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To all whom 1t may concern:

Be it known that I, CaRrL G. SPRADO, a citi-

* zen of the United States, residing at Milwau-
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“marily

kee, in the county of Milwaukee and State of

‘Wisconsin, have invented certamn new and

useful Improvements in Gas- Engines, of
which the following is a specification.
This invention relates to gas engines and

" the combination therewith of a specific type

of valve mechanism for controlling the ad-
mission of an explosive mixture to the ex-
plosion chamber of such engines, and is Prl-
marily intended
nection with that type of gas engine In

5 which it is customary to use variable charges

of an explosive mixture and also to admit
into the explosion chamber a filling or dis-
placing medium.

The specific valve mechanism herein dis-

closed is not necessarily limited in its appli-

cation to gas engines but may be used
wherever similar functions are desirable.

In gas engines where various sized charges

of explosive mixture are admitted into the
explosion chamber of the engine, while a fill-
ing or displacing medium is also admitted to

 said explosion chamber in order that the
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pressure conditions existing within said
chamber may remain constant notwithstand-
ing the differences that may exist between

‘the sizes of the charges of the explosive mix-

ture admitted at different times, the. proper
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separation of the filling medium from the
charge of explosive mixture, or stratification,

as it 1s called, is of great importance in order

that the entire charge of explosive mixture

may be exploded together and thereby pre- |

vent a slow and comparatively useless burn-

‘ing of a part of the charge, thus wasting its
in an engine it is desired to.

energy. Yvhere

" maintain perfect stratification as between the

“charge of explosive mixture and a filling me-

~ dium, it is necessary in order to obtain the
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most perfect results for the admission valve

to open and close as instantaneously as

possible. . N _ _
It is the purpose of this invention to pro-

~ vide a gas engine, in which the principle of
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~engine for its speed of operation.

stratification is used, with valve gear for con-
trolling the supply of the explosive mixture
which operates the valve practically mstan-

taneously, said valve operating ‘mechanism | el _ S,
‘admission valve mechanism comprises &
‘bonnet 101 provided with air passages 102,

not being dependent upon the speed of the

ile the drawings illustrate a

to be made use of in con- |

| practical embodiment of an apparatus for
“carrying out this invention, it 1s to be under-

stood that the invention is not limited to the

construction shown in which springs are put
under compression during a cycle of the en-

oine when the valve is inactive, thus stormg

power for the instantaneous operation of the

valve at the proper times in the cycle of oper-
ation. Any other mechanism equivalent to
that shown and described by this application
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could be substituted for that herein shown

and described, provided it operated the
valve practically instantaneously, the time
consumed in the actual opening and closing

movement not being dependent upon the
speed of the engine, and such a construction

would be included within the scope of this

| invention.

" Tn the drawings which illustrate a practi-

cal embodiment of this invention and on

which the same reference characters are used

‘to indicate the same parts in each of the sev-
eral views,—Xigure 1 represents an elevation
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of a cas engine embodying this invention.

Fig. 2 represents a vertical section taken on

the line a—a of Fig. 1 looking in the direction
indicated by the arrow. Kig. 3 represents a
vertical section taken on the line b—b of
Fig. 2. Figs. 4, 5, 6 and 7 represent dia-
orammatic illustrations. of stratifications
established between a filling medium and an
explosive mixture in the explosion chamber
of an engine. . o _

On the drawings, 1 represents the founda-
tion: 2 the cylinder; 3 the main frame; 4

the shaft; 5 the crank; 6 the connecting rod;

7 the piston rod; and 8 the governor of a gas

desirable construction.

Secured to the shatt 4is a bével wheel 9

which meshes with the bevel wheel 10 secured

to a shaft 11 and from which shatt the gover-
nor receives its motion as well as the valve

‘gear for the several valves of the engine.

