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Ta tfbﬂ w?wm mﬁ maz J concern:

“Be it known that I, ANDREW C. WOLFE a
cltlzen of the Umted States, residing at Den-—
ver, in the county of Arapahoe and State of

5 Colomdo (whose post-office address is No.
ol 1450 Smteenth avenue,)have invented a new
and useful Gas or othel Etploswe Enﬂ'me, of
;_ﬁ"jﬁ hich the following is a speclﬁcatwn o
. This invention relates to lmprovementb 0
SRS () ﬂ'as-en gines or other explosion-engines of the
o Igener al class utilizing the power developed by
. suecessive explosmns of gaseous or other fuel
g .g':combmed with air; and the principal objects
~of these 1mprovements are, first, to provide a
gas-engine in which the plStOﬂ retreats before
ﬁ__fthe explosion ata much more 1ap1d rate than

. in the usual form of gas-engine; second, to |

__i_:pwwde a gas-engine in which the point of ap-

©ii 20 wheel shall be at a ﬂ*reﬂter relative distance
+ . from the axis of rotatlon than in the present

. formsof gas-engines; third, to provide a gas-
it engine in Wthh the explosmn and expanswnf
.. of the gasshall occupy a comparatwely short
:j-§'fspflce oE tlme to avold excessive heating of
©./ . the eylinder; fourth, to provide a gas-engine

Coosin whieh there shall be relatively more dwelll_:
' of the piston at and near the extremes of 1ts
. movement for ‘the purpose of providing more

.30 time for the escape of the products of com-.
.;jfg_f__bustlon before the return stroke of the pis-
... tony fifth, to provide a gas-engine having a
ff-relatwely slower movement of the pmton at
... the beglnmnw of the outward stroke, permit-
. 35 ting the rotative and connecting part& to pass
;;if_;;__;f_f;i;é.iji_ﬁj._f:;-:'.,g'__-r;fa,lthel into their advantageous position be-
. fore firing the explosion; sixth, to provide a
© . gas-engine in which the power derwed from

‘.'{;z;j'_.[j_j,';i-.;;;.-g-:th'"e ex plomon is chiefly applied to the rotating

V40 parts during a eomparatwely small por tlon f
oo of the 1ev01utlon seventh, to provide a gas-

. " .engine having double means for operating

o0 the a,dmlsswn valve, the same having move-
o ment in the opeza,bwe direction at oppomt&
7 48 times in the revolution; eighth, to pmwde a
0. gas-engine having the ethaust va,lve opened
. . directly by the e*;t,leme outer movement of

o thepiston;ninth, to provide a cas-enginehav-
© . 50 at apredetermined pointin the return stroke-
é-iﬁ-gf‘ﬁ;?of the platon by ﬂovernm eontlolled ‘means; |

fpmwde a gas-engine in which the valve- ﬂ'ea.r :

twelfth, to provide a rigid plston -rod movmbﬁ :
in a straight line to avmd wear ot plStOIl and._'

the balance wheel, shafb and a pa1b of the
bed  removed or broken away. ' Hig.
plan view with the governor-shaft and con-
nection and the parts about the shaft and

double erank shown in section on a plane at
the shaft-center. I
vation, but with the baldnce wheel and pul- =
ley shown in section, '

and section through the Iower'ettensmn of 8o
the cylinder and Gyhnder-head also, anout-
line of the double crank, plston ﬂ'mde, and |
hub of fly-wheel.
the lateh or 1eta,mmm*-pawl for the exhaust-
valve.
arms of the governor-controlling device and
connection,

grammatic view showing the 1ela.twe posi-
;tlous of the double cmnk fly-wheel, and pis-
ton at a number of dif
revolution; and Fig. 9isa diagrammatic view
__ 1ep1*esent1nﬂ* the positionsof the double crank
and fly-wheel at the positions of valve opera- =
tion.,
e | pulley are broken away.
Suiing the ehhaust valve latched open and closed |
PR the several figures of the drawings.

| tenth to prowde a gas-engine havmgd smgle_ S
,;’reverse lever so eonnected as to instantly =~

place the forward or backward admission- -
valve connections into operative position and
‘at the same time to change the connections
to the exhaust-valve release into position for . -

running in the opposite direction and alsoto

,eha,ncre the firing mechanism suitable to op-

eration in tneleversed direction; eleventh, to 6o

placed in operative position. by the revelse_t
lever is the oneoperated by the governor,and,

cyhndel
"The above objects are aceomphshed by

means of the mechanism illustrated i in the ae_-_: L L
companying drawings, in which— o
- a_phcatwn of power to the engine-shaft and fly- |

Fw‘ure 1 IS dr 101]0'11;11(1111&1 elevabmn -\Vlth 70 .- -

21isa
75

Fig, 3 1s a front end ele- -

Fig. 4 is a plan view

of the exhaust-valve and Va,lve connections -

8o. . .

Fig. 5isa sideelevation of .

‘Kig. 6 is a rear view of one of the:-.

Fig. 7is a tranqvmse vertical =~ . ——
section through Lhe admission-valve and eyl- e

inder-head upon line X X of Fig. 1 as seen

from the left therein and with the fulerum-
rod and other partsremoved. Fig. 8isa dia-

rerent portmns of the =
95,
In Fig. 2 the outer parts of the bed and
Similar characters deswnate 11]:{6 DELI s m.-"m@ R

- The cylmdel (deswnated n a frenemi way




. 20

Lé

& ] ]

general prmelple being open at one end and

provided with the usual jacket or space for |
‘the circulation of the cooling-water, the de- |
tails of which it is deemed unngcessary to
“show in this case, as the novelty cénters

. chiefly in the connections from the piston to

IO

~ the key S,
30 ]

the engine-shaft, the valve-moving devices,
and parts eonneeted therewith.
The cylinder C is shown flattened some-

~what upon the right side, as in Figs. 3 and 7,
- to make room for the fuleruim. “re'd pi’ifoted |

upon the side of the cylinder, which is oneof
the features of this engine.

- The bed of the engme 18 represented in a
- general way by A and is of the comnion box

torm with a'deep cavity or recess A’ for the:
*'balance wheel and a similar but shallower:
o cavity -A? for the belt-pulley.
cavities the béd rises to form the main bear-
ing B, which has the usual eap B/,-and out-'
side of the pulley-récess the bed rlees to forin | justing-screw F°, and the fulerum rod is free
a'similat outer bedring B?, having cap B, and

in ‘these bealmgs the main enﬂme—Shaft Sis"
The belt-{p

Between these

Journaled in the usual manneér.

