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This invention relates to improvements in parts, in ‘a two-cylinder engine, where the
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means for counterbalancing secondary iner-.

tia forces in reciprocating engines.

One object of the invention is the produc:
tion of relatively simple, inexpensive and
rveliable mechanism: for accomplishing “this
purpose. . - : : o :

Another object is to eliminate the necessity
for moving parts at- relatively high speeds,
as for instance, at double crankshaft speed.

Other objects, and objects relating to de-
tails of construction and economies of manu-
facture, will appear as I proceed with the
description of that embodiment of the inven-
tion, which, for the purposes of the present
application, I have illustrated in the accom-
panying drawings, in which: PR

Figure I is a vertical longitudinal section
through an internal combustion engine, em-
bodying my invention. o :

Fig. 11 is a transverse vertical section
through a portion of the engine, the section
being taken substantially on the line T1—IIL,
Fig. I. g RS
Fig. IIT is a diagrammatic view showing
the relative propoitions and positions of the

_ parts in one form of the invention.
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‘Fig. IV is a diagram of inertia forces'in a
two, tour or eight-cylinder motor, where the
cylinders are all in line and-the crank throws
all in the same plane.. - - AR

Fig. V is a diagram of inertia forces of

my counterbalancing mechanism. "~
Fig. VI is a diagram in which the sec-
ondary inertia force curves of Figs. IV and
V are superposed. - - SR ’
Fig. VII is a vertical longitudinal- sec-
tional view of an internal combustion engine,
showing a modified form of the invention. -
‘Fig. VIII is a vertical longitudinal sec-
tional view of a portion of an engine show-
ing another modification; and = - - v
~Fig. IX is a transverse sectional view

 taken substantially on the line IX—IX,
Fig. VIIL ' .

Similar reference characters refer to like
parts throughout the views: -~ .= =
- Referring to Fig. IV, the curve A may be
considered as the total inertia force curve of
one of the pistons with its associated moving

cylinders are parallel and side by side, while -
B is a similar curve for the other piston and
associated parts, it being understood that.in
plotting the curves, the ordinates represent
the inertia forces, while the abscissas repre-
sent the corresponding- crankshaft angles.
The curves A and B are identical and spaced
180° apart, but owing to the angularity -of-
the piston connecting rods, the portion -of
each curve above the base line o—o'is dif-
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ferent from that below the base line, and the -

two curves do-not balance.  The line o—o0

represents the abscissa at which the forces -

are - numerically - zero.

When superposed, co5 -

they combine to form.the curve C: repre- .

genting yvhat ig known:in the art as the sec-
ondary inertia force.. Fig. IV would be the
same Tor a four-cylinder in line engine, or an

eight-cylinder in line engine, with the crank <

throws all in the same plane, each curve A
and ‘B then representing the total inertia
force: of a set of pistons moving together,
instead of one piston.. .~ = - .

. It is.a principle of the present invention

to counterbalance the secondary.inertia force

Tepresented by the - curve. C -with " another
secondary force whose curve has the -same

amplitude and period as the curve G, but - :
which is in phase directly opposed to that :80. -
of the curve C. Tt will be noted that in Fig. -

1V, the curve C has two complete periods
for every one of the curves A and B. Tt
las been proposed.-to balance such secondary

force by means of a: weight .of proper size -8 5

rotated at twice crankshaft speed, the total
inertia force of the.weight which induces

no secondary force being utilized to balarice: :
the secondary force of the engine. In order

to cancel out horizontal inertia forces, the :
weight is generally divided into two parts

which are rotated in opposite directions. In
my invention, however, instead ‘of .making
use- of the simple inertia forces of weights,
rotating at twice engine speed, I move the
‘weights at engine speed in-a manner to pro-
duce secondary inertia forces; and I employ
only such secondary forces for engine bal-
ancing purposes, the primary forces-being
balanced:against each other in the same man-
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_shaft-12.

2.

ner as in the engine itself. . The secondary
force thus obtained from the motion of the
welghts is represented in Fig. V of the draw-
ing, by the curve C’. This curve is the re-

- sultant ‘of the curves A’ and B’, which
represent the total inertia  forces of two.

weights presently to be described. The re-
sultant of the two curves C and C’ is a
straight line coinciding with the base line,

-as illustrated in Fig. VL.

