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.19 Cizims.

This invention relates to grinding machines
and comprises all of the features of novelty here-
in disclosed. An object of the invention is to
provide an improved form-wheel grinding ma-

5 chine for grinding circular work of transversely
contoured form. Another object is to provide a
grinding machine having improved means for
relatively feeding the work and the egrinding
wheel, as by having the two engage substantially
tangentially and thus. accurately determine the
work size without the use of a gauge. Another
object is to provide a reliable and efficient grind-
ing machine of the multi-spindle type in order
to eliminate or reduce the idle time of the ma-
chine and get high production. Another object
is to provide improved work loading or chucking
mechanism. Still another object is to provide
improved dressing mechanism for maintaining the
form or contour of the grinding wheel. Yet an-
other object is to provide improved spindle driv-
ing mechanism. ’

To these ends and also to improve generally
upon machines of this character, the invention
consists in the various matters hereinafter de-
 scribed and claimed. In its broader aspects, the
invention is not necessarily limited to the specific
construction selected for illustrative purposes in
the accompanying drawings in which

Figure 1 is a plan view of the machine.

Figure 2 is a diagram of the electrical connec-
tions and the fluid pressure system.

Figure 3 is a vertical sectional view of the
grinding wheel head, its dressing mechanism be-
ing shown in side elevation. ’

Figure 4 is a plan view of the dressing mecha-
nism.

Figure 5 is a sectional view on the line §5--5 of
Figure 3. .

Figure 6 is a front view of a portion of the
dressing mechanism.

Figure 7 is a side elevation of one of the twin
work heads, one work spindle and its associated
loader being shown in vertical section and a cam
actuating device associated with the other work
spindle also being shown in vertical section.

Figure 8 is a rear end view of one of the twin

. work heads, a portion of its slide and feed mech-
50 anism being in section.

Figure 9 is a side view of one of the main slides
with its feed screw in section.
Figure 10 is a front view, partly in vertical sec-
* tion, of the feed mechanism for one of the main
slides.
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Figure 11 is a sectional view along the line
fi—I{1 of Figure 10.

Figure 12 is a front view, with parts broken
away, of a portion of the feed mechanism.

Figure 13 is a side view of Figure 10, with parts
broken away and in vertical section.

Figure 14 is a plan view of the timing unit, one
of the cams being in section.

Pigure 15 is a side view of Figure 14.

Figure 16 is a front view of a hand controlled
valve, and

Figure 17 is a bottom view of Figure 186.

First outlining briefly the principal functions

. of the machine and referring to the more im-~

portant units, the machine has a formed or con-
toured grinding wheel driven at high speed on
a horizontal axis. There are four work spindles
which are adapted to be loaded and unloaded and
to be reciprocated in a vertical plane to bring
the work tangentially into engagement with the
grinding wheel. The machine is substantially
symmetrical about a vertical axis with a twin or
duplex work head carrying twe work spindles at
each side of the wheel. When either twin work
head is lowered to bring the upper work-piece
into engagement with the wheel, the lower or fin-
ished work piece is released and ejected from the
machine and a new work piece is loaded. Then
as the twin work head rises to bring the lower and
new work piece tangentially into engagement
with the grindihg wheel, the upper work-piece is
released from its spindle and ejected while a new
piece is loaded on, Inasmuch as the grinding
wheel is subject to wear, it is shaped. or trued at-
intervals by -a dressing tool or diamond mounted
in the vertical plane through the axis of the
grinding wheel. Such dressing tool is mounted
for vertical feed adjustment on a vertical radius
of the wheel and for a compound dressing move-
ment across the wheel, such compound movement
comprising a rectilinear movement to produce a
straight or conical surface on the grinding wheel
and also a swinging movement to produce an
arcuate surface merging with the straight sur-
face. Such a contour is useful, for instance, in
grinding the raceway and adjacent surface of a
ball bearing race ring. Inasmuch as wear and
dressing of the grinding wheel reduces its diame-
ter, means is also provided for giving each twin
work head a movement radially of the grinding
wheel to compensate. This movement is horizon-
tal and perpendicular to the downward feed ad-
justment of the dressing tool. Many of the mech-
anisms are operated by fluid pressure controlled
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by valves which are in turn controlled by a tim-
ing unit having a cam shaft.

Grinding wheel and mounting

'8 Referring more particularly to Figure 3, G is
a grinding wheel whose periphery is shaped to
grind such articles as inner ball bearing race
rings. Preferably, it has a straight or conical
surface 2 merging with or tangent to an arcuate

10 surface 4 as indicated at the bottom of Figure 3.
The abrasive material is clamped to a hub 8 by
a plate 6, the hub being keyed to a tapered end
portion of a spindle 10 and clamped by a nut 12.
The spindle is mounted for rotation in ball bear-

15 ings 14 and 16 having their outer race rings in-
serted in an opening of a housing 1T carried by
a main frame 18. The outer race rings are pro-
vided with locating flanges 20 which engage the
ends of the housing while the inner race ring of

20 the bearing (4 abuts against a collar 22 on the
spindle, The other inner race ring is secured
against rotation on the shaft by a key 24 and is
adjustable axially of the shaft by a ring nut 26,

- this last adjustment being to apply an initial load

25 to the bearings and thus prevent play in the spin-
dle. The bearing 16 is covered by a cap plate
28 fastened to the housing by screws and the
bearing (4 is protected by a sealing plate 30 at-
tached to the housing and having a plurality of

30 annular, side ribs interfitting with similar annu-
lar, side ribs on an outer sealing plate 32 which
is pressed on the spindle collar 22.

