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UNITED STATES PATENT OFFICE 
2,671,293 

INTERNAL GRENDING MACHINE 

Paul A. Grobey, Springfield, Wt, assignor to 
Bryant Chucking Grinder Company, Spring 
field, Wt, a corporation of Wermont 

Application August 23, 1949, Serial No. 11,779 
(C. 5-50) 3 Cains. 

This invention relates to internal grinding ma 
chines and has for one object to provide a ma 
chine having an automatic cycle of operations, 
the automatic cycle being controlled mechani 
cally by cams, thus eliminating the complications 
incident to hydraulic and electrical controls and 
presenting a machine which can be serviced by 
mechanically trained men without requiring spe 
cial knowledge of hydraulic or electrical equip 
Inent. 
A further object of the invention is to provide 

a machine particularly Suitable for grinding the 
interior Side face and the base of a cup-like heim 
ber, the base being ground by a grinding wheel 
mounted for plunge cutting and the interior Side 
Wall being ground by the same wheel while it is 
being given a rapid traverse motion. 
Other objects and advantages will appear from 

a description of an embodiment Of the invention 
shown in the accompanying dra Wings in which 

Figure i is a front elevation of the machine. 
Figures 2 and 4 are detail sectional views on 

lines 2-2 and 4-4, respectively, of Figure 1. 
Figure 3 is a top plan View of the machine. 
Figure 5 is a detail sectional view on line 5-5 

of Figure 4. 
Figure 6 is a left end elevation of the machine. 
Figure 7 is a detail Sectional view on line - 

of Figures 1 and 3. 
Figure 8 is a detail sectional view on line 8-8 

of Figure 3. 
Figure 9 is a detail sectional view on line 9-3 

of Figure 7. 
Figure 10 is a detail sectional view on line 
0-5 of Figure 9. m 
Figure 11 is a fragmentary end elevation show 

ing the facing diamond holder. 
Figure 12 is a detail sectional view on line 
2-2 of Figure 6. 
Figures 13 and 14 are detail sectional views 

to a larger scale on lines 3-3 and 4-4, re 
spectively, of Figure 12. 

Figure 5 is a detail sectional view on line 
15-5 of Figure 3, but showing the wheel slide 
in advance position and the rapid traversing 
mechanism in operative condition. 

Figure 16 is a fragmentary top plan view of 
the parts shown in Figure 15. 

Figure it is a fragmentary view partly in top 
plan and partly broken away and in Section 
through he work spindle and to a larger SC3.le 
than Sigure 3. 

Figure 13 is. a. perspective view of one of the 
controlling catas and showing by legends the 
angular positions of the can corresponding to 
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2 
vious portions of a suggested cycle of opera 
O. 
Referring first to Figures 1, 3 and 6, the ma 

Chine comprises a base on which is mounted 
for linear motion a work head 2 and a wheel 
head 3. The Work head 2, as shown, is mounted 
for sliding notion on a pair of spaced bars 
and 5, the bar 4 being rigidly supported on 
the base and the bar 5 being carried by a pair 
of Wertical Supports 6 mounted for yielding no 
tion toward and from the bar A as at their weak 
ened portions . Preferably One of these bars 
3 O S is provided with spaced sets of balls and 
the other provided with a single set of balls 
for supporting the Work carrier 2. However, this 
particular mounting of the carrier is not per Se 
part of the present invention, forming subject 
matter of Arms et al., United States Letters Pat 
ent No. 2,631,067 granted March 10, 1953, for Car 
riage Mounting. 
The wheel head is similarly mounted but for 

motion at right angles to the line of motion of 
the work head on a pair of bars 0 and and 
in a manner similar to mounting of the work 
head. This mounting provides for relative no 
tion between the work and wheel heads in direc 
tions at right angles to each other. The direc 
tion of motion of the work head is at right angles 
to the axis of a rotary work spindle 5 carried 
thereby and shown best in Figure 17. 
This work spindle is provided with a spindle 

nose 6 at its forward end for the reception of 
a work-holding chuck . As shown in Figure 
17, this work-holding chuck is provided with 
collet jaws 8 cooperating with matingly in 
clined faces of a ring 9 secured to the chuck 
body as by screws 20, axial motion of the 
jaws 8 serving to clamp or release a work piece 
2 between jaw elements 22 carried by the jaWS 
8. A spring pressed work ejector plunger 25 

is slidably mounted in a holder 26 having radi 
ally extending fingers 2 projecting through 
slots 28 in the jaw members 8 and engaged in 
an annular socket 29 in the chuck body by set 
screws 30, each having a tapered inner end 3f 
adapted to Wedge the fingers 23 back into the 
annular socket 29. A plug 32 threaded into the 
rear end of the member 28 provides an abutment 
for a spring 33 which tends to press the ejector 
25 outwardly and throw the work piece out from 
the chuck as soon as it has been released. The 
clamping jaws 8 are moved axially in directions 
to tighten the jaws against the work by a coil 
spring 35 reacting against a shoulder 36 thereon 
and an annular shoulder 3 projecting inwardly 
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from the spindle 6. The rear end of the portion 
36 projects from the rear end of the head 2 and 
is adapted to be engaged at suitable times by a 
roller 38 on an actuating lever 39, pressure to 
the right of which as viewed in Figure 17, Serving 
to push the clamping jaws 8 forwardly, releas 
ing the work by the inherent bias of these jaws 
8 outwardly. The work spindle 5 is rotated by 
any suitable means, a motor 23 being shown for 
the purpose, belt connected to the Spindle pull 
ley 24. 
The wheel head 3 carries a motor 40 to the 

