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The present invention relates to improvements
in a balancing machine and more particularly to
improvements in the workpiece holding means
thereof. This invention has for one of its prin-
cipal objects the provision of workpiece holding
means which assures accurate coaxial position-
ing of a particular surface of a workpiece with
the tilt axis or fulerum of the universally tiltable
table of & balancing machine.

In balancing machines heretofore used, as for
example those of the type disclosed in the John
Leonard Taylor Patent No. 2,110,343, dated March
8, 1938, the accuracy with which a workpiece
can be positioned relative to the fulcrum of the
universally tiltable table thereof depends on the
closeness of the fit between a spindle fixed to said
table and a workpiece having & bore into which
said spindle extends. Thus, it can be seen that
for accurate balancing, such machines are limited
to use with only such workpieces that have what
might be termed a close sliding fit with the spindle
or else a very large number of different sizes of
the spindles will have to be Stocked in order to
accommodate workpieces having different sizes
of beres therein.

Thetefore, it is anothet object of this invention
to obviate the above-mentioned difficulty by pro-
viding a sifigle helding means Which can be effec-
tively used with a wide range of different sizes
of workpieces.

‘Another object of this invention is the provision
of workpiece holding means which in addition to
being usable with different sizes of workpieces is
operative to actually clamp er hold the work-
piece therein with one of its surfaces bearing
fixed relation to the fulecrum of the table of the
balancing machine,

Other objects and ‘advantages of the invention
will become apparent as the following descrip-
tion proceeds.

To the accomplishment of the foregoing and
related ends, said invention then comprises the
features hereinafter fully described and partici-
larly pointed out in the claims, the following de-
scription and the annexed drawings setting forth
in ‘detail certain illustrative emhbodiments of the
invention, these being indicative, however, of but
a few of the various ways in which the prlnclple
of the invention may be employed.

In the drawings:

Fig. 1 is'a front elevation view of a balancing
machine with the beam portion thereof in raised
balance indicating position; ,

Fig. 2is a plan view of the universal bubble
level which is attached to the heam;
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Fig. 3 is a vertical cross section of the work-
biece holding means with the workpiece shown
dotted therein and showing in addition the ful-
crum of the beam and a portion of the beam:

Fig. 4 is a plan view of the workpiece holding.
means as viewed from the top of Fig. 3;

Figs. b and 6 are fragmentary, horlzontal sec-
tional views of the workpiece holding means taken
along lines §—5§ and 6—6 respectively of Fig. 3;

Fig. 7 is a plan view partly in horizontal sec-
tion of a modified form of workpiece holding
means; and

Fig. 8 is a vertical cross section view of the
modified form of workpiece helding means of
Fig. 7 taken along line 8—8 of Fig. 7.

Inasmuch as the specific internal mechanism
of the balancing machine is preferably similar to
that shown in the above mentioned Taylor Patent
No. 2,110,343 and forms no part of the present,
invention, such machine has not been shown in
cross section in the aceempanying drawings,
However, to fully comprehend the present in-
vention, such machine will now be briefly de-
scribed Wlth reference to the parts thereof shown
in the drawings.

The balancing machine comprises a bage ‘por-
tion { which may be adjusted to a level position
on & bench or table or the like by manipulation
of the screws 2 therein, The upper end of the
base t is provided with 2 guideway 3 into which
a beam & may be lowered when the machine. is
not in use to relieve any load on the fulerum
about which the beam can freely tilt when in a
raised position out.of engagement with the guide-
ways 3. .

