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1918.

Zo all 'wﬁom it may concern:

Be it known that I, Jesse G. Vinoext, a
citizen of the United Status, and resident of
Detroit, Wayne county, State of Michigan,
have m\ented certain new and useful Im-
provements in Balanced Crank-Shafts, of

. which the following is a specification.
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This application is a division of applica-
tion Serial No. 75,415, filed January 31, 1916.
This invention relates to hydr oualbon

motors and particularly to multi-cylinder
. motors.

As shown it is adapted to six, or
a multiple of six cylinders, there being six
crank pins provided on the crank shatt, to

each of which one or more connecting rods

may be connected. Preferably the crank
pins are arranged in pairs - equidistant
around the shaft, or 120 deégrees apart.
Thus they are in three radial planes equally
separated.

Such a crank shaft as abeve described is
in- static balance because all of the off:

center weights, that is, the connecting arinsg

and crank pins, are distributed equally
around the axis of the crank shaft, but since
these offcenter weights are connected with
the shaft at different points in the length
thereof, the shaft, in rotation, is not in per-
fect bqlfxnce, the centufugal forees gener (),Led
by the various offcenter weights tending to
pull the shaft in different directions at dif-
ferent points in s length and thus cauging
deflections or distortions in the shaft which
result in vibrations to the motor.

It is the salient object of the preséent in-
vention to remedy these defects by apply-
ing counterweight means to the shafts sub-

stantially at each point thereon where there
so that such means-

is an offcenter weight,
will apply to the same point on the shaft
a counterbalancing centrifugal pull in the
opposite and therefore corrective direction.

This and other objects of the invention
will appear from the following description
taken in connection with the drawings
which form a part hereof; and in which:—

Figure 1 is a vertical longitudinal sec-
tional view of a hydrocarbon motor embody
ing this invention; .

Figs. 2, 8 and s are tmnsverse sections

on the lines 2—2; 3—8 . and 4—4, respec-

tively, of Fig. 13 - and

Tig. 5 is a perapechve view (»ﬁL ) c@unﬁ;@t*—
welght bleck. -

Beferring to the dmwmgs, 1@‘ rﬁpmsm

"mounted thereon.

- crank shaft.

preferably qufmgod
. equally spaced radial planes 120 degrees

Serial Wo. 86,038,

- ‘the suppor ting base or crank case of a hydro-

carbon. motor, and 11 are the cylinders

13-and 14 and one or more intermediate bear-
ings 15, all of which are alined and axially
spaced . to provide for the throws of the

shown there are two intérmediate bearings,
and these mtmlmdmte beari ings and the two
end bearings, four in all, Wholiy supp@rL the
crank shaft C.

The: crank ulmft comprises end bearing

portions 16 and 17 and a series of erani.

pins 18, 19, 20, 21, 22 and 23, which are
i pairs in three

apart, the pins 18 and 19 at the respective
ends being in line in one plane, the pins
20 and 21 being in line in another, and
the pins 22 and 93 being in line in a third
plane. In other Wm(h, it is a siz-throw

In the form of the invention"

The motor erank shaft is
‘represented generally by the letter C and it
(is mounped to rotate in the crank case and
is provided with the usaal fly-wheel 12. The .
. crank case has front and rear end bearings
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erank shaft comprising a forward half hav- .

ing suitable bearing portions and three
crank ping 18, 20 and 22 arranged in three
radial planes 120 degrees .m‘ut “and a rear-
ward half in “lookmg glass” symmetry with
the forward half, the crank pins 19, 21 and
23 being also ‘ulanvftd in ‘three radial
planes 190 degrees -xpaz‘t, and alined with
the respective -crank pins of .the forward

‘half as above described. The forward crank
“pin 18 is connected to the bearing

r portion
16 by 2 connecting or crank arm- or cheel
24 and the rearward pin 19 is connected to
the bearing portion 17 by a similar arm or
cheek 25 Crank- ping' 18 and 20 are 120
degrees apart aml are joined by a long
conmctmg arm ‘)6, and the same is true
of pins 20 and 22, 23 and 21, and 21 and 19,
the connecting ar ‘ms between these  pins be.
ing indicated as 27, 28 and 29, respectively.
Between pins 22 ‘md 28, which are in line,
is a connecting pieee or arm 30, In the par-
ticular form of shaft shown these eonnect-
ing arms are so formed that the shaft may