armature of which may be secured a grinding 
wheel 4. This motor 40 with the grinding 
wheel may be mounted for adjustment angularly 
on the support 3 so as to bring the wheel axis 
parallel to the axis of the work spindle, in which 
case the periphery of the wheel will be cylin 
drical as shown in Figures 1 and 12, Or at an 
angle to this axis in which case the wheel periph 
ery will be tapered as shown in Figures 3 and 17. 
Means are provided for relatively moving the 

wheel head and the work head between positions 
at which the wheel is in operative relation to 
the work and positions wherein the Wheel is 
retracted from the work, and meanS are plo 
vided for advancing the wheel toward the Work 
to effect a plunge cut thereon so that the end 
face of the grinding wheel arranged transverse 
to the axis of rotation of the work spindle grinds : 
an end face of the work and to produce a rapid 
oscillation of the wheel relative to the work While 
the side face of the wheel is in engagement with 
the side face of the work. This means as shown 
is connected to move the wheel head. As shown 8 
best in Figures 12 and 13, the wheel head 3 is 
provided with a downwardly extending bracket 
43 to which is attached an end portion of a rod 
44. This rod 44 passses beneath the Work head 
mounting and at its opposite end it is pinned into 
a member 45 provided with a yoke portion 46. 
The member 45 is provided intermediate its ends 
with a transverse slot 47 within which rides a 
block 48 held within the slot by the two portions 
of the forked extremity 49 of an actuating lever 
50. The two prongs of the extremity 49 straddle 
the member 45 and the block 48 is held there 
between, being journaled on a pin 5 Secured in 
one of the extremities of the fork as by a Set 
screw 52. The pin 5 has an enlarged diameter 
portion 53 which carries the inner raceway 54 
of a ball bearing within a slot 55 of one of the 
forked extremities 49. The outer raceway 56 
of this ball bearing projects outwardly from One 
side of its supporting fork for a purpose which 
will later appear. The position of the block 48 
longitudinally of the slot 41 may be adjusted by 
turning a shaft 69 threaded through a nut por 
tion 6 of the naember 45 and bearing at itSinner 
end against a side face of the block 48. 
This shaft 60 extends through the yoke 45 

and outwardly thereof may carry a graduated 
hand wheel 62 by which it may be turned by 
measurable angular distances determined by 
reference to the graduations on the wheel 62. 
The inner limit of motion of the lever 5), which 
determines the retracted limit of motion of the 
grinding wheel, is determined by a stop bar 65 
threaded through a block 66 which may engage 
a fixed Wall naenber 6. The left hand eind of 
the bar 65 may be adapted to be engaged by a 
stop abutment 63 on the lever 8, By turning 
the bar 65 as by turning of the hand wheel 69 
thereon, the retracted limit of motion of the lever 
50 may be adjusted as desired. This lever 5 is 

O 

20 

4) 

55 

60 

70 

5 

4. 
fulcrumed to the bed at its lower end at 500 and 
intermediate its ends it carries a cam follower 
roll 69 bearing against an edge cam 690 on the 
shaft 50. The cam 690 which controls the 
motion of the wheel slide may be contoured as 
shown in Figure 18, and the various portions 
of a possible machine cycle, using this can, are 
indicated by legends as the corresponding an 
gular portions of this cam come into action. 
Since the end face of the grinding Wheel is en 
ployed to grind an inner end face of the work 
piece, the position of this end face of the grind 
ing wheel is important and as this face must be 
trued from time to time, provision is made by 
which this end face after truling is in a prede 
termined position when in retracted position and 
because of the uniform plunge stroke imparted 
thereto, the advance limit of motion of this 
grinding wheel face is also accurately determined. 
To provide for wear and truling of the end face 

of this grinding wheel, means are provided for 
automatically adjusting the position of the block 
48 prior to a truling operation. To this end the 
shaft 60 is provided between its ends with a hub 
member 70 having a ratchet wheel portion T. 
his ratchet wheel portion is adapted to be en 

