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Application filed Ff-bruaxy 20.

7o wll whom it moy conecin:
Be it known that I, Avevsting K. Greexe,
a citizen of the United States of Americs

Specification of Levters Patent,

1
i

. inish, being perfecily spherieal,

residing at Hartford, in the county of Iart-

ford and State of Connecticnt, have invented
a new and useful Machine for Grinding
Balls, of which the following is a specifica-
tion.

My invention relates to ‘}lll)l()\(’ln(’llt\ in

machines for manufacturing balls of various
kinds or out of various materials and re-
sides in .. chanism, which. broadly and gen-
crally considered, is capable of nnpaltmo a
varying conical rotation to a ball while in

: i’!x

Patented May 14, 1912
‘811, Serial No. 609562

an econoriical and exy seditions manner
halls which wre uniform in size, shape and
and this

without Impairing. injuring. ev changing the

properties  op inlierent charactovistics or
qualitics of the material from which the
Phalls ave roude, which materia] mav be of

contact with a rev 0111 ble erinding or polish- .

ing wheel; the rotation of such ball being
arcund a (*nnshmt or unchanging though

imaginary point which is in line with the
axis of said wheel, in partialiy rotating or
turning said ball independent]y to bring
the so-called opposite side of the same irm
position for grinding or polisiving. and ir

erinding or pullx}nn”’ this side in the same
nmauner a8 in the frest instance. the motion
mmparted to the ball during the aforesaid
grinding or polishing operations Leing suck
that the time of contact hetween the ball
and thie wheel at any given point of contact
on the ball is approximately the same as
such time of contaet at auy other given
point of contact on the balls.  The aforesaid
mechanism in its broad aspeet posseszes the

above-mentioned capabilities and cousists of

certain peculiar mechanical and auntomatic
means for holding, manipulating and releas-
ing the ball, for controlling and regulating
the O‘l‘lndln(r or [,ollslmw wheel, and for
conveying or feeding the bytl—all as helem
after set forth.

One of the most importapt features of the
aforesaid mechanism remgv% in the means
whereby the meniber, at the end of which is
held the ball whiie being subjected to the

grinding or polishing wheel, hereinafter
usually termed the abr ulm«r member or

‘lbrader has imparted to its axis of rotation
a varying conical rotation, varying because
the angle of inclination of such axis to the
non-oscillatory axis about which said firet-
mentioned axis revolves is ch.mgeable. This
feature is important for the obvious reason

that provizion is thus made for abrading

the ball evenly and uniform!v and S0 pro-
ducing a true spliere.
The object of my invention is to produce

f the

any switable character.

A further object is to produce an auto-
matic machine and ose that needs but litle
attention for abrading and tnishing bails,
turning themout in the form of trie spheres,
which machine hiag o high veloeity and is
capable of ac(ompl'sh'nrr a very large
amount of work n o given time, as econi-
pared to cther ball-making machines, seizes
and holds a ball mest rigidly or securely
during the abrading «)pemm.m veleases it
first pdztl ally and then wholly as the opera-
tion of the machine continues, is .1(14,;&1«1 to
take the ball or auy number of the same
“H”(”i"ﬂ the machine as many *les as may
be deemed necessary, and, in which the work
15 vistble throughent the entire operation.
Wiih this machine, moreover, the pressure
between the ‘u»xli and the abrading \\'h(‘el
can be eastly vegninted 45ty nest d
lm“nt eviading sud polishing condi fions or
CQUTeTents,

Other important objecis wnd advantages
wil appear i the course of the Lu‘lm\m'r
deseription,

I am enabled 1o atty i the objerts and se-
stire the advavtages of iy wavention by the
mechanism iHustrated in the aceompanying
drawings, m which- -
) Ij_lglll(~ Lis a top plan of a practical em-
boediment ot my machine ; [10' Y, un oen-
arged side elevation of one of the agnetice
chieks and assoctated paris, a mumm of
the drum \\En B ocarries these wenbors ap-
pearing in sections e, 30 s similor view to

o0y

x’xo prm-eﬂi“w Akl chuek and sesociaied
arts appear from apove; g Loa verti
':ll section Liken on Hoes 428 Locking i

of the asseelated srrow, in
Figo 5,0 frent elevation of said ma-
vhipe: FW 6, a defthand end clevation of
the ane; Vi 1 Ton detadh i top phan, of th
Lotions ball-fee tine ' 5.oa right-
hand elevation of the wachine: Fig. 9, g
diagram Hlusirstive of the action of the
ball-holding wechanism: Fig. 10, an en-
larged top plan of the cluteh which controls
the drum at the head of the muchine; Fig.
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Axand w bolt 0 ¢
and abrader-operatin
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n

fachied |

fhe manner hevelnatfter explained, wn idler j
41 heing provided for said belt, wioel idler
IRt d oose on stud 2 vrojecting

aid stosd el Toase

vine saechanisng is

.‘1.),‘1.\{:‘. 1 by

fratne 6

5 i . o
ikl s the vest of e

meve mtyalely wesoe tnted Wit Coe other i
visions ol the machive, the wmme will be
Lrken vy in o connection therow it o the dee
arri ol i oot aee rogehid,

The balleoperatnng jecchinni a0 comprises f
the driirg 9 oandd e purd ais
voated rheveln ang pee Pherewlin
which vwill aow be deseribed.