A driving collar 36 is keyed on the rear end
of the spindle 10 and clamped by a plate 38. The

35 driving collar has a plurality of teeth or splines
40 which fit freely between similar teeth 42 pro-
jecting inwardly from a pulley 44 whmh is driven
by V-type belts 46 taking their power from an
electric motor M (shown only in the diagram).

40 The pulley 44 is journalled for rotation on a dou-
ble row ball bearing 48 which has its outer race
ring clamped in the pulley by a threaded plate 50.
The inner race ring of the bearing is clamped by
a plate 54 on a-stud 52 carried by a bracket 56

45 fastened-to the main frame 18. The purpose of
mounting the drive pulley and the spindle on
separate bearings is to preclude the possibility
of belt pull and whip from being transmitted
to the spindle and thus causing vibration or

50 Chatter.
Dressing mechamsm

A dressing diamond 60 (Fig. 3) is fastened to

the lower end of. a screw 62 which is securéd by

a clamping nut 64 in the middle of a substan-
55 tially horizontal bar 66 (Figs. 4 and 6) arranged
above the grinding wheel and having depending
lugs 68, each connected by a key 10 and a set
screw 12 to a rock shaft 74 which is journalled
.~ in bearing lugs 76 on an arm 78 projecting from
60 a slide 80. The slide is mounted for reciproca-
tion on ways 82 (Fig. 5) of a shelf 84 which pro-
jects laterally from a vertical plate 86, a gib 88

providing for adjustment of the slide. 'The slide -

-85 Is slotted to straddle a cylinder 90 which is fas-
tened to the shelf 84 by screws 92. In the cylin-
der is a piston 94 (Fig. 3) connected to a long
piston rod 96 which extends rearwardly and is
guided in a guide plate 98 closing the slot in the

70 slide 80. A coiled spring 100 is interposed be-
tween the guide plate 98 and an upright arm 102

which is pinned to the piston rod: ‘The upper end.

of the arm 102 has an opening permitting it to
- slide with respect'to a rod 104 which is gulded
75 endwise in an upward extension 186 of the cylin-

2,092,895

der body, one end of the rod having adjusting
nuts 108 to limit relative movement of-the arm
102 with respect to the rod. At the front of the
rod 104, a coil spring 110 is interposed between
the cylinder body extension 106 and an upright
lug 112 to which the rod 104 is pinned. The lug
#12 is carried by a yoke 114 having arms (16
provided on their under sides with rack bars (18,
each rack bar meshing with a pinion 120 whose
hub 122 is keyed and fastened to one of the rock
shafts 14. A finger 124 projecting upwardly and

(=3

10

laterally from the arm 18 overlies the arm 116

and so holds the rack bar in engagement with
the pinion. Each arm 116 is provided with a little
stop lug 126 which is urged against the finger
124 by the coil spring 1108. Thus, it is apparent
that, when fluid pressure is admitted to the front
of the piston, the piston rod will be shifted rear-

- wardly and, through the coil spring 100, will yield-

ingly urge the slide 80 rearwardly and always
tend to keep the fingers 124 on the arms 18
against the little lugs 126 on the arms 116. When
the arm (02 on the piston rod engages the nuts
108, the rod. 104 is positively moved rearwardly
compressing the spring 118, All the parts con-
nected to the rod 104 and to the slide 80, includ-
ing the rack bars and pinions, move rearwardly
as a unit until a stop screw 128 on the slide 80
engages and is stopped by the cylinder body 90.
During this time, the dressing tool is moved along
the straight portion 2 of the grinding wheel. The
slide and the pinions move no farther but the
continued movement of the piston rod and the
rod 104 causes the rack bars to move rearwardly
with respect to the arrested slide and the}pln-

ing the diamond-carrying bar 66 around th
provided by the rock shafts 718. This impar

axis
to

ions, thereby turning the pinions 120 and q/::k-‘

the dressing diamond 60 a rocking movement"

which produces the arcuate surface 4 tangent
to and merging smoothly with the straight sur-
face 2 on the grinding wheel. When the pres-
sure fluid is reversed, the spring 100 keeps the
stop screw 128 against its abutment temporarily
while the diamond is rocked in the other direc-
tion by the power stored in the spring 110 and,
when the lug 126 again reaches the finger 24,

the diamond and its slide are given a rectilinea.r :

movement back to starting position.

