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T0 aZZ whom it may concern. 
Be it known that 1, CHARLES EDWARD ING 

LIS, a subject of the King of England, resid~ 
ing at Cambridge,‘ England, have invented 
certain new and useful Improvements in or 
Relating to Engines, Pumps; and the Like, of 
which the following is a speci?cation. 
The present invention relates to balanced 

engines or pumps, the object being accom 
plished in an eifective manner without the 
use of balance-weights. 
According to this invention cylinders are 

mounted end to end in pairs, each cylinder 
being provided with two pistons, and work is 
done on the crank-shaft by all the pistons. 
The principle of this invention is applicable 

to engines of several different types whether 
operated by steam or the like, by compressed 

. air or water, or by the combustion in the cyl 
inder of an explosive mixture.' The improved 
system of balancing may also be applied to 
pumps, air-compressors, and the like. 
In constructing an explosion-engine in ac 

cordance with this invention vtwo cylinders 
are placed one in line with another, withv two 
pairs of related pistons therein, one piston of 

. each pair in one of said cylinders and the 
other in another of said cylinders, one of these 
pistons in its cylinder and one of them in the 
other cylinder being relatively immovable, 
there being an operative connection of un- 
changing length between the inside piston in 

' one cylinderwsay the ?rst cylinder-and the 
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outside piston of the second cylinder and a 
similar operative connection of unchanging“ 
length between the inside piston in the sec 
ond cylinder and the outside piston of the 
?rst cylinder, whereby the relative immova 
bility of the pistons of each pair is insured. 
On the crank-shaft, which turns in hearings 
on a bed-plate carrying the cylinders, are 
opposite cranks one hundred and eighty de 
grees apart and in balance with each other 
about the crank-shaft axis, and a plurality 
of connecting-rods extends in diametrically 
opposite directions'from the opposite cranks 
and constitutes operative connections be 
tween each crank and a pair of the afore 
said related pistons appropriated thereto. 
Each one of the two main element groups of 
the engine constituted by one piston in any 
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cylinder plus the related piston in another 
cylinder plus its connection thereto plus the 
connecting-rod appropriated to the related 
pistons has a mass which is preferably the 
same as that of the other main element group 
similarly constituted, and these parts are 
preferably of similar dimensions and of simi— 
lar materials similarly disposed and con 
strained by themselvesand the cylinders and 
bed-plate or otherwise so arranged that the 
mass center of each element group moves in 
a direction opposite to that of the motion of 
the mass center of its companion similarly 
constituted main element group, and so also 
that the mass centers of the two groups move 
only through two distances, each respectively 
‘proportioned-in a‘ proportion common to both 
to the mass of the companion element group 
traversing 'the other distance. Should the 
masses differ,the distances will di?er. Should 
the masses be the same, then the distances 
moved through will be the same. 
In the above arrangement .the cylinder 

spaces in the two cylinders will increase and, 
decrease simultaneously, and the valves are 
so arranged in any convenient or well-under 
stood manner, forming in themselves and 
their appurtenances no part of the present 
invention, that while expansion is taking 
place in one cylinder the other cylinder is re 
ceiving its charge of explosive mixture and 
while one cylinder is exhausting the products 
of combustion the other cylinder is compress 
ing its charge. It is thus evident that the 
crank-shaft will receive an impulse at every 
revolution of the crank, and on account of 
the connection between each inside piston 
and the-opposite outside piston the thrust 
due to the explosion will come on both con 
necting-rods equally. The connecting-rods 
are then not only always in thrust, but the 
thrust in one rod is constantly equal to that ' 
in the other rod. The action of the crank is 
therefore always a pure couple, and no recip 
rocating forces'are transmitted to the crank— 
shaft or to the engine-framing. - Loss of power 
due to the inertia of’ the reciprocating parts 
is thus entirely avoided, and alternating 
stresses of tension and compression, which 
usually occurin connecting-rods,are obviated. 
In constructing an engine to be operated 
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by steam, compressed air, or the like, in 
which case each piston receives an impulse 
at every revolution of the crank, or in the 
case of a pump, air-compressor, or the like, 
the cylinders are mounted end to end, as be 
fore. In these cases, however, the two in 
side pistons are connected together and the 
two outside pistons are also in rigid connec 
tion, and we thus obtain, as in the previous 
case, two reciprocating parts of equal mass. 
One connecting-rod is in operative connection 
with the inside piston of one engine, and the 
other connecting-rod is joined to the outside 
piston of the opposite engine. The space for 
steam or other operative ?uid will thus be 
increasing in one cylinder while it decreases 
in the other, so that while expansion takes 
place in one cylinder the opposite cylinderis 
exhausting. The crank-shaft will therefore 
receive an impulse at each stroke or two im 
pulses during one revolution, and, as before, 
owing to the operative connection between 
the two inside pistons and that between the 
two outside pistons the thrusts will come 
equally on the two connecting~rods. In this 
construction of engine, as in the construction 
previously referred to, one of the two main 
element groups of the engine constituted by 
one piston in any cylinder plus the related 
piston in another cylinder plus its connec 
tion thereto plus the connecting-rod appro 
priated to the related pistons has a mass pref~ 
erably the same as that of the other main ele 
ment group similarly constituted, and these 
parts are preferably of similar dimensions 
and of similar materials similarly disposed 
and constrained by themselves and by the 
cylinders and bed-plate or otherwise so ar 
ranged that the mass center of each of the two 
main element groups moves in a direction op 
posite to that of the motion of the mass center 
of its companion similarly-constituted main 
element group and so also that the mass cen 
ters of the two groups move through distances 
each respectively proportioned in a propor 
tion common to both to the mass of the com 
panion element group traversing the other 
distance. Should the masses di?er, the dis 
tances differ reversely. Should the masses 
be thesa me,then the distances moved through 
are the same. The forces acting on the two 
crank-pins will again be equal and opposite 
at all times. The valves of the engines may 
be operated in the usual manner. If desired, 
the triple cranks may be omitted and the 