Bevelubly wemnted o porenadod fu the
drom U oand estendive bevond both ends |

therent ave fonr spluadies B, ese spindies
are arvanged at equal distanees from the lon-
gifudmal center of the dvuar and at equal

distaness from ench oilier, nid hnve <ecired

e enter erads pivions £ which mesh
: netnntly revolving genr 180 Kaek

pienled at dis nner (erisinal
¥ wlv mounted on

Y
iy

HER Y

proect

srag s e o relning said slepew ATSTRI e

caty Foov@ainst u ument to The form of g

cof T wlel i e pail of enid o
WhHCh 38t the Dalt of sad cane
Son ol S For el e AT and siehy
motled owoaostud oo we by o

¢ thuat
Lo dhe dwi i propes
e Fivetaiiy g
1y 8 i
v PR

by
Uion 1o the
P e

Scand pivotally

-y
¥}

Tt
NV

H N Ty i &

R e cerininad of
. 3 1 EWEl

i Bach ehnek 36 lins

STt the end opposite that which
ivoted to the supporting voke a4 there
and these avius are pivoted ot 55338 fo
free tevminaly of the associared volke 45,
the arire or branches of 1he wme.

P e pivots B are of msaflicient strength
i rigdity to preveat the connected chuck,

and eam shoeve from turning on the
supporting spindle, seid sleeve can be keved
spindle in the vsual manner, or any

other stuinble addiiional means miay be em-
1 4 4+ & y PAPNpS PR M YL -

ployed i that end. Bach chuael 68 has a
vove 53 which projects {rom the barrel or

Letween the avs 57 and
son=tifvites the acioal holder for the balle
When the clinek is of the ele tro-magnetio
ivpe, the core or iolder 59 is made of soft
ten <o that onlv the minimum amount of
residual niagretisa will be retained by it
The exposed end of thig cove or holder is
enpped or hollowed to fit the balls apd form
a good and suflicient contact or connection

syt o satd chaek

¢ty

Cmienh i D

o
Dlolder

¢ stetion is emplove
vy oot
Pexpianation of the means for utilizing the

:cated

thevewith.  The roll 30 in eaca caxe is so
trated that the contacting cameslecve 46

et with the | can never slide on its spindle 43 far enongh

toward die dram 9 16 allow the axis of tle
viated chiek 56 o coineide with the axis
satidapindies and, <inee said ehuck swings
Foow s axis, represenfed by the
the angle of inelination of the
wR axds changes sy the parts vevolve with
=0id spindie, because sald sleeve is then re-
cipracated by renson of the contaet between
A cain 47T and said roll, and through the
wmedinme of the counecting voke 54, Thus
the peint of intersection between the spindle
by which iy te prineipal or main axis cor-
responding witho the lne 2 n Fig, 9, and the
secondary axis or the axis upon which the
chnek oseifiates, vepresented by the pivots
A48, becones the point abeot and upon which
the revolution and the oscilintion of the
chuck takes place, and is the center of the
prevfect huil, it helng understood that the dis-
wuce from such point to the center of the
rolder 59 1s equal to one-half the diameter of
such bath "The axis of the chuck 45 repre-
sente by the lines 3 and the connie ting or
tfopgitudinad axis of the yoke 54 by the fines
Soan Fige o da five different possible posi-
tions given thew by the cam acting against
Hoand woving the adjacent end of said
axts abang the spindle axis. Dy this
e this manner a ball. as 1, in the
cives the wmotion of which mention
weas nide i the early purt of this specifiea-
oo, Toserdn the ball fiemly and secuyely
inany holder 2% er foetro-magnetisn or
4 il here explain the
means for applyving the former, leaving (he

s capeld

an,

et

1
[y
)
§
H

EERR i

Latter wntit later,

Toe drow § s provided with a commu-
faeor G0 1ov each chnek 56 when of the elec-
to-magnetie type, and o brosh 6L is pivo-
vided for each commutator, sueh brush de-
peuding from an insulating bracket 62
monnted on the inmer cap 8 and extending to
the vight over {he commutators.  Scerews 63
are provided for the adjustnent of the
brushes 61, and binding-posts 64, as usual.
Wires 65 lead from the binding-posts 64 to
a suifuble source of clectrical energy, indi-
at €0 Fig 1, and a wire 67 leads

o v

| from such soutve to a non-insulated binding-

post 68 on the outer cap & Each commu-
fates ix connected, in the customary manner,
by @ wire 69 with a binding-post 70 set in
au msnlated bracket 71 of insulating mate-
vial attached to the drum adjacent to one
of the spindles 43, and 2 short wire 72 con-
neets such' binding-post with a brush 73.
Each brush 78 is adjustably held in one of
the brackets 71 by a screw 74.