gaged by a ratchet dog 72 pivoted at 120 on a 
forked arm 3 rockably mounted on the shaft 
60. The dog 72 has a tail portion 74 connected 
through a spring 75 with a bracket portion 6 
on an arm Ti integral with a forked member 78 
which is pivoted on a pivot shaft 19 to the men 
ber 5. The arm it has an abutment 80 in posi 
tion to strike against the adjustable abutment 
sleeve 8 threaded onto a rod 82 which passes 
through the block 66 and is held to its right hand 
position as far as permitted by a collar 83 pinned 
thereto and abutting against the block 66 by a 
spring 85 secured to a rod 86, which is pivoted 
at 87 to the rod 82. This spring is anchored at 
its opposite end to the machine bed and tends 
to hold the collar 83 in the position shown in 
Figure 12. The wheel head is yieldingly pressed 
toward its retracted position by a coil spring 830 
Which surrounds the rod 4 and reacts between 
a collar 84 secured to this rod and a fixed collar 
850. 
Whenever the lever 5) is swung to the right, 

as viewed in Figures 1, 12 and 13, by the action 
of the spring 830 the abutment 8 is brought into 
contact with the abutment sleeve 8, and the 
forked member 8 is rocked in a clockwise direc 
tion, bringing a follower roll 88 carried by an arm 
89 thereof into contact with an extension 90 from 
the fork 3, rocking this fork 73 in a clockwise 
direction as viewed in Figure 14 and causing the 
dog 72 to engage and step around the ratchet 
Wheel 7 thus to turn the shaft 60 in a direction. 
to advance slightly the retracted position of the 
Wheel head. So that when the wheel end is trued 
it will take the same position regardless of Wheel 
Wear and truling preparatory to a Subsequent 
advance movement toward the Work. Reverse 
direction of rocking of the fork 73 returns the 
dog 2 without affecting the wheel 7 f. 
The work head is arranged to be moved trans 

verse to the direction of motion of the wheel 
head previously mentioned, and this transverse 
motion, which is a feed and retracting motion, 
is controlled by mechanism shown best in Fig 
ures 1, 5 and 6. As shown in Figure 4, the work 
head 2 has a vertical wall portion 00 provided 
with a hardened abutment of which is pressed 
against the rounded end of a feed shaft 02 (see 
also Figure 5) and this is accomplished by means 
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of a weight 03 connected through a flexible ele 
ment 04 which passes over a pulley 05 to a 
Wall member 06 of the Work head. The feed 
shaft 02 is threaded for a portion of its length 
and engaging the threaded portion is a nut if 0, 
and for the purpose of taking up backlash between 
the mating threads of the nut and threaded por 
tion of the shaft, a portion of this nut is split 
as at if and the split parts are joined by a screw 

2, by the tightening of which the split portions 
may be brought together and take up any lost 
motion between the mating threads. This nut 

9 butts against and acts as a lock nut for an 
internally threaded sleeve 5 which is provided 
with a reduced diameter portion 6 keyed into 
an arm 7 which may be caused to Oscillate as 
will later appear. One limit of such oscillation 
is provided by a screw 8 threaded into a lug 

9 on a bracket 20 extending upwardly from 
the machine bed and the other limit by a stop 
screw in the lug 2; as shown best in Figure 1. 
The sleeve 5 is held against axial motion by 
a clamp plate A which holds a flange 22 on 
the sleeve against a stationary bearing portion 
23. 
The feed shaft f2 has keyed thereto a spiral 

gear f 25 with which meshes a spiral gear 26 
carried by a shaft 27. This shaft 27, as shown 
best in Figure 1, has a hand wheel f28 by which 
it may be turned as desired. It is also arranged 
for automatic intermittent turning motion by 
means of a ratchet and pawl feed mechanism 
29 shown best in Figure 2 and comprising a 

ratchet Wheel 33 fixed to the shaft 2 and a 
ratchet dog 34 pivoted to one arm of a bell 
crank lever 35 fulcrumed on the shaft f2 and 
yieldingly pressed against the ratchet wheel 33 
by a spring 36 connected to an arm 29 of the 
bell crank lever 35 which is actuated by up and 
down motion of a link 3. 
By raising and lowering of the link 30, the 

shaft 27 is turned intermittently in one direc 
tion which turns the feed screw C2 in a corre 
sponding direction and produces intermittent 
feed of the work head transverse to the axis 
of rotation of the work and compensates for 
wear and truing of the periphery of the grinding 
wheel. Also by rocking the arm T, which is 
connected to the nut 5, the feed shaft fo2 may 
be caused to move axially in one and then in 
the opposite direction by a small amount, pro 
ducing a corresponding feed and retraction of 
the work holder. The amount of this feed and 
retraction may be indicated by the extent of 
movement of the arm 7 across a graduated 
arcuate scale 32, as shown in Figure 1, which 
extent may be regulated by adjustment of the 
stop screw in the lug 2. 
The various motions of the work head and 