" The engine illustrated is of the four cycle

double acting type and is provided at each
end with an admission valve 100, and an ex-

haust valve 200, which being of similar con-
struction respectively have been indicated
by the same reference characters on the
drawings. '

Referring to Fig. 2 of the drawings, the

'_Spéciﬁcf; 103, and a gas passage 104, which communi-
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engine, all of which may be of any known or
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cate through ports with an interior chamber
105, which in turn is in communication with
the interior of the cylinder. A main admis.
sion valve 106 controls the thoroughfare
from chamber 105 to the interior of tlie cyl-
inder. The stem of this valve 106 Passes
through a stuffing box and the valve is vo-
tained upon its seat by the spring 107 which
1s compressed between said stulling bhox
and a collar 108 secured to said valve stemn.
This valve is operated at proper inteirvals
corresponding to the position of the piston,
by means of the lever 109 pivotally secured
to the bonnet upon which is adapted to
rock the rocking lever 110, also prvotally
secured to the bonnet at one end and comn-
nected with the eccentric 111, fastened to
the shaft 11, by means of the connecting
rod 112. This valve 106 in the operation of
the engine is to be adjusted so as to start to
open preferably just before or at the begin-
ning of the suction stroke of the engine and
to close at the end of the suction stroke.
Reference character 113 represents a valve
seated in the chamber 105 and adapted to
control the ports leading from each of the
passages 102, 103 and 104. This valve is
connected by means of the rods 114 with a
yoke member 115 which is carried by the rod
116 Therod 116 carries at its upper end an
enlarged head or nut 117 between which and
the bottomn of a movable pot surroundinge
this head is contained a spiral spring. 118
indicates the movable pot which is adapted
to be moved vertically through an aperture
provided in the top of the bonnet 101, and
this pot is also provided with a projection at
its lower edge between which projection and
the top of the bonnet 101 is seated a spiral
spring.  Secured to the rod 116 is a piston
119 which works in a cylinder 120 to cushion
the movement of the gas vaive, thecylinder
being provided with the usual inlet and ouf-
let for air of the common cataract type which
1t 18 not deemed necessary to show. - Pivoted
to an extension 121 on the top of the honnet
101 1s a lever 122 which is adapted to be os-
cillated about its pivot 123 by the connect-
ing rod 124, which through the motion trans
mitting mechanism shown receives motion
from the eccentric 111. Pivoted upon the
same pivot 123 is a lever arm 125 to which
1s secured the pot 118 by means of a link 196
Secured to the end of the lever 122 is a PLV-
oted catch 127 normally pressed mswardly
by the spring 128, as shown. This catcly is
adapted to engage with the end of the lever
125 and lift said lever as the lever 122 is os-
cillated, thereby lifting the pot 118 and com-
pressing the spiral spring 129. The valve
113 would also be lifted at the same tine

- because of the spring 130 1f means were not

<o
o

provided for retaining it in its closed posi-
tion. The yoke 115 is provided with an

aperture 131 within which

—

a catch upon one

923 594

arm of the bell erank lever 132 s adapted (o
enter. When this eatell s seated sithin
sald aperture and the pot. T1S 1s lifted by
the levers 125 and 122, the spring 129 will he
compressed between the projection on the
pot and the top of the honnet, while at, the
same time the spring 130 will o compressed
between the head 117 on the rod 116 and {he
bottom of the pot. NMeans are provided for
S0 releasing the '
will act and restore the movable parts whicls
1t controls to their fornier posttion, and at a
later period the other spring will act and re-
store the parts which it controls to {loeir
former position.  This action just mentionoed
1s effected throueh the following instrumen-
talities: An arm of the bell erank lever 129
1s connected by means of the rod 133 with a
second bell erank lever 134 which is prvoted
at 135 to alever 136 which is in turm pIvoted
at 137 to the projeciion on the top of the
bonnet. Lever 136 is connocted at itsotlior
end by means of connecting rod 138 with o
lever 139, which in turn is conneetod with the
governor 8. - As the speed of the engine in-
creases or daecrcases, the lever 136 will ho
moved, thereby raising or lowerimg  the
bell erank lever 134 which is carried therehy
and rocking said Dell erank lover on its prvot
135, The cateh on the hell erank lover 139
should e heavy enough to maintain it in
' or o spring

the position shown in Ko, 2 )
should be provided for this purpose, so that
sald catch will maintain said DOSILION exceept
as moved therefrom hv contact with the
yoke 115 or by the mechanism to he -
seribed. One arm of the hell erank lover
134 1s provided with an antifriction roller 140
which Is adapted to De engaged by an in-
clined track or cam 141 carried by the lever
122, Connecting rod 138 is also united hy
means of a connecting rod 142 with @ hell
crank lever 143 which is pivoted to the ox-
tension on top of the bonnet and whicly s
also provided with the antifriction roller 144
on one arm thereof which is adapted to he
contacted by the arm 145 of the eateh 127