Secured to .each spindle 43, with a ring
75 of insulating material between, is a con-
tact rihg 76 against which one of the brushes
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73 bears. A\ wire 77 feads from each con- | the energv be cut off {rom said chuck after
tact ring 76 to a binding-post 78 at the inner | it has brought said ball into rubbing contact

end of one of the avms or branches of the
voke 45 which s at the inner terminal of

o the spindle 43
maounted, said wire passing from said ring
throngh radial openings in the associated
lsuliating ring 75 and spindle 1o a central
lengitndinal passageway 79 in said spindle,

19 as shown in Fig. 4 thence through such
passagewany to said yoke, out throngh a suit-
able opening therein, and slong the outside
of the yoke arm which supports zaid bind-
ing-post to the latter, as best shown in Fig,

15 3. the aforesaid opening in the voke being
represented by dotted Tines st 80, A short
wire &1

a binding-post 82 ou the chuek 56 in this
combination, and the cireoit to the frame is

20 completed threngh a short wire 83 which
connects two binding-posts 84 and 83 also
on satd chuek, but the binding-post 85 be-
ing won-insulated. The binding-posts 82
and 84 arve the terminals of the eicetro-mag-

25 net which fornis a part of the chuck 56 1n
this instanee. Thus the civenit from the
souree of encrgy at 60 to any ehuek 56 and
back to such =ouree is formed by the proper
wire 65, bro<h 61 and commutator 60, and

30 the wives 5% and 72, hrush T3.ring 76, and the
wires 77, 8t and 83 in the combination, the
frame of the machine, and the wire 67. The
arrangement of the commutators 60 and the

timing of the drum 9 are sveh that_sack T

35 chuck 56 or its holder 59 is nagnetized and
demagnetized four tinesut every revolution
--6f gavd g, but a1l of said holders are
net mngnetized and demagnetized together,
When any holder 39 is magnetized it at-
10 tracts o itself and Lolds secnrely any ball
that i+ a goed subject for magnetic atirac-
tron whert brought inte the field of such at-
traction ervanatine from sueh holder, and
releases =aid ball tpon heing dermagnetized.
For the prirpose of fpavting the neces-
savy Independent rolling nwotion to the bail
when 1t paszes from one abrader fo the
other, ox vet to be more fuhiy explained, o
that the mnabraded portion or side will be
50 presente:d to the second abrader, a piece of
felt or cther suitalile material to form a
friction member 100 is attuched to the right-
hand face of the standard 13 near the top.
The [riction member 100 oceupies a posi-
55 tien so that the center of its expesed face
approximately coincides with the top of the
vertical diameter of the circle deseribed by
the left-hand end of the horizontal diameter.

45

of a ball held by any one of the chucks 56,

160 but encroaches somewhat on the vertical
plane of such cirele.  Such being the case, u
bail held by one of the chucks 58, if such
chuck weve energized, would be earvied past
although frictionally engaging the member

65 100 without being affected therehy, but if

conneets the binding-post 78 with

apon which such ring is

i

with said friction member, the latter will im-
part a rolling motion to said bhall. This is
exactly what is done in practice, and, since
the ball is held so tightly by the friction
member in the cupped end of the operating

P bolder 59 that said ball cannot get out of

said holder, the ball rolls or is rolled in the
holder, and when it has been (urned half
over or half wav aronnd therein the ehuek
1 energized again and curries the ball with-
out further independent motion off of and
away from said merber 100.  Although the
chuck doees not stop rotuting while the ball
is being carried past the member 100, the
motien of the chuck in no wise interferes
with the rolling over of the ball, but rather
facilitates such action.

Passing on to the abrader-operating
mechanism, which includes the carriage 11,
it will be observed that such carviage is re-
ciprocated by means of a cam 86 secured on
the shaft 22 between the stands 10, This camn
has a can-groove 87 therein to receive an
anti-frietion roll 88 mounted on a stud 89
set in the bottom of the carringe 11. The
form or shape of the cam-groeve 87 is such
that at every revolution of the cam 86 the
carriage, threugh the miedivm of the roll
88 and stud 89, is camséd to travel from one
end of its courzé {o the other and back
agaim: ~"The other members of the abrader-
operating mechanism consist of two paraliel
spindles 90 arranged to vevolve side by side
in two pairs of bearings 91 and under two
pairs of eaps 92 at opposite ends of the car-
ringd 11, and of thé attached and associated
elements desceribed below. Tn this case the
spindles 90 do not rest directly in the left-
hand bearings 91 and caps 92, but in col-
Iars 93--93 which are tapped into said bear-
ings and caps. The spindles 90 are not only
eapable of revolving in their bearings, but
they may also be reciprocated-therein. Said
spindles extend beyond the left-hand bear-
imgs 91, and the belt 40 passes under the
pulley 39, over these exteniling portions of
the spindles, and under the idler 41, so
that the spindles are driven in the same di-
rection ‘at a great speed by said belt and
rvotary members and by the belt 36 and the
pulley 37. These pulley extensions, as they
may be called, shown at 94—94, of the spin-
dles 90, are of safficient length to permit
of the required amount of léngitudinal
movement without the belt 40 running off,
Attached to the inner terminal of each spin-
dle 90 is a head 95 which receives the stem
of a suitable holder 96 for an abrader 97,
a set-screw 98 being employved in the cus-
tomary manner to assist in securing said
stem in said head and to afford adjustment
for said stern. The abraders 97 are made
of any suitable grinding or polishing ma-
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terial. A collar 99 is secured to each of the
spindles 90 in position to bear against the
contiguous right-haud bearing 91 and:cap
92 when urged toward them by a spring 101
interposed hetween sueh collar and the com-
panion eoltar 93, The twe collars 99 limit
the inward moveraeni of the spindles 90 in-
dependently of the carviage 11, and the two
springs 10: rvetain said spindles in their
innermost  independent  positions with a
force that may be increased or decreased
by screwing the collars 93 in or out ac-
cotdingly. “The springs 101 are sufficiently
strong and stiff to hold the abraders 97 to
their work, wher the carriage 11 is in its

