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70 all whom it may concern :

Be it known that I, Roserr Price Kekg, a
subject of the King of Great Britain and
Ireland, residing at. Gateshead-upon-Tyne,
in the county of Durham, England, have
invented Improvements in or Relating to
Internal-Combustion Engines, of which the
following is a specification.

This invention relates to internal com-
bustion engines of the type described in the
specification of Patent No. 995,857, granted
to H. I. Fullagar, according to which an in-
ternal combustion engine, or each unit of
such an engine, comprises two cylinders ar-
ranged side by side and each provided with
two pistons, the upper piston in each cyl-
inder being cross connected to the lower pis-
ton in the other cylinder by external ob-
lique rods and each pair of cross connected
pistons working through its set of oblique
rods and a connecting rod on to a single
corresponding crank.

In the specific construction of engine de-
scribed in the said former specification the
two pairs of cross connected pistons of the
engine, or of each unit thereof, work on two
cranks arranged 180° apart on the same
crank shaft,

Now the present invention has reference
to an internal combustion engine of the kind
referred to which, while possessing the in-
herent advantages of the known type of en-
gine, possesses several additional practieal
advantages, especially as regards weight,
dimensions of parts, maximum torque at the
bearings, direction of thrust of the oblique
rods and cross heads, and spaces occupied
by the engine, as compared with an engine
of the kind referred to, of equal power, as
heretofore constructed.

In an engine of the kind referred to con-
structed according to the present invention,
the two cylinders of the unit, or of each unit.
are arranged with their axes in a plane at
right angles to two parallel crank shafts ar-
ranged at the same end of the unit, and on
to which their cross connected pistons re-
spectively work so that the power exerted
by the two sets of pistons is divided between
two shafts that are geared together to in-
sure that the cranks thereon shall be main-
tained in_their proper relative angular po-
sitions. In the case of an engine designed
to run in either direction, that is to say a

reversible engine, the cranks will be ar-
ranged 180° apart, but in the case of an en-
gine designed to be run in one direction
only, the cranks may be arranged at any de-
sired relative angular position. Any de-
sired number of engine units can be ar-
ranged as described working on to separate
pairs of cranks on the two shafts, the cranks
in each pair thereof being arranged at any
desired angular relation with refercnce to
those in the other pair or pairs with the
object of obtaining as uniform a turning
effort on the shafts as possible. ‘

Usually the cylinders will be arranged
to extend upwardly over the two crank
shafts but they could if desired be arranged
horizontally, or inclined to the horizontal,
to suit special requirements. In any of
these cases, the cylinders of each pair may
be arranged with their axes parallel to one
another, or inclined to one another. In the
latter case the axes may be farther apart at
the ends necarest the crank shafts than at the
other ends, though the reverse arrangement
may sometimes be adopted.

Power can be taken off from either shaft,
or from each of them, as may be desired.

In the first case, one of the shafts may be
extended bheyond the other at one end of the
engine and the gearing between them, which
may conveniently be helical gearing, would
only have to transmit half the power pro-
duced. In the second case, the gearing
would only have to take up any variation
between the engine power and the machine
Ioad, for which purpose, power would be
transmitted through the gearing from the
shaft driving one machine to the shaft driv-
ing the other machine.

Internal combustion engine units accord-
ing to the invention can be variously com-
bined together and with a driving shaft to
suit varying requirements.

In the accompanying drawings, Figure 1
shows in transverse section and Fig. 2 partly
in side elevation and partly in vertical sec-
tion, so much of a reversible multiple unit
engine of the kind described, as is necessary
to a clear understanding of the invention.
Fig. 8 is a plan view of the engine to a
smaller scale than Figs. 1 and 2. Fig. 4
shows in plan a number of such engines
geared to an intermediate power shaft com-
mon -to them. Figs. 5 and 6 are diagram-

65

60

65

70

75

80

85

90

95

100

105



(=44

10

156

30

3b

40

45

1

[
&

G0

2

matic views corresponding to the line A A
and B B respectively of Tig. -t looking in
the direction of the arrows # and ¥y respec-
tively and showing the gearing between the
engine shafts and the intermediate power
shaft. Tig. 7 is an end view showing an-
other arrangement. wherein several multiple
unit engines are inclined [o one anothor.
Fig. 8 is a similar view to IMig. 1 showing
a modified arrangement.  IPig. 9 shows dia-
grammatically a modified arrangement of
gearipng between the engine crank sh;:u'fts and
a power shaft driven therefrom. Figs. 10
and 11 show in end view and diagrammati-
cally, how the crank shafts of an engine ac-
cor&ing to'tjhe Invention can he Ln}amt_aincd
in proper angular relationship to cach other
in the event of the toothed gearing between
the engine crank shafts, or between the
crank shafts and a power shaft driven there-
from, failing.