~pulley S’ isgecured to'the shaft S between the:
bearings B and B*in theusiial manner, asby
The end of the shaft S pr eJeet’ef

inward from the bearing B and has securely |
{ tancé equal to about one-half the stroke of

| the engine édch way from ifs horlzontal pea |

fixed to it the fly-wheel T, as by the key S°.

In Fig. 1'the rim of this fiyv-wheel has its po-
1 ‘sition.

| eltlen repregented by the dotted lines.

35

- adjacent aring of the'same is an extension T",
having in it a radial raceway T? open Upen'
thie side coineident with the end face of the |
- shaft -and huab, -and in this raceway, as &’

40

4

___55

6o

0§

Formed iitegral with the hub portlen of

tlie ly-wheel T and extendmg bétween the

ﬂ'lllde, is'slidably mounted 'a block T%, hav-

pardllel W 1th the shaft S.

- side cut ewey, thus extending the raceway”
- closer to-the axis of rotation, and in the said
raceway the block T3 fleely slides 'a Tadisl
distance equel to about -one:half the stroke-
of the engine, the center of the hole through
thé: bleek approaehmw to within a distance
equal to one-half the engine-stroke of the'
axis of 'shaft S. The radial racéeway T?is
stibstitute for thé usual crank of an enfrme,_
‘Dbut i8'a variable one,and the power is deliv-
ered to the fly-wheel T and shaft S by means:
of theé sliding ‘block T? and connections, which:

will be heremefter descrlbed

The bed ‘A has'two palellel raised parts AS

manner, 48 by the bolts C®. The raised part

A3 ettends bevond the cylinder toward the

rear -and terlmnetes in the guide G, and se-

cutred to the same is the Z-shaped plate G,
which forms the top and lateral guide for the

outer end of the piston-rod.

The frontendof the cylinder C has adown-
ward extension C%, which forms a bearing 4t

C5 for the exhaust- alve stém, around Whleh

.
L e bt L W ol A T ity i : TEL Lo T

1
ing -through its-central part a hole, whleh is |
The shaft hasone ]

‘inder C.

sition.
rovided with a similar adjustable bearing
Ftat such a distance from fulerum CYas to
| 'be in line with tlie axis of shaft S when the
‘falertim-rgd is'in its horizontal position. The

metrically op posﬂse

681,162

'by C) and the eylmder head D are Bimilar to | the watéer-jacket C°of the eylmdel passes.
the usual gas-engine cylinder and head in

Secured to the front end of the cylinder Cin
any desired manner, as by the bolts C7, i8
the cylinder-head D, into which are serewed
the inlet-pipe D’ for the admission of the oas,

‘the exhaust-pipe D? and the exit-pipe for

the cooling - water D“ The head has also
motinted in it the inlet-valve V and the ex-

haust-valve E, which will be described letel
1t in detail. |

Theinlet-pipefor the cooling-wateris ehcm n
at C® and is preferably tapped into the cyl-
Projecting from the flattened side
of the cylinder, and preferably made integral

| therewith, is a pivot or trunnion C?, which

supports and forms the journal for the ful-

crum-rod or fulerum-lever F, and the trun-

nion C'may thérefore be ealled a “fulerum.”
The fulerdm-rod F is provided with an ad-

| justable bearing of a form usual in connect-

ing-rods, with the brasses F', wedge F?, which
is shown by dotted lines in Fig. 1, and ad-

to oscillate above and below a horizontal po-
The rear end of the fulerum-rod I is

fextent of osecillation of falerum-rod F isa dis-

The front end b T3 of fulerum-rod I‘ extends
somme distance past fulerum C¥ constituting

a lever for valve operation, hevmfr revereed

nmiovements from that part of the rod upon

the opposite side of the pomt of oscillation
‘upon C°

The piston P is- replesented by the dotted

lines in Fig. 2-and is of the usual trunk form
eommon te gas-engines.

It is, however, pro-
vided with a r1g1d piston:rod P (also shown

| -fpa,rtly by dotted lines in Fig. 1) and is secured
in the
pistons.

piston in a manner common to steam-
(Notshown.) Theouter orrearend
of piston-rod P’ terminates in a rectangular

slide P? which reciprocates freely in the
guide G G’ which guide is parallel with the
a | bore of eyhnder C, but is slightly out of line
‘with the center of the cylinder to accommo-
date the connections to the fly-wheel T, and
herice the piston-rod has a slight- permenent
angle, but a straight-line ‘movement.
| piston-slide P? has a transverse horizontal
, {‘hole throtigh it similar to the hole through

atnd A% upon which are secured the flanges | block T2 |
C''and 02 of the cylinder C in the customary

The

-The means of connecling and transmitting

power from plston-l od P’ to the block T? and
fly-wheel T'is a double crank,
‘a genheral way by H. ) It will be well to here
ZSpecﬂ"y just what is meant by a ‘‘double
crank,” and it will be demgnated as one hav-
ling a eentral journal with a crank at each
:Slde of same, the adjoining eranks being-dia-
Theopposite eranks be-

(designated in
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ing in thls case similar—that i is, having simi-




--arifla,r throw--—the centers of then besrmg pm---dr

. straight: line, and the double crank, as here-l
- .. shown, is therefere essenmelly 2 1eve1 of the
s ;Qﬁrst class R

v o The eentrel Journsl 5K of the double erank |
ERIE G has formed, preferably, integral with it the
e adjacent cmnk plates H? and H3 and these |
| the piston and the corresponding positions.

“tions and of the central journal are in a

. have formed integral with them the cranks

10

or crank- plns Ht and Hs,
;;;::.g:.;_:.E.jlgf;:.?fjf-‘;".':;;iJournaled in the hole in slide P¢ of p1st0n rod
. 'P', the center journal H' is journaled in the
;g'fj-fggé.af-5?;-;;1?5:_}{'-i-':_'ii-bearmﬂ' Ftof fulcmm-rod F, and the mank:-.'
. H%is journaled in the hole in block T%.
. 15 operation of this double-crank connection

The crank H*is

from piston-rod to fly-wheel is as follows:

_;'5--;2;;ii;‘;l-;ig};;é;;f..flﬁf;j-_f;-%_r3s1t10n and with the double crankin the posi-
.. tion shown in Fig. 2, or horizontal, the gas

43 o

Stsrtmw with the piston in its innermost po-

for the explosion is compressed and occupies

-~ . the clearance-space at the end of the piston
“1. . and is'fired or exploded soon after the rota-

a0 tion of the fly-wheel places the engine past

. whatis known as the ‘“dead-center, % and the

foree. of explosion of the gas dgamst the pis-

ton impels itoutward, im pelhncr the crank H*

to ward the rear.