' motion of each inside piston may be controlled 
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from the opposite outside piston through a 
rock-shaft. 
In the accompanying drawings, Figure 1 is 

a diagram longitudinal central section of a 
two-cylinder engine constructed according to 
one method of carrying out this invention. 
Fig. 2 is a section on the line 2 2, Fig.1. Fig. 3 
is a diagram longitudinal central section of a 
second form. Fig. 4 is a section on line 4: 4, 
Fig. 3; and Fig. 5 is a side elevation of a de 
tail of Figs. 3 and 4. 
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Referring to Figs. 1 and 2, which represent 
an explosion-engine, two similar cylinders A 
A’ are placed facing one another on opposite 
sides of a crank-shaft B. The cylinders and 
the crank-shaft are supported by the bed 
plate X. Each cylinder is provided with two 
pistons, and the inside piston O of the cylin 
der A’ is connected by two rods 0 d’ to the out 
side piston D’ of the cylinder A’, and the in 
side piston O’ in the cylinder A’ is similarly 
connected by two rods 0’ d to the outside pis 
ton D of the cylinder A, with the result that 
two reciprocating parts are formed, each con 
sisting of related pistons-—t'. e., an outside pis 
ton D or D’, ?xed to an opposite inside piston 
OorO’ plus its rods 0 d’or c’ (1, both parts hav 
ing the same mass. The power is transmitted 
to the crank-shaft B through two connecting 
rods E E’, ?xed to the inner pistons O C’ in 
the usual manner, the crank-pins being di 
ametrically opposite to one another with re 
gard to the shaft. One of the connecting 
rods may conveniently be duplex,like the rod 
E, (i1lustrated,) or may have a forked end, and 
the shaft will then be provided with triple 
cranks, as in the drawings, wherein F F0 F’ 
are the three cranks, two of them, F F", be 
ing appropriated to the duplex or twin rod E 
and the third, F’, being, appropriated to the 
rod E’. The two cranks F F0 balance the 
crank F’. The twin rod E balances the sin 
gle rod E’, and the two pairs of related pis 
tons balance each other. Moreover, in the 
example illustrated all these balanced parts 
are symmetrically disposed, as shown, about 
a longitudinal central plane of the engine 
perpendicular to the central plane of the sec 
tion, Fig. 1, so that all thrusts in the engine 
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occur in that plane in which all motions of ' 
the moving parts of the above-described en 
gine may be considered to take place. The 
inlet and exhaust valves (indicated diagram 
matically at H and J and J’) and the igni 
tion-gear are situated at the center of the 
cylinder between the two pistons at their in 
nermost limit of stroke. These details of the 
engine may be of any usual or convenient 
type and form no part of the present inven 
tion. In the above arrangement the cylin~ 
der-spaces in the two engines will increase 
and decrease simultaneously, and the valves 
are so arranged that while expansion is tak 
ing place in one cylinder theother cylinder 
is receiving its charge of explosive mixture, 
and while one cylinder is exhausting the prod 
ucts of combustion the other cylinder is com 
pressing its charge. The desired order of 
these operations is secured by any conven 
ient arrangement of operating-gear, which is 
not here described, neither is it illustrated 
in the drawings, as it is obvious to any per 
son skilled in the art and therefore need not 
be detailed here. It is thus evident that the 
crank -shaft B will receive an impulse at 
every revolution of the crank, and on ac 
count of the connection between each in 
side piston and the opposite outside piston 
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the thrust due to the explosion will come on 
both connecting-rods equally. The connect 
ing-rods are then not only always in thrust, 
but the thrust in one rod is constantly equal 
to that in the other rod. The action of the 
crank is therefore always a pure couple, and 
no reciprocating forces are transmitted to the 
crank-shaft or to the engine-framing. Loss 
of power due to the inertia of the reciprocat 
ing parts is thus entirely avoided and alter 
nating stresses of tension and compression, 
which usually occur in connecting-rods, are 
obviated. 
Referring now to Figs. 3, 4, and 5, which 

