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Specification of Let{ers Fatent.

 To all whom it may conecern:

H’]

T'yne,
“mentg in or Le]atmu to Internal- (“unlblmmn |

Be it known that I, Huen Fraxes Ifue-
LAGAR, a subject ¢f the King of Great Drit-
ain and Irveland, residing at Neweastle- -pon-
I nf‘]and have mvented Improve-

Engines, of which the following 1s
11(,‘1’[1011

For many purposes for um(h weqnomt—
ing engines are employed, as, for, example,

SPeCl-

{hnmﬂ &1111)‘1 proepellers, moter vehicles and

engine nmy have suffictent Hexibility in the

the Ilke 1t 18 necessary, 1n order that the

“matter of speed and be able to start and re-

Jmpulses al several polnts of ¢

verse promptly from any position of rest,

that ite crankshaft should receive. SLpdldt(}

tion. Internal combustion engines as hith-

- erto usualb constructed are .:11 a oreat dis-
20

advantage in . this vespect unuparod with
steani engines, because, to obtain the same

- number of npulses 13@1 revolution, they re-

~and complication of
other parts and also a large total amount

- 30

quire to have four times as many (V]llldel&

if of the usual four-streke eyele single act-
ing type, or twice as many evlinders if of
the double acting type, entailing great cost
alves. valve | eear and

of cylinder cooling smf.:u,e compared with
the power of the engines. Corresponding
disadvantages obtain 1n the case of mternal
COitodsiion engines working upon the two-
stroke cycle as hitherto constructed.

Now this invention has for its object to

-pmduc ¢ an internal r:*(}mbu%tmn engine each

erank of whieh shall receive two 11111)11’%“;-
- per

revolulion with enly one cyimder for
each crank, as 1 a steai enginte, and which

"-rh‘l]] be. of greater snuphcﬁy contain fewer

40

50

“nected shafts,
that when the two ]T}IQJCOHS In one cyhndel

DD

working pm’m have lower working stresses,
be more compact -and be of less Thirst cost
than internal combustion engines of equal
power as heretofore constructed. For this

?pnl})v% an Internal combustion engine ac-

cording to the present invention comprises,
as a unif, two open ended cylinders arranged

-parallel {0 one : another in the same plane and

cach fitted with- two plungel pistons, the

“four pistons in the two cylinders being 1in-

terconnected: so that they can be (:‘m%ed to
work onto two cra
on a common crank shaft, or on two con-
the ar mnﬂemem being such

make their working outstroke they smmul-

Laneously impart 1mpulses in opposite di-

and compression strokes.

ach revolu-

ks placed at 180° apart.

——— —
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- rections to the two eranks and directly cause

the two pistons in the other eylinder to make
(helr inward or compression strekes, these
latter pair of pistons ¢n atterward making
their working out-stroke acting in like man-
ner in opposite dirvections on the two eranks

and simultaneously causing the first men-
tioned pair of pistons to make thelr inward
To attain this re-
sult the pairs ef pistons in the two cyhnders
may conveniently be 1nterconnected or cross
connected by external diagonally arranged
rods and by crossheads or their equiv alent,

the two ]11*:‘[011% next the crank shaft bel.ng
connected to the two. cranks thereon by con-
necting rods ]mn..u1 either to the pistons or
to the corresponding crosshieads.

By the constrnetion deseribed the nega-
five work of compression is done Gl‘ltl]&‘h’
or for the most part, direetly from the pis-
tons and independently of the crank shaft,