The action of the apparatus Just deserihed
is as follows: During a cycle of the engine
while the main valve 106 js closed, the lover
12218 rocked downwardly by the connecting
rod 124 and cam 111, the cateh 197 carried
thereby being engaged with the lover ] 25,
raises the pot 118 and the cateh on the holl
crank lever 132 heing engaged m the aper-
ture 131 of the yoke 115, springs 129 and
150 are both compressed. At sonme point in
the downward travel of (he lever 199 the
track or cam 141 will engage with the anti-
iriction roller 140, such pomt of contact de-
pending upon the position of the lever 136
as determined by the speed of the CHYIme
and mdicated by the governor. On further
downward movement of the lever 199 the
upper part of the bell crank lever 134 will

parts that lirst one spring .
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~ chamber during a part of the suction stroke.
For this purpose the gas supply main 400
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be forced to the right, as shown in Fig. 2,
and the catch on the bell crank lever 132
will thereby be disengaged from the aper-
ture 131 and the spring 130 will force the
rod 116, rods 114 and valve 113 upwardly
until the head 117 strikes the upper end of
the pot.

mixture in proper proportions will enter the
cylinder during the period that the valve

remains in this position. 'This period 1s de-
termined by the position of the antitriction
roller 144 which 1s also under the influence
5 of the governor.
further downward movement will bring the

As the lever 122 1n 1ts

arm 145 of the catch 127 into engagement
with said antifriction roller, and on further

movement will swing said catch so as to re- |

lease lever 125 when the spring 129 will re-

turn the pot, valve and associated parts to |
the position shown in Fig. 2, thus closing the |

ports leading from the. gas supply passage

104 and the air supply passage 102. 'The
full stroke of the engine will then be com-

pleted and the ordinary cycles of a four cycle
oas engine will continue. The inlet valve
at the other end of the cylinder meanwhile
will perform similar operations to those just
described.
The reference character 201 1ndicates
eccentrics on the shaft 11 which actuate the
exhaust valve mechanism by means of con-
necting rods 202. -
300 represents sparking plugs or other

ignition devices of any preferred type.

 The valve mechanism just described 1s
intended primarily for use with a four cycle
cas engine in which a filling or displacing
medium 1is introduced into the explosion

is provided which is in communication with
the gas passage 401 which 1n turn communi-

cates with the passage 104.

402 and 403 indicate respectively air ports

which afford open communication with the
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these latter passages in turn communicating

with the passages 102 and 103 respectively

formed in the valve bonnet.
406 represents an adjusting mechanism

for controlling two valves (not shown) which

control the thoroughfares through passages

401 and 404 respectively, in order that the |

proper proportions of gas and alr may be
secured to form the maximum explosive
nmixture. | | B

The port 403 and air passages 400 and 103

are provided for the following purpose: In
the normal operation of the engine just be-
fore or at the beginning of the suction

stroke, the valve 106 is unseated by the

mechanism shown. This permits air to fiow
through port 403 and passages 405 and 103

At this time the valve 113 will |
have uncovered the ports of the gas passage
104 and the air passage 102. The explosive

| charge are apt to become di
separate air passages 404, 405, respectively,

into the'.cjflinder to act as a filling or dis-
If now the gas valve which

placing agent.

is controlled by the governor should not

5

open until near the middle of the stroke of

‘the piston when the piston speed 1s close to ;

its maximum, the rush of air into the cyln-
der at such a time would be so great that

uncertainty would exist as to the exact pro-

portions of the mixture which would result
from the admission of the gas. To avoid

75

such uncertainty, the valve 113 1s arranged

to close the ports leading from the passage

103 and to open the ports leading irom the

passage 102 at the same time that the ports

leading from the gas passage 104 are opened.