Wheel head are produced by cams fixed to a rotary 
shaft (50. This shaft is driven from a motor 5 
through a belt 52 which engages about a pulley 
53 carried by a shaft 54. The shaft 54 car 

ries a Worm 55 which meshes with a worm wheel 
56 fixed to the can shaft 59. A can 60 car 

ried at the right hand end of the shaft 59, as 
viewed in Figure 6, actuates a follower 3 (Fig 
ure 1) on a lever arm 62 fulcrumed at 63 on a 
bracket 64 carried on the machine bed and this 
lever f 82 is pivoted at 85 to the lower end of 
the link 30. A can adjacent to the can 60 
and also carried by the shaft 50 cooperates with 
a follower roll on a bell crank lever 2 full 
crumed on the fulcrum shaft 3, the other arm 
74 of this bell crank lever being connected 
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6 
through an adjustable link T5 to the arm fl. 
This produces an intermittent feed and retraC 
tion of the Work holder with reference to the 
Wheel. Next to the can 70 is a calm 80 which 
acts upon a follower roll 8 on a lever arm 
82. This arm is also fulcrumed on the fulcrum 

shaft 73 and its upper extension 85 carries a 
roll 86 which engages the free end portion of 
the lever 39 carrying the follower roll 38 which 
acts at suitable times in the cycle to open the 
chuck for the discharge of the finished work 
piece and the reception of a work piece to be 
ground. As shown best in Figures 3 and 6, the 
arm. 39 is fulcrumed at 87 to a bracket 88 
carried by the work head 2. 

Next left to the can 80 is a cam f 90 engag 
ing a follower on the lower end of a lever 9. 
The upper end of this lever 9 is forked as at 
92 where it is pivotally connected to a block 
93 having a pin and slot connection to the end 

of a bar 94 which passes through a guide mem 
ber 95 mounted on the work head 2. At the 
forward end of the bar 94 it engages a cross 
head 9 which is mounted for sliding motion 
On a pair of spaced stationary guide bars 98 and 
99 (see Figures 1 and 7). Between end plates 
29) and 20 of this crosshead the bar 94 has 
pivoted thereon an arm. 205 and at its upper end 
this arm is provided with a work piece loading 
plunger 206 formed with a yieldable periphery 
Which may be engaged in the hole of an un 
ground work piece. This loading plunger is ac 
tuated by axial motion of the rod 94 and rock 
ing motion produced by means which will later 
appear, to engage in the lowest cup-shaped work 
piece 2 arranged in a stack in a magazine 207 
of U cross section, the plunger 206, being ar 
ranged to engage in such a work piece, remove 
it from the lower end of the magazine 207 and 
present it into the chuck into the position shown 
in Figure 17. The extent of rocking motion is 
adjustably fixed by the screw stops 208 and 209 
which may engage portions of the cross head 97. 
The rocking motion of the loading arm 205 is 

produced by the action of another cam 220, also 
fixed to the cam shaft 50, and in the left hand 
group of cams shown in Figure 6. This cam 220 
acts on a follower roll 22 at the lower end of a 
lever 222 also fulcrumed on the shaft 73. The 
upper end of the lever 222 is connected to the 
rear end of a link 223, the forward end of which 
is connected to a bell crank lever 224 (see Figure 
3), one arm 225 of which is connected through a 
link 226 to an extension 22 of the arm 205 (see 
Figures 3 and 7). The arm 225 of the bell crank 
lever 224 is also connected through the connect 
ing pivot of a pair of toggle links 228 and 229, to 
a divider pin carrier having a divider pin 230 
which enters into the space between the lowest 
Work piece 2 in the Supply magazine and the 
One just above, and lifts the one just above with 
those above it sufficiently for the lowest Work 
piece to be removed, after which the divider pin 
is retracted sufficiently to allow the work pieces 
above it to descend to bring the lowest work piece 
into position to be removed on the next actua 
tion of the work feed device. 
Since the grinding wheel periphery operates 

upon the inside face of a work piece, and its end 
face Operates on the base of the hole within the 
Work piece, a truling mechanism for each of these 
portions of the Wheel is provided. The end face 
truing device, which is shown best in Figures 3 
and 8, is mounted in fixed axial relation to the 
Work piece and is SWung down and across the 
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end face of the Wheel when this wheel is re 
tracted. This truding device 24) is carried at the 
end of a bar 241 mounted for axial sliding mo 
tion within a casing 242, this casing being se 
cured to an arm 23 pivoted to rock about an 
axis 244. An adjustable stop screw 245 carried 
in a fixed arm 246 may be contacted by an abut 
ment 24 on the arm 243 to limit the downward 
Swing of the arm 243 to a position. Where the 
dressing diamond 240 is substantially in the hori 
Zontal axis of the work piece as shown in dotted 
lines in Figure 8. The rear end of the bar 241 
has fastened therewith one arm of a bracket 248, 
another arm sliding between forks of a bracket 
249 extending from the casing 242. The bar 24 
is thereby held against turning about its longi 
tudinal axis. 
The bracket 248 is connected at 250 to a link 