The beam § is provided with a hub % which
engages ina recess in the base 1 to hold the beam
from displacement relative to the fulerum when
the beam is in its lowermost position. The ful-

crum in one of its simple forms is shown in Fig.3
and comprises a ball 6 closely but. slidably fitted
in a bore of a sleeve member 1 secured relative
to the beam. An .adjustable abutment screw 8
is threaded into sleeve 7 and the end face thereof
serves'as an ‘gbutment for the ball 6. A vertical
lifting rod 9 is engageable with the ball § and
through the ball §:the beam can be raised ‘to ‘the
operative position shown in Fig. 1. Thers is a
sizable clearance space between rod ‘9 and sleeve
1 so that 'when the beam is in a raised position, it
can freely partake of universal tilting meansrela-
tive to the base | and rod8. The engagement-of
the ball § with the end of rod:8, in point.contact
the ball ‘6 being rollable thereon by tilting of ‘the
beam, assures substantially frictionless tilting -of
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the beam so that extremely small amounts of
unbalance in the beam and the workpiece carried
thereby can be detected. The rod 9 can be raised
or lowered by rotation of a ball crank handle 10
connected thereto as by bevel gear or the like, not
shown. .

Attached to the upper face of one end of th
beam 4 is a universal level (I which comprises
a transparent convex face 12 under which a fluid
and a trapped air bubble is confined. The face
12 is marked with a plurality of radial lines to
indicate the vertical plane about which the beam
has tilted and with a series of concentric circles
to indicate the moment which produced such tilt-
ing. The former is marked in degrees and the
latter is preferably marked in inch-ocunces. A
dial plate 13 is also attached to the upper surface
of beam # and is provided with markings to indi-
cate angles in degrees and, as will be noted by
a comparison of Figs. 2 and 4, the markings in
degrees are 180° out of phase from one another.
TTe reason for this out of phase marking is that
by o marking the level and the dial plate the
angle reading of the bubble will correspond with
the same readinz on the dial plate to indicate
along which radial line metal should be removed
from the workpiece to put it into balance.

The workpiece holding means is generally des-
ignated 15 and it is secured to the beam as by
serews 14 therethrough threaded into beam 4.
When the rod 9 is moved upward to raise the
beam 4, the beam can be adjusted to perfect level
or balanced position by turning the screws I8
and |1 and when so adjusted, the air bubble in
the universal level 11 will be at the origin of the
radial lines and the concentric circular lines on
the face 12. Now, if a workpiece W is placed into
the workpiece holding means {5 and as a result
thereof the beam tilts, the bubble in the level
will shift, for example, to the position shown in
Fig. 2, in which case metal along the 30° line of
the workpiece, as indicated by the 30° line on the
dial plate 13. can bhe removed to attain perfect
balance of the workpiece, The amount of metal
to be removed from the workpiece W is deter-
mined by the position of the bubble relative to the
concentric circles on the face 12, each of which
indicates for example the inch-ounces or the mo-
ment of the excess metal multiplied by its dis-
tance from the fulcrum of the beam.

If desired the balancing machine may include
a calculator, such as disclosed in Leonard Patent
No. 2,067,068 dated Jan. 5, 1937, in order to facili-
tate the determination of where to remove the
metal from the workpiece and how much.

Now referring particularly to the present im-
provement in the workpiece holding means and
first to the form shown in Pigs. 1-6, there is shown
therein a base plate {8 to which is secured, as by
bolts 19, a locating member 20. Locating member
20 is annular in form and includes four spaced
upstanding annular portions between which four
clamping members 21 are slidable radially toward
and away from the axis of said locating member
20, The outer surface of locating member 20 is
preferably cylindrical as shown and the inner
surface thereof is provided with a plurality of
longitudinally spaced cylindrical surfaces 22 each
of different diameter. The inner face of each
clamping member 21 is provided with similar
cylindrical surfaces and the outer surface of each
is beveled as at 23, such bevel preferably lying
in a plane parallel to the axis of the locating
member 20 but bearing non-perpendicular rela-
tion to a plane between said axis and said bevel
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surface. The clamping members 21 are of such
length that when the cylindrical surfaces thereof
are coaxial with the cylindrical surfaces 22 of
the locating member 20, the bevel faces 23 will
project radially outward beyond the outer pe-
riphery of the locating member 20.