The gas and air then admitted to the cylin-

der will low under equal conditions and the

proper proportions will be maintained.

The diagrammatic views, viz., Figs. 4, 5,

6 and 7 show the stratification that existsin a
‘cylinder when the admission of the explosive
mixture is governed by a valve which de-
pends upon the speed of the engine for de-

termining its speed of opening and closing
and the stratification which results from the

“use of a valve which acts practically instan-
‘taneously both in opening and in closing.
| These figures show a scheme of stratification

in which an explosive mixture 1s admitted to

‘the cylinder in different volumes according

to the work imposed upon the engine, while
air or a similar filling or displacing medium 1s

“admitted during the first and last parts of the
suction stroke in ordertomaintain the condi-
‘tions of density within the cylinder the same

89
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whether the charge of explosive mixture be -

large or small as compared with the entire

volume of the cylinder. In these figures C

represents the cylinder; P the piston; R the

piston rod; M the explosive mixture; and
A the filling or displacing medium. In Kigs.

4 and 6 it will be noticed that on account of

the throttling tendency of the valve when it

is moved by the engine, there result cone
shaped ends to the charge of the explosive

mixture. These cone shaped ends of the

Tused and mixed
with the adjacent air during the suction and
compression strokes and a part of the charge
at least has a tendency to become different

from the remaining part of the explosive

charge. In Figs. 5 and 7 is shown the strati-
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fication that results when a valve i1s used, the

opening and closing of which is practically

instantaneous, a clean and accurate stratifi-

cation being the result, the whole of the

charge maintaining its general characteris-

tics irrespective of the volume of the charge

which is Introduced into the cylinder. Figs.

4 and 5 illustrate a condition where the work

imposed upon the engine is such as to require

a volume of explosive mixture equal to half
the volume of the cylinder, while Kigs. 6 and

7 illustrate a condition where the work im-
posed upon the engine is such as to require an

130
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explosive mixture of only one-third the vol-
ume of the eylinder,

It will be noticed from Figs. 4 and 6 that

in using a throttling valve, as the proportion.

ol the charge grows smaller, the relative pro-
portion of said charge which consists of an
uncertain mixture grows larger: while Figs. 5
and 7 show that by using an instantaneous
valve the character of the charge remains the
same whether the charge be large or small.

Certain features and construction of the
valve gear shown but not claimed herein are
claimed in my application Serial Number
264,163,

What T claim is:

1. The combination with a gas eneine pro-
vided with an explosion chamber of a oas
valve ana mechanism adapted during the
suction stroke of said engine to operate said
valve to permit the said explosion chamber
to be filled by a filling medium, a charee of
explosive mixture and additional filling
medium stratified in the order enumerated, a
governor responsive to the speeds of the en-
gine for controlling the operation of said
valve to vary the size of the charee of explo-
sive mixture, and means for opening and
closing said valve substantially instanta-
neously operating through a period of time
independent of the speeds of said engine.

2. The combination with a gas engine, of a
gas admission valve, a governor responsive

)

Tl . ke
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to the speeds of the engine, and means to
open and close said gas valve substantially
instantaneously operating through a })eriod
of time mdependent of the speeds of the on-
gine but the times of beginning the opening
and closing of said valve both being deter-
mined by the speeds of the engine asindicated
by said governor.

3. The combination with a gas engine pro-
vided with an explosion chamber of a main
admission valve and operating mechanism
therefor adapted to retain said valve open

during the suction stroke of said engine, a -

gas valve adapted when in its closed position
to permit a filling medium to flow into said
explosion chamber and when in its open POsI-
tion to prevent such flow but to permit an
explosive mixture to flow into said explosion
chamber, means for opening and closing said
gas valve substantially instantaneously O]-
erating through a period of time mdepend-
ent ol the speeds of said engine, a governor
responsive to the speeds of said engine, and
means controlied by said governor to cause
sald gas valve to be opened sooner and closed
later as the speed of said engine decreases.

In testimony whereof, I aflix my sienature
in the presence of two witnesses.

CARL G. SPRADO.
Witnesses:

G. . D Wrix,

I'raxx K. DeNNETT.
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