25f of adjustable length which, in turn, is pivoted 
as "On the pin 252 to one arm of a bell crank 
lever 253 (see particularly Figure 3). The other 
arm of this lever 253 is connected by a link 
254 with the uipper end of a lever arm 255 full 
€runed on the pivot shaft 3 and carrying at 
its lower end a follower roll 256 bearing on a cam 
260 which is the outermost cam in the group of 
{cans at the left hand portion of the can shaft 
50 as viewed in Figure 6. When this lever 255 

is rocked to dress, moving the link 254 to the 
right, as shown in Figure 3, the first action is 
to depress the casing 242 from the upwardly in 
clined position shown in full lines in Figure 8 
to a substantially horizontal position, bringing 
the abutment 24 into contact with the adjust 
able Stop 25. Further motion of the lever 255 : 
in the same direction causes the bar 24 to be 
moved lengthwise within the casing 222, causing 
the triling device to be passed across the end 
face of the grinding wheel from its periphery to 
Substantially its axis of rotation, Swinging of 
the cam ever 255 in the reverse direction causes 
the bar 24 to be retracted axially and then 
the bar and the casing 242 to be tilted up out of 
the way into the full line position of Figure 8. 
The truling device or diamond for truing the 

outside diameter of the grinding wheel is shown 
at 282. It is mounted on a slide 263 in a holder 
264 fulcruined on a shaft 265 to be swung be 
tween the upwardly extended position shown in 
full lines in Figure 7 and the substantially hori 
zontal dotted line position shown in this figure, 
where it is in position to be contacted by the 
periphery of the grinding wheel as it is being 
noved from its advanced to its full retracted 
position. Means are provided for adjusting the 
diamond holder 26, such means comprising a 
graduated disk 288 provided with a hand wheel 
2S secured to a threaded shaft 268. This shaft 
bears against a flat portion of an arm 269 extend 
ing fron a rockably mounted shaft 370. This 
shaft 30 has a cut away portion 37 within 
which engages a projection 372 from a block 373 
carrying the fulcrum shaft 265. This block 373 
is supported on a pair of spaced reeds 374 carried 
by a bracket, 375 fixed to the work head 2. As 
the graduated disk 296 is turned the shaft 30 
is turned and the block 33 is correspondingly 
moved about one-sixth the distance of the Screw 
adjustment toward or from the work axis. 
The outside diameter truling device holder is 

rocked between its two positions and for this pur 
pose the real end of the holder 264 is pivoted as at 
898 to a link 23 of adjustable length, the upper 
end of which is piyoted to one arm of a bell 
crank ever 292. The other arm 293 of this bell 

5 

2 5 

it) 

50 

60 

5 

8 
crank lever is pivotally connected by a link 294 
to the upper end of an arm. 295, which is full 
Cluned on the pivot shaft T3 and which carries 
at its lower end a follower rol. 296 which bears 
against a can 300 also Secured to the can 
Shaft 50. 
AS before noted, means are provided for pro 

ducing a rapid Oscillatory traverse motion of the 
grinding wheel relative to the Work when the 
periphery of the grinding wheel is acting upon 
the side Wall of the work piece at which tidae 
the grinding Wheel does not quite reach its end 
facing position. To this end the motor 5 is 
connected by a belt 305 to a pulley 306 (see Fig 
lure 6). This pulley 306 is carried at the Outer 
end of a shaft 307 (see particularly Figures 13 
and 15) provided with a worm 308 at its inner 
end. This worm meshes with a worm wheel 39 
carried by a shaft 30 arranged at right angles 
to the shaft 307. This shaft 30 carries on its 
Outer end an eccentric cam 3 which may have 
its peripheral portion formed as the outer race 
way of a ball bearing. This portion is in the 
Same plane With the ball bearing raceway 56 of 
the wheel traversing mechanism shown in Fig 
ures 13, i5 and 16 and when it is desired to pro 
duce the Oscillatory traverse, which is when the 
grinding wheel is in its advanced position, a 
spacing bar 35 mounted for axial motion in a 
sleeve 34 is interposed between the eccenatric 
cam, which is continuously rotated, and the race 
way 56. This causes the rotation of the eccentric 
cam to impart an oscillatory longitudinal no 
tion to the bar 44 and thus an OScillatory trayerse 
to the grinding wheel. The sleeve 34 which 
carries the spacing bar 35 is mounted on an arm 
36. This arm 3 f6 is fulcrumed at 37 (see Figure 
6) and is normally held with the bar 35 elevated 
in inoperative position by a spring 38 secured 
at its lower end to the arm 36 and at its upper 
end to a fixed point 39. The opposite end of 
the arm 36 has bearing thereon the rear end 
of an arm 320 which is pivoted at its upper end 
to an arm 32 having a cam follower 322 riding 
on a cam 330 also carried by the cam shaft 50. 
This cam 330 is so shaped that at Suitable times 
in the cycle it interposes the bar 35 between the 
raceway 56 and the eccentric can 3. Each of 
the lever arms 72, 82, 9, 222, 255, 295 and 32 
fulcrumed on the shaft 73 is pressed with its 
follower roll toward its actuating cam by in 
dividual coil springs attached to the lever arms 
at one end and to a fixed portion of the bed at 
the opposite end. 