Rotatable about the locating member 20 is a
cam ring 24 which has four radial slots there-
through corresponding in width and in spacing
to the spaces between the upstanding portions
of locating member 20. In each of such slots is
3 cam insert 25 having a beveled end engageable
with the beveled ends 23 of the clamping members
21, Movement of the cam inserts 25 radially out-
wardly is precluded by the inner surface 26 of a
backing ring 27 which surrounds the cam ring 24
and which is fixed thereto as by dowel pins 28
through each. The longest dimension of each
cam insert 25 is preferably equal to or slightly
less than the annular space between the outer
diameter of the locating member and the inner
surface 26 of the backing ring 27.

Each clamping member 21 and the locating
member 20 is provided with a groove in which a
split spring ring 29 is fitted and which is opera-
tive when the parts are in the position shown in
the drawings to urge the clamping members 21
radially outward so that the cylindrical stepped
portions thereof will be in alignment with the
cylindrical stepped portion 22 of the locating
member 20. A cover plate 30 is attached, as by
screws 31, to the locating member 20 and overlies
locating member 20 and cam ring 24 to hold
the clamping members 21 and the cam inserts 25

5 against longitudinal displacement from their re-

spective slots.

Having thus described the structure of one form
of workpiece holding means, the manner of oper-
ation thereof will now be described. A workpiece
W is inserted within the locating member 20 in
a position against one of the horizontal ledges
between the different diameter cylindrical sur-
faces 22. These cylindrical surfaces and ledges
serve to approximately locate the cuter cylindri-
cal surface of the workpiece W coaxial with locat-
ing member 20 and, of course, the particular ledge
upon which the workpiece will rest will depend on
its outside diameter. Having approximately lo-
cated the workpiece, the cam ring 28 is then ro-
tated clockwise, as viewed in Fig. 4 relative to
the locating member 20 whereupon movement of
the cam inserts 25 therewith will cause the clamp-
ing members 2! to be moved radially inward.
Each clamping member 21 will move inwardly
the same distance inasmuch as the bevels 23 of
each are the same and thus the cylindrical steps
on each clamping member will at a1l times be co-
axial with the axis of the locating member 20.
‘When the cam ring 24 is so rotated, the clamping
members 21 will move inward until the workpiece
is clamped therebetween. By reason of the move-
ment of the clamping members 21 so that the
inner surfaces thereof are always coaxial with
locating member 20, the outer cylindrical surface
of the workpiece relative to the axis of the locat-
ing member 20 will be accurately located coaxial
therewith. With the workplece so clamped or
held, the reading on the universal level I{ can
be taken to determine along what line the excess
weight is on and the moment thereof. Thus,
the excess metal can be removed as by drilling
so that the workpiece will ultimately be in per-
fect balance. To remove the workpiece, the cam
ring 24 is rotated counter-clockwise relative to
the locating member 20, whereupon movement of



2,464,871

the cam inserts 25 therewith will permit the splif
spring ring to expand and thereby move the
clamping members 24 radially outward out of
engagement with the workpiece.

.The modified form of workpiece holding means
illustrated in Figs. 7 and 8 differs from that of
¥Figs. 1-6 in that the inner cylindrical surface of
a workpiece is located or positioned coaxial with
the locating member, whereas in Figs, 1-6, the
outer cylindrical surface of the workpiece was so
located. In this modified form, there is a base
plate 32 to which is secured a locgting member
33, the outer surface of which is adapted to be
projected into or within a workpiece Wi to ap-
proxlmately coaxially locate the inner cylindrical
surface thereof relative to the axis of the loeat-
ing member 33. The locating member 33 is pro-
vided with four ‘equally spaced radial slots 34 in
each of which is a clamping member 35 radiaily
slidable therein. The outer surface of each
clampmg member 35 is preferably cylindrical and
of the same diameter as the outer surface of the
Iocatlng member and such surfaces are held co-
axlal by means of a split spring ring 36 disposed
in a groove in each clamping member 35 and in
locating member 33.

