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UNH“ED STATES

fatenfeﬁ‘;iuggsf 11, 1908, :

JFFICE.

"iIIERBERT .. MULHERIN OF ST. LOUIS MISSOURI, ASSIGNOR TO INT]i.R'
~ NATIONAL MOTOR COMPANY OF ST, LOUIS, MISSOURI, A CORPORA- -

TION OF MISSOURI

G"AS_- E?N GINE.

PECIFIGATIO‘\T formmg' part of Letters Pa,tent N O. 736 132, da,ted August 11 1903
- ﬁpplmatwn ﬁlad March 2 1901 SBI‘I&I No. 49,668, (No model.)

l’a @ZZ whom zt m@y conc#rn '

Beitknown tha,tI HERBERT H. I\’IULHERIN
a citizen of the Umted States, residing at the

- city of St. Louis, in the State of Missouri, -
. . 5 have invented a certain new. and usefnl Im-
PR -_;;pmvement in Gas-Engines, of which the fol-
. lowingis a full, clear, and exact descrlptmn

~such as. will enabla others skilled in the art

10

s tion.

TS

~engine.
- 15 the same..
. tional view ta,lcen on line 38 3, Fig. 2

" to which it appertains to make and use the
o same, reference being had to the: accompany-
. 1ngdrawings, formlnﬂ' part of this speelﬁea- -

| .;-'tlon in which— |

Figurelisa plan view of my 1mproved g&s-

FI,Q' 2 18 a side elevational view of
Fig. 3 is a vertical bransverse SeC-

Fig. 4

~ .~ is-a horizontal IDHﬂ'ltlldll]dl sectional view.
- Fig. 5is an end elevational view. Fig. 6 is
~ ‘an.end elevational view with the near cyhn—'
“der-head removed, parts being shown in sec-
o Flg 7 1s a vertical lonﬂ‘ltudmal sec-
. tional view; and Fig. 8is a mde elevatlonal
CEIR .'_'View partlv in vertwal section.
N . This invention relates to a new and useful
improvementin gas-engines; and it consists,
~. - generally stated, in the novel construction
o and arranwement of the eylinders and their

. contained pistons; in the novel construction

- gailned to the interior,
SR --i__--by a cap-piece ..
... BandD mdma,te thecylmdel heads whlch.
-~ .. are secured to the outer faces of the cylin-
dneal portions A A’, respectively. -
O mdmates the crank shaft as an entlrety,

T . and arrangement of the crank-shaft, the cir-
_cult maker and breaker, and the lgmtmﬂ‘ de-
~ viees; in the novel construction and arrange-

“ment of the inlet and exhaust valves and

. their means of actuation;

35
40
4

5

in the novel con-

struction and ar ranﬂ'ement of the governor-
and its associate parts; and, ﬁnally, the in-
.. vention consists in the COIlth'UGEIOIl arrange-
" - ment, and combination of the several pa,rt,s A
- all as will hereinafter be described and after—
. ward pointed out in the ¢laims.”

: In the drawings the cylinder proper is com- |
A posed of two eylindrical portions A A’, con-
. nected together by what'I will term a crank-
AR, *housmg”A” whlch latter is plefemblym the
.. shapeof a hollow cube having an opening in
' its upper face, through which access - may be
the same bemﬂ* closed

WhICh is mounted in sulta,ble bearmgs in the

| cylmder the same being formed of four disks

from the centers of the disks.

Y

¢, ¢, ¢",and ¢, the t.wo former being con-

nected by a ;journal ¢*, the two latter con-
nected by a ]ournal 65 and the two inner
ones, ¢ and ¢" connected by a journal ¢f, the
shaft proper ex1endmg outwardly f:om the
outer faces of disks ¢ and ¢'".

ctand ¢® are arranged eccentrically on their

The journals

respective disks, as is also the journal ¢t the

latter, however, being arranged exactly dla-
.metrleally oppo‘slte said Joumals ¢t and 5,

but is located at exactly the same dl%tance

The shaft
proper of the engine, as before mentioned,
extends outwardly from the two outer dlsks
the same beingin axial alinement t,hlelewwh
as 18 clearly 1llustmted in Fl“"i 9, 4, and 7 of

the drawings.

D D' indicate pistons arranged within the

cylindrical portions A and A’ respectively,

55

60

70

sald pistons being connected to the crank-

shaft C by suitable pitmen E KE', the former
‘having one end pivotally conneoted to a pin

d, carried. by piston D, and its other end piv-

ot.ally connected to the journal ¢%, while the

latter is provided wwh a bifu rcated innerend,

whose members e ¢’ are pivocally conneeted'

te the journals ¢! and ¢® respectively, of the

crank-shafs, itsouter end being pivotally con-

nected to a pin d', earried by the piston D’.