-advanced position, vet such springs afford

vielding means for the spindles 90 whereby
said abraders' cannot be forced too hard
against the balls, as might otherwise happen
occasionally in the event the balls should be
tos large. As previously noted, the pulley
extensions 84 are long enough to enable the
carpiage 11 to make its full travel in either
direction without disconnecting the motive
power, alzo, of couree, o permit of what-

cever little independent movement there may

be-longitudinally on the part of the spin-
The base of the carriage 11 1 pro-
vided with twe lateral flanges 102 and these
are arranged to slide in gnide-ways on the
tops' of the stands 10, such guide-ways con-
sisting in purt of twe pairs of removable
plates 103, The cam-groove 87 is so shaped
that a dwell is produced at cach end of the
throw of the camn 86, so that, at each revolu-
tion uof sald cam, the carriage 11 is actuated
forward and backward and. held during
parts of such revelution in both of ils ex-
treme positions. -

The abraders 97 are hollewed in the cen-
ters of their working faces to reccive the
balls, in much tl¥é same manner as are the
holders 59, and wher the abrader holders

06 ave properly adjusted in the heads 93

and the eollavs 99 ave against the contigu-
ous bearings 91 aud caps 92, the cum 86 as
it revolves advances the parts, until the cen-
ters of the cupped portions of said abraders
coineide or approximately coincide with the
circular path at the left-hand ends of the
horizontal dizmeters of the finished balls
carried by the chacks 56.  In other words,
the point of infersection between the oseil-
latory axis of rotation aud the main or
principal axis arouud which sueh oscillatory
axis vevolves, of any chuck in abrading po-
sition is the same distance from ihe center
of the concavify in o juxtaposed abrader,
that 1« of an abrader 97 the axie of which
P8 continued would eoineide with sid main
or prineipal axis, s i 3 from the eenter of
the concavity of the hnlder 56 of bl clinek.

The mechoni=ti fay feading ihe brids eotn-
prises i goneral & Fecdowhs
wied Jower oo

e

FO5 and 10U

R

npper

8

respectively, and an elevator 107. With
these and other parts described below is
furnished a receptacie 108 for the balls,
such receptacle being located under the rear
center of the frame 6 on a stand 109 which
sets on the floor. The bottom of the recep-
tacle 108 on the inside is concave so that
the balls in said receptacle gravitate toward
the center of such bottom and toward a cen-
tral opening 110 therein, which opening is
of a size to permit a single ball only to pass
through. Secured directly under the open-
ing 1i0,0n a shaft 111 which is journaled in
the legs of the stand 109 and extends length-
wise of the machine, is the feed-wheel 104.
This feed-wheel has four pockets 112 ar-
ranged at regular intervals in the periphery
thereof and each large enough to receive a
ball as it escapes through the opening 110
and convey the ball away from the recep-
tacle. The raceway 106 is inclined and the
higher end of the same is situated adjacent
to the front part of the feed-wheel 104,
while the lower end opens into the rear line
of pockets which formn the elevator 107,
hence at ever; «uarter revolution of said
feed-wheel, assuining that one of the pock-
ets 112 is beneath the opening 110 at the
start, a ball drops into said pocket, it bein
then the uppermost one, is carried forwarﬁ
until in a position to roll out of such pocket,
which it does and passes into said raceway,
and then said ball rolls down said raceway
and around into the elevator bucket which
is in pesition o recejve it. In this connec-
tion see more particulurly Figs. 7 and 12.
The elevator 107 is of the ordinary end-
less-belt variety and is carried on upper and
lower pulleye 118 and 114, respectively; the
former heing secured on the shaft 25 and
therefore driving the elevator, and the Iatter
being secured on a shaft 115 journaled: in
two bearings 116_which rest on the floor.
The shaft 115 is parallel with the shaft 111
and drives the latter, as said shaft 115 iy
revoived through the medinm of the pulley
114 and the elevator, by means of sprocket
wheels 117-—117 =ecured to the two shafts,
and a sprocket-chain 118 connecting said
sprocket-wheels.  The elevator buckets are
arranged so that those in the rear line are
given a downward slant to the left as they
travel npward, and a long plate or siding
119 is arranged against the left-hand edge
of said rear line of buckets to prevent the
balls therein from rolling out until jusi be-
fore the top of the pulley 1137 is reached.
Tlere the stding 119 ends and the upper
tront end of the raceway 105 is sitvated,
the latter being in front of the upper end of
s siding, as best shown in T 1, and
the batls rolling from the elevator into said
racewny as they pass clear of the siding.
The siding 119 vests at the hottom on the
floor and is braced from the frame 6 at 120,
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32 frees the disk 33, and the abraders are
advanced and operate this time on two balls,
the rear abrader operating on the first ball
attached to the first chuck and the for-
ward abrader operating on the second ball
attached to the second chuck. It is thus
seen that one side of each ball is dressed by
the forward abrader, and that the other side
of each ball is dTessed by the rear abrader.
For the second time ‘the abraders are re-
tyacted, and then the drum makes the third

-quarter of its revolution, with the result
* that the first ball is dropped from the now

demagnetized chuck into the receptacle 108

‘below, the second ball is carried to the sec-

ond abrading position,- being turned half
way around on the way, and the third- ball,
which the third chuck has already picked,
is brought to the first abrading position.

"With the completion of the revolution of
-the drum, during the last quarter of which.