For the purpose of dressing the outside diam 
eter or periphery of a new grinding wheel, it is 
necessary to move the wheel carrier from its re 
tracted position toward its advanced position by 
hand and this may be done by swinging to the 
left, as viewed in Figure 3, a hand lever 335 full 
crumed at 336 on the top of the machine base 
and having a roll 337 which engages a lug 338 
upstanding from the wheel carriage. When this 
is done, however, it is important that the outside 
diameter truing diamond 262 be down and that 
the loader arm be raised out of the way. The 
latter two functions are accomplished by the 
operator Swinging a hand lever 340 (see Figures 
1 and 6) from the position shown in Figure 1 to 
bring the projections 342 on its pivot Shaft 343 
Over against the arms 222 and 295, thus holding 
their followers out of contact With their cams. 
At the same time that this is done, a part on 
the handle 340 engages a stop switch 345 which 
throws of the power to the machine except for 
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the wheel motor 40 which continues to operate. 
The end facing diamond is up at this time but 
may be brought down and acroSS the end face 
Of the grinding wheel by pulling on the lever 253 
by hand while the wheel slide is in its retracted 
position. A facing feed is applied by rocking the 
lever 96 carried by a rock shaft 346 connected 
through an arm 347 to the link 86. 

In order that the end face of the work piece 
which is ground may have a superior finish, 
the grinding wheel axis may be adjusted at a 
Slight angle to the work axis as shown in Figures 
3 and it. This cuts down the area of contact 
between the end of the work and the wheel and 
theoretically to a straight line. The face truing 
device Will then true off the end of the Wheel 
in a flat cone shape which will engage the Work 
On One Side only of its axis, and the outside di 
ameter truling device will true the Wheel tapered 
With its larger diameter facing the Work. A cy 
lindrical wheel with its axis parallel to the work 
axis is shown in Figures 1 and 12. Particularly 
where a considerable amount of Stock has to be 
removed from the bottom face of the work, there 
has been found a tendency to burn the Work 
where the plunge cut is unrelieved. This can be 
avoided and an improved finish produced by re 
tracting the Wheel from this face at Short inter 
vals which allows the coolant to get in between 
the wheel and the work for washing and cooling. 
This may be done by providing a Series of flats 
or Scallops on the wheel slide actuating can 89 
as shown at 350 in Figure i8. 
The machine may be operated in accordance 

with various cycles as desired, depending upon 
the contours of the cams used and their relative 
angular relationships on the cam shaft 50. One 
such cycle, starting from fully retracted position 
of the wheel head and With a Work piece in the 
closed chuck may be as followS. 
The wheel slide cam 690 moves the wheel slide 

from retracted position into grinding position 
through the can rise d to b. A gradual rise On 
the cam from b to c causes the grinding wheel to 
plunge grind the bottom face of the Work, the 
flats or Scallops 350 relieving the end face of the 
Wheel from the work periodically as previously 
described. During this portion of the cycle, the 
feed can 70 actuates the CrOSS feed for plunge 
grinding of the internal diameter of the Work 
piece to rough Size. The CrOSS feed then backs 
off and the wheel slide moves to the right from 
c to d, and the outside diameter of the Wheel is 
trued by the truling diamond 262 which comes 
down and goes back again as the Wheel proceeds 
back into the Work from d to e when dressing 
has been completed. The cam 330 now causes the 
lever 36 to descend and interposes the spacer 
35 between the eccentric 3 and the Wheel 
slide lever 59, the wheel slide retracting slightly 
to allow the eccentric 3 to take charge between 
if and g, while final grinding of the inside diam 
eter of the work piece is effected and while the 
feed camTO feeds the work up to finish size, the 
bottom face of the Work not being touched during 
this final grinding. The Wheel slide is now re 
tracted from h to i to its extreme right hand 
position where the facing diamond 240 moves 
acroSS the end face of the grinding wheel imme 
diately after the facing compensator has acted to 
advance the full retracted position of the wheel. 
At the Same time the chuck is opened and the 
finished workpiece ejected, after which the loader 
inserts a new piece to be ground. 
From the foregoing description of an embodi 
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ment of this invention, it will be evident to those 
skilled in the art that various changes and modi 
fications may be made without departing from 
itS Spirit or Scope. 

i claim: 
1. A grinding machine having a Work head, ro 

tatable chuck means on Said head for Supporting 
a work piece for rotation about the axis of ro 
tation of said means, a grinding wheel head, a 
grinding Wheel mounted for rotation on Said 
Wheel head and having an end face ariranged to 
grind a Surface perpendicular to Said axis as said 
wheel is rotated, means for moving said wheel 
head parallel to Said axis between an advanced 
wheel head position in which a wheel carried by 
Said Wheel head is operative on Work on said work 
head and a reti’acted position wherein said wheel 
is removed from the work, a wheel truling device 
mounted in fixed axial relation to said chuck 
means for motion transverse to said axis and 
positioned to true off Said end face of said wheel 
When Said wheel head is in retracted position 
and Said truling device is so moved, and means 
for adjusting Said moving means to advance the 
Wheel toward the work preparatory to a wheel 
dressing Operation whereby after said dressing 
Operation Said trued end face will be in pre 
determined relation to the work piece when said 
wheel-is returned to said advanced position. 