30

4,7 indicated by the arrow in Fig. 1, and in con-

1 sequence the double er ank H stands atacon-
~asesiderable downward angle from the crank H¢,
<, whichissustained ina p051t10r1 onalevel w ith
oo the p1stou -center by the gunide G G’ and slide

' P% In consequence of this angular position

the crank H! may move rearward, provided
40

i rod Fmay beallowed to deseend "The deseent_.
deloatof journal H'ecan only take place bv the crank

the jour na,l H' and bearing F*of conneetmﬂ'- ’

o HE moving downward and forwsrd which can

. only oceur by the rotation of the. fly-wheel
U or45-and Swin ﬂ'mg of raceway 1T° about the axis.of
- - shaft'S. The fly-wheel is the1efore rotated |
oo o by the 1mpellmﬂ force given to it by the
“bloek T3 from erank H5, which is oceasioned |
.1 1 by the force of the explosmn applied to crank’
H, acting upon journal H' as a fulerum.

L5
.-;;ézii_Q.gggi-,;contmuamon of the outward movement of the
... piston-after the fulerum-rod bearing F* has
j;}';;Q_ffij!i;;_j-j-a.::-r::'.;}?;__stta,med its lowest. pOSlthlil causes the con-
oo tinuation of the rotexy movement of the fly- |
oo ssiwheel, which raises the double erank I and
. fulerum-rod F up to a horizontal position op-
.. positetothat fromwhence it started, asshown

. in outline in Fig. 4, with the er ank H* in its
?f':--?'é';-;?-.55--:5i;.-;e-:.;_'_?f;-ﬁ',:outermest or rear pOSItmn and the crank H5
60 in its front horizontal position, and a continu-
;e o ation.of the fly-wheel movement from the
. foree of its momentum raises the journal H’
e and: fulerum-rod ¥ above the horizontal cen-
i ter and until its highest position is reached,
.65 as represented in Flﬂ" 1, and, continuing, le-f
_..::gf'jj.:i;'stores the double: cmnk H, fulerum rod F,
and p1st0n P to thelr St‘Ll tms' p051t1ons as the. ,

The-

di

Al} the time of and imme-
. diately following the instant of explosion the
oo falerum- rod F, Wlth its bearing F%, carrying |
journal H' of- erank H, has adva,need t0 a po-
Sieosition: somewhat belos the central or horizon-
Galeetals position When set to run in the dir ection

‘H*and HS.

The ;resented at b, b,

| by the lines terminating

having been returned to its innermost posi-

tion by the crank H* as the fulerum-rod I was

"'"y-wheel eompletes its revolation, the piston N o

raised to its uppermost position and then low-

1 ered to the horizontal position again. |
- Fig. 3 shows the fulerum- 10d F in the horl- ;
zontal poswlon |

The inner and outer extreme p051t10ns ol

| of the fly-wheel in this improved engine are
similarto the corresponding positions in an or-
dinary engine; but the relative intermediate
positions of the piston and fly-wheel are very
different from those of an ordinary engine.
Also the point of application of the power to
| the fly-wheel and the duration of the impulse
ffer materially from engines of the common
type, and these relative movements and po-
sitions of fly-wheel, piston, and double crank
are 111usttated 1n the dlaﬂmmmstle Vlew T
Fig. 8. R |

| bltteen equiangular posmmns of the ﬂy
wheel T and raceway T* are shown in I‘Jg 8,
the same differing from each other by a. um-r'j ]
form angleof twenty—-two andone-half degrees,

75

.80." I

. 90 : i

and these positions are replesented by the:

being represented at d.

to 19.

ellipse is equal to the stroke of the piston,

elhpse ig less curved than the outer side.

~The positions of the crank H* couespond-- TR
ing with positions 0 to 8 of crank H>arerep- = .-
b, BB, b4, b°, b%, b7, and b%, - -
respectively, upon ‘the eentel lme ee, Whﬂe” PR
the corresponding positions of the 11111er end
of the piston are represented at ¢, ¢, C% 03 <y
e, cb ¢, and c°. S T
tions of the double crsnk H are rep1 esented o
, respectively, atthe ~ -~
‘positions 01 2 3 to 15 of ‘the crank H5 while. -~
125 o

the corresponding positions of jour nal H' are

radiating lines a a @, the axis of revolutlon;--_ S
“The position of crank H? celrespondmﬂ‘ to R
.the innermost position of the piston'is-at:O .~
on the horizontal or center line ¢ e, and the . .
successive positions of crank: H5upon the sev- "
eral radii ¢ a a are represented at 1.2 3, &e.,
‘It will be seen that the path of move- -
ment: of the crank H°is an ellipse, substan-- . -
tially asshown by the line drawn throughthe -
said sixteen positions, and the width: of this - o
CI05 L
which is also equal to the total throw of the. = -
crank H¢% while the length of the ellipse is: =~ -
equal to twice the stroke of the. pistonorto - . .
the sum of the throw of the onposlte cranks
The form of the ellipseisslightly 1ro =
“distorted by the curved path of movementof -
the journal H'as it is guided by the fulerum- =~
rod K., and as a result the inner side of the._:f

120 -

shown at d d' @ d®to d'® located upon the

of the fulernm-rod bearing K4

terminating at d* and de,

~curved line remesentmg the arcof movement .
The extreme: .
positions of the fulcrum- rod are represented '
by lines passing through the fulerum C? snd_*

By analysis of the dla,n*la,m we ascertaln”. :;. B

that for position 1of crenk H%the piston has o . o
advsnced but nine-tenths of one pe1 cent of: ..

I.t)o;i o

130
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£

its total stroke, and for position 2 its advance |

is but five and one-fourth per cent. of its

~stroke, for position 3 its advance is fifteen

- three-fourths per cent. of the stroke, and for |
one hundred per .

10
15
20
25
30

' 35
__ '40

45

- gle of double crank H being about twelve de- |
grees for position 1, twenty-six and one-third
degrees for position- 2, forty-eight and one-
half degrees for position 3, and eighty-six

5

s

60

and one-half per cent., for position 4 its ad-
vance 1s forty-four per cent., for position 5
its advance is seventy-nine per cent., for po-

sition 6 its advance is ninety-four per cent.,

for position 7 its advance is ninety-eight and

position 8 its advance is
cent. of the stroke.