By the second ball is dropped. the third ball is

25

30

15

(7))

—

carried to the'second abrading position and -

the fourth ball held by the fourth chuck to
the first abrading position, and the first
chuck is again magnetized so that it can
and does pick-the fifth ball, one cvele of
the machine 1is ‘complete, provided such
cycle start with the picking of ¥e first ball
by the first chuck, in accordance with the
foregoing "description. During this cvele

.the cluteh actively operates at four regular

intervals, the carriage 11 advances and re:
treats four times, and cach chuck is de-
magnetized twice, once when it passes the
friction member 100, and once again when
it drops the ball after the second abrading.

Under the present arrangement, the balls
are run through the machine a number of
times until they are reduced to the exact
size desived or are finished or polished to
the desired degree of nicety, but this pro-
cedure may not alwayvs be necescary,

It may be well to note in passing that the
pivots 58 and the rolls 30 afford awmple
resistance to “the impact of the abraders
when advanced on the balls between them
and the chuck holders 59, then there are the
springs 101 to relieve any excessive shock
at these points, as well as to yield, when the
abraders encounter balls that are too large,
and su allowing the abraders to stop short
of their normal advanced paositions.

Taking up, finally, the suction device or
devices illustrated on the last two sheets
of drawings, it will be seen that means for
bandling the balls with air take the place
of electromagnetic means for that purpose,
and that the drum 9 without the commn-
tators, the driving mechanism  for such
drum, the spindles 43 ‘with their yokes, the
spring-pressed eam sleeves 46 and the rolls
50 therefor, and the holders 59, of the ather
construction - are all retained and do not
greatly differ, wherever they differ at all,

7

from corresponding parts and members in
the other construciion. Lo
Pointing out in detail the differences al-

luded to in the preceding: paragraph, atten-

tion is first called to the subsfitution of a
shaft 121 for the stud 20, the narrowing of
the intermediate gear 19 thereon, and the

70

presence of an additional intermediate gear

122 secured to said shaft, with said gear 19,

to mesh with the gear 18, Fig. 13; and then

to a flange or head 123 at the outer end of

each spindle 43, an air passage 124 which,
unlike the wire passageway 79 in the first
instance, extends the entire length of said
spindle, branches at the yoke 43 which forms
a part of the spindle, and extends to the
openings il the arms of such voke st the
ends for the pivots 58, and air passages
125—125 in said pivots. Each pair of piv-
ots 58 is here prevented from turning by
means of two bolts 126 tapped into the free
ends of the supporting yoke 45 into engage-
ment with said pivots. Monnted on the in-
ner terminals of each pair of these pivots, in
practically the same way as the electro-mag-

netic chucks are mounted, is an air or -
vacuum chuek 127 pivotally connected at 55
with two arms 128, these meinbers being ar- -

75

80

. 85

90

ranged and adapted to operate mechanically.

in the same way as do the chucks 56 and ths.

vokes 54, Like the chucks 56, the chucks
127 have ball holders 59, and there is a
Lranching air -passage 129 in the head of
each of said chucks 127; which passage leads
from the center of the chuck holder to the

b5

100 «

penings in the chuck avms 57 for the pivots

58, The passage 125

in each pivot 58 cou- -

nects with the -branch of the passage 124 -

which is in the supporting yoke armn for
such pivot, and also connects with, the
branch if the passage 129 which is in the
arm 57 that is mounted on said pivot, so
that there is a clear air passageway from
the left-hand open end of the holder of each
air chuck, through said chuck and by way
of the connecting pivots to and through the
supporting yoke 45 and the entire length of
the supporting spindle 43, At the junctions
of the passages 124 and 125 such passages
must _be Iarge enough, of course, to enable
the air chucks to rock, when the mechanism
is in operation, without closing the same.
The axis of exch spindle 43, in the suction
or vacuum mechanism, corresponds with the
line 2, in Fig. 9, and the chuck 197 and ars
128 assume the same positions while revolv-
ing as those indicated by the tines 8 and 5,
in said view.

* Buitably supported by a bracket 130 from
the onter cap 8 is-a case 131 having an an-
mular air or suetion chamber 132 therein,
Figs, 13, 1 16 and 17, The case 131 is sus-
pended between the gears 19 and 122, and
the shafi 121 extends through the center
thercof. The inner wall of the case 131 is
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provided exteriorly with two annular!

flanges 133 and 134, the former being smaller
than the latter. ‘The flange 134 is an exten-

ston laterally of the periphery of the easce:
181, There is thus formed a civeulur chan- |

nel 135. The chathber 132 opens into the

" channel 135 through two arcuate slots 136
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and 137 and a round opening 138 in (he