In order to cause bhe inner ends of the pit--

75

80.'..

men to encircle the journals of the erank-

shaft, I have formed on the ends of each a
hinged cap-piece d”', which is clamped in po-
sition by suitable bolts a bushing of soft

metal being preferably mterposed between

‘said IHUGI ends and the ,]ourna,ls for obku-s |
Treasons. | |

F ' indicate valve - CdSII]U'S meferablv
formed integral with the (,ylmder-heads B

I3', respectively, and as they are identical in
| cen%mcmon except for the fact that they are

‘“right” and ‘““left” a detailed descrlptlon of
but one will be given. This valve-casing just

which opensinto the outerend of theeylinder,
and two compartments f* f", each of which

has an opening 7% and f4, respectively, which

establish communication between the

Q0

95

| referred to is prowded with & passage-way f,

oo |
pas-
| sage-way f and the compar tment%f and frr _




p

sald Openings}. 1% and 1* being controlled, re-
spectively, by outwardly-opening valves G &/,

~ the former being the supply-valve and the

5

1O

latter the exhaust. | |
H indicates a valve-casing in which are ar-
ranged two valves i and 7/, the former being
a needle-valve which is manually operated
for controlling the admission of the explosive

fluid, while the latter isautomatic and spring-

actuated and controls the admission of both
the explosive fluid and air, and consequently
the gas resulting from the mixture, to the
cylinders of the engine. Valve I/, just re-

- ferred to, is preferably cylindrical in shape

20

30

and is designed to operate in a cylindrical

bore formed in a centrally-located partition-
wall arranged in casing H, said valve carry-

ing guide-lugs /'’ on its upper face and ad-
jacent its periphery for alining the valve
when the same is in its open position. This
valve &' also carries upon its upper face a
disk of leather or other suitable material 2%
the same being so arranged that when the
valve is fully closed and in its uppermost po-
sition it will seat against and close the open-
ing from the needle-valve 2 and prevent the
explosive fluid from passing therethrough.

Two pipes I and I' communicate with the in-

terior of this valve-casing H, the former,which
is the admission-pipe for air, being arranged

~above the valve i, while the latter, which 18
" the pipe which conduets the vapor or gas from

- 35

40

the valve-casing to the cylinders of the en-
gine, is arranged below said valve, as illus-
trated in Fig. 8. - |

J indicates a combined elbow and T con-
nection or fitting, whose member 7 is caused

to communicate with the pipe T' and whose

members 7' and 3’ communicate with pipes K
and K', which in turn communicate with the

compartments f' of the valve-casings F F',

respectively, and conduct the explosive gas
thereto. This fitting J is preferably ar-
ranged above and in vertical alinement with
the crank-shaft of the engine, and its bore 5,
which is longitudinally disposed with rela-

tion to said crank-shaft, is provided with a

~ governing-valve L, which consists of two ¢y-

50

53

lindrical portions /and /', connected by a rod

1". (SeeFig. 6.) Near the innermost end of

this bore §° just deseribed is an enlarged

bore 7%, said bore j* being in alinement and

in communication with the members of the
fitting, to which the pipes K and K' are se-
cured, and when the valve L is in the posi-
tion shown in Fig. 6 of the drawings—thatis,
the eylindrical portion [ being at the extreme

- inner edge of said bore j* and the portion /'

60

within or at the edge of the outer end of said
bore j°—the gas which enters bore j7° through
pipe I’ is free to pass to pipes K and K'; but
when the valve L is moved outwardly the
passage-way to the pipes K and K'is throttled
or partially throttled by the portion/covering
or partially covering the bore j', and at the
same time the portion /' has moved out of or
away from the end of the borej and is per-

|
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mitting air to enter the passage-way, thereby
diluting or reducing the percentage of com-
bustible portion of the gas, as is obvious.,

M indicates a pinion secured to the main
shaft of the engine outside of the extended
bearing o' of the c¢ylinder, which pinion is in
mesh with a gear N, secured to a cam-sleeve

O, which is loosely mounted upon a stud-

shaft P, secured to the cylinder. 'l'his gear
N and sleeve O have conjoined to them a
gear Q in mesh with a gear R, loosely mount-
ed upon the main shaft of the engine, and se-
cured to said gear R is a cam S, which coop-
erates with rollers mounted on the free end
of levers T T, pivotally mounted upon the
stud-shafts U U’, which project outwardly
from and are secured to the eylinder. These

levers T TV are connected by a coil-spring ¢,

whose tendency is to hold the same against
the cam S for obvious reasons.