From the diagram and the foregoing state-
‘ments 1t will be observed that for a uniform -
movement of the fly-wheel the relative move--

ment of the piston is highly accelerated dur-
ing the middle portion of the stroke, its rate

at the middle of the stroke being double the:

usual rate in an engine, and there is of course
a proportionate retardation in the relative

movement of the piston at and near the end
‘portions of the stroke, where it moves exceed-

ingly slow. It willlikewise be apparent that

- while the rate of pisten travel relative to fly-
~ wheel rotation is vastly accelerated during
the middle portion of the stroke the point of:
application of the power to the fly-wheel is
also very much farther out from the axis of
rotation during the middle portion of the
- stroke and, in fact, during substantially the
whole of the effective part of the stroke after .
firing and previous to exhaust, and hence the

application of the power is much more effect-
ivethan in the ordinary engine, as the far-

~ ther from the axis the power is applied the

greater the proportion of the power that is

- devoted to the acceleration of the fly-wheel

and.-the less the proportion that is wasted in

friction and direct thrust against the bear-.
ings of the engine-shaft and all other bear-
ings receiving the impulse given by the pis--

ton. Notwithstanding the fact that the rela-
tive piston travel is thus accelerated and
that the point of application of the power to
the fly-wheel is thus a greater distance from
the axis of rotation the angular position of

the double crank with reference to direction

of piston 'movement is also slightly more ef-
fective than in the ordinary engine, the an-

and one-fourth degrees for pcsition 4. The
similar positions in an ordinary engine for
the same points in piston advance with con-
necting-rod two and one-half times the stroke

~and averaged between the two ends or neg-
lecting the connecting-rod angle would be |

eleven degrees, twenty-four degrees, forty-
two and one-fourth degrees, and seventy-

sevenandthree-fourths degrees, respectively.

- The above three principal differences in

- rate of advance of piston, increased distance

from axis of application of power, and greater
crank angle all confribute to a mueh more

rapld advance of the piston between the point.
at which the charge is fired and the point at | toa position equal to one and one-fourth times

‘more effective.
of the piston at or near the inner terminal po-

681,162

which the exhaust is opened, and hence it
may appropriately be stated here that this
high acceleration of the speed of the piston
through the middle portion of the stroke per-
mits the advance of the piston as it retreats
before the force of the explosion much more
in harmony with the nature of an explosion
than in an engine having the usual form of
connections, and this feature brings about

important advantages, among which may be
cited the shorter duration of the high tem-
perature occasioned by the explosion, and.

consequently amaterial reduction of the heat-
ing effect of the explosion upon the cylinder,

and hence the material increase in the pro-

portion of heat value utilized in effective
work and the consequent reduction in heat
value lost in radiation and carried off by the
cooling water surrounding the cylinder and

cylinder-head, also the greater length of time
during which the piston is at or very near to

the outer terminal position contributes very

highly to the exit of the products of combus-

tion before the material advance of the pis-

ton on the return stroke, and hence leaves
the subsequent charge of explosive mixture

less diluted with non-inflammable gases and
Likewise the longer dwell

sition allows of the advance of the fly-wheel

70

75

30

90

95

and double crank H farther past the central

means the parts are all better positioned to

-advantageously utilize the force of the explo-

sion and to allow of the more rapid advance

Pposition before the charge is fired, by which

100

of the piston as and immediately following

‘the explosion taking place and to do this with-
out serious loss in compression pressure.

It has been ascertained that the time of fir-
ing the charge or igniting the gas may read-
ily be delayed until the raceway T? has at-
tained an angle of twenty-two and one-half

| degrees past the center, which is equivalent
to position 1in Fig. 8, and it is even desirable

and best at some speeds to delay firing until

the raceway T? has attained an angular ad-

vance of thirty degrees, which position is

shown in Fig. 9 at 16, and for this position

the piston has advanced but one and three-
fourths per cent. of its stroke, and the angle

of the double crank H is about sixteen and

one-fourth degrees. Position 17 represents

the position of crank H® when the angular
advance of the raceway T?is forty-five de-
grees.

The piston has then advanced but

I0§

ITO

115

120

five and one-fourth per cent. of its stroke,

the explosion is scarcely past its highest pres-

sure, and the high angle of the raceway and

double crank H contribute to an efficient ap-
plication of the force of the explosion, while
the position of the erank HS in the raceway
1% has already attained a radial distance of
one and one-fourth. times the usual crank

‘length, and it continues to inerease until at
) double the usual radial distance from the axis

of rotation at one-half stroke and only recedes
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the ordmary mdlal d1stanee at Lhe fime of
-’f;E-I;f;fﬁfé:;{?-_;;jfj-*'jég-.:_-é{_{?;_Openlﬂﬂ‘ the exhaust which may be at posi-

'5jji.i;fff§'§f=;,'i';;{tmn 18, when the plston has completed ninety-

.?:!; ”5';': “-"four per cent. of its stroke, or even at a later

'éj.ij{;;;;;lal operation of the ‘connections above

_position at substanblally the full complemon
_._;of the stroke. - |
- With the Valve eonneetmns bhOWl] Wthh_
_f;gwﬂl be more. fully described later, the ex-.
“haust begins to open at about posmon 18and
“becomes: fully opened at the full ter mination.
~-of the stroke, equivalent to p031t10n 8 in Fig.
-8, and it remains open until the fl
B otated to within about three degrees of the
.:_;j;three quarter-revolution pomt as at position
19, and when position 20 is reached, corre-
_;{5pond1nfr to a fly-wheel advance of about two
~hundred and seventy-five degreesin the revo- |
‘lution; the admission-valve opens, and at po-
~sition 21, about fifteen degrees latel the ad-
-f';..mlsmon-vctlve closes and the remamdel of |
_the stroke is devoted to compressmn of the
‘succeeding eharwe
“that the gas or other fuel mixed with air is
.;-éfga,dmltted under quite a hwh initial pressure
~i.25°1n this two-cyele engine.
.. clearance-space may be consmerabl y reduced
v in this form of engine because of the pecul-

It may be remarked here

S eubed,_and hence this remainder of the

o stroke is more than usual]y effective in com-

... pression, and occurring so late as it does in

- ‘the stroke and the adva,n ce of the piston com-

'- ;ijf_;ff;_pa,ratwel y slow in proportion to fiy-wheel ad-
v.:mce at the last of the stroke the retarding

5-effect upon the fly-wheel is materially re-

é:;f?j};;d_uced over the usual form of gas-engine.

. .The inlet-valve V is laeated in the upper |

pmt of the cylinder-kead D, as shown in Fig.