- be supported in one or several intermediate

beanngs, each arm comprising two cheek
portions 81 connected to the associated
crank pins and a bearing portion 32 ar-
ranged between and connectmw the cheek

portions, Two enly of these bezump,r por-

90

160

105

1



5

10

15

20

25

30

35

40

45

a

tions 32 however, are used, these being sub-
stantially equally spaced between the end
bearings, and the portions 32 that are not
used to support the shaft have the sole fune-
tion of forniing part of the long connecting
arms which join or connect the associated
crank pins, '

- It will be understood that the crank pins

and the greater part of the connecting arms

.are offcenter weights upon the erank shaft

and the centrifugal force generated by them
when the shaft is in rotation tends to_pull
tho shaft in different directions at different
points in its length. To counterbalance these
offcenter weights the shaft is provided with
counterweight means: arranged substantially
across the center of the shaft from the re-
spective weights, such counterweight means
being either formed integral with or at-
tached to the connecting arms of the crank
shaft. Asshown, each of the arms 24 and 25
extends across the center of the shaft as at
33 and is provided with a counterweight
block 34 which may be detachably secured
to the extension 83 by a screw 33 or riveted
to it as at 36. The extension and block are
of sufficient size or weight to counterbalance
the arm and one half of the crank pin to
which it is connected. Also,-cach of the con-
necting arms 26, 27, 28 and 29 is provided
with counterweight means which extends to
a point such that its center of weight is
across the center, and 120 degrees renoved,
from the axes of the two crank pins which
the respeetive arm connects. Thus each of
the cheek portions 31 of these arms extends
across the center of the shaft forming simi-
lar extensions 33 and is provided with couns
terweight blocks 34 similarly secured, and
cach pair of extensions and blocks when so
formed on an arm becomes a counterweight
or counterweight means which counterbal-
ances the arm to which it is connected and
one. half of its two associated crank pins.
The middle arm 30 also extends its cheeks 31
across the center of the shaft to form exten-
stons 33 and eounterweight blocks 84 are se-
¢ured to them in like manner so that this

“arm and one half of each of its assodiated
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crank pins are properly counterbalanced.
Referring more particularly to the coun-
terweight blocks 34 it will be.seen that they

are formed of a body portion 37 and lugs

38 and they are secured to the extengions
with the body portions directly opposite the
crank pins to more nearly effect an exact
counterbalance thereof, there being only suf-
ficient clearance left between adjacent blocks
for the connecting rods 39 mounted on the
crank pins. o :

Although the présent application is direct-
ed to a species of the broad invention de-
seribed and claimed in the aforementioned
application 75,415, in order to aid in a com-
plete understanding of the system of balane-

_to the one mentioned above.

1,315,059

ing involved in this application, a brief de-

seription of the same will be given.

Each of the crank pins is in effect a beam

fixed at its ends to the adjoining cheeks and
loaded with the centrifugal pull produced
by the rotation of the shaft and other forces
due to the operation of the engine. If the
load is designated as P, half of the same
or P/2 is transmitted to each of the adjoin-
ing cheeks producing tension therein tend-

‘ing to bend the shaft. Each of the cheeks is

balanced by a corresponding cheek on the
opposite side of the shaft axis, and if a
weight is attached to the balancing cheek of
such mass that it will produce a force equal
to P/2 it will balance the tension in the
crank pin-cheek caused by the force P/2 due
to the load of the crank pin. But this alone
will not entirely prevent distortion or de-
flection of the shaft. In addition to the pull
P/2 produced by the load on the crank pin
there is also a bending moment at the point
where the pin joins the cheek. This bend-
ing moment is transmitted through the check
to the shaft proper and tends to deflect the
same. Hence in order to entirely prevent
deflection of the shaft it is necessary to pro-
duce a bending moment equal and opposite
This may be
done in several ways. In the embodiment of
the invention deseribed herein it is accom-
plished by locating the balunce weights 31
on the same side of the cheek as the crank
pin.  In other words the center of gravity
of the balance weight.is located between the
center lines of adjacent crank cheeks. Thus
it will be apparent that the balance weight
sets up a moment which is of opposite sense
to that produced by the load on the crank
pin, and counteracts the Iatter. In thisman-
ner the pull and bending moment set up hy
the load on the crank pin including the con-
trifugal ‘pull are counteracted by an oppo-
site pull and moment. In other words, the
tendency to deflect the crank shaft caused by
the off center masses of cheeks, erank pins.
ete., is opposed by an opposite tendency. so
that there is no actual deflection of the
shaft. Hence a crank shaft having one
or more throws and balanced aecording to
this invention will rotate at anv angular ve-
locity without deflection.