It will be observed from an inspection of
the drawings that the pinion M and the gear
N bear arelation of twoto one, respectively—

that is, the pinion M, which is the smaller,

will make two revolutions while the gear N
is making one, and as the gears Qand R are
of the same diameter and the former is se-
cured to gear N they -both make two revolu-
tions to one revolution of pinion M, and as
the can S issecured to gear R it consequently
makes two revolutions to one of pinion M.
The cam-sleeve O, to which I have before

referred, has formed thereon two projections
0 0/, which are arranged diametrically oppo-

site and out of vertical alinement with each
other and codperate with one member of bell-

75

30

go

0%

I1CO

crank levers V V', which are, like the levers

| TT', pivotally mounted upon the stud-shafts

U U’; respectively. To the outer end of the
members of the bell-erank levers V V', which
I will designate as v v', respectively, are piv-
otally connected the valve-stems of the ex-
haust-valves G',said valve-stems being prefer-
ablyguided in theirmovement by projections
a'’, whichextend from the eylinder of the en-
gine. Arrangedon each of these valve-stems
isa collar ¢, and interposed between said col-

lar and the valve-casings F F', respectively,

and surrounding said rodsisarranged an ex-
pansible coil-spring ¢’, the tendency of which
spring is to seat the exhaust-valves G’ when

‘the position of the cams 0 0’ and their co0p-

erating bell-crank levers V V' permits them

to do so. - |

The admission - valves G G are each pro-
vided with a short stem, which protrudes
through theircasing and are preferably both
connected with a contractible coil-spring ¢",
whose tendency is to draw them to theirseats,
which it does, except when the engineis tak-
ing a charge of explosive fluid. |

Each valve-casing F K’ is preferably pro-

vided with a cap-piece f°, and arranged on

this cap-piece and insulated therefrom is an
electric terminal in the form of a bolt W,
preferably provided on its inner end—that

is, the end within the casing—with an en-

105

110

115

120

125
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i 35 _ |
... wear, as.is obvious.

'_larﬂfed head w.

said hollow 1ods or sleeves be-
mg prowded within their length with a slot

outwardly, and this insures a perfect contact

o electrie circuit, it being understood that the

- . entire engine is one terminal.
o . vers- T T‘r move outwaldlya certain distance,

When the le-

the heads = contact with the heads w, as Jnst

- deseribed, and arrest further movement of

- . the rods X but through the instrumentality

~..of spring m3 the levers T'T' and their sleeves

 X'X are permlbted to travel some little dis-
.30

tance farther in the same direction, thus not

~ only insuring a perfect contact of the heads

© % and w, but also obviating the necessity of
oo - having the cam which operates the levers T

T of just ‘exactly the proper proportion to

. located ,]ust to one side of cam S, said collar

-+ . mounted two bell-crank levers Z, one-mem- |
. Dberof which is provided with Welghts or ballb
2z, which are connected by coil-springs 2z
. while the other member is caused 1o rest 111
~~ agroove formed in a slidable collar Z', keyed
. to the main shaft. .
- withasecond groove in which the bifurcated
ends . of lever :1 rest, said lever being ful-
~ crumed at 2 to a brdcket 3, pmfelably Se-.
. cared to the fitting J and havmg its upper.
S -;end pivotally econnected to the valve L.
L ~ The operation of the engine just deaerlbed |
is as follows: Assuming the parts to be in
" the position shown in the drawings, wherein
it will be observed that the pistons are at
~ . theirextremeoutward positions and the valve
. G'of the casing F is open, the engine travel-
~ 65 ing in the direction of the arrow. in Fig. 8 is
.. just ready to explode.a charge of compr ressed |
- gasin ‘ohe eyhnder A’ as it w1ll be observed |

U so 2

‘effect this resunlt'and permitting the same to
R ‘When the levers T T"
. move inwardly, the head z remains.in con-
-~ taet with the head w for a certain length of
. time oruntil that portlon of the sleeve at the

outer end of the slot &' contacts with the nut

. a',after which the rod X is posmwely moved
Gt ;'_1nwardlv, and the heads r-and W palt form--
o -jmcr a spark. .