.7, and opensinward in the usual manner into _
i~ 40 the clearance-space D%

Ll issleeved in the disk- Gﬂp D3, which is secured
“ “tohead D, and passes out throu oh the stuff- |
Zo0 ing-box D and has securely fixed upon it the
e coellars D7 and D8, the latter having exten-
. 43/8ions DY and DY, under which are. pla,ced two
if;;@.;;,é.;;;?J;_;f;_;-ggg';?_}j.j,-j_;r;;;;;j.;.;i;:]1ft1n g-springs D', which close the valve when
ooo0it is not forced Open by-the valve- -oper ating '
. connections.
i top portion of the e ¥ llﬂdel C is.located a
.+ 50 rock-shaft I, mounted in Dbearings I’ and 12, |
0 ywhich are. secu red to the ey llnder Cin the_-
o usual manner, as by the bolts I3, and to this
oo rock-shaft is: SGGlll ely-fixed the lever or arm |
<ot o T4 whieh is forked at its outer extremity, the.
prongs projecting between the collars D"and

5o

s

The valve-stem V'

(See Figs. 2 and 3. )

~ . D8 and by this meansthe valve V is opened

and allowed to close bV tne mckmn‘ Of thej
:iii2£§;3haft1 F. -

T Seeurel y ﬁ xed u pcm the end pm twus of the-_
slmft I are the levers 17 and 1%, which project
-;;;;:_';-opposwely from lever I, 'and eﬂ,eh is prefex—'

;,;;_?--j;?;:plate 17 for receiving the | imy a.ct of the valve-

s opening ﬁnﬂfers or ptmls J and J', which aroe
S "_é-;.i;pwotally secured to blocks J? and J3, which
o arein turn plvoted to the outside of the ful-
S ern m T od I‘ at pomt*a u pon opn051te su:les of the

y-wheel has 1

| 100]{ shaft I, near the leversI’and 1¢, a
governor- plateq K and K’, which are both se-
'curely fixed upon the eﬂ:tielmtles of a con-

It: is found that the

de-

driven by a mating

‘with bevel -gear connection to Shaft S

‘Over the"

,known in stemn enn‘me eonshuctwn

]ate%
gers are at right angles to each other, and

hence the ﬁnn*ers J and J' are capable of mov-
ing lon n‘ltudmally and transversely with ref-
erence to the fulerum-rod F, the movement
in one direction being to allow of the oseil-
Jation of the fulerum- rod without matermlly'
disturbing the vertical pOSItlon of the fin-
‘gers and the movement in the other direc-
tion providing for the movement of the tops
of the fingerstoward and away from theengag-
- mﬂ'plates I"asthe fingers engage with and ¢ dlS-
engage from the said p‘la,tes Eblld are controlled
by the governing and reversing mechanism
1o be prebently described. - The fingers are

maintained in a substa,ntla;hy VGIBICcLl Pposi-
| tion by means of the wire loops J*, whlch ale*._

secured to the levers I’ and 1°. |
Freely mounted for oscillation upon the

necting shaft or rod K? and the plate K’ ex-

tends to the right to a position adjacent to a’
governor- QhaftL which isrevolubly mounted
in suitable bemmﬂ‘s of the bed A, as A® and

AS,  The ﬂ'ovemor-slmft is revolved in pro-
portion to the speed of the engine in any of

the usnal ways, as b} means of the vear I/,
gear, both preferably :

having slantmw teeth a,nd a slanting shaft

(Not
shown )

At the top of ﬂ*ovemox—shaft L is secured
the head 12, in whmh are pivoted the ball-le- -
vers L%, upon which are fixed the ballsL*, and
pwoted in levers 1? are connections L_5, the .
lower ends of which are pivoted in a sliding
collar LS, which is mounted for free vertical
movement upon the governor-shaft I and is
provided with an annular groove L, whichis
in engagement with the top end of a connec-
tion 18,

by the governor.

aretwo -

A short distance below the top (see
Fig. 6) the connection L® is pivoted to the
-outel extremity of plate K', which, with plate
K and rod K2 is raised and lowered by the -
‘Increase and decrease of qpeed of the engine

The pivotsof the blocks and of the fin-
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The: plf},tes K and K’ have downwmd and-_-_)'f
outward projecting portions K and K*, upon
‘which are journaled the rollers K* and K¢ -
which are in position and adapted to bealqﬁ’_.x'zo
against the inner faces of fingers Jand J and;
to hold the said fingers out of position to en-
‘gage with the plat.eb 17 when the. governor -
raises the rollels K% and K¢ and to allow the -
| fingers to engage with the plates 17 when the "

'frovel nor. lowers the rollers K%and K¢,

The operative enﬂ'ag‘ement of the ﬁnwels JI_
d]ld J’ with the plates 17 occurs durmn" the -
upward movement of the said fingers as'the

~same are raised by the OSG]HatIOHS of the ful-
crum-rod F, and the levers I° and I° are pro-
vided with downward extensions' I8,

130

whieh -

perform . the function of knock-off cams well ) .




- IO

R
'Ea-,g.-
'

these knock off or release the fingers from the
| Upon an adjoining stud E7, also secured in -

plates 17 of levers I° and I° dmmfr the eon-

tinuation of the upward movement of the fin-
gers upon the rock-shaft I, attaining the req-
“uisite position to fully open the valve V or at
such time as the said valve has been open suf-

ficiently long to admit the qumred amount-
| plementary engaging surface of the pawl ES

| to retain the exhaust-valve E open after it

of gas for a eharn'e
T'wo of the ﬁnﬂ'ers Jand J' are provided for

the purpose of bemf_r_ able to reverse the en- ||
ogine, and only one of the said fingers is al-
lowed to be in the operative position at the

- same time, and to effect this result there are -
provided upon the fulerum-rod F two slides -
F® and F7, mounted in any desired manner,
- as by a bolt passing through a slot in_the
- slides, the said slides havmg inclined or bev-
eled rollers K% and E Y rotatable upon suitable

5

20

20

ing such that they will hold the fingers outof
opemtwe position when the slides are so po-

sitioned upon the fulerum-rod as to place the

rollers adjacent to the fingers.
and F7 are positioned upon the fulerum-rod

Theslides K¢

F by means of the connections F1, pivoted to -
the said slides at one end and to the lower
~extremity of a reverse-lever M, which is piv-
oted to a support C¥, secured to the eylin-

der C. The connections F° maintain the |

slides F® and F" at such a-distance apartthat

681,162

secured in the raised pamt A3 of the bed A.

A3, is an L-shaped lever or pawl E8, (see Fig.

