece,
T/ on the cover L. ~The glide-eovar i8 nob
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fixed to the cylinder, but bears against the

1 outer face of the .slide. . Thus, on the coin-

pression of the charge in the eylinder, as also
on the ignifion of the. charge, the pressure
produced in the eylinder is ¢auseéd to-force the
piston R* outward, and thus, by means of the
link B’ and lever R' to press the slide-cover
“against the cylinder-face with sufficient force
to prevent any eseape of gas from the cylinder.
Daring the time when the pressure in the
 eylinder does not.exceed- that of the atmos:
phere the slide is merely held up against the
cylinder-face by means of a light spring, R’
-geting on the link R’ and lever R N
It will be evident that other devices may be
_employed for eausing the pressure in the cylin-
der to eflect the cluse contact between the
slide and the face against which it works.
| Thus, this face might be made asa loose piece,
with a eylindrical projection fitting gas-tight
into an_enlarged c¢yluwirical passage leading
into the cylinder, the port and passage for the .
introduction and ignition of the eharge being
fornied in ~this  eylindrical projection., -On’
pressure being produced in the eylinder, such
pressure, in acting against the end of. the cy-
Jlindrical projection as a piston, will press the
loose face against the slide, and the latter
-against the slide-cover, which in this case is .
fixed to the eylinder; or a portion of the
back face of the slide may be inclosed within
an annular packing-ring fifting against the
cover,and a communication is established by
a'small passage between this inclosed space:
-and the interior of the cylinder, so that on the
_production of pressure in the lat.er this will
“be conveyed to the said inclosed space, so as
to press the slide against the eylinder-face.

invention, and in.what manner the same is to-
be performed, we-claim— T
1. The combination, in-a gas-motor engine,

of a eylinder containing a weak or ‘diluted
‘combustible uniform niixture of gas and air
with a separate passage or chamber contain:
ing a strong or undiluted mixture -of gas.and
air, and provided with an igniting. slide or
valve, substantially as set forth. . T
-2, The combination, in-a‘gas-motor engine,
of the eylinder and slide-chamber containing
the igniting-flamé with a suitable device for
producing an equilibrium of pressure therein
just before said slide-chamber opens into the
cylinder, Substantiglly as set forth. IR

3, The combination, with the main eylinder
of ‘a gas-motor engine and its slide, of inter--
meédiateappliances, substantially as described,
whereby the pressure in the main. gylinder
_acts upon the slide, to cause a ‘close -contact
besween said slide and the face on which it
works, and so that the slide is relieved of
pressure ab all thmes when sueh close conbach
is nob rsqhired. o S
“&,.In a gas-moter engiue, the central pas-
smge, 1,0 she cylinder, operating in combina-
t:

£ -

oo with the slide ¥, gas-pipe M, and valve-
1 jever W.oand eam NS NA constructed s

frad

£

Having thus described the nature of our
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described, for first introducing a weak charge
of gay and air into the cylinder, and then a
strong charge into the said passage, substan-
tially as-and for the purpose herein set forth.

5. In a gas-motor engine, the passage I,
made to proizct centrally into the cylinder,
whereby the air and gas entering through. the
same become uniformly mixed with each other
and with the gases already contained in the
‘eylinder, substantially as herein described.

'6. In a-gas-inotor engine wherein the charge
is under_compression, the passage f* in- the
slide communicating with the cavity /*, and
so formed as to communicate with the interior

- of the cylinder just before the cavity f° com-
municates directly therewith, in order to es-
tablish an equilibrinm of pressure between
the eylinder and slide-cavity, substantially as
herein deseribed. - ' : .

7. In a gas-motor engine, the cyiinder R
communicating with the cylinder B, and -hav-
ing a piston, R* acting on alever, R, 80 a8
to press the siide .against the cylinder-face

-~ when excess of pressure exists in the ¢ylinder

B, substantially asand for the purpose herein
deseribed. . 4 ) .
8. In o gas motor engine, a cam for work-
ing the gas-valve, arranged to be slid by the
governor entirely tc one side of the lever of
the gas-valve when the engine rans too fast,
80 that the cam cannot effeet the opening of
the gas-valve until the apeed of the engine is
reduced; substantially as and for the parpose
hérein doseribed. ’ o
"~ 9. In a gas-motor engine, a cam for work-
- ing the gas-valve, arranged to be slid by the
governor culirely to one side of the lever of
" the gas-valve when the engine stops, so that
the cami eannot be in position for holding the

- withesses.

gas-valve open when the engine stops, sub-
stantially as described. . - : .
10. In combination with a sliding cam for
working the gas-valve, and operating as Set
forth, a strut for temperarily holding the cam
in position for actuating the gas-vzive while -
the engine is being atarted, substantially as
herein described. ' ‘
11. In a gas‘motor engine, the combination,
with the exhaust-valve, of a cam or equivalent
device, whereby thevalve is held open during
the first part of the first compressing-stroke
on starting the engine, substantially as and-
for the purpose set forth. - -
12. The befare-described improved gas-mo-
tor engine, wherein a weak combustible charge
in the eylinder is fired by a.strong combusti-
ble charge.in a separate passage, in combina-
tion with means, constructeéd substantially as
shown, for establishing an equilibrivm of
pressure between the eylinder:and the slide-
cavity containing the igniting-flame, and for
causing the pressure in the cylinder to effect
the requisite close contact between the slide
and the face against which it works.
_In testimony whereof we have hereanto seb
our hands and seals, this 5th day of January,
A. D. 1878, in the presence of subseribing

NICOLAUS AUGUST OPT0. [L.8]"
- F. W. CROSSLEY. (L 8]
: ~ WILLIAM JOHN (BOSSLEY. [r.'8]
Witnesses to the signature of N. A. Otto:
© GusTAV KLEINJUNG;
, EDpWARD KIRSCHSIEPER. :
~ 'Witnesses to the signatures of F. W, Cross-
ley and W. J. Crossley: o
JouN WILTLTAM COOKE,
D. HasTINGS TRWIN.