‘and the pistons are cushioned at each end

of the stroke by the compressed charges and
the crank shaft thus further relieved of the

atrecs s die to acceleration and retardation

of the reciprocating parts. Also, four 1m-
pulses ave tr ansmitted to the erank shaft

through two cranks during each revolution

and the two cranks can be arranged nearv

together and be Connemed by a Smfrle web

inelined to the axis of the erank ‘-nh.:‘lf)[ Fur-
thermore, the inertia of the pistons and the
1ter ('omlechnﬂ' side rods, due to thewr ac-

celeration and re ..ruuaimn has the effect of

both equalizing the crank effort, by oppos-

ing the force of the explosion at the dead
-(“"ntﬂ}

when ignition occurs, and of help-
ing the force of explosion toward the outer
end of the stroke when the explosion pres-
sare is low, d4nd, provided in the case of a

vertical engine ﬂmt the engine runs at such

a speed that the ﬂ(‘C{‘]E'I"IJ[I{)H toward the up-

per end of the stroke 1s greater than the

rcceleration of gravity, the effect of the
inertia combined, with that of the explosion,
iz to keep the side thrust on both the upper
and lower pistons 1n a constant direction.
1n practice this is a feature of considerable

importance as it tends to msure smooth
running.

A twin Ccy Tinder engine hfmno four cross
connected pistons working onto two cranks
on a common shaft as de%‘cul)ed mav be
adapted to work as a two-stroke ey cle en-
aine or as a four-stroke cycle engine. In

| the for mer. case, the exhaust of the hot prod-

80

39

00

95

100

105

110



L

Lo

30 ;1

35

40

- 45

50

333

o

ucts of combustion from the cylinders and

the admission of air under pressure to sweep

out the hot products and form part of the

are effected through ports

next cha rge

formed in the cylinder walls near the oppo-

site ends thereof and controlled by the pis-
tons, all 1In 2 manner well understood. Tor

a four-stroke cycle engine, the exhaust of the
hot products and the admission of alr and
gas are effected through ports formed in the
central portions of the cylinders and con-

trolled: by valves, also in a manner well un-

derstood. -

In the case of a two-stroke cycle engine,
which is the arrangement preferred, the
air inlet ports of the several cylinders are
preferably connected to a chamber that is
common to them and supplied with air un-
der pressure by a single high speed fan or
a blower. The fuel 1nlet ports of the cylin-
ders may be arranged néar to the air inlet
ports or at or near the center of the cylin-

ders. When the fuel used 1s gas, a double
acting pump 1s preferably used to supply
detinite measured quantities of the gas to

the air 1n the cylinders to formn the 1"'Lquned
explosive charges. When liquid fuel is used
it may be m]ected by pumps in an ordinary
way, suitable carbureters or vaporizers be-
ing of course provided according to the
xact requirements of the fuel used.

- Two-stroke internal combustion engines
constructed as described are specially .:uhpt-
ed for driving ships’ propellers for the rea-
son that by ])IOVldlnﬂ two or more units

such as described having a common crank

shaft and arranging the cranks of one unit

at 90° (ninety detrree%) to those of the other.

unit, where two units are used, or at 120°
(ono hundred and twenty deglee%) to the
other units when three units are used, sepa-

ate 1mpulses can be nnpalted to the crank
shaft at a number of points in each revolu-

tion, thus providing considerable flexibility.
1N the matter of spéed and enabling the en-
gine to be 16‘1(111‘}?' started from any posi-

tion of rest and of being reversed, for which
purpose-compressed air may be employed

Iingines embodying the invention can be

constructed in various forms. By way of
exampl¢, a constructional form of a two-
stroke internal-combustion engine, suitable
more especially as a marine or as 1 station-
ary engine will now be deseribed with ref-
erence to the accompanying drawings, the
sald engine comprising two units, stuch as
above referred to, that is to say, having four
cylinders, two setss of interconnected 1)1stml%
and a four-crank shaft. _

In these drawings, Figure 1 shows the
engine partly in side elevation and partly
in vertical section, corresponding to the line
A A of Fip. 2, while Fig. 2 shows it partly
in vertical cross sectmn on the line A! A!

of IYig. 1 and partly in end elevation.

therefrom when necessary.
part of the casing ¢ 1s a cenirally arranged.