,) the pawl portion of which lies- immedi-
ately beneaththe valve-stem E’, and the valve-
stem has a downward prOJeetlon E? in posi-
tion and adapted to be engaged by the com-

has been opened by the lever E-.
Fixedly secured to the under side of the

‘piston-rod P’ is a downwardly-projecting lug

P2, which is in position and adapted to en-
cage with the top portion of the lever E° as
the piston nears the end of its outward stroke,

thereby opening theexhaust valve Ii,as shown
in Fig. 4, and the lug P? also engages with the
top portlon of lever ES at the very last of the

pivots, the lateral pO%lthD of the rollers be- | piston-stroke, thus forcing the pawl into po-

sition to engage with. the face E° of valve-
stem K’ upon “the beginning of the return
stroke of the piston. A suitable spring E¥

tends to throw the pawl intoengagement with

E? and to retain it in such engagement until

70
75
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foreibly disengaged; but this spring is not '

depended upon to cause the engagement, and

the positive means above stmed 1s thelefow

provided. -
Projecting from the side of the lex er B8 are

| two studs E and E'?, located upon opposite

but ore of the rollers F® and F? can be oppo--

sitethe adjacent finger at the same time. The

~ reverse-lever M when in the position shown |
in Figs. 1 and 2 places the roller F8® in its in--
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operative position: and allows the finger J to

be in its operative or engaging posi-t-ion with

reference to plate 17, while the roller F?is
stistained in its operative position and holds

the finger J’' out of its engaging position.
With the fingers so controlled by the revers-

ing mechanism only the finger which is al- |
lowed to be in the operative position by the |

| crum C° and is provided with two opposing

sides of the pivotal mmmtlno' of the lever,
and placed against the shoulders of these
studs 18-a trip- plate N, which has through it

mounted upon the studs E!! E* and the end
of stud E7, being secured in place by the pin
K13, This plate N has a rod extension N’ ex-
tending slightly past and beneath the ful-

| engaging faces N? and N® upon the under 31(16

reversing-lever will be controlled by the gov- .
ernior or will operate the rock-shaft I and

valve V. The fingersJ and J' are maintained
elastw&l]y or yleldmﬂly against the rollers

E®% and F? as above stated by means of the
springs J 5 and J 5, which are preferably se-
cured to the blocks J? and J3.
| 50'

The exhaust-valve E is shown in Iig. 4,

which also shows the lower extension C* of

the cylinder C and the corresponding lower -

~part of the eylinder-head D in'sectional plan,
and. the valve -stem E' is mounted for free
Shdmg movementin the hole C° of extension

~C*, passes out through a gland or stuffing-box
Cf‘1 and is prowded with a fixed collar E?, |

“which has a horizontal projection K2, the ob-
ject of which will be stated later.

Bearing againstthe collar E*is a 0011—%pr1nw
E4, which abuts against a suitable projection,
as A"' of the bed A and tends to close the
valve B against the valve-seat D of head
D when allov_i ed to do so by the valve con-
nections and operating devices. Atits outer
end the valve-stem I is pivoted to a verti-

cal lever E°, which is fulernmed upon stud Ef, -

el e o pmr— o iy g

of the rod.
Secured to the under side of the fulerum-

rod ¥ is a post or arm FH, upon the lower .

portion of which is. pwota,lly mounted a trip-
lever N4, having its upper end forked andin
enﬂ'&ﬂ'ement Wlth the ends of the connections

I‘m, theleby the trip - lever N* is tipped

slightly to one side or the other of 1ts central

| position by the movements of the reverse-le-
ver M.

The trip-lever N* is provided with
two opposite impact-faces N° and N°, one of

which, as N° is in position to strike one of

the engaging faces, as N°, of the rod N’ dur-

ing the oscillation of the fulerum-rod when

the reverse-lever M is in the position shown.

95
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‘three horizontal slots, by means of Wthh itis
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Upon placing the reverse-lever M in itsop-

posite position, as indicated by the dotted
line in FKig. 1, the trip-lever N*is tipped to
the right and the impact-face N'is thrown be-

| low the position for engagement with N2and

'l

theimpact-face N°is thrown u pinto position to
engage with the face N*of rod N'. It will thus
be apparent that with the reverse-lever M and
trip-lever N*in the position shown in Fig. 1the
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extreme upper position of fulerum-rod ¥ will
cause the disengagement:of pawl E® allow-

ing spring E* to close valve E by the end of




10

.I,_;;_';_5_.;;;;_'z_.j-i;-_jf;slot in plate N st1 1kmg the 5tud K and (hat
.+ “.with the reverse-lever and trip-lever N* in
. their reverse positions the extreme lower po-
. sition of fulerum-rod F will cause the release
..?_;a,nd closure of tne valve E by the end of slot
-+ In plate N engaging with the stud E2.

.. Fig. 1 the rotatmn of the fly-wheel is in the
,-;f;_;f,‘_;i;jjig.ifggjdlree.tmn mdlcated by the arrow, the piston-
SO ‘18 part-way back on itsreturn stroke the ful-
. .ro erum-rod I has reached its highest 130%11;101’1 1
_ i;-;??;;}j_ﬁ:;;fjf}ji;ha,s;mst disengaged the pawl E8 and thespring
. . K*has just closed the valve E. The extreme |
. .outer position of lug P3 IS repre%enhed by dot-
~ . ted lines in Fig. 1.
5

'.'6781""162'.4 o

In

such of the return strokes of the piston in

Projecting from the. mde of d} 11nde1 he&d

iﬁ_fD is a lug D%, Figs. 1 and 2, to which is se-
“cured msulatedly a spl ing B by serew R, and

e “a raised portion R?is normally held slwhtly

“valve stem. E'.

. Dbelowa cylindrical projection N7 (shown by
. dotted line in Fig. 1) upon the inside of trip-
. lever N4

40
i is.engaged by an inclined insulated eontaet-
face E13 of progeetmn E8 from the exhaust-
"The prmectmn K5 18 sus-
“tained in the. hmlzontal position in any de-
2.;_1;5811'&1)19 manner, a8 by the rod E!, resting
.. L. mpona smtable support.

o of the exhaust-valve E the spring R is by the

The rear end of spring R termi-
nates in an inclined contact-face R3, which

Upon the closure

.. above means bentupward sufficiently to cause

" R?to make and break an electrical contact |
'_Jj_ﬁ;_@;;;wﬁh N7 about the time the fulerum-rod F
.. passes the horizontal position ne*{t following

the closure of ‘the exhaust-valve.