Y. mdlcates a cellar whleh 18 seemed to the
main shaft of the engine, the same being

carrying projections to which are pivotally

This collarZ'is pr ovided

Thls
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{

mitting its spring to close the same.
the charge in the ceylinder A’ has exploded
and the plStOI]S move inwardly, the exhaust-

In Vertwa,l alinement Wth | that the cam S is just ready to aLtuate the
these bolts W- and pa,ssmfr through the oppo-
siteside of the valve-casing is a rad X, whose
‘inner end is preferably 1 provided th an en-
la,rged head z, similar to the head w. These
. rods. X X telescope within hollow rods or
~ sleeves X' X', which have one end piv otally
.~ connected to a projection ¢, formed on the
o levers T TV,
10
L, and upon. the rods X X and Wlthm the
~ sglots 2’ o' is secured a eollar or nut ="', and
. '“-_Q--;;jzlﬂterposed between said collar or nut and
. .. that pmtlon of the sleeve where one end of
- 15 the slot ' terminates and surrounding the
.. rod X is an expansible coil-spring °
. construction just described produces & yield-
© . ing connection between the rod X and the
- sleeve X' when the levers T T'are moved |
20
- of thehead 2 with the head 2 to complete an.

sparker controlling that cylmde]
also be observed that the cam 0 is moving
away from the bell-crank lever V and per-
When

valve G' in casing ¥ being closed, a charge

of air and gas will be dmwn into the cylinder:
A throngh the valve G,
valve G’ of casing F' will just start to open,
the valve G remaining eclosed, due to the

presstire inside of cylmder A, and as the pis-
tons move outward from this pOSltIOI] due to

the momentum of the fly-wheel of the engine,
‘eylinder A’ will exhaust its exploded charge
and the charge in cylinder A will be com-
pressed and ignited, as will be understood.

It will be observed from an inspection_ of
the drawings that the cams o 0', as well as
the cam S, make only one-half of a revolu-
tion to every complete revolution of the
crank-shaft, the same bemg due to.the dif-
-ference in diameter of the pinion M and the
‘gear N. Consequently the exhaust-valves

G’ G' are only opened once for every two
revolutions of the crank-shaft, they being,

‘however, alternate in their aetlon—--tha,t 154

when the exhaust-valve for one cylinder

opens and closes at the next revolution of
‘the crank-shaft this valve will remain closed
and the exhaust-valve for the other cylinder

of the valve will open. The reason for this
1s to allow one piston to compress its charge

of air and gas in its cylinder while the other-

piston is exhaustmn‘ its exploded charge from

1ts eylinder.

‘Having now explained that the exhaustmn'

-_of one cylmder occurs simultaneously with
the compression of the unexploded charge in.

the other cylinder, it is obvious that the igni-

tion or sparking mechanism must be brought-

into action complementary therewith—that

‘18, that the parting of the electric terminals

2 and 2 1n one valve-casing must oceur and
form a spark immediately after an unex-

‘ploded charge has been compressed in that

cylinder wwh which saild terminals  and w

ceodperate, the terminals x and w of the other
‘valve-casing being at this time. inoperative.

It will

i T

o

75

and the exhaust-

8o |

g¢

95

160

105,

110

11 5

To. aecompllsh tahls end, the.cam S, as before '
described, makes only one reVOIul}ion_ toevery

two revolutions of the crank-shaft of the en-

120

gine, and is so arranged relative thereto and

to the rollers on the arms T' 1" that only one

arm, T or'T', as the case may be, will be acted
causing the

upon and forced outwardly,
heads or .terminals « and w to touch each

125

other,completing the electric circuit,and sub-
sequently part when the.projection on cam -

D passes said roller, just after the piston of _

that cylinder with which said terminalsax

and w cooperate has compressed- 1ts unex-
ploded charge.

13¢

The speed of the engine is regulated by the
governing mechamsm which is composed of .

the Va,lve L, its casing

, the centrifugally-ac-




4.

tuated weights or balls z and their associate

parts, the slidable collar Z’, and the lever 1,
their operation being as follows: When the
engine has reached its maximum speed, the
weights z will have been thrown outwardly
by centrifugal forece against the tension of
their spring, and the other member of the
bell-crank lever to that upon which said

- weights are on will have moved the collar Z’

YO

inwardly and longitudinally, the shaft upon
which said collar is keyed, and will have

forced the upper end of lever 1 outwardly,

- which movement will have drawn the valve

15

Loutwardly and caused its eylindrical pm tion
[ to cover or partially cover the bore j* and

| cause a less volume of gas to enter the pipes
K and K’ and at the same time cause the cy-

20

lindrical portion /' of the valve to move away
from the end of the fitting J and admit air,
which, as before deseribed, reduces the per-
centage of explosive properties in the mix-
ture which is to be drawn into the engine,

. thereby decreasing the speed of the same.