The reversible multi-unit engine shown mn
Figs. 1, 2 and 3 is designed to operate on
the two stroke cycle and comprises five
pairs eylinders a and s and two five-throw
crank shafts ¢ and ¢ which are conpled
together at one end by a pair of deulde
helical gear wheels ¢ and 7.

The upper piston g of cylinder « is con-
nected by a piston rod A to an upper cross-

‘head ¢ which is coupled by means of a pair

of diagonal side rods j to a lower crosshead
i carrying the lower piston m of the ad-
jacent cylinder . The reciprocating mo-
tion of this moving line is converted into a
circular motion at the crank shaft d through
the conneeting rod » and a crank pin o.

The upper piston gt of cylinder 6 s sin-
ilarly connected by a piston red 2 to a
crosshead ' which is.coupled by a pair of
diagonal side rods j* to the lower cross head
It carrying the lower piston «" of cylinder «,
this line wor_king on to the other crank shaft
¢ through the connecting rod »* and crank
pin o

Each upper cross head ¢ and ¢ has
attached to it a piston p of rectangular
shape which, moving in a rectangular sta-
tionary tubular part.g of the structure forms
therewith an air pump, the two pumps sup-
plying the necessary air for the pair of cyl-
ders ¢ and b for scavenging. The air is
drawn in from the atmosphere by each
piston p through inlet valve » and dis-

charged through outlet valves s the air

passing by a passage ¢ in the statignarvy part
(I)D_itf1 ’stﬁllggj%strfl,cttﬁ‘e into the air chamber £ sur-
rounding the iplet ports w which are sit-
nated at the upper end of the cylinders a
and b and are uncovered by the Ll]lfp.pel' pis-
tons g, g* at'the required times. The upper
sidﬁﬁof ‘the upper pistons ¢ and ¢! are gpen
to the passage ¢ and the air chamber ¢ and
packing boxes are provided at v to prevent
Jeakages of air past the piston rods % and 2.

1,318,245

In the claims hereunto appended the terin
“eylinder” is intended to mclude any form
of hollow inclosing incisbers having cylin-
drical end portions for the reception of a
pair of oppositely movable pistons, whether
such end portions have theinr axes in aline-
ment or arve displaced so as {o be parallel
o1 inclined to one another as desceribed in
the specifications of the respective Letters
Datent herein recited.

The exhaust ports w0 are sitnated at the
lower ends of the cylinders a4 and & and are
controlled by the lower pistons i, m* the
exhaust gases heing led away by any con-
venient pipe arrangement from the exhaust
passages 2.

The wpper cross heads ¢ and ' are each
provided with a slipper 1 to take the hori-
zontal thrust due to the diagonally inclined
rods 7, j* each slipper working against the
surface of the rectungular stationary part
g of the structure forming the correspond-
g scavenge air puwnp cevlinder.

The lower cross hoads &, 27 are each pro-
vided with a turned slipper 2 working in
a bored guide 3 that may as shown, be of
the swme dimbeter ws that of the lower
piston we or we'y or it may be, of u greater
diameter than such piston. The slipper
takes the resultant horizontal pressure due
to the corresponding pair of diagonally
inclined rods j or j* and the corresponding
connecting rod n or nt

The engine can he worked with liquid or
gaseous fuel.

When liquid fuel, is to be used as the
motive flmid, the combustion chambers
(formed by each cylinder a or % and be-
tween the pair of pistons ¢ m® or g* m
therein) in this type of engine would each
be fitted with two valves situated directly
oppgosite to each other. One of these valves
serving as an admission valve for the fuel
would be arranged at one side of the cham-
ber and the other serving as an ajr starting
or compression release valve would be ar-
rapged at the other side of the chamber.

Vﬁhexe compressed air 1s used for ma-
neuvering purpeses it would be convenient
to arrange a valve for admitting the com-
pressed air on the expansion stroke of euch
of the cylinders say « above one erank shaft
say ¢, the cylinders & above the other crank
shaft € being fitted with, eompression release
valves only, cach coupled to a common air
transfer main.

When compressed air is used for starting
up only an air starting valve need be fitted
to the two eylinders ¢ and & of onc unit
only. In this case, and in cases where the
starting is done by means external to the
working cylinders a and b, such as by ad-
mitting starting air to the scavenge air
pump cylinders ¢ or by motoring the engine

y an external gear, each cylinder ¢ and &
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would be fitted with a compression release
valve and the valves of the two cylinders
of such unit be coupled together so that the
air displaced from between the pistons say
g and ! of one cylinder, say @ of the unit
when they are approaching each other will
pass to the space between the pistons say ¢'
and m of the adjacent cylinder say b, in
which the pistons are receding from one
another.