60"
. _mating member W¢* of the SpELl"kel into the
f':'?jﬁjjj':-;"‘i@:f'{'iielea.mnce-space adjacent to the end of the
"The . member W* is. connected by

. the wire W5 with thespring R, bemg secur ed-_

P]‘&tﬂn

i The wires W and VV’ from the usual spalk- |
0011 (not shown) are preferably connected,
55

cylinder - head D and- projecting with ' the

-::'ffijb'.? means of the SGI’EW R*

su ch th a,t the Sprm g R Wlll not cause mmtlon,

of: the usual.

T

7

uuless the exhaunst- vaﬁlve is elosed vshlch -

only oceurs just previous to the admission
of a charge of gas for an explosion; and hence

the-device IS constmcted for .the econemical

use-of current and also in such a manner as
to prevent dangerous or harmful ignition

taking place, as at timmes when it is not re-.

quired to give an impulse to the piston. At
the next succeeding time of the fulerum-rod

passing the horizontal position after ignition
takes place the exhaust-valve is open, pre-
The tipping.

venting contact of R* with N7
of the trip-lever N* upon reversing the en-

o | gine causes the contact to be broken slightly
i The governor eonnef_,twn LB terminates at
s s lowel end in a rod L°, which is pivoted to
.. the rod N', as.shown, by means of which the.
" rod N'is raised out of position for engage--
“.. . ment with faces N°® and N when the gov-
. zo ernoris in such position as to also prevent
.. the enwanement of one of the fingers, as J,
o and 1t s therefoxe evident that the disen-
f;;';f:f.f-;__@;;-;;;i-_-:};j;_??gffraﬂ'ement of pawl E8 and the can%equemt clos-
- ingof exhaust-valve E will onlyoccur during
25
. which the governor position indicates that
more force is required to keep up the speed,
sin-which.  case the exhaust-valve E will be
~closed,;and immediately following its closure
“the admission-valve V will be onened by the
. upward movement of one ot the ﬁnwers as J,
g ..';.f?__tmpmg the rock-shaft 1.

aftel the dead-center is passed or the hori-

zontal position of the fulerum-rod is reached -
in whicheverdirection the engine isset torun.

It will be apparent that the essential fea-

_tme of the mounting of the double ecrank
1 with refercnce to fulerum rod K is that the -
bearing H' be allowed movement across the

path of movement of the piston, but not al-
lowed to move substantially in line with the
movement of the piston.

may be un-

limit myself to like cranks.

A summary of some of the chief a.d» .r,mtafres -
1 of the plesent form of engine as above. de-,'
scribed when adapted to gas-engine service
will be: first, a slower starting of the piston
upon its outward stroke, giving a greater ad-
vance to the rotative and connectmfr parts =

before the time of firing the e'f:plosmn see- -
105

ond, an exceptionally- I‘&[Jld advance af the

'plston throughout the middle portion of the -
stroke, comprising substantially the whole
of the effective part of the stroke, allowing
the explosion to be more in the natme of an
explosion and giving far less heating effect
to the eylinder and far less loss in heat value
by the water-jacket; third, a material retar- -~
dation and dwell of the mstou at and near
the terminal position in its stroke, giving a -
far more complete expulsion of the products.

of combustion before the return of the piston;
fourth, the application of the power to the

rotatwe parts at a much greater distance . =
| from the axis, and the consequent reduction .
_1n losses in fr iction and the greater efﬁclencv}
1 in application of the force of the e*zplosmn
one with some part. mechamcally conneeted: |
o with N7, as to -the fulerum-rod ¥, and the |
.7 other to one member, as W?
oo igniter or'sparker whwh is SLGHIE‘d in the |
1. plate W3, secured to the central part of the

I claim——

- 1. In an engine of the class speclﬁed the_"'
| comhmatlon with a piston and piston-rod hav-
ing a stiaw‘ht line movement, of a double-;
'-crank eonnectlon revolubly mounted inaful-

] therefore do not

wish to limit myself to the curved movement
‘given by the fulerum-rod.
| throw of the cranks H*and H?
equal and yet maintain substantially the ad-
vantages abovestated, and I ther efol © do not

- Likewise the

110 -
115 -

120

75

30 .

90

05

10D

crum-rod for bodily oscillatory movement,one e
end of the said double crank being ;]ouma,led R
in the said piston-rod, and the OppE}Slte end =

having engagement with the rotative mem-
ber of the engine, and movmﬂ'm an elhpblcal_-
path. o o
2, In an enﬂ*me of the class speelﬁed the

130 :

. _comblna‘rlon,mth a gnide and a 1‘@01p1 ocatory.. o e
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piston-rod,of a double crank, oneend of which |

18 Journaled in the said piston-rod, aud the op-
posite end of which travels in a radial race-
way in the rotalive member;
rod journaled at one end upon the center of

the said double crank, and pivoted at the

other end upon a stationary part of the en-
gine.

3. In an engine of tne class specified, the
combmatlon wuh a piston-rod reciprocating

in a guide, of a rotary member provided with

a radial raceway; a fulerum-rod pivoted upon
a stationary part of the engine;
crank, the center bearing of which is jour-
naled in the free end of the said fulerum-rod,
and having one of its ends journaled in the
outer end of the said piston-rod, and its op-
positeend journaledinablockslidably mount-
ed in the said raceway.

4. In an engine of the class specified, the
combination, with 'a reciprocatory member

comprising a piston and piston-rod, of a rota-

tive member comprising a shaft, balance-
wheel and substantially radial raceway; an
oscillating member pivoted upon a stationary
part of the engine; and a lever connection
from said reciprocatory member to said rota-

tive member, and fnlerumed in said oscillat-

ing member.
.5 In aninvention of the class specified, the

combination, with reciprocatory, rotative and

oscillatory members,of a double crank mount-

ed for bodily movement across the path of

movement of the said reciprocatory member;
an admission-valve; and valve-operating con-
nections from said osellla,tm} member to the

said admission-valve.

6. In an engine of the class specified, the

combination, with reciprocatory and rotative

members, of a double erank journaled in an
oscillatory member, and connecting said re-

ciprocatoryand rotative members; and valve-

operating connections from oppositely-mov-

1ng parts of said oscillatory member, toan ad-

mission-valve.