2. A grinding machine having a work head, 
means on Said head for supporting a work piece 
for rotation about an axis, a grinding wheel head, 
means for moving Said wheel head between an 
advanced wheel head position in which a wheel 
carried by Said wheel head has an end face in 
predetermined relation to a work piece on said 
Work head with Said end face arranged to grind 
a Surface of the Work piece perpendicular to the 
axis of rotation of Said workpiece and a retracted 
position. Wherein Said wheel is removed from the 
Work, said moving means including a member 
adjustable in effective length secured at one end 
to said wheel head and an actuating element 
operatively engaging the opposite end of said 
member, means connected thereto for moving 
Said element through a path of definite extent 
to thereby move said wheel head between ad 
vanced and retracted positions, a truling device 
mounted for motion across the end face of said 
grinding wheel at a predetermined distance from 
Said Work head, and means operatively connected 
thereto for adjusting the effective length of said 
member when Said wheel head is retracted to 
adjust Said wheel end face toward advanced po 
sition by a corresponding amount providing on 
a truing motion of Said truling device compen 
Sation for Wheel wear and truling of said end 
face preparatory to moving said wheel head to 
advanced position. 

3. A grinding machine including a work head, 
a grinding wheel head, a grinding wheel on said 
grinding wheel head, a rotary work spindle on 
Said work head, a chuck carried by said spindle, 
means for Opening and closing said chuck, means 
for moving Said heads relatively, means for tru 
ing Said wheel, a cam shaft, and cams on said 
shaft operatively connected thereto for actuating 
Said chuck opening and closing means, said head 
moving means, and said truling means. 

4. A grinding machine including a work head, 
a grinding wheel head, a grinding wheel on said 
grinding wheel head, a rotary work spindle on 
Said work head, a chuck carried by said spindle, 
means for opening and closing said chuck, means 
for moving said heads relatively, means for tru 
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iing said wheel, a can shaft, cams on Said shaft 
operatively connected thereto for actuating Said 
chuck opening and closing means, Said head in OV 
ing means, and said truling means, follower 
Carrying levers for Said cams, and a shaft. On 
Which a plurality of said levers are fulcrumed. 

5. A grinding machine including a Work head, 
a grinding wheel head, a grinding wheel on said 
grinding wheel head, a rotary Work Spindle On 
said work head, a chuck carried by said Spindle, 
neanS for Opening and closing said chuck, means 
for noving Said heads relatively, means for true 
ing an end face of Said wheel, means for truling 
a side face of Said wheel, a cam shaft, and cams 
on said shaft operatively connected thereto for 
actuating Said chuck Opening and closing means, 
Said head moving means, and said truling means. 

6. A grinding machine including a work head, 
a grinding wheel head, a grinding Wheel on said 
grinding wheel head, a rotary Work Spindle. On 
Said Work head, a chuck carried by Said Spindle, 
means for Opening and closing Said chuck, means 
for noviing Said heads relatively, means for tru 
ing an end face of Said wheel, means for truing 
a Side face Of Said Wheel, a can Shaft, and Cans 
On Said shaft operatively connected thereto for 
actuating Said Chuck opening and 3iosing means, 
Said head Oving means, and Said truling means. 

7. A grinding machine for grinding the in 
ternal Side Wall and inside base of a cup-shaped 
WOrkpiece, which comprises a rotary Work holder 
for holding Such Work piece. With its cup portion 
Outwardly extended, a rotary grinding wheel hav 
ing grinding Side and end faces, means Support 
ing said holder and grinding wheel for relative it 
notion to cause Said grinding wheel to enter the 
work piece and grind the side Wall of Said work 
piece with the side face of Said wheel and grind 
the base of Said WOrk piece with Said. Wheel end 
face, and means operatively connected to Said 
supporting means for producing a relative feed 
between said work piece and wheel laterally of 
the axis of rotation of Said Workpiece. 

8. A grinding machine including a work head, 
a grinding wheel head, a grinding Wheel. On said 
grinding wheel head, a rotary work spindle on 
said work head, a chuck carried by Said spindle, 
a can having a can face, a follower engaging 
said can face and operatively connected to one 
of said heads and operative to move said heads 
relatively parallel to said spindle to produce a 
plunge grind by the end face of said grinding 
wheel, said can face having Spaced portions in 
said face each contoured to cause a corresponding 
motion of Said follower effective to produce slight 
withdrawal of said wheel from the work during 
such plunge cut. 