Fig. 3 illustrates the direct method of con-
necting the two crank shafts ¢ and 4.
double helical gear wheel ¢ or f is connected
to each crank shaft, the two wheels gearin
together. The power from one of the cran
shafts say ¢ is transmitted to the other say
d through the two wheels and the power
from both taken off at the coupling 4.

If desired, power may be taken from each
crank shaft separately and the gearing
would then only have to take up any varia-
tion between the engine power and the
machine load, in which case power would be
transmitted through the gearing from the
shaft driving one machine to the shaft driv-
ing the other machine.

Tigs. 4, 5 and 6 show an arrangement of
multiple unit engines in which the two crank

‘shafts ¢ and & of each engine are coupled

together indirectly, an intermediate shaft
5 from which the power may conveniently
be taken and which may run at any desired
speed relative to the engine speed, being
used. This arrangement is a convenient one
for use in a ship where the propeller would
be driven by means of a tail shaft coupled
direct to the intermediate shaft 5. The ar-
rangement comprises four sets of multiple
unit engines similar to that shown in Figs.
1, 2 and 3, but in which the two crank shafts
of each engine arc not directly conpled.
Fach crank shaft ¢ and d of each engine i3
provided with a gear wheel ¢ or f the two
gear wheels being at opposite ends of the
engine. The gear wheel f on the crank shaft
d nearer to the intermediate shaft 5 at one
end of the engine is coupled direct to this
shaft by a gear wheel 6 while the gear wheel
¢ at the other end of the engine and on the
crank shaft ¢ more remote from the inter-
mediate shaft, is geared to this shaft by
means of a gear wheel 7 and an idle wheel 8,

Two multiple unit engines placed at op-
posite sides of the intermediate shaft 5 can
conveniently be geared to the same wheels
6 and 7 and a nummber of such pairs of en-
gines arranged along the intermediate shaft
5. Fig. 4 showg two pairs of engines ar
ranged as described.

Where it is desirable to run for long pe-
riods at reduced loads, the intermediate shaft
5 may, as shown, be made in sections cou-

pled together by means of a clutch as at .

9 so that when running at reduced loads
and the clutch is gpened, and the left hand

8

.

pair of engines are working, these engines
will not have to drive the right hand pair
of engines.

Fig. 7 shows an arrangement of engine
in which the cylinder units are arranged
inclined to one another over and partly
around the crank shafts. In this case the
connecting rods of adjacent cylinders of ad-
jacent pairs of cylinders are connected to
the same crank pin 0. In such an arrange-
ment of the cylinder units the number of
shafts required will be one more than the
number of cylinder units in one transverse
plane except when the units are placed com-
pletely around a circular transverse plane
in which case the number of crank shafts
will be the same as the number of units in
the plane. In the latter case, each ecrank
of each crank shaft has two conneeting rods
jointed to it, while in the first case, such as
shown in Fig. 7, this will be so with ull the
cranks except the two outermost cranks cach
of which will only have one connecting rod
connected to it. The eranlk shafts arc all
geared together, and the power may be taken
off any one, or more than one, of snel shafts,

In the example hereinbefore described,
the cylinders ¢ and & of each unit are ar-
ranged with their axes parallel. They may
however, as hereinbefore mentioned, be ax-
ranged with their axes inclined to one an-
other, as shown for example in Fig. 8, where
the ends of the cylinders nearest the crank
shafts are farther apart than the opposite
ends. In such engines, the diagonal rods
7, 4,1 will not be rigidly fixed to the cross
heads ¢ ¢*, and &, 2* but will be journaled oun
turned pins on'such cross heads and be free
to move thereon in planes parallel to the
plane in which the axes of the two cylinders
of the unit are arranged.