represent an engine to be operated by steam, 
compressed air, or the like, in which case each 
piston receives an impulse at every revolution 
of the crank and which also represents a 
pump, air-compressor, or the like, the cylin 
ders A A’ are mounted end to end, as before. 
In this construction the two inside pistons 
O C’ are connected together by an operative 
connection 0100f unchanging length and rigid, 
and the two outside pistons D D’ are also in 
rigid connection by connections d“ d“) of un 
changing length, and, as in the previous case, 
two reciprocating parts of equal mass are ob 
tained. One connecting-rod E is in operative 
connection with the inside piston O of one en 
gine and the other connecting-rod E’, which is 
in two twin or similar parts, is joined to the 
outside piston D’ofthe opposite engine by way 
of the connections do d10 to cross-pieces K, 
?xedtupon which connection it is'pivoted, as 
shown in Fig. 5. Valves for admitting and 
exhausting the steam are situated at the cen 
ter of the cylinder, as at H0 J0 J10, between 
the two pistons at their innermost limit of 
stroke. These valves and the means whereby 
they are operated form no part of this inven 
tion. The space for steam or other operative 
?uid will thus be increasing in one cylinder, 

» while it decreases in the other, so that while 
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expansion takes place in one cylinder the op 
posite cylinder is exhausting. The'crank 
shaft B will therefore receive an impulse at 
each stroke or two impulses during one revo 
lution, and, as before, owing to the operative 
connection between the two inside pistons 
and that between the two connecting-rods 
the forces acting on the, two crank-pins will 
again be equal and opposite at all times. The 
valves of the engines may be operated in the 
usual manner. If desired, the triple cranks 
may be omitted and the motion of each inside 
piston may be controlled from the opposite 
outside piston through a rock-shaft. 
The present invention is specially applica 

ble to high-speed engines, owing to the ab 
sence of vibration, and this feature will also be 
of considerable advantage in motor-vehicles. 
What I claim as my invention, and desire 

to secure by Letters Patent, is~~ 
1. In a balanced engine the combination of 

a crank-shaft, opposite cranks thereon one 
hundred and eighty degrees apart and in bal 

E 

ance with each other about the crank-shaft 
axis, a support for the crank-shaft, two cyl 
inders one in line with another and attached 
to said support, two pairs of related pistons, 
one piston of each pair in one of said cylin 
ders and the other in another of said cylin 
ders, one of these pistons in its cylinder and 
one of them in the other cylinder being rela 
tively immovable, an operative connection of 
unchanging length between each said two re- ‘ 
lated pistons (whereby their relative immov 
ability is‘ insured), and a‘ plurality of con 
necting-rods extending in diametrically op 
posite directions from‘the opposite cranks 
and constituting operative connections be 
tween each crank and a pair of the aforesaid 
related pistons appropriated thereto, each 
one of the two main element groups of the 
engine constituted by one piston in any cyl 
inder plus the related piston in another cyl 
inder plus its connection thereto plus the con 
necting-rod appropriated to the related pis— 
tons being constrained by itself and-the said 
support and cylinder to move as to its mass 
center in a direction opposite to that of the 
motion of the mass center of its companion 
similarly-constituted main element group and 
the mass centers of the said two groups be 
ing in addition constrained each by its own 
group and the said support and cylinders to 
move ‘only through distances proportioned 
each respectively in a proportion common to 
both to the mass of its companion element 
group traversing the other distance. _ 

2. In a balanced engine the combination of 
a crank-shaft, opposite cranks thereon one 
hundred and eighty degrees apart’ and in bal 
ance with each other about the crank-shaft 
axis, a support for the crank-shaft, two cyl 
inders one in line with another and attached 
to said support, two pairs of related pistons, 
one piston of each pair in one of said cylin 
ders and the other in another of said cylin 
ders, one of these pistons in itscylinder and 
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one of them in the other cylinder being rela--~ 
tivelyimmovable, an operative, connection of 
unchanging length between each said two re 
lated pistons (whereby their relative immov 
ability is insured), and a plurality ‘of con 
necting-rods extending in diametrically op-' 
posite directions from the opposite cranks 
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and constituting operative connections be- . 
tween each crank and a pair of the aforesaid 
related pistons appropriated thereto, each 
one of the main element groups of the engine 
constituted by one piston in any cylinder 
plus the related piston in another cylinder 
plus its connection thereto plus the connect 
ing-rod appropriated to the related pistons 
being constrained by itself and the said. sup 
port and cylinders to move as to its mass cen 
ter in a direction opposite to that of the mo 
tion of the mass center of its companion simi 
larly-constituted main element group and the 
mass centers of the said two groups being in 
addition constrained each by its own group 
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and the said support and cylinders to move In testimony whereof I have signed my 
only through two distances each proportioned name to this speci?cation in the presence of 
in a proportion common to both to the mass tWo subscribingr witnesses. 
of its companion element group traversing CHARLES EDWARD INGLIS. 

5 the other distance, all motions in the afore- \Vitnesses: 
said parts of the engine taking place in a sin- WILLIAM BADGERY, t 
gle plane. FREDERICK PELLEW. 