7. In an engine of the class specified, the
combination, with reciprocating and rotative
members, of a lever connection from said re-
ciprocating to said rotative members; an os-
cillating lever in which said lever connection

1S fulerumed valve-operating connections
from opposﬁely-movmw parts of said osecillat-

- ing member to an admission-valve; and re-

55
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'Versinﬂ' means for placing eitherot said valve-
.0perat1nﬂ'connect10ns 1n Operatlve relation to

said admission-valve.
-8.-In an engine of the class: speelﬁed the
combination, Wlth reciprocatory, rotative and

oscillatory members, of a double crank jour-

naled in said oscillatory member, and con-
necting sald reciprocatory and said rotative

members; and an exhaust-valve, opened by

the extreme outward movement of . Sald re-

‘ciprocatory member.
9. In an engine of the class specified, the
combination, with reciprocatory, rotative and

and a falerum-

and a double |

681,162

mounted for rotalion in said oscillatory men-
ber, and engaging at its end portions with
said reciprocatory and rotative members; an
exhaust-valve opened by saild reciprocatory
member; and a pawl for retaining said ex-
haust- valve open. -

10. In an engine of the class specified, ‘the
combination, with reciprocatory, rotative and
oscillatory members, of a double crank
revolubly mounted in said oscillatory mem-
ber, and connecting said reciprocatory mem-
ber with said rotative member; a spring-
actunated exhaust-valve, opened by the ex-
treme outward movement of said reciproca-
tory member; a pawl for retaining said ex-
haust-valve open; and a tripping device, op-
erated by said oscillatory member, to throw
out the pawl, and allow the said valve to
close.

70
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11. In an engine of the class specified, the

combination, with reciprocatory and rotative
members, of a double erank revolubly mount-
ed in an oscillatory member, and connecting
said reciprocatory and rotative members;
valve-operating fingers mounted upon oppo-

sitely-moving parts of said oscillatory mem-

ber; a rock-shaft operatively connected with
an admission-valve; and yielding means for
throwing said ﬁnﬂ'ers into operative posmon
to engage with said rock-shaft.

12. Iu an engine of the class specified, the

‘combination, with reciprocatory and oscilla-

tory members of a double-crank connection
from said l'eeim'oeatory member to a rotative
member, the said double crank being jour-
naled in said oscillatory member; and o0V~
ernor-controlled connections from said 'o'scil-
latory member to an admission-valve.

13. In an engine of the class specified, the
combination, with a reciprocating piston and
piston-rod, and a rotary shaft and fly-wheel,
of a double erank mounted for bodily oscilla-
tory movement in a fulerum-rod, and con-
necting the said piston-rod with the said fly-
wheel; yieldingly-supported fingers mounted
apon said fuleram-rod; a governor and con-
nections in operative engagement with the

said fingers, to change the same to or from

their operative position; and connections
from the operative position of the said ﬁnﬂ*er
to an admission-valve.

14. In an engine of the class specified, the
combination, with a fulerum-rod ouiding a
double- crank connection from a reciprocat-
ing. piston-rod to a rotative member, of a

spring-actuated exhaust-valve,opened by the

outward movement of the said piston-rod,
and retained open by a pawl; operative con-

nections from said falerum-rod to detach said
pawl; two oppositely - moving connections

upon -said falerum-rod for actuating an ad-
mission-valve; and a reversing lever in posi-
tion and adapted to throw one or the other of
said connections out of operative position.
15. In an engine of the class specified, the
combination, Wlbh an oscillating lever, actu-

oselllatory members of 2 double crank | a,ted by the eonnectlonfrom the reelprocatory
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"-i;;_;j;;;.._;_;-5,:;_::;;;_,-:;,.;_}g;g-;;Ito the rotative members, of an exhaust-valve
.+ 28 opened by the piston-rod; a pawl to retain
.+ said valve open; a trip conneetwn whereby |
o+ . the movement of the said osellla,tmﬂ' lever |
.0 allows the closure of the said valve; and con- -
- . nection from the governor to the said trip
.. 36 connection, _whereby the governor eontrole
4o the closing of the said exha,ust-valve ' |
. 18, In an engine of the class specified, the

f:’;§;_?.;;_'f::;jﬁj;§_;._:;;_§I;,_:g-ZE_combmatlon with a spring-actuated exhaust- |
Va,lve Opened by the outward movement of

69‘1;’159:. o S S

~16. In an engine of the class epeelﬁed the

;@;-:;combmetlon Wlth an oscillating lever, actu-
-+ . ated bythe connection from the reelproeatory
.. . to the rotative. members, of a spring-closed
. exhaust-valve; a lever connected with said
S 18 eXhaust- valve, and engaged by the piston-rod,
. to open the valve; a pa,wl to retain said valve
- open; and a trip-plate in engagement with |
s osald pawl 1n position and adapted to be actu-
...~ ated by the said oscillating membel to dis-
. 20 engage the said pawl.

17 In an engine of the class Speaﬁed the
1?_;?s;§;§-jif_éi'ﬁ}§{jg_;g.;-;5_;5_;_;éj}f;i;combma.twn W1th an. oscillating lever, actu-
. ated bythe connection from the recipr oeetery

to the rotetwe members of yleldlncf ﬁnﬂ*els | the piston, of a pawl, for retemmﬂ‘ the sald 3 5
~..~ . mounted upon Opposmely -1moving parts of
... said oscillating lever; a reverse-lever having
. connections. Wheleby one of the said fingers
.8 is thrown out of operative position; a gov-
;;;]'erner in operative connection with the ﬁnger
~1. . left in operative position; and connecting
- means from the operative position of said fin-
;-;.g_gﬁ;ﬁ,ger to an admission-valve.

valve open; governor - controlled tripping
means for dlsenﬂ‘ewmg the said pawl; and
reversible means upon an oscillating member,

whereby the said tripping means may be op- o

erated at opposite osexlletmns of the smd 08S-
cillating member.

19. In an engine of the class Speelﬁed the
combination; with an exhaust-valve, closed
by rever31ble means upon an oseillating mem-
ber in conjunection with govemor-controlled

| tripping means, of an admission-valve and
| valve-operating connections, operating in

connection with reversible, governor-con-

trolled means mounted upon oppositely-mov=
ing parts of said oscillating member. B¢

- 20. In an engine of the class specified, the
combination, W1th an admission-valve, of a-
‘rock -shaft eperetwely connected with said

valve; levers upon the eppeswe ends of said

rock-shaft having engaging faces in position 55

and adapted to be eeted upon by reciprocat-

ing fingers having opposite movement; and
knoek-—off cams upon the said levers, f01 dis=

engaging the said fingers.
In tesmmony whereof I have hereunto set
my hand and affixed my seal, before twosub-

scribing witnesses; at Denver Oeloredo, thle
11th da,y of December, A. D. 1900.

'ANDREW C. WOLFE.

Witnesses:
OLGA JACOEBSON,
V. J. CHAMBERLAIN
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