095,857

In this example, each unit comprises two
vertical cylinders ¢ and & each open at both

ends and having a ring of exhaust ports e

intermediate of its lenn*th but disposed
nearer the upper end than the lower, and
also a ving of air inlet ports d intermediate

" of 1its- lenn th but nearer the lower end than

the upper. The two cylinders are housed
within a casing e (or casings), constituting
a water jacket, the upper part of which 1s
provided with a suitable passage or cham-
ber f to receive and conduct away the ex-

haust products from the two cylinders, and

the lower part of which 1s similarly pro-
vided with a chamber or passage ¢ in com-
munication with the air inlet ports & of the
cylinders. The air chamber or passage ¢ 1s

common to the two units and 1s preferably

connected to the same source of air supply
which, for convenience, may be a blower
or a c;mfr]e or compound fan of any well
known typc;, driven mdependently by an
electric motor or otherwise. The two (‘Vl-
inders ¢ and b are provided tvith four pis-
tons of hollow trunk type arranged to over-
run the p()ltb ¢, 11 the w‘lmdeu 1N proper
sequence, A ‘md being the upper and lower

pistons respectively in c,y]mder a, and 7 and

/o the upper and lower pistons respéctively
in cylinder 5. Fach of the pistons has fixed

thereto a cross head m, or equivalent, that
~of piston 4 being connected by a pair of ex-

ternal diagonal Tods 7 _to that of piston £,
and that of piston j being similarly con-

| nected by another pair of external dl‘woml

rods n* to that of piston ¢, the two rods My N

‘at each side of the engine bemg arranged to
cross each other, as shown. The upper cross

heads 7 may each be formed, as shown, by
a bar or beam the ends of which are adapte,
as by forming them with eyes m?, to have

fixed thereto the upper ends of two of the
four interconnecting dlafronal rods #,

nt.
The lower cross heads m are each prmnded
with slippers o, or equivalent, arranged to
work between nmde&, 7
Ing ¢ and with eycs m! to wlu(,h the lower
ends of the cmreﬁpmlfhnﬂ pair of diagonal
vods % or n! are fixed. Lach of the two

connecting rods # for the two cranks s may, -

on ‘the enfrme fI'ﬂIll- .-

< 75
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r'I.T

as shown, conveniently be jointed to & pin ¢
mounted in bearings in the corresponding

cross head m whl(h 1S connwtvd to the cor-

responding piston ¢ or & in such a manner,

as by ho]ts that 1t can be readily dctache(l
At the upper

upward extension or guide » the oppowtu .

sides of which serve as lateral bearing sor-

faces for slippu s v on the cross heads m of -

the upper pistons 4 and 7 during: the work-
ing of the engine. The two extensions 9
may be smirlbly stayed together as by a
frame «!. The guides , thmnfrh the lower
cross heads m. and sllppers 0, serve to take

130
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~rods r and to the oblique side rods n, nl,

-,

3

- pose the guides or extensions u may

while the upper guides or extensions u serve
to take any positive or negative thrust on
the slippers v that may exist, for which pur-
be

... Tormed with vertical grooves 1n whlch the

10

15

- .the opposing slippers v to a certain extent:
. neutralize each other but the-stay rods con-

slippers work. At all but slow speeds, how-
~ever, the acceleration of the upper pistons 2
and their cross heads m, together with
- the fuel pressure on the said plstons 1S Sui’ﬁ-
.- cient to keep the side rods n, n' always in

and. 4

tension ‘and the slippers v always pressing

-in one direction, namely inward against the

guldes or extensions . The. pressures of

. stituting the frame u' serve to give greater

20

- stiffness to the guides u.. The crank shaft w
‘has only two main beaunns xz for each pair

- of ‘cranks s, so that them 18 no center bear-
ing between the cranks constituting -each

25

30

separate pair of cranks which, as shown, are
arranged near together and cannec{ed by a

f"smg]e web v Whl(:h may be Inclined to the
. axis of the shaft:as shown.
© one unit are arranged at right angles to

The cranks of

those of the other unit. The fr amning ¢ of

. the engine can be of any desired type but an
_ __-,mclosed type is preferred, with for ced lubri-

T -':mtmn for the bearing surfaces.