wall between. A pipe 139 leads feom the
chamber 132, at any convenient point, to a
pump (not shown) for exhausting the air
from said chamber. Two-radial ports 140
and 141 are made in the flange 134 to cstab-
lish” communication” with the channel 135
from the outside. A coupling rinwe 142 lits
and is adapted to revolve freely.in the chan-
nel 133, being secured .in place on the open
side of said channel by means of outer and
iuner rings ‘143 and 144 fastened to the |
edges of the flanges 134 .and 183, respec-
tively. Thus said flanges forni a jonrnal
for the coupling ring. Equi-distant from
each other in the conpling ving 142 qve fowm®
recesses 145 formed tn the Wft-hand facd of
said ring, and these recessed portions are
farther recessed, in the center of cacli at
146, to pravide journals for the spindle
heads 123, and slotted at 147, the <lots heing
concentric with the slots 186 and 137 and
the hole 128 and@ opening throngh the plain
right-hand- side . of said-ring and (hraqugeh
the recessed side thevcof. Xach Lend 198 14
held in itg recess 146 by means of u puir of
ubulting segmental plates 148 fastened in
the recess 145 provided fer their veception.
The plates 148 have openings 19 in their
abutting edges of a size to accommodate the
necks of the spindles 43 or the portions of
such spindles that are between the heads 123
and’ the. parts of sdid spindles upon which.
the pinions 44 arc mounted, but not large
enough for the passage of said lieads. “There
are four radial ports-150, in the conpling
ving, cach of which openg at its inner end
into one-of the siots 147 at one end of the
same, and at the other end through the
periphery of said ring. The ports 140, 141
and 150 ave all in the sawe vertical plane in
order to enable any one of the latter to be
brought into alinement with cither of the
two former, v

Clearly from the whove the drum 9 i its
rotation carries, with ‘it the spindles 43 as
before, and rotates the conpling vine 142
which is sccurady attached to the outer ter-
minals of said spindles by the plates 148,
such ting traveling around in the channel
135, consequently cach slot 147 is hronghit

into apen conununication with the slots 126
and 137 and with the opening 135, and caely
port 150 is hrought Titto alinement with (he !

ports 110 and 141, Assuming it tHhere is
w partial vacunm i the chainber 1320 and
that the aacline is running and the ring

1,026,350

142 has been turned so as to locate one of the
slots 147 in” opén communication with the
; slot 137, -air s being sucked through into
said chamber from the holder 59 which is
. in counnunication {hrough the counecting
| passages with'said slot 147, or'there is a suc-
i tlon at said holder, and such suction has

| abraded. This suction commences as soon as
the afaresaid slot 147 passes-into open rela-
tion with the slot 137, and continues while

whicli ig the delivery station of the ball-
feeding mechanism,taken to the first abrad-
ing position,abraded on cne side and passed
on to the friction member 100, said drum
-and ring having incanwhile made.two quar-
ter turns and carried said slot 147 into open
relation with the slot 136, such relation Leing
established before said slot: 147 leaves said slot
137, and finally taken to the slot 147 beyond
said slot 136, and -brought the communicat-
ing port 130 into line with the port 140.

ports to break the vacuum, and the¢ ball
freed in this manner is rolled over or given
a half revolution as-it is carried ‘past the
nmiemiber 100 and before the slot 147, which
is now being followed in its conrse, avrives
at the opening 138. "When said slot-:does
arrive at said opening, which is _just as the
ball is about to leave the wember 100, the
vacuum is reéstablished and saigd: ball is ad-
vanced . to the- second abrading position,
abraded, and carried on to discharging. po-
sition hefore said slot leaves said ol)(:nin,u.‘
Very soon after conununication with the

neetion is had with the port-141, as shiown
in Fig. 17, the vacuum is again broken, and
the ball in consequénce permitted {9 drop
from its now pawerless holder. By the tine
gaid holder is in position to . pick another
ball, however, its associated .slot 147 will
have once more come into open relationship
with the slot 137. The operation of the air
or vacoum cootrolling parts and members
is alike in the case of each vaciun ehuek,
the =ame being energized twice and twice

vacimnn at-each complete revolution of the
drum and coupling ring; and the constant
and internittent rotavy and the constant
oscillatory motiong of the paris, including
the drn, spindles and chueks, are the same
as las been fully expluined in conneetion
with the electro-magnctic chucks nad asso-
ciated parts. . - :
The vacuum chucks 127, as they appear
in 7. 16,0 while relatively 1 correct posi-
| onse are not as (hey would be if in thema-
chitne and occnpying corvesponding  posi-
Fions, beeause the case 131 s sectioned on

suflicient. force to hold a ball while being

reudered powerless by the breaking of (he”
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at the alining ports or through the alining .
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lines 16—16, Fig. 14. The top and middle
chucks 197 are energized and helding balls,
and the bottom chuck 127 is “dead”, in
" Fig. 16., Were

.5-same relative positions in the machine and

in operation, the uppermost chuck would be”

without energy and traversing the friciion
member 100 with a loose ball, the lower-
. .most chuck would be energized and about to
10 pick a ball, and the middle chuck would
: “without energy and wonld have just

a "ball, while the fourth chuck,.

' '7"ﬁﬁlcﬁm not appear in this view, would ve

- energized and in the act’ of carrying a ball
15 -just taken at the receiving position td the
" +first. abrading position. :

.The :suction mechanisn, including the
‘vacuum chucks, is designed to handle balls
£ wood, ivory, and other substances and ma-

L 20,::' terials which, unlike steel balls for example,

" -‘cannot-be handled successfully or at all by

the electro-magnetic chucks. My invention -
comprehends, therefore, the grinding and |

. polishing of balls of practically any descrip-
tion, ‘as I have previously steted, and the
work -is dorie with a degree of uniformity,
‘acéurgcy and thoroughness and with a ce-
lerity- that have been unequaled heretvfore.
“What I claim as my invention, and desire
to secure by Letters Patent, is— .
) 1. The combination, in a machine. for
- _abrading spherical objects, with an abrader,
‘of means to hold an object while in contact
with such abrader and at the same time im-
part an orbital gyratory moticn to said ob-
ject on its own center. -
_ 2. 'The combination, in a machine for
_abrading spherical objects, with au abrader,
of ‘means to hold an object while in contact
- 40  with such abrader and at the same time im-
_part an orbital gyratory motion to said ob-
ject on its own center and means 'partially
to rotate said object also en its own center
independently of its holding means.

3. The combination, in « machine for
abrading spherical objects, with abraders, of
means to hold an object while in contact
with either of such abradeis and at the same
time impart a gyratory moticn to said ob-
ject, means to carry said object from one of

35

45

50

said abraders to the other, and means par- |

tially to rotate said object independently of
its holding means during the transfer from
one abrader to the other.

55 ,
abrading balls, with an abrader, of an in-

termittently rotating member, a plurality of 1

ball-holding chucks carried by such mem-

ber, and means to impart » giratory ino-

80 tion to said chucks.
5. The combination, in-a machiue
abrading balls, with an abrades. of an

-

termittently rotating member, a pluality ol

ball-holding chucks carried by said mem-

these three chucks in the

4. The combinaiion, in a ischine for |

foyp

balls while connected with said chucks in-
dependently of the latter. '

6. The gombination, in a e
abrading balls, with abraders, of an inter-
mittently rotating member, a plurality ‘of
ball-holding chucks carried by said member,
means to impart a gyratory motion to sai
‘chucks, and means partially to rotate each
pall connected with a chuck independently
of the latter as-said.intermittently rotating
“member operates with ‘said chuck to- take
said ball from one of said abraders to- the
other. ) )

7. In a machine for abrading spherical
_objects, an intermittently rotating member,
a chuck carried by said member, means to
energize said chuck at predetermined inter-
vals, and means partially to rotate an. ob-
ject connected with said- chuck while the
latter is non‘energized.

8. In a machine for abrading spherical
objects, an intermittently rotating mem-

to energize said chuck at predetermined in-
tervals, means to impart a gyratory mo-
tion to said chuck, and means partially

chuck while the latter is non-energized.

9. Ball-holding means, for an abrading
machine, comprising a_revoluble non-oscil-
latory spindle provided with an orbital os-
cillatory chuck. B

10. Ball- holding mechanism, for an
abrading machine, comprising a revoluble
spindle provided with an orbital oscillatory
chuck, and energizing and non-energizing
means for such chuck.

11. Ball-holding mechanism, for
ubrading machine, corr'i)i'ising a revoluble
spindle provided with a yoke, a collar slid-
ingly mounted on such spindle, a chuck piv-
otally attached to said yoke, pivotal con-
nections between said chuck and said collar,
and means to reciprocate said collar.

12. Ball-holding mechanism, for an
abrading machine, comprising a revoluble
epindle provided with a yoke, a spring-
pressed cam member slidingly mounied on
=wh spindle, a chuck pivotally attached to
«aid voke, pivotal connections helween said
| chuck and said cam member, and an abut-
“ rpent for the latter.

13. The - combination,

i in ball-holding
| mechanism for an abrading machine, with
| an intermittently votatable member, of a
§ plurality of independently revoluble spin-
" dles carried by such weember, such spindles
| Leing provided with oscillatory chucks.

' 14, The combination, in ball-holding
- mechanism for an abrading machine, with
an intermittently rotatable member, a plu-
i vplity of independently revoluble spindles

e
ber, means to impart a"?ff‘ator ‘motion to
said chucks, and means partially to-rotate

ber, a chuck carried by said member, means .

to rotate an' object connected with said
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carried by such member, such spindles be-
ng provided with oscillatory chucks, and
energizing and non-energizing means for

'15..The combination, in ball-holding
mechanism for an abrading machine, with
an_intermittently rotatable member pro-
vided with abutments, a plurality of inde-
pendently revoluble yoke-provided spindles
carried by such member, spring-pressed cam
m%mbers slidingly mounted on such spindles
an
pivotally attached to the spindle yokes, and
pivotal connections between said chucks and
said cam members.

16. The combination,

-such. chucks.

in

- mechanism for an abrading machine, with a

20

39

35

plurality of constantly revolving spindles
provided with oscillatory chucks, and means
to rotate intermittently said spindles about
a common 3xis, of means to energize and
non-energize each of said chucks according
to its position in the orbit around said com-
mon Aaxis. *

17. The combination, in ball-holding
mechanism for an abrading machine, with a
constuntly revolving chuck, intermittent
means ‘to. rotate said chuek orbitally, and
means to energize and non-cnergize said
chuck according to its position in the orhit
which it deseribes, of a friction member in
operative relation to a ball, connected with
said ehnek, to hold said ball to said chuek
and ‘partially rotate the ball during a pe-
riod whiie ihe ehuck is non-ercrgized.

8. The’ combination. . in hall-holding
mechantsin for an abrading mchine, with a
constantly vevolving and oscillating chnek.

Cintermitient meuns o rolate said choek or-

‘40

45

hitally, and means to energize and non-ener-
gize said ehnek according to its position in
the orbit which it deseribes. of a friction
member icoperative velation to a ball, con-
nected with said clinek. to Lold said ball to

gaid eliek and partially rotate the ball dur-

mg a period while ihe chuek is non-ener-

- grized.
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19, Fhe combination, in an abrading ma-
ehine for balls. with a choek, and means to
révolve said chuck on ds principst ov thain
axts and oscithate it orbitally abont said
axiscof an abrader baving an axis extending
m the sae diveetion with the sforesaid
principst or main chiek = xie, and means to
actiate said abrader wxially into and oat of
the firld of action of said chuck and the ball
earried thereby. ’

20. The combination. in i abrading ma-
ehine for Balle, witte 4 chiek, and means to
revolve spid ehuek on ife prineipal or main
axis and oscillaie it orhitadly about said axis.
of an abeader having an axis extending in
the same direction with the aforesaid priv-
cipad or main chnek axis, and means to ae-
taate said chnek with u ball earried thereby

bearing against said abutments, chucks

ball-holding

1,026,350

.

into the field of action of said abrader and
out of such field. : ) .

21. The:combination, in an abrading ma-
chine for balls, with a chuck, and means to
revolve said chuck on its principal or main
axis and oscillate it orbitally abont said axis,
of an abrader having an axis extending in
the-same direction with the aforesaid prin-
cipal or main chuck axis, and means to ac-
tuate said chuck with a ball carried thereby
and said abrader into and out of each other’s
fields of action, said abrader being actuated
axially. .

22. The combination, in an abrading ma-
chine for balls, with a pair of abraders,
means to advance and retract such abraders,
and a friction member hetween the posi-
tions occupied by such abraders when ad-
vanced, of a chuck, and means to actnate
sich chuck with a ball from one of such po-
sitions to the other, travbrsing said friction
member on the way. ~

23. The combination, in an abrading ma-.
chine for balls, with a ball-holding chuck,
means to impart an intermittent  orbital
movement te such_chuck, and means to re-
volve such chuck on its principal or main
axis and oscillate it orbitally ebout said axis,
of an abrader having an axis extending in
the same direction with said prineipal or
main ‘chuck axis, and means to impart an
intermittent travel axially to said abrader,
snch travel ocenrring while said chuck is in.
line with the abrader axis.. ) :
.24, The combination, in an abrading ma-
chine for balls, of a plurality of ball-hold-
ing chucks intermittently rotatable about a
common axis. a pair of abraders separated
on centers by a distance equal to the separa-
tion on centers of two adjacent chucks,
means to stop said chucks in their orbital
movement with any pair in line with said
abraders, and means to advance and retract
said abraders while said chucks are in a con-
dition of orbital rest.

25. The combination, in an abrading ma-
chine for balls, of a plurality of constantly
revolving  and  oscillating . ball - holding
chucks intermittently rotatable about a com-
nmon axis, a pair of abraders separated on
centers by a distance equal to the separation
on centers of two adjacent chucks, means to
stop said chucks in their brbital motion with
any pair in line with said abraders, and
means to advance and retract said abraders
while said chncks are in a condition of or-
hital rest. -

26. The combination, in 8 machine for
abrading balls, with ball-holding means, of
a suilably mounted carriage, a member sid-
ingly supported by said carriage, yvielding
menns to retain said member normally in a
forward position relative to the carriage,
an ahrader carried by said member, and
means to reciprocate said earriage, to ad-
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vance said abrader against a ball held by
snid ball-holding means, and te retract 1t
from such ball.

97. The combination. in a machine for
abrading balls, with ball-holding means. of
a suitably mounted ecarriage, a revoluble
spindle supported by gald  ecarriage, an
abrader earried by said spindle. and means
to reciprocate said carringe, to advance said
abrader against a ball held by said ball-

“holding means, and to retract it from snch

hall.

98. The combination, in a machine for
abrading balls, with bali-holding means, of
a suitably mounted earvinge, a revoluble
spindle shdingly supported by said earriage,
yielding means to retain said spindle nor-
mally in a forward position in the carriage,
an abrader carried by said spindie, and
means to reciprocate said carriage, to ad-
vanee said abrader against a ball held by
said ball-holding means, and to retract it
from such ball,

90, The combination, in a. machine for
abrading balls, with a ball-holding chuck
rotatable in an orbit, of a ball-feed having
a delivery station adjacent to satd orbit af
one side. .

30. The combination, in n machine for
abrading balls, with a ball-holding chuck

rotatable in an orbii, and means to encrgize.

and non-energize such chuck, of a hall-teed
having a delivery station adjacent to said
orbit at one side.

31. The combination, in a machine for

11

abrading balls, with a constantly revoluble
hall-holding chuck intermittently rotatable
in an orbit, and means to energize and non-
energize such chuck, of a hall-feed having a
delivery station adjacent t6'said orbit,

32, The combination, in a machine for
abrading balls, with a plurality of ball-hold-
ing chueks mounted for intermitient rota-
tion in an orbit, and a ball-feed haying &
delivery station adjacent to «uch orhit, of

energizing means for such chucks while each

is at sueh station, and non-energizing means"

for such chucks while each is at some point
remote from such station,

23, The combination, in a machine for

abrading balls, with ball-holding means
having an orbital motion, of a receptacle
for balls below such ball-holding means, an
clevator having a delivery station adjacent
to the orhit of said ball-holding means, and
means to deliver balls from said receptacle
to said elevator.

24, The combination, in a machine for
abrading  balls, with hall-holding means
having an orbital motion, of a recepiacle for
halls, an elevator having a delivery station
adjacent to the orbit of said hall-holding
means. and a revolnble feed member .ar-
ranged to receive balls singly from said re-
ceptacle and deliver them to said elevator.

AUGUSTINE E. GREENE.

Witnesses:

¥. A. CuTTER,
A. C. FAIRBANKS.
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