My invention in 1its broader aspect, com-
prehends the use of various means for mov-
ing weights in paths parallel or substantial-
ly parallel to the paths of movement of the
engine pistons, giving them the same num-

ber of reciprocations as the engine pistons

have, and producing secondary forces in the
weights by causing them to move faster be-
tiveen the middle point and. one extreme of
their motion, than between the middle point
and the other extreme of their motion. A
convenient way to produce this result, is by
the use of connecting rods for the weights,
and this is the means which I have illus-

trated in-the drawings.

In Fig. II1, which is more or less dia-
grammatic; an engine piston is illustrated at
10. - A connecting rod 11 joing the latter
with the corresponding crank of a crank-
The circle of motion of the crank-
shaft crank is indicated by the line 18. The

-circle of motion of the crankshaft 14 of the

counterbalancing device, is indicated by the

line 15, one of the connecting rods being

shown at 16, and the. corresponding weight
driven thereby, at 17. The weight might be

of the same mass as the piston 10, the con-

necting rods 11 and 16 of the same length,
and the circles of motion 18 and 15 of the
same radius.. For practical reasons, how-
ever, it is desirable to use relatively short
connecting rods 16 and to make the ratio

‘between crank throw or radius and connect-

ing rod length, as large as practicable. The
welghts 17 may be mounted to slide between
guiding walls, or the direction of their mo-
tion otherwise controlled.

Referring now particularly to Figs. I and
II; the engine crankshaft is represented at
18 and the crankshaft bearings at 19, 20 and
21 respectively. The central bearing 20 is
sjlit in order to accommodate a spiral gear
992 fixed upon the crankshaft. - The latter
gear meshes with a second spiral gear 23,
which: is preferably integral with a small
transverse crankshaft 24 mounted in bear-
ings in the-ends of a box-like frame 25,
which. may be secured to the central bear-
ing bracket by means-of bolts 26 or the like.
The crankshaft 24 is; formed with four

cranks upon  which are journaled four short
‘connecting : rods 27 pivoted at their- outer
-ends tofour weights 28.

The weights, as
shown, are relatively long and narrow, their
end surfaces being-guided between the side

1,762,860

walls of the frame 25.  With the exception
of the gear 22 upon the engine crankshaft,
all parts of the counterbalancing mechanism
of Figs. I and IT may be assembled as a unit
and may be readily applied to or removed
from an engine, it being noted that the up-
per portions of the side walls of the frame
25 are cut away, thus giving access to the
bolts 26, as well as clearing the adjacent
cheeks of the engine crankshaft.

The modification illustrated in Figs. VIII
and IX is similar to that just-described. In
this form, however, the small crankshaft 29
has two throws instead of four, and each
weight 30 is equivalent in mass to two
weights 28, it being assumed that the ratio

between the crank rods and connecting rod -

lengths remains the same. In theory, the
weights 80 are out of balance in- a trans-
verse direction, but they are so.close to-
gether that the couple set up would prob-
ably not be objectionable. In this form of
the invention, the frame 31 extends down-
wardly only far enough to provide bearings
for the crankshaft 29, the weights 30 oscil-
lating in an arc of long radius whose center
is at the pivot bearing 32. The pivot 32 is
supported upon a bracket 33 which may be
an integral part of the support for the main
bearing at one end of the engine. The rods
34 integral with or fixed to the weights 80,
are loosely mounted upon the pivot 32.

In Fig. VII, I have illustrated my balanc-
ing device as applied directly to the engine
crankshaft, all gears being eliminated. The
balancer may be located upon the crank-
shaft at whatever point of the latter may
be convenient. If it is to be mounted at the
front end of the engine, I prefer to use a
small separately constructed two-throw
crankshaft 35, which is mounted: at its for-
ward end in a bearing 36 supported in an
extension 37 of the ecrank-case. The rear
end of the shaft 35 is in the form of a cup
adapted to fit snugly upon the constricted
forwardly projecting end of the engine
crankshaft 18, being keyed thereto to turn
therewith. If desired, the rear end of the
shaft 35 may have a timing gear 38 cut
therein.  The two weights 89 are driven by
means of short connecting rods 40 journaled
upon the two throws of the shaft 35, the
weights being guided in any suitable man-
ner, preferably between the walls 41 integral
with the housing extension 37.