-+ 35 arranged to be supplied in definite measured

~acting pumps may. be employed driven for’
'{“{al’llplt by means of side

. engine crank shaft, or from cranks on a
shaft connected to or forming an extension

40

-~ As before stated, the combustible portion

of the explosive charge, conveniently de-
rived from a suction gas ‘producer plant, is

qu‘mtmes for which purpose two double

levers from the

of the engine crank shaft. While it is

POs-

sible by tlmll’lﬂ‘ the pump pistons to dis-
~-pense with means tor positively operating
- gas valves, or even to avoid cylinder v: alves

altmethel by mjecting the gas through a

o pmi above the air ports’ d, 1t 1s %01‘1191:1111@%
?__-:prefermd to employ a C~111ﬂ'1g valve 1 ar-
. ranged to control a gas port 2 0 located at the

" center of the lenﬂ*th of ‘cach cylinder ¢ and
80

b so that each unit includes only two valves

~ which can be operated by any suitable

oo means,
 made compalatwely small and balanced and |
- beloaded with springs 7 and each of them
with its: seat 8 1s preferably mounted in a-
box or holder 9 that can be easily and
~quickly fixed in a hole or passage 10 in the-
~-central portion of the cylinder ¢ or 0, or a

Jlateral  extension
hole or passage 10, when the corresponding
‘valve 1 1s 1"em0ved access can be gained to

55

The gus admission valves 1 can be

thereof.

the corresponding t;,y]mdel The gas ports
2 controlled-by the valves 1 can also be used
to admit compressed air, supplied to the
valve boxes or holders ¢ through valve con-

,1f1111t10n of the new chm oe and ba(]

Through each

@.l?’

.the lateral thrusts due to the connecting | trolled pipes to the cylmdel% ¢ and ) for the

purpose of starting or reversing the engine.

In action, an e‘xplogmn occurs at the cen-
ter of each cylinder ¢ and &6 mn turn, pro-
ducing, throngh the pistons, say 4 and ¢ i, of
'cylmder ¢ and the corresponding side rods
n, n'y, two approximately equal mmpulses
which form a twrning couple on the crank
shaft w0 and at the same time cause the other
pair of pistons, say 7, /&, to which the saud
rocds are connected. to move toward each
other and compress the charge between
them. As the pistons 2 and ¢ approach the
end of their outstroke, the upper one, viz. 4,
first overruns the exhaust ports ¢ in cylinder
a and reduces the products of combustion to
atmospheric pressure. Continued movement
In the same direction then causes the lower
piston z to overrun the air inlet ports d of
cylinder «, whereupon air under pressure,

say from two to four pounds to the square

inch, rushes in, sweeps the contents of the

| ("y]mﬂer thr mwh the exhaust ports ¢, cooling
and ends of the pl‘st{m%

the eylhinder w ralls
and interposing a cushion of air between the
exhaust products then escaping and the next
charge, thus securely guavding against pre-

firing.
On the return stroke of the said pistons A

and ¢, caused by the explosion of the charge

In cvhnder b and consequent outward move-
ment of the pistons 4, & therein, the nlet and
exhaust ports ¢ and ¢ ¢ vespectively in cylin-
der o are successiv felx" closed, the cylinder
left charged with air, the combustible gase-
OUS portmn of the clmrne, iminediately 1n-
troduced 1nto the air, either hefore or just
after the air ports d are closed, and the
charge compressed by the 1)1st0ng h, 1
through the action of the explosion in cvlm-
d("]‘ Z) and afterward ignited. As the cn-

gine, ¢ composed of two unlts, as deseribed,
‘has four pairs of pistons m. and four cranlks

s, the crank shaft w will receive eight 1m-
pulses during.each revolution.