Rotatable within a bore in locatmg member
33 is a cam ring 37 having flat surfaces 38 thereof
engaged by the flat inner ends of the clamping
members 35. It can be seen that rotation of the
cam ring 37 in either direction from the position
shown in Fig. 7 will cause uniform radial out-
ward movement of each clamping member 35.
Thus, in placing a workpiece Wi over the locat-
ing member 33, as shown dotted in Fig. 8, and
rotating the cam ring 37 relative to the locating
member 33, the clamping members 35 will be
causéd to move radially cutward and will engage
the inner diameter of the workpiece W1 and
thereby accurately locate the same coaxial rela-
tive to the axis of locating member 33. With the
workpiece W1 being so held, the machine may be
operated as described above to determine where
and how much metal is to be removed from the
workpiece W1 to balance it relative to the inner
surface thereof. After the workpiece Wi is prop-
erly balanced, the cam ring 37 can be rotated in
an ‘opposite direction to a position where the
surfaces 88 thereof will be opposite the ends of
the clamping members 85, whereupon the clamp-
ing members 35 will be moved radially inward
by the split spring ring 36 out ‘of engagement
with the workpiece Wh. o

In the modified form of workpiece holding
means shown in Figs. 7 and 8, the range of inside
diameters which can be accommodated by a
single holding means is limited to those between
the dimension line 39 but obviously those skilled
in the art may readily adapt a stepped structure
for handling a much wider range of diameters
such as shownh in Figs. 1-6. In such case the
stepped surfaces would be placed on the outer
surface of locating member 33 and the outer sur-
faces of the clamping members 35, whereupon a
workpiece W1 would rest on a ledge defined by
the diameter approximately the same as that of
the bore in the workpiece and the next largest
diameter.

While the above description relates to accu-
rately locating the cylindrical inner or outer sur-
face of a workpiece relative to a fulerum, it is
not necessary that such surface be cylindrical.
For example, it might be conical, in which case
the large end would be placed downward in using
the form of Figs. 1-6 and the small end down-
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ward in using the form of Figs. 7 and 8. Likes
wise, instead of providing four equally spaced
clamping members, it will be obvious that accu-
rate location of a workpiece can be attained by
providing unequally spaced clamping members
or with any number of clamping membeérs. I%
is to be noted that at least two clamping mem-
bers gare deemed necessary in order to provide
for accurate location, :

In the above description where the axis of the
logating member is referred to, it is to be under-
stood that it is essential that the workpiece be
held coaxigl with the fulcrum of the beam and
that for such holding it is preferred that the
axis of the locating member be coaxial therewith,
although it is not necessary that the axis of the
locating member be coaxial with the fulerum. In
other words, the locating member may be eccen~
tric of the fulcrum and the balance of the beam
and the holder thereon obiained by manipula-
tion of the adjusting screws 16 and 11, in which
case it is only neeessary that the ends of the
clamping members bear eoaxial relation to the
fulerum of the beam.

While my improved fixture has been more. par-
ticularly described in relation to a balancing ma-
chine, it will of course be understood that its
utility is not limited to such combination but
that said fixture may be advantageously used as
a chuck for the purnose of holding a work-piece
in accurately centered relation with other types
of machines, e. g. grinding machines. Thus the
first described form of fixture can be very ad-
vantageously used as a work-holding chuek in 2
so-called centrifugal grinding machine.

Other modes of applying the principle of the
invention may be employed, change being made
as regards the details described, provided the
features stated in any of the following claims
or the equivalent of such be employed.

I therefore particularly point out and distinctly
claim as my invention:

1. In a workpiece holder adapted to be sup-
ported for universal tilting movement on a bal-
anclng machine about a fulerum slong the cen-
tral axis of the holder, the combination of a
horlzontally dlsposed workpiece locating ‘mem-
ber formed with a vertically extending annular
portion, a eam ring about and rotatable on said
member, said ring and member being formed
with a plurality of aligned slots radially there-
through, a backing ring secured to said cam ring
closing the outer ends of the slots in the latter, a
clamping member in each of the slots in said
locating member slidable radially in its respec-
tive slot into and out of gripping engagement
with the outer surface of a workpiece adapted to
be placed within said locating member, said
clamping members extending into the slots in
said cam ring, and a cam insert in each of the
slots in said cam ring having its inner end en-
gaged with the outer end of the corresponding
clamping member and its outer end engaged with
said backing ring, the juxtaposed ends of said
clamping members and cam inserts being formed
with cooperating cam surfaces operative upon
relative rotation of said locating member and
cam ring in one direction to move said clamping
members radially inward into gripping engage-
ment with such workpiece.