. In the forms of the invention shown in
Figs. VII, VIII and IX, the two weights
moving oppositely to each other are balanced
so far as primary inertia forces are con-
cerned. In the four-cylinder engine illus-
trated, two of the pistons with their asso-
ciated moving parts are balanced against
the other two, insofar as primary inertia
forces are concerned. These two sets of
pistons in the engine, however, produce:a
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secondary inertia force represented by the
curve C in Figs. IV and VI. The balancers
illustrated in Figs. VIII and IX and in
Fig. VII, also have secondary inertia forces,
and the proportions of the parts are so
selected that this secondary force shall be
equal to that set up in the engine, as repre-
sented by the curve €’ in Figs. V and VI
The two secondary forces being in opposite
phase, cancel out, and such engine vibrations
as are due to this cause are eliminated.

The apparatus shown in Figs. I and IT is
the same in principle, but the two weights
are split up into four, in order to permit a
construction for the small crankshatt, which
will eliminate the couple heretofore men-
%i}o(ned in connection with Figs. VIIL and

As a usual thing, it will be found desir- -
able to select weights and -design the pro- .
portions of the moving parts of the mecha--

nism, such that the balancer will compen-
sate for all of the secondary inertia force in
the engine. It may be, however, that under
some circumstances, as for instance where
the balancer is applied to one end of the
engine as in Fig. VII, it will be desirable
to compensate for a portion only of the

~engine secondary force..

While I have illustrated and described
somewhat in detail, certain modifications of
my invention, it is to be understood that this
showing and description are illustrative
only, and that I do not regard the invention
as limited to the details of construction
llustrated and deseribed, except insofar as
I have included such limitations within the
terms of the following claims, in which it is
my intention to claim all novelty inherent
in the invention broadly, as well as specifi-
cally. - :

I claim as my invention: :

1. In combination, a -multi-cylinder en-

gine, a crankshaft having cranks with rela- .

tively long throws spaced 180° apart, pis-
tons, relatively long connecting rods between
said cranks and pistons, a pair of recipro-
cating weights, a pair of relatively short
cranks spaced 180° apart, connected to be

driven at the same speed as said long throw’

cranks, and relatively short connecting
rods between said short cranks and said
weights, the ratio of the length of each short
crank to the length of each’ short connect-
ing rod being greater than the ratio of the
length of each long crank to the length of
each long connecting rod. :

9. In a multi-cylinder engine, an .even
number of pistons; a connecting rod for
each piston, a crankshaft having a crank

for each piston and two additional cranks,

connecting rods for said additional cranks
and weights connected to said connecting
rods, said additional cranks being arranged
to drive said weights in opposite phase and

to produce secondary inertia forces in_the .

weights directly opposite to the secondary
inertia forces of the pistons, the ratio of the
length of each additional crank to the length
of its respective connecting rod being great-
er than the ratio of the length of éach main

-crank to the length of each- piston connect-

ing rod.

. 3. In a multi-cylinder. engine, an. even

number of pistons,-a connecting rod for each
piston; a crank shaft upon which said con-
necting rods have bearing, two additional
connecting rods having bearing upon two
opposed cranks of said crank shaft the ratio
of the length of each additional connecting
rod to the length of its respective crank be-.
ing greater than the ratio of the length of
the opposed crank to the length of the pis-
ton connecting rod, and guided weights con-
nected to. said additional connecting rods
whereby said weights are driven in opposite
phase -and together- produce secondary in-

ertia forces directly opposite and substant-

ially equal to the secondary inertia forces of
the pistons. : '

4. In combination, a multi-cylinder en-
gine including a crankshaft and reciprocat-
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ing parts having secondary inertia forces, -

‘said reciprocating parts being operated by

connecting rods connected to cranks form-
ing a part of said crankshaft, auxiliary con-
necting rods and crank shaft having coun-
terbalancing ~weights joined thereto and
driven at crankshaft speed, the ratio of the
length of the counterbalancing weight crank

throw to the corresponding’ connecting rod -

length being greater than the ratio of the
said reciprocating parts crankthrow to the.
corresponding connecting rod, whereby the
reciprocating parts may have their second-
ary inertia forces balanced by weights of
less mass than the mass of the said recipro-
cating parts:

5. A multi-cylinder engine including a
main crankshaft having pistons-connected
thereto by connecting rods inherently bal-
anced as to primary forces, an auxiliary
crankshaft having weights of predetermined

mass connected to the individual cranks by

connecting rods rotated in synchronized re-
lation with respect to the main crankshaft

and likewise inherently balanced as-to pri-

mary forces the ratio of the length of the

‘main erank to the length of the main con-

necting rod being less than that of the
auxiliary crank to its connecting rod.
In testimony whereof, I affix my signa-

ture. o : .
- ALVA B. GILBERT.
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