The ‘11mnfrement of the air supply cham-
ber or passage g shown, effectually precludes
leakage of gas mto the engine room past the
lower pistom 2y fe, while by admitting a
small supply of air into the space 11° below
the check 1rings or glands 11 of the upper
pistons A, 4, 16‘11{‘1“9 of gas past these upper

1)1%t0118 can be preventad

The holes in the eyes m!' on the upper
cross heads m, which take the oblique rods

n nl, are qlotted out- vertically so that when
“the nuts are removed from such 10(1:3, the

cross heads and upper pistons A, 4 can be

'1*ea.dﬂy lifted out of the wlmdemi without
removing the rods, and the lower pistons 7, %

can then be drawn up through the (,".”1111(1(‘1%
after unbolting them from theireross heads.

The c*}f]mders a and 0 are formed at their
lower- portions with flanges 12 that bear

' upon the bottom of the Waler jacket e. They
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- weight of such part%

15

20

25

30

35

- modihed to adapt them for different serviees

40

%

upper or lower. pistons,

are held down by bolts which mfty" also hold

up the lower glands or junk rings 13. The
upper ends of the cylinders are a sliding fit
through the exhaust chamber f so that they
are free to expand upward.

The upper- pistons may, with advantage,

be made of somewhat larger diameter than

the lower ones so that the difference in pres-
sure on the two sets of pistons may help to
support the moving parts and thus relieve
the main bearings « of a portion of the
This construction
also allows of the lower pistons being more
readily withdrawn through the upper por-
tions of the c¢ylinders w hen this may be de-
sired.

The details of construction of engines
such as described can be variously modified.
Thus, the upper shippers » and gnides «, or
the lmver shippérs o and ﬂmdes Dy O both

may, 1n some cases, be lephu ed by trunl

guides Torming, virtnally, upward exten-
sions of the whndeu aﬂ,.unst which the
i the form of

trunks, directly bear; the opposing faces of

the pistons m mav be made concave o as to

reduce the ratio of snrface to volume of the
clearance space, and the relative position of
the air inlet.and the exhaust ports may be
reversed.

The engines. instead of being arranged as
vertical engines, as shown, may sometimes
be arranged as horizontal ennmeq '

Internal combustion engines construcled
and operating as described can be var lously

and for use with vartous kinds of easeous
and liquid fuels, the arrangement hereinbe-
fore described belrig mer Lly olven as an ex-
ample of engine suitable for marine or-land

use and using gaseous fuel of good quality,

“Tlni I elaim ise-

An intornal combustion (*11“'1110 CONL-

| ]n Ising {wo evlinders airanged anlu by side,

45

510

00

60

65

fwo oppmitvlv movable. ])1‘-1(011'-, in each eyl-
mder, and (()ll])]lll“ m:la connecling cach pis-
(on in one evlinder to the opposttely sifi-
ntud piston 1 the other evlinder.

An internal combustion engine. com-
prlslnﬂ two eylinders arranged side by side,
a co-acting crank shaft, (wo oppositely dix
posed plStcmf; in each evlinder adapted to
nove 1n 01)1')051(0 directions, means conneet-
ing one piston in cach evlinder to the crank
slmft and means (mmwluw the remaining
ptston 1n each eylinder w i(h the fir<t nanied
l)]"-it()ll in the other ¢vlinder.

3. An internal combustion cngine com-
prising two cylinders arranged side by side,

two oppositely disposed ptat{ma in cach ml-

inder between which pistons an explosive
charge is adapted to be compressed and fired

and means comprising rods arranged ob-

liquely to the axes of the cylinders conneet-

Ing eac h piston of one cylinder with the op-

. &;lwh other evhinder.