-The plate 86 supporting the dressing mecha-
nism has angular adjustment on a horizontal
axis so that the direction of sliding of the dia-
mond can be placed at any desired angle with
respect to the grinding spindle, and the whole

dressing mechanism can also be fed up and down ¢

to compensate for the wearing down of the grind-
ing wheel. To accomplish this, the vertical plate
86 is pivotally connected by a horizontal swivel
pin 130 to a vertical feed slide 132 and, to pro-
vide for clamping after angular adjustment, the
plate 86 is provided with an arcuate slot 134
through which projects a clamping bolt 136. Also
the feed slide 132 has an arcuate slot 138 through
which projects a clamping bolt 140. The vertical
feed slide 132 slides vertically on ways (42 on

‘an upright bracket 144 having a base 146 fas-

tened on top of the housing 17. Fastened to the

feed slide 132 is a nut 148 engaging a vertical-

feed screw 150 which is journalled at its lower

. end in the base 146 and is journalled at its upper

end in a double row ball bearing 152 carried by
a top plate 154 of the bracket 144. Keyed to
the feed screw shaft is a ratchet wheel 156 and
above this 'is loosely journalled a dog-carrying
arm 158 retained by a washer 160 and a nut
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162, the latter threaded over the squared end 164
of the feed shaft. In the arm (58 (Fig. 4) is
mounted a spring-pressed pawl or dog 186 which
engages the ratchet teeth. In order to be able
5 toretract the dog from the ratchet teeth, a knob
168 is pinned to the upper end of the shank
of the dog and has a little projection {78 which
can be lifted out of a slot in the arm 158 to lock
the dog in inoperative position. The arm 58
10 is pivotally conhnected by a link 172 with the end
of a piston rod 174 projecting from a cylinder
176.. An adjusting stop screw (77 in the path of
the piston controls the number of ratchet teeth

moved by the dog. In order to prevent retro--

15 grade movement of the ratchet wheel, a detent
dog 178 is mounted in a housing of a bracket {80
and is provided with a knob {82 similar to the
knob (€8 so that the detent can be retracted and
locked away from the ratchet wheel. ¥From the

20 foregoing, it is apparent that, by reciprocation
of the piston rod, a step by step feeding move-
ment can be imparted to the ratchet wheel and
thus feed the dressing mechanism slowly down-
wardly. If a rapid vertical adjustment is desired,

25 the dog {66 and the dog 118 can be retracted

from the ratchet wheel and locked by pulling

on the knobs {68 and 82 and turning them.

Then a crank on the squared end (64 of the feed

shaft provides for rapid turning of the feed screw.

Work head

Referring more especially to Figure 7, each of
the twin work heads has two rotary work spin-
dles 188, each spindle having a nose piece 190

35 with an abutment shoulder 192 against which a
work piece W is clamped. The work is clamped
internally in any suitable way, as by yieldable
sections 194 forced outwardly or radially by a
conical part {96 on a pull-rod 200 which is moved

40 to the left to clamp the work and to the right
to release it. The pull-rod is in two sections, its
outer section 200 being threaded in an enlarge-
nmient of an inner section 202. The pull-rod is
held from rotation with respect to an ejector

45 sleeve 206 which guides it by a pin 204 project-
ing from the sleeve into a slot of the enlarge-
ment. The ejector sleeve is slidably mounted in
and guided by the work spindle, being provided
with a head 208 which carries a series of ejector

50 pins 210 for projection through the spindle nose
to a position where they will engage the work
piece to eject it from the work head.

30

On the rear end of the push-~rod section 202 is .

a button 212 adapted to be actuated in one

55 direction when moved along a cam, as herein- -

after described, to release the work piece. The
button is threaded on the end of the rod 202
against a threaded abutment sleeve 214, a coil
spring 216 being interposed between the abut-
60 ment sleeve 214 and a second abutment sleeve
218 which is held from endwise movement by
pins 220 which project inwardly from the work

spindle, such pins projecting through slots in the,

ejector sleeve 206 and so compelling the latter to

65 rotate with the spindle. The coil spring 216
urges the pullrod to work-clamping position.
Another coil spring 222 is interposed between a
shoulder on the ejector sleeve and a shoulder in
the spindle for the purpose of urging the ejector

70 to inoperative position. The rear end of the
" ejector sleeve is formed as a circular rack 224
meshing with a gear 226 on a shaft journalled in

a bracket 228 fastened to the work head. A pin-
ion 230 is connected to the shaft carrying the
75 gear 226 and meshes with a rack plunger 232