The crank shafts of an engine according
to the invention instead of driving another
shaft parallel to them may, if desired, drive
a shaft arranged at right angles or other
angles to them, through worm or helical
gearing or through skew bevel gearing, as
shown for exanmple in Iig. 9 where the two
engine crank shafts ¢ and & drive a shaft
5 arranged at right angles and common
to them through worm or helical gearing 5",

The pair of crank webs 0? and o® carrying
the crank pins o' and o of the crank shaft
¢ and 4 may, as shown in Fig. 10, or in Fig.
11, be made in the form of three teeth, or it
may be, other suitable number of teeth, the
teeth of each pair, or of the two pairs, of
crank webs of the unit, or of each unit, or it
may be of one unit,in a multiple unit engine,
being adapted to gear together as shown.
By this means in the event of the gear wheels
used for directly. or indireetly through a
third shaft, maintaining the angular rela-
tionship of the two crauk shafts, failing
for any reason to act for the purpose men-
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tioned, the geared crank wobs will come into
action to maintain the angular relationship
of the crank shafts and prevent the connect-
ing rods and crank pins fouling each other
and enable the engine to be brought to rest
without damage thereof. This construction
of the crunk webs will also serve to partly
balance the stresses on the crank shafts.

As will be seen, 1n a multiple unit engine
according to the invention, as the pairs of
cylinders a, & of cach unit are arranged
transversely to the crank shafts, the length
of the engine is considerably reduced as
compared with the earlier construetion here-
inbefore referred to but the width is in-
creased by an amount depending upon the
distance apart of the two cylinders in each
unit. The actual space occupied by the en-
gine will however be appreciably less than
with the former arrangement of the cylin-
ders in an engine of equal power,

As in a multiple unit engine constiucted as
hereinbefore described, each unit works on
to cranks on separate shafts, each shaft
can be supported by a main bearing 10 be-
tween adjacent cranks on the same shaft,
so that the centers of the bearings for cach
crank shaft and the length of the portion
of the shaft between adjacent bearings can
be lessened and the diameter of the crank
shaft reduced in consequence.

In addition to the torque transmitted
from any preceding crank, the variations in
torque at each main bearing is that due to
the loading of one piston only of each cyl-
inder the variation due to the other piston
being taken by the other crank shaft.

Also, as there are at least two crank
shafts, each will only require to be stron
enough at the power end to take one halﬁ
or in the case of an engine such as shown
in Fig. 7, less than one half of the total
power of the engine. Consequently, the di-
ameter of each shaft adopted for this pur-
pose will determine and govern advan-
tageously, the dimensions of the main bear-
ings, crank pins and other parts through-
out the engine.

Furthermore, as the connecting rod and
oblique rod thrusts are in the same divec-
tion one slipper and guide only are re-
quired for the lower cross head connected to
each pair of oblique rods, and provision
has to be made for adjustment of such
slipper and guide in_ one direction only.
The bearing area of the slipper and guide
will also be less than has heretofore been
necessary. The use of a single slipper on a
guide surface, which may be of the bored
type and a continuation of the cylinder bore
as shown, very appreciably lessens the ma-
chining and fitting required compared with
the work necessary en two slippers and
guides arranged at right angles to ome an-
other as heretofore necessary.

1,318,245

Engines of the type described in the
specification of Patent No. 995858, also
granted to H. I*, Fullugar, according to
which an internal combustion engine, o
cach unit of such an engine, comprises two
cylinders cach provided with two pistons
and so twisted as to form in effect two pairs
of cross connectod cylindews the upper pis-
ton in each cylinder being connected to the
lower piston 1n the other cylinder by a pair
of vertical rods - working through o con-
necting rod on to a single corresponding
crank, may also be arranged, according to
the present invention, to work on to two
parallel and geared shafts in the manner
hereinbefore described with reference to an
engine of the type described in the first
mentioned prior specification. Such a con-
struction of engine will rveadily be under-
stood without drawings.

IFrom the foregoing, it will be scen that
an engine constructed according to the pros-
ent invention can De made lighter aind
smaller and therefore at less cost than en-
gines of the kind referred to of equal power
ns heretofore constructed.

What I claim is:—

1. An internal combustion engine of the
kind referred to, comprising two reveluble
shafts arranged side by side, cranks thereon,
a pair of cylinders also arranged side by
side, two oppositely movable pistons in each
cylinder, coupling reds connecting the pis-
tons in one cylinder to the opposite pis-
tons in the other cylinder, means for trans-
mitting motion from the two pairs of cross
connected pistons separately to the respec-
tive crank shafts and gearing between the
crank shafts in order to maintain them in
proper phase relationship, the said cylin-
ders being arranged with their axes in a
plane at right angles to the crank shafts
and both of the latter being located adja-
cent to one pair of contiguous cylin-
der ends.

2. An internal combustion engine .of the
kind referred to, comprising a pair of cyl-
inders arranged side by side, a pair of co-
acting crank shafts also arranged side by
side adjacent to one pair of contiguous cyl-
inder ends but at right angles to the plane
containing the axes of the cylinders, two op-
positely disposed pistons 1n each cylinder
adapted to move in opposite directions,
means separately cennecting each piston in
one cylinder to the oppositely situated pis-
ton in the other cylinder, means separately
connecting the pistons at a contiguous pair
of cylinder ends to the adjacent crank shafts,
and gearing between the crank shafts in or-
der to maintain them in proper phase re-
lationship.

