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Harold L. Blood, Worcester, Mass., assignor, by mesne 
assignments, to The Heald Machine Company, a cor 
poration ‘of Delaware 