3

having a button 234 adapted to be moved along a
cam as will hereinafter appear. Both the ejector
sleeve and the pull-rod are urged to the left in
Fig. 7 by the coil springs and are positively actu-
ated in the work-releasing direction by cams.
Each work spindle is rotatably mounted near
the front on a ball bearing 248 whose outer race
ring is clamped in g quill 242 by a closure plate
244 fastened to the end of the quill by screws.
To prevent turning of the quill, a screw 246 is
fastened to the work head 248 with the head of
the screw arranged to engage a notch in the pe-
riphery of the closure plate 244. The work spin-
dle is also mounted in a pair of abutted ball bear-
ings 250 which have their inner race rings
clamped on the spindle by a nut while the outer
race rings are clamped by a nut in g sliding
housing 252 which is held from rotation with
respect to the quill by the end of a screw 254
passed through the quill and entering a slot in
the housing. On the end of the sliding housing
are adjusting nuts 256 adapted to engage the
end of the quill thus to shift the sliding housing
endwise and apply preload to the bearings. 'The
housing or head 248 is split longitudinally at two
places as indicated at 258 so that each of the
quills may be clamped in the housing by means

of tangential clamping screws 260 which draw -

the split sections of the housing together around
the quill. .

The rear end of the quill 242 is closed by a
threaded cap 262 having a reduced extension on
which is mounted a double row ball bearing 264
which rotatably supports a pulley 266 driven by
a belt 268. The pulley has a cap 278 which is
keyed to a magnetic clutch body 272. An in-
sulating collar 274 is keyed to the cap 270 and
provided with collector rings 216, each electrically
connected to coils 278 housed in the clutch body
272. A clutch plate 280 is slidably connected to
the spindle by a key or spline 282 and is limited
in its movement in one direction by a ring nut
284 threaded on the spindle. As shown best in
Figure 8, the collector rings 216 are engaged by
brushes 286 carried by insulating bushings 288

mounted in openings of a bracket 290 fastened
on the work head.

Work head slide mechanism

The work head is vertically grooved as appears
in Figure 1 and slides with respect to plates
292 which are fastened on an upright standard
294 having a base plate 296. Play in the slide
can be taken up by gibs 298 (Figs. 7 and 8) ad-
justed endwise by screws 300. A cylinder 302 is
fastened to the bottom face of the base plate 296
and provided with a piston rod 304 having a head
306 secured to the work head 248 by a collar 308
fastened to the work head by screws. The cylin-
der projects_through an opening 310 in a main
slide 312, the opening being large enough to pro-
vide for a limited amount of swivél movement of
the base plate 296 around a pivot sleeve 314 car-
ried by a main slide 312, The main slide has
an arcuate slot 316 (Figs. 1 and 8) which receives
a T-headed clamping bolt. 318 fastened to the
base plate. Thus the base plate can'be clamped
in any desired angular position on the main
slide, such angular adjustment corresponding to
the angular arrangement of the dresser mecha-
nism with respect to thé axis of the grinding
wheel. 'This angular arrangement of the dresser
mechanism and of the work heads is due to the
exigencies of location of the formed surfaces 2
and 4 on the grinding wheel. The pivotal axis
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of the base plate 296-is in the plane of the wheel
and in line with the center of curvature of the
surface 4 on the wheel.

Each driving belt 268 is held closely wrapped
around the pulleys 266 by an idler roller 320
which is journalled on the workhead, the belt
passing around a pulley 322 on the shaft of an
electric motor 324 which is secured to a bracket

326 pivotally mounted at 328 on the base plate.

296. Inasmuch as the work heads move up and
down, it is desirable to take up slack in the belt

~and this is accomplished .by a coil spring 330

interposed between the bracket 326 and an abut~
ment surface on the standard 294. The pivotal
movement of the bracket 326 is limited by nuts
334 threaded on a bolt 332 fastened to the stand-
ard 294. Brackets 340 are fixed in a horizontal
position on the standard 294 and each supports
a cylinder 342 having a piston 344 connected to a
piston rod 346 carrying a cam plate 348 on which
a chucking cam 350 and an ejecting cam 352 are
attached. Thus, when the work head rises, the

. button 212 on the pull rod of the upper work

25

30

35

40

45

50

66

spindle engages the cam 350 and is thus.pushed
in a direction to unclamp the work. Also, as the
adjacent button 234 controlling the ejecting
mechanism engages the other cam 352, the work
is ejected. The cam 350 has a long straight por-
tion on which the button 212 remains while the
button 234 passes beyond or above the cam 352
thus permitting the ejector sleeve to be retracted
by its coil spring before a new work piece is
clamped. The cams 350 and 352 are afterwards
retracted by the piston and cylinder unit in order
that, upon the subsequent downward movement
of the workhead, the ejector will not operate a
second time and so eject the newly acquired work-
piece. If will be understood that the downward
movement of the work head causes the lower pull-
rod and the lower ejector to be operated by the

lower set of cams. In describing the approach be-

tween work and grinding wheel as substantially
“tangential”, the applicant has reference to that
type of tangential movement by which g particle
moving along & straight line in the plane of a
circle and tangent to it, approaches more and
more slowly to the: periphery of the circle until,
at the single point of tangency, there is no fur-
ther approach. The work to be ground repre-
sents the particle and the circumference of the
grinding wheel represents the circle,