25

30
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One of the most essential features of this
engine is the arrangement of the c¢ylinders
and their pistonsin axial alinement and hav-
ing the crank-shaft so constructed as to per-
mit the pistons through the instrumentality
of their pitmen to move toward and away
from each other in their reciprocation,where-
by an equal distribution of strain is attained
In the bearings and shaft and renders the en-
gine practically non-vibratory. In Speaking
of the equal distribution of strain, what is in-
tended to be conveyed is that as 'the pistons
move away from or approach each other upon
completion of their half-stroke that inertia
which tends to impel one piston outwardly
after it has reached its predetermined limit

of travel is counteracted by the inertia of the

other piston, as said other piston upon reach-
ing its predetermined limit of travelin either

~directionisexerting through itsinertiaa force

45

§0

in opposition to the force of the mertla of the

first-mentioned piston.

I am aware that minor changes in the ar-
rangement, construction, and combination
of the several parts of my device can be made

and substituted for those herein shown and

described withoutin the least departing from
the nature and principle of my invention.
Having thus described my invention, what

| I claim, and desire to secure by Letters Pat-

6o of said ecylinders, a pinion secured to said

ent, 18—

1. In a gas-engine, the combination with
two cyllnders plstons therein, and a crank-
shaft to which said pistons are connected, of
admission and exhaust valves for said re-
spective cylinders, a sparking device for each

crank-shaft, a gear in mesh with said pinion,
mechanism operated by said gear for operat-
ing the exhaust-valves, a second gear con-

joined to said first-mentioned gear, a third |}
; gear loosely mounted upon said crank-shaft
- and 1n mesh with said second gear, a cam
- conjoined to sald third gear, and members |

]

i
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| connected to said respective sparking devices

and in the path of movement of Said cam;
substantlally as described.

2. In a gas-engine, the combination with
two a,lmmf-'r cyhnders their pistons, crank-
shaft, pitmen, and eylinder - heads of a
Valee casing arranged on each of said cylin-
der-heads and havmﬂ a passage-way which
communicates with the interior of the eylin-

ders, an admission and exhaust valve ar-

ranged in each of said valve-casings, a spring
connected, and common to, both of said ad-
mission-valves for seating the same, a pinion

0

80'.

arranged on said crank-shaft, a gear in mesh

with said pinion and secured to a cam which
1s suitably mounted upon a stationary ele-
ment, said cam being provided with two pro-
jections out of vertical alinement with each

other, the said gear and pinion being so re-

lated that the former makes one revolution to

‘every two revolutions of the latter, two bell-

crank levers pivotally mounted on a sta-
tionary element and arranged in juxtaposi-

0o

tion to said cam and having one of their mem- -

bers in codperation with sald cam and in ver-
tical alinement with the projections thereon,
and a rod secured to each of the exhaust-
valves, and pivotally connected to the other
end of said bell-crank level ; substanmally as
described.

3. In a gas- enﬂ‘lne, the combination with
two almmfr cylinders, their pistons, crank-

| shaft, pit_mell, and cylinder-heads, of valve-

casings arranged on said cylinder-heads, an
admission and exhaust valve arranged in
each of said casings, a sparking device ar-
ranged in said casing, a pinion secured to
said crank-shaft, a gear in mesh with said
pinion, mechanism operated by said gear for
operating the exhaust-valves alternately, the
relation between said gear and pinion being
such that each exhaust-valve is operated at
every second revolution of said crank-shaft,
a second gear conjoined to said first - men-
tioned gear, a third gear loosely mounted on

‘8aid crank- shaft and in mesh with said sec-

ond-mentioned gear, a cam conjoined to said
third - mentioned gear, levers pivotally
mounted on some stationary element, rollers

mounted on the free ends of said levers and

in coOperation with said last-mentioned cam,

93
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means for holding said rollers against their

codperating cam, and means connected to the
free ends of said leversand to one portion of
the sparking device for the purpose specified,

the relation of the parts being such that the
said sparking devices are alternately oper-
ated, the operation of the exhaust-valve and
sparking device alternating in each cylinder
substantially as described.

In testimony whereof I hereunto affix my

signature, in the presence of two witnesses,
this 28th day of February, 1901.
HERBERT H. MULHERIN.
Witnesses:
WM. H. ScorT,
- A. 5. GRAY.
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