Other forms of the invention may be made
without departing from the spirit or scope
hereof, it being understood that the detail
forms of the invention shown are by way-of
illustration only and do not represent Fhe
only forms in which the invention may be

embodied.
Having thus described my invention.
what X claim and desire to secure by Letters

Patent, is:— :

1. In a hydrocarbon motor, in combina-
tion, a crank éase having four alined and
spaced ‘bearings, a crank shaft supported
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1,315,059

'Wholiy in said bearings and having a pair of

crank throws in each of the three spaces
between the bearings, eich of said pairs of
crank throws including two crank pins, the
two crank pins of the middle pair of throws
being axially alined and thé two crank pins
of each of the end pairs being 120 degrees

- apart, said crank shaft also having counter-
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weight' means in each of said three spaces
across the center of the crank shaft from the
crank pins in the respective spaces, said
means constructed and arranged to produce
a tendency to deflect the shaft equal and op-

_ posite to the tendency produced by the said.

pins, and connecting rods mounted on said
ins.

2. In a hydrocarbon motor, in ecombina-
tion, a crank case having a bearing at each
end and two intermediate bearings substan-
tially equally spaced, a crank shaft support-
ed wholly in said bearings and having a
pair of crank thross between the intermedi-
ate bearings and a pair of crank throws be-
tween each intermediate bearing and the

nearest end bearing, each of said pairs of
~crank throws including two crank pins, the

crank pins of the middle pair of throws. be-
ing in axial alinement and the crank pins of
the end pairs of throws being 120 degrees
apart, said crank shaft ‘also having a plu-
rality of counterweight blocks for each pair
of crank throws, said blocks being arranged
across the center of the crank shaft from
the crank pinsand being constructed and ar-
ranged to produce a tendency to deflect the

shaft equal and opposite to the tendency"

produced by the said pins. . ‘

3. In a hydrocarbon motor, in combina-
tion, a crank case having four alined. and
spaced bearings, a crank shaft support-
ed wholly in said bearings and having a
pair of crank throws in each of the three
spaces between the bearings, each of said
pairs including two crank pins, the six said
crank3pins being syimmetrically arranged
in -three radial planes 120 degrees apart,
said cank shaft also having counterweight
means in each of the three spaces across
the center of the crank shaft from the crank
pins in the respective spaces constructed and
arranged to produce a tendency to deflect
the shaft equal and opposite to the tendency
produced by the said pins, said means in

.the ‘middle of the three spaces comprising

a plurality of blocks having their centers of

weight in the same radial plane and said
means in each of the other two spaces com-
prising a plurality of blocks having their

respective centers of weight in different ra-

dial planes,

4. In a hydrocarbon motor, in combina-
tion, a crank case having four alined and
spaced bearings, a crank shaft supported
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wholly in said bearings and having a pair .

of crank throws in each of the three spaces
between the bearings, each of said pairs in-
cluding two crank pins, the six said crank
pins being symmetrically arranged in three
radial planes 120 degrees apart, said crank
shaft also having counterweight means in
each of the three spaces across-the center of
the crank shaft from the crank pins in the
respective spaces constructed and arranged
to produce a tendency to deflect the shaft
equal and opposite to the tendency produced
by the said pins, said means in the middle
of the three spaces comprising a plurality
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.. of blocks having their centers of weight in -
- the same radial plane and said means in each
'of the other two spaces comprising at least

80

two separate blocks having their respective

centers of weight in radial planes 120 de-

‘grees removed from each other,

5. In a hydrocarbon motor, in combina-
tion, a crank case having four alined and
spaced bearings, a crank shaft supported
wholly in said bearings and having a. pair
of crank throws in each of the three spaces
between the bearings, each of said pairs in-
cluding two crank pins, the six said crank
pins being symmetrically arranged in three

radial planes 120 degrees apart, said crank

shaft also having counterweight means in
each of the three spacés across the center of
the crank shaft from the ¢rank pins in the
respective spaces constructed and arranged
to produce a tendency to deflect the shaft
equal and opposite to the tendency produced
by the said pins, said means comprising at
least two separate blocks in each of said
three spaces, the two blocks in each of the
end spaces being arranged in radial planes
120 degrees apart and the two blocks in the
middle, space being arranged in the same
plane and 120 deghees from both of the
planes in which the blocks of the end spaces
are, arranged. <

In testimony whereof I affix my signature.

'JESSE G. VINCENT.
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