T and

095,857

posttely situated piston of the other cyhnder

whereby an explosion in any one cylinder
produces an outward movement of the pis-
tons 1n such cylinder and a simultaneous in-
ward movement of the pistons in the other

(,}lmder * - ~
. An internal combustion engine com-
pllsmn two cylinders arranged side by side

“and each having air inlet poxts near one end

and exhaust p(}lt& near the other end, two
pistons in each cylinder controlling respec-
tlwly the nir inlet and exhaust ports and
1“(1

that while the pistons in one eylinder simul-

mneoush move outward to uncover the ex-

haust and inlet ports, the pistons in ‘the
other cylinder move inward and cover the
corresponding mlet and exhaust ports of

Au mternal combustion engine com-
|m g two evhimders arranged slde by side,
twao op Jmmlv] T moving plsmna in cach cyl-

inder. crossheads {l)llllettt'd to the outer ends
of «atd pistons and arranged transverse to

the plane of the engine 1 ranlsha ft and rods
directly nznmwdmﬂ the crosshead of each
piston to the crosshead of the oppos;ltel}
‘sli'hl((}d piston of the other cylinder. -
An mternal combustion engine com-
p: isig two evlinders arranged side by side,
two pistons in each ulnldu‘ cross connect-
ing rods arranged obliquely to the axes of
ﬂw cviinders, crossheads coupling the rods
to he pistons, a crank shaft having oppo-
<itelv arranged adjacent cranks connectdd
by a common web, and connecting rods be-
tween said eranks and one of each of the
cross connected eressheads and rods.
7.-.\n mternal combustion engine com-

-pi ising two cyimders arranged side by. side,

(wo plmmq 1n each (*11111(]0 cross connect-

ing rods arranged obliquely to the axes of

the evlinders, crossheads coupling the rods
to ilw pistons. slippers on the crossheads,

thpt rs work. -
An mfernal combuatmn enmne cont-

prisine {wo evlinders arranged side by side,

{wo pistons in each evlinder, cross connect-

arranged obliquely to the axes of the
cvlinders “cross -connecting the pistons so

73
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tationary ﬂmdvs .m,nm%t ‘ﬂ,lll(}h thel

115

ing rods arranged obliquely to the axes of

Ahe cylinders, erossheads coupling the rods
fo the pistons, slippers on the mossheads,-

stationary eutdes aguinst which the shippers
work, a e ranle shaft having oppositely ar-
ranged adjacent cranks conneeted by a com-
mon web, and connecting rods between said
cranks and conneeted tm%lleads and one of
cach of the cross rods.

9. In an mternal combustion enfrme, cyl-

inders, pistons in each eylinder, cross con-

120

125

necting rods arranged obliquely to the axes .
of the evlinders and crossheads coupling the
rods (o the pistons, said crossheads having

portions slotted out parallel to the axes of

130
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the ovlmdms to enable the crossheads to be |
removed 1 the dn‘ectl(}n of such axes with-
bodily removing the rods.

..hO An mmternal (‘Gll}blhtl()ﬂ enﬂ*me COIN -
10 two vertical cylinders ¢ 111111“@{1 s1cle

pr

by side, two f}l)l}t)‘-:it(‘ly movable plf—i{)ﬂ% m

each cylinder and means comprising rods
arranged obliquely to the axes of the cylin-
cders and transversely arranged ecrossheads
connectimge cach piston of one eylinder with
the oppositely situated piston Gi the other
cylinder, the upper piston 1 cach cylhinder

- bemng of greater diamcter than the lower

1715101’1

. An 111(0111&1 combustion engine com-
pr 1%111;,; two cylmders arranged vertically
side by stde, tworoppositely movable pistons

in each cylinder, the upper piston in each
cylinder being of larger diameter than the
lower one, means comprising rods arranged
obliquely to the axes.of the cylinders and
transversely arranged crossheads connecting
each piston of one cylinder with the oppo-

sitely situated piston of the other cylinder,

a co-acting crank shaft having two oppc-

sitely arr dIl”ed cranks and a connecting rod

between each crank and one of the sets ot
oblique rods and cross heads.
bwm,d at Newecastle-on-Tyne, England,
this uﬂhtwnth day of October 1909,
TIUGT{ I& RANCIS I‘ULLA (GAR.

Witnesses:

H. Nixoxn,
{f'rro H. Duxe.
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