3. An internal combustion engine of the
kind referred to, comprising a pair of cylin-
ders arranged side by side, a pair of co-act-
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ing crank shafts also arranged side by side
adjacent to one pair of contiguous cylinder
ends but at right angles to the plane contain-
ing the axes of the cylinders, two oppositely
disposed pistons in each cylinder adapted to
move in opposite directions, means sepa-
rately connecting each piston 1n one cylinder
to the oppositely situated piston in the other
cylinder, means separately connecting the
pistons at a contiguous pair of cylinder ends
to the adjacent crank shafts, and gearing be-
tween the crank shafts in order to maintain
them in proper phase relationship said gear-
ing comprising teeth formed on the crank
webs of the crank shafts.

4. An internal combustion engine of the
kind referred to comprising a pair of cylin-
ders arranged side by side, a pair of co-act-
ing crank shafts also arranged side by side
adjacent to one pair of contfiguous cy inder
ends but at right angles to the plane contain-
ing the axes of the cylinders, two oppositely
disposed pistons in each cylinder adapted
to move in opposite directions, means sepa-
rately connecting each piston in one cylin-
der to the oppositely situated piston in the
other cylinder, means separately connecting
the pistons at a contignous pair of cylinder

ends to the adjacent crank shafts, a supple-

mentary power shaft, and gearing constitut-
ing a permanent drive between said power
shaft and both crank shafts.

5. An internal combustion engine of the
kind referred to, comprising a pair of cylin-
ders arranged side by side, a pair of oppo-
sitely revoluble crank shafts also arranged
side by side adjacent to one pair of contigu-
ous cylinder ends but at right angles to the
plane containing the axes of the cylinders,
two oppositely disposed pistons in each
cylinder adapted to move in opposite direc-
tions, means separately connecting each pis-
ton in one cylinder to the oppositely situated
piston in the other cylinder, means sepa-
rately connecting the pistons at a contiguous
pair of cylinder ends to the adjacent crank
shafts, a supplementary power shaft, gear-
ing between one end of such shaft and one
of the crank shafts, and reverse gearing be-
tween the other end of the power shaft and
the remaining crank shaft.

6. In an internal combustion engine of the
kind referred to, the combination with a
plurality of oppositely revoluble crank

Coples of this patent may be obtained for fve eents each, by addressing the

>4

shafts, of a power shaft common to all such

crank shafts, and made in sections, gearing

permanently connecting each crank shaft
separately with the power shaft and means
whereby ‘a. section of the power shaft with
an associated number of crank shafts, can
be coupled to and uncoupled from another
section of the power shaft with its associated
crank shafts.

7. In an internal dombustion engine of the
kind referred to, the combingtion with a plu-
rality of pairs of oppositely revoluble erank
shafts, of a plurality of units each compris-
ing a pair of cylinders arranged side by side
with their axes in a plane at right angles to
the shafts, two oppositely movable pistons
in each cylinder, coupling rods connecting
the pistons in one cylinder to the opposite
pistons in the other cylinder and means for
transmitting motion from the two pairs of
cross connected pistons separately to the re-
spective crank shafts, the axis of one unit
being inclined with respect to that of an ad-
jacent unit so that the units are disposed
radially in the plane aforesaid and part of
the power of two adjacent units is transmit-
ted by the means aforesaid to one and the
same crank shaft. ‘

8. An internal combustion engine of the

kind referred to, comprising two revoluble

shafts arranged side by side, cranks therein,
a pair of cylinders arranged with their axes
in a plane at right angles to the said shafts
and with such axes inclined to one another
so that they converge in a direction away
from the shafts, two oppositely movable pis-
tons in each cylinder, coupling rods connect-
ing the pistons in one cylinder to the oppo-
site pistons in the other cylinder, and means
for transmitting motion from the two pairs
of cross connected pistons separately to the
respective crank shafts.

9. In an internal combustion engine, the
combination with a c¢ylinder having two op-
positely movable pistons therein, of two
crank shafts both located adjacent to one
end of the cylinder and means separately
connecting the pistons aforesaid to the crank
shafts so that approximately half the power
generated in the cylinder is transmitted to
each of such crank shafts.

Signed at Newecastle-on-Tyne, England,
this twenty sixth day of September 1918,

ROBERT PRICE KERR.

«Oommissioner of Patents,

‘Washington, D. C.”
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