9. A grinding machine including a work head 
and a grinding wheel head, means Operatively 
connected thereto for moving one of said heads 
relative to the other in taVerse direction between 
an inoperative wheel retracted relation and an 
Operative wheel advanced relation, a rotary can, 
an abutment eleinent, a sleeve through which said 
abutment element is axially nowable, means sup 
porting said sleeve for motion laterally of said 
axial motion to interpose said abutrinent eleineiat 
between said cam and one of said heads or to re 
tract said element, means acting when said heads 
are in advanced relation to actuate said Support 
ing means to so interpose said element, means 
yieldingly holding said element against said cam 
when so interposed, and means for rotating said 
can, said can being contoured to move. Said elee, 
ment axially when said element is so interposed, 
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0. A grinding machine including a Work head 

and a grinding wheel head, means operatively 
connected thereto for moving one of Said heads 
relative to the other in traverse direction between 
an inoperative. Wheel retracted relation and oper 
ative. Wheel advanced relation, a rotary can, a 
abutment element, a sleeve through which Said 
abutment element is axially, movable, an arm. 
supporting said sleeve, means pivotally Support 
ing said arm for motion transverse to said relative 
traverse direction between an angular position in 
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which said abutment element, is interposed ber 
tween said cam and said novable head and a 
position in which said abutment eleinent is not so 
interposed, yielding means tending to hold said 
arm in the latter of Said positions, means effec 
tive when said heads are in Said relative advanced 
relation for moving said aria) into the other of 
Said positions, yielding means tending to hold 
Said abutment element against said can, and 
means for rotating Said cam, said ca. eing con 
toured to cause reciprocation of Said abutment 
element with corresponding reciprocating tra 
Verse between a grinding. Wheel on Said wheel 
head and a Work piece on Said Work head. 
1. A grinding machine including a work head 

having a rotary Work cairie, and a grinding 
wheel head, means, including a link connected to 
Cne of said heads for Enoying said heads relatively 
in line With the work carrier rotational axis to 
CYe a Wheel carried by Said. Wheel lead and 

Work carried by Said work carrier relatively be 
tween advanced 2nd retracted relations, yielding 
leans acting thereo pressing Said lin, in one 
direction, 2., Inovable member connected to said 
link, means, acting on said member for noving 
said member between a normally operative ad 
Waced condition it. Which Said. Work and see 
heads are in advanced relation, and a retracted 
condition wherein Said heads are, in retracted re 
lation, a rotary ean, aeans for rotating, said caim, 
an abutment, means, supporting Said element for 
motion from and to a position between said then 
ber and can, and means operatively connected to 
Said abutment for interposing said abutment in 
said position in contact. With said; neaber and 
Cam and there holding it. While said heads are in 
advanced relation whereby rotation of Said cam 
produces trayerse, between the. Wheel and the 
WOk. 

2. A grinding machine including a work head 
having. a rotary work carrier, and a grinding 
Wheel head, nowable means connected to one of 
Said heads for moving said heads relatively later 
ally of the axis, of said. Work carrier, means in 
cluding a link connected to. One of said heads for 
mOWing. Said heads relatively in line. with the work 
carrier rotational axis to movea, Wheel carried by 
said wheel head and Work: carried by said work 
carrier relatively between advanced and retraeted 
relations, yielding: means acting thereon pressing 
Said link in One direction, a nqWablenenber con 
nected to Said link, eas acting on said member 
for Oving Said meiber between a normally op 
erative advanced condition in which said. Wolk 
and Wheel heads are in advanced, relation. and a 
retracted coadition wherein said heads are in 
retracted relation, a rotary can, means for rotat 
ing. Said can, an abutment, means supporting said 
abutment for notion from and to, a position be 
tWeen Said member and can, means operatively. 
cQanected to Said abutment, for interposing said 
abutinent in Said position, in contact with said 
member and can and there holding it while said 
heads, are in advanced relation whereby rotation 
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of Said can produces traverse between the wheel 
and the Work, and means connected thereto for 
actuating said lateral moving means during such 
traVerse to feed said Wheel against the Work. 

13. A grinding machine having a work head, 
means. On Said head for Supporting a Work piece 
for rotation about an axis, a grinding wheel head, 
means for moving Said. Wheel head between an 
advanced. Wheel head position in which a Wheel 
carried by Said wheel head has an end face in 
predetermined relation to a work piece on said 
WOrk head and a retracted position wherein said 
Wheel is removed from the work, said moving 
means including a member adjustable in effective 
length Secured at one end to said wheel head and 
an actuating element operatively engaging the 
Opposite end of said meinber, means connected 
thereto for moving said element through a path 
of definite extent to thereby move said wheel head 
between advanced and retracted positions, a trul 
ing device mounted for motion across the end 
face of Said grinding wheel at a predetermined 
distance fron Said Work head, means for adjust 
ing the effective length of Said member. When said 
Wheel head is retracted to adjust said. Wheel end 
face toward advanced position by a correspond 
ing amount providing on a truling motion of said 
tring device compensation for Wheel Wear and 
truing of Said end face preparatory to moving 
said Wheel head to advanced position, said men 
ber comprising a pair of parts threaded together, 
a ratchet mechanism for turning one of Said parts 
relative to the other of Said parts, a fixed abut 
ment, and ratchet actuable means carried by Said 
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member and contacting with and moved by said 
abutment as said wheel head is moved to fully 
retracted position to rotate said one part relative 
to the other by a predetermined amount. 

PAUL A. GROBEY. 
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