Work loadmg mechanism

A vertlcal bracket 354 is fixed to the standard
294 and carries two angled brackets 356 each
supporting a loading cylinder 358 having a piston
rod 360 with a head 362. A loader 364 is secured
to. the head by a threaded plug 366 and is held
from turning with respect to the head by a pin
368. Three leaf springs 3710 are secured to the
loader in positions 90° apart in order that a work-

_ piece may be dropped into engagement with the

65

springs from a magazine 372. A retainer plate
374 is secured to the top of the loader and holds
the supply of work-pieces in the magazine when
the loader with the new work-piece is advanced
towards the work spindle. A cup-shaped plunger

+ 376 is urged toward the work spindle by a coil

70

spring 3178, a headed bolt 380 limiting the move-
ment. The side of the magazine is closed by a
slotted cover 382 which permits a view of the
supply of work. When the loader advances, the

-new work-piece is carried over the spindle nose

and pressed agalnst the abutment shoulder 192

75 thereon by the spring pressed plunger 316 which

2 092,895

then yields. The ends of the leaf springs 370 are
spread open & little by engagement with the spin-
dle nose and then, as the loader is retracted, the
leaf springs slip over the work-piece while the
latter is still urged against the spindle nose by
the spring-pressed plunger 316. Thereafter, the
spring-pressed plunger is retracted by the head
of the bolt 380 and, when the retainer plate 374
passes out from under the magazine, another
work piece drops down between the leaf springs.

- Feed of main slide

As shown in Figures 8 and 9, each main slide
312 is provided with a flat surface 386 and =2
V-shaped surface 388 for sliding movement on

flat ways 390 and V-shaped ways 392 on the’

main frame. A feed screw 394 is connected to
each feed slide by a nut 396. An auxiliary nut
398 projects partly into the main nut 396 and is
adjustably secured by screws 402 passing through
arcuate slots 400 in a flange of the auxiliary nut.
By angular adjustment of the auxiliary nut, all
backlash is taken up at the threads. Referring
more particularly to Figures 10 to 13, the feed
screw 394 is journalled for rotation without end-
wise movement in a double row ball bearing 404
whose outer race ring is clamped in a housing 406

‘by a cap 408. The inner race ring of the bear-

ing is sscured against a collar 410 on the feed
screw by a long sleeve 412 which is keyed to the
feed screw and clamped by a nut 414. The hous-
ing 406 is fastened to the main frame 18 by screws

416 and the housing is closed by a cover 418.

In the housing, a worm wheel 420 is loosely jour-
nalled on the sleeve 412 but held from axial move-
ment by a nut 422 threaded on the long sleeve 412.
The hub of the worm wheel is provided with clutch
teeth at 424 gripping with similar teeth on a slid-
ing clutch member 426 which is keyed to the sleeve
412. The clutch member has a flange 428 loosely
mounted in a recess of a threaded collar 430 on
the sleeve 412. Arcuate plates 432 (Figs, 10 and
11) are fastened to the threaded collar 430 and
overlie the flange 428 so that, upen a manual
turning of the threaded collar, the clutch mem-
ber can be moved endwise to disengage the clutch
teeth at 424. This is to provide for a quick turn-
ing of the feed screw 394 by a crank attached to
the squared end thereof.

The worm wheel 420 is driven by a worm 434 5

5

on a shaft 436 which is jourhalled at one end

in a ball bearing 438 and at the other end in a
double row ball bearing 440. The bearing 438
is covered by a cap 442 and the adjacent end of
the shaft carries & hand wheel 444 having suit-
able index lines to co-operate with a pointer 446
fastened on the housing. The other end of the
shaft 436 has keyed to it a ratchet wheel 448
for slow actuation of the worm. A bracket 450
is fastened by screws to the housing 406 and sup-
ports a sector-shaped cylinder 452 having the end
caps 454, Fluid pressure is supplied to the cyl-
inder through pipes 458 in order to actuate a-
vane 456 which is keyed to a rock shaft 460. A .
dog-carrying arm 462 is keyed to the rock shaft
and carries a spring pressed pawl or dog 464 en-
gaging the teeth of the ratchet wheel 448. The
dog is connected to a knob 466 having a lug 468
normally fitting in a notch of the arm 462 but the
lug can be withdrawn. from the notch to lock
the dog away from the ratchet wheel. Thus it
will be seen that, by the actuation of the vane,

-a slow .feed movement can be imparted through
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the ratchet wheel and the worm gearing to-the

feed screw 384, If a somewhat faster Teed is de-
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sired, the ratchet dog can be retracted thus per- -

mitting rotation of the worm by the hand wheel
844, If still more rapid adjustment of the main
slide is desired, the clutch teeth at 424 can be
disengaged by turning the threaded collar 430
and then a crank on the squared end of the feed
screw provides for quick rotation. The.extent of
the step by step movement of the ratchet wheel
can be adjusted by means of stop screws £69
which are adapted to engage the sides of the vane
456.
Timing mechanism

Pigs. 14 and 15 show the timing unit which is
driven by an electric motor 478 driving variable
speed gearing in a housing 872, the gearing be-
ing connected by g coupling 474 to reducing gear-
ing in a housing 878. This gearing is connected
by a coupling 478 to a cam shaft 486 journalled
for rotation in standards 482.. On the shaft is
secured a series of cam holders 484 carrying a
series of lobed cams 486. These cams are sim-

, ilar but are adjusted into different angular po-
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sitions by means of arcuate slots 488 in the cams
and fastening screws 490 which project through
the slots into the cam holders 484. REach cam
co-operates with a cam roller 492 revolubly held
in a fork 494 at the front of a pistonrod 4396. One
arm of each fork projects or laps by. the side
of the cam as indicated at 898 to prevent the
piston rod from turning. FEach piston rod ex-
tends into a valve, one valve 500 controlling the
vertical cylinder and piston units which recip-
rocate the work heads, another valve 502 con-
trolling the cylinder and piston units which ad-
vance and retract the chucking and ejecting
cams, another cylinder 584 controlling the cyl-
inder and piston units which actuate the lower
loading cylinders, and another valve 506 con-
trolling the cylinder and piston units which ac-
tuate the upper loading cylinders. Each valve
comprises two spaced pistons 508 which are urged
forwardly by a coil spring 510, thus tending to
hold the cam roller 492 against the cam 486. A
two-way switch 514 is rockably mounted in s
switch box 56 and controlled by a lever 58
having a cam roller 520 adapted to engage one

.of the cams 486. A coil spring 522 connected to

the lever and to a supporting bracket tends to
hold the roller 520 against its cam.

Manual control of dressers and feed of mam
slides

In Figure 16 is shown a manual control valve
524 which controls the dressing mechanism and
the In-feed of the main Slides. The valve body
is mounted on a bracket 526 fastened to the
front of the main frame and is provided with a
piston rod 528 with a fork 930 at the end. The
fork carries a pin 532 riding in a slotted arm
534 which is keyed to a rock shaft $36 having an
operating handle §38. The handle normally takes
the position indicated in Figure 16 under the in-
fluence of gravity but, when it is desired to ac-
tuate the dressing mechanism, the handle is
raised until it abuts against a stop screw 540.
The raising of the handle reverses the direc-
tion of fluid pressure in the cylinder and piston
units 90 and {16 which control the dressing mech-
anism and in the sector shaped units 452 which
actuate the main slides, as will appear.

Diagram of electrical and fluid pressure connec-
tions

- Referring to Figure 2, a three-phase wiring

5

system provides line wires leading to a series of
switches. One switch 550 starts and stops the
motor M which drives the grinding wheel. An-
other pair of switches 552 control the motors
324 which run the work spindles. - Another switch
554 controls the motor 416 which drives the
timing unit. Another switch 558 controls the
four magnetic clutches 272, one wire 560 from
the switch having branches leading to corre-
sponding terminals of the four magnetic clutches,

~another wire 562 leading, to the two-way switch

5i{4. This switch is connected by a wire 564
having branches to the upper magnetic clutches,
another wire 566 from the switch having branches
leading to the lower magnetic clutches.

In the fluid pressure diagram, the letters P
and E indicate those pipes in which pressure
fluid and exhaust fluid, respectively, always exist.
In those pipes indicated by the letters P’ and E’,
the pipes contain pressure fluid and exhaust
fluid, respectively, when the parts are in the
position indicated in the diagram but these pipes
are adapted to have the fluid and exhaust re-
versed for the actuation of the cylinder and
piston units as will appear.

Assuming the parts are in the positions indi-
cated by the diagram and by Fig. 7, the upper
pairs of cams 350 and 352 are held in their
advanced or operative positions while the lower
pairs of cams are held in their retracted or
inoperative positions. All four of the loaders
364 are held retracted and the work heads 248
are in the down position. The work-pieces W
on the two upper spindles are in the finished
position, that is, ground to size, and new work-
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pieces are already applied to the lower work spin-

dles. The timing mechanism actuates the valve
580 and so reverses the course of fluid in cylin-
ders 302 to raise the work-heads.
buttons 212 ride along the cams 350, the chuck
control rods are advanced to release the work
and immediately thereafter, the other buttons

When the .