2. In a workpiece holder adapted to be sup-
ported for universal tilting movement on a bal-
ancing machine about a fulcrum along the cen-
tral axis of the holder, the combination of a hori-
zontally disposed workpiece locating member
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formed with a vertically extending annular por-
tion, a cam ring about and rotatable on said
member, said ring and member being formed with
a plurality of aligned slots radially therethrough,
a backing ring secured to said cam ring closing
the outer ends of the slots in the latter, a clamp-
ing member in each of the slots in said locating
member slidable radially in its respective slot in-
to and out of gripping engagement with the outer
surface of a workpiece adapted to be placed with-
in said locating member, said clamping members
extending into the slots in said cam ring and hav-
ing one side initially engaging one side of the
slots in said cam ring whereby to preclude rela-
tive rotation of said locating member and cam
ring in one direction, and a cam insert in each of
the slots in said cam ring having its inner end
engaged with the outer end of the corresponding
clamping member and its outer end engaged with
said backing ring, the juxtaposed ends of said
clamping members and cam inserts being formed
with cooperating cam surfaces operative upon
relative rotation of said locating member and
cam ring in an opposite direction to move said
clamping members radially inward into gripping
engagement with such workpiece.

3. In a workpiece holder adaptied to be sup-
ported for universal tilting movement on a bal-
ancing machine about a fulcrum along the cen-
tral axis of the holder, the combination of a hori-
zontally disposed workpiece locating member
formed with a vertically extending annular por-
tion, a cam ring about and rotatable on said
member, said ring and member being formed
with a plurality of aligned slots radially there-
through, a backing ring secured to said cam ring
closing the outer ends of the slots in the latter,

a clamping member in each of the slots in said -

locating member slidable radially in its respec-
tive slot into and out of gripping engagement
with the outer surface of a workpiece adapted to
be placed within said locating member, said
clamping members extending into the slots in
said cam ring, and a cam insert in each of the
slots in said cam ring having its inner end en-
gaged with the outer end of the corresponding
clamping member and its outer end engaged with
said backing ring, the juxtaposed ends of said
clamping members and cam inserts being formed
with cooperating cam surfaces operative upon
relative rotation of said locating member and
cam ring in one direction to move said clamp-
ing members radially inward into gripping en-
gagement with such workpiece, the inner sur-
face of said locating member and the inner ends
of said clamping members being of a stepped
form in radial cross section thereby providing a
plurality of ledges on one of which such work-
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8
piece is adapted to be supported depending up-
on the size of the workpiece.

4. In a workpiece holder adapted to be sup-
ported for universal tilting movement on a bal-
ancing machine about a fulcrum along the cen-
tral axis of the holder, the combination of a hori~
zontally disposed workpiece locating member
formed with a vertically extending annular por-
tion, a cam ring about and rotatable on said
member, said ring and member being formed
with a plurality of aligned slots radially there-
through, a backing ring secured to said cam ring
closing the outer ends of the slots in the latter,
a clamping member in each of the slots in said
locating member slidable radially in its respec-
tive slot into and out of gripping engagement
with the outer surface of a workpiece adapted to
be placed within said locating member, said
clamping members extending into the slots in
said cam ring, and a cam insert in each of the
slots in said cam ring having its inner end en-
gaged with the outer end of the corresponding
clamping member and its outer end engaged with
said backing ring, the juxtaposed ends of said
clamping members and cam inserts being formed
with cooperating cam surfaces operative upon
relative rotation of said locating member and cam
ring in one direction to move said clamping mem-
bers radially inward into gripping engagement
with such workpiece, the slots in said locating
member and cam ring being open at the top,
and a cover plate secured on said locating mem-
ber for closing the tops of all of the slots and
thus retaining said clamping members and cam

3 inserts in their respective slots.

DANIEL KELLEHER.
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