40

234 engage the cams 352 and are thereby actu- | .

ated to eject the work. Each upper button 23%
passes above and off of its cam 352 so that the
ejectors are retracted by spring pressure while
each button 212 remains for a time on its cam
ready to clamp a new piece when the latter is
advanced by its loader. Next the timing mech-
anism actuates the valve 506 so that fluid pres-
sure is reversed at the upper loading cylinders
358. The.upper loaders 364 advance to transfer
new work from the magazines 372 to the upper

. spindles and are almost immediately retracted

when the stem of the valve 506 is released by the
cam of the timing mechanism. The timing
mechanism also actuates the valve 502, thereby

reversing the flow of fluid at the cylinders 342 -

and so causing the upper cams 358 and 352 to be
retracted while the lower ones advance. The
buttons 2{2 which control work clamping are
thus released and spring pressure causes the new
work to be clamped. Meanwhile the work on the
lower spindles is ground to size. The timing
mechanism then releases the stem of the valve
500 to reverse the flow of fluid at the cylinders
302 so that the work heads 248 descend. The
lower pairs of buttons ZI2 and 234 are actuated
lower pairs of cams 350 and 352 and thus the
finished work on the lower spindles is released
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and ejected. Next the timing mechanism actu- -

ates the valve 508 which controls the lower load-
ing cylinders and new work is applied te the
lower spindles, etc. Whenever new work is ap-
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plied to the spindles, the magnetic clutches 272

_operate to release the spindle driving pulleys

under control of the switch 514 and the timing
mechanism. The cycle is repeated automatically
as long as there is work in the magazine or until
wear of the grinding wheel calls for an in-feed
of the work heads because of insufficient grinding
or because of a need to true the form of the
wheel. :

Truing of the wheel and in-feed of the main
slides to compensate therefor and for wheel wear
are controlled manually by the valve 524. (See
Figs. 2 and 16.) The valve 524 is shown in
the normal position which it occupies while the
machine is grinding. Pressure fluid has access

to each of the sector-shaped units 452 at that

side of the vane which will hold the vane at the
end of an active feed stroke of the ratchet
wheel 448. Pressure fluid holds the piston in
the cylinder 176 at the end of its idle stroke and
holds the piston in cylinder 90 in the position
where the dresser slide 80 is in its forward .or
inoperative position. TUpon lifting the handle
538 (Fig. 16) until it meets the stop screw 540,
the flow of fluid is reversed, thus moving the
vanes in cylinders 452 on their idle or retracting
stroke while the piston in cylinder 116 is actu-
ated to cause a feed stroke of the ratchet mech-
anism (Figs. 3 and 4) which feeds the entire
dressing mechanism downwardly and radially of
the wheel. Also, the piston in cylinder 90 is

- actuated in a direction to move the dressing dia-
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mond 60 across the wheel but this last move-
ment does not occur until the down feed stroke

is finished because the resistance is greater.

‘When the dresser slide 80 is seen to have com-
pleted its dressing stroke, the handle 538 is
released and its weight throws the valve back to
the Fig. 2 position. This reverses the course of
fluid at the units 452 and so causes an active
stroke of the vanes, thereby feeding in the main
slides 312 horizontally to compensate for the ver-
tical down-feed of the dresser. The pistons in
the cylinders 90 and 116 are also reversed, the
piston which controls the diamond slide 80 being
spring pressed to its starting position and the
other piston making an idle return stroke by
fluid pressure.

I claim:

1. In a machine of the character described, a
grinding wheel, a work head having a plurality
of work holding members, means for causing rela-
tive reciprocation between the work head and the
wheel in a direction to cause a work piece and the
wheel to engage by relative movement along &
line which is substantially tangent to the periph-
eral curve of the wheel while another work piece
and the same wheel become separated, and means
for reloading each work holding member when
it is separated from the wheel; substantially as
described.

2. In a machine of the character described, a
grinding wheel, a work head having & plurality of
work holding members, means for causing a rela-

tive shifting movement of the work head and the-

wheel in s direction to cause an unfinished work
piece to engage the wheel substantially tangen-
tially while & finished work piece and the wheel
become separated, means for replacing the fin-
ished work piece with a new piece while grinding
the unfinished piece, and means for reversing the
direction of shifting movement to cause the new
plece to engage the same wheel; substantially as
described. .

3. In a machine of the character described, a
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grinding wheel, a plurality of work heads ar-
ranged at separated points angularly spaced
about the wheel periphery and each comprising
a pair of work holding members, and means for
shifting the work holding members of each pair
as a unit along a path which will carry the work
substantially tangentially of the wheel; substan-
tially as described.

4, In a machine of the character described, a

_grinding wheel, a work head having a pair of

parallel work spindles, means for rotating the
spindles, and means for causing a relative recip-
rocating movement hetween the wheel and the
work head in a direction to cause one spindle
and the wheel to approach while the other
spindle and the wheel separate; substantially as
described.

5. In & machine of the character described, a
grinding wheel, a work head having & pair of
parallel openings therein, a work spindle rotat-
ably mounted one in each opening, work holding
means on each spindle, and means for shifting
the work head with respect to the wheel to bring
the pair of work holding means alternately into
proximity to the wheel; substantially as de-
scribed.

6. In a machine of the character described, a

~ grinding wheel, a work head, means for shifting

the work head in a direction to- move the work
substantially tangentially with respect to the
curved periphery of the wheel to feed the work
gradually to the wheel, and means for moving
the work head radially of the wheel to compen-
sate for reduction in diameter of the wheel; sub-
stantially as described.

7. In a machine of the character described, a
grinding wheel, a work head, a support for guld-
ing one of said first named members, means for
shifting said one member along the guiding sup-
port to cause a work piece and the wheel to en-
gage substantially tangentially with respect to
the curved periphery of the wheel, a slide carry-
ing said support, the slide and the support being
arranged in planes at right angles to one an-
other, and means for feeding the slide in a direc-
tion to cause radial movement of approach be-
tween the wheel and the work head to compen-
sate for reduction in diameter of the wheel; sub-
stantially as described.

8. In a machine of the character described, a
grinding wheel, a work head, a support for guld-
ing the work head, means for shifting the work
head along the guiding support to feed a work
piece tangentially into the wheel, a main slide, a
pivoted connection between the main slide and

said support, and means for feeding the main

slide to move the work piece radially of the
wheel to compensate for reduction in diameter
of the wheel; substantially as described.

9. In a machine of the character described, a
grinding wheel, & work head, a support for guid-
ing the work head, means for shifting the work
head along the guiding support to feed a work
piece tangentially with respect to the peripheral
curvature of the wheel and in the plane of the
wheel, and a pivotal mounting for the support,
the axis of the pivotal mounting béing in a line
which is substantially tangent to the wheel; sub-
stantially as described.

10. In a machine of the character described, a
grinding wheel, a work head having a. pair of
spindles, driven pulleys for the spindles, an idler
roller partially entering between the pulleys, a
belt looping around the puleys and passing be-
tween each pulley and the idler roller, and a
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motor yieldably mounted with respect to the
work head to provide for a relative movement
between the spindles and the motor; substantial-
ly as described.

5 11. In a machine of the character described, a
grinding wheel, a work head having a pair of work
spindles, a support for the work head, means for
reciprocating the work head on the support, a
motor, a driving connection between the motor

10 and the work spindles, and means for yieldably
mounting the motor on the support to provide
for said reciprocation of the work head; sub-
stantially as described. '

12. In a machine of the character described, a

15 erinding wheel, a work head having a pair of
spindles, a support for the work head, means for
reciprocating the work head and its spindles as
a unit on the support, driven pulleys for the work
spindles, a driving pulley on the support, means

29 for urging said driving pulley away from the
spindles, and a belt looped around the driving

. pulley and the driven pulleys; substantially as
described.

13. In a machine of the character described,

25 a grinding wheel, a wheel head, a work head, a
wheel dressing tool mounted on the wheel head, a
slide for feeding the dressing tool radially of the
wheel to compensate for wear of the wheel, a slide
for feeding the work head radially of the wheel at

30 another radius thereof to compensate for the
feed of the tool, and means for insuring a feed
movement of the dressing tool before the feed of
the work head begins; substantially as described.

14. In a machine of the character described, a

385 grinding wheel, a work head, a pair of work
spindles rotatably mounted on the work head, a
guiding support for the work head, a pair of load-
ing units mounted on the guiding support, and
means for reciprocating the work head to bring

40 the work spindles. successively into alignment
with a loading unit; substantially as described.
15. In a machine of the character described, a
grinding wheel, a work head having work holding
means and work ejecting means, & support for

7

guiding the work head, means for reciprocating '

the work head along its support to carry a work-
piece into and out of engagement with the wheel,
and a pair of cams for actuating the work holding
and the ejecting means as the work head recipro-
cates; substantially as described.

16. In a machine of the character described, a -

work head having a hollow spindle and a chuck, a
sleeve shiftable in the spindle and a rod shiftable
in the sleeve to control the chuck, a plunger
mounted on the work head, gearing connecting

~ the plunger with the sleeve, and a pair of cams,

one to engage the plunger and the other to engage
the rod; substantially as described.

17. In a machine of the character described, a
work head having a hollow spindle and a chuck, a
sleeve shiftable in the spindle and a rod shiftable
in the sleeve to control the chuck, a plunger
mounted on the work head and offset from the
sleeve, gearing connecting the plunger with the
sleeve, g pair of cams offset from one another
and in line with the rod and the plunger, and
means for causing relative shifting of the rod
and the plunger with respect to the cams; sub-
stantially as described.

18. In a machine of the character described, a
work head having a hollow spindle and a chuck
to hold a work-piece, a sleeve shiftable in the
spindle and having a rack, means actuated by the
sleeve - to engage the work-piece, a plunger
mounted on the work head and having a rack,
gearing connecting the racks, and means adapted
to engage the plunger for shifting the sleeve;
substantially as described. )

19. In a machine of the character described, a
grinding wheel, a work head, a work spindle ro-
tatably mounted on the work head, a driven
member rotatable around the work spindle, a
magnetic clutch having collector rings connected
to said driven member, a clutch plate splined to
the work spindle, and means on the work head
for supplying current to the collector rings; sub
stantially as described. :

CLARENCE C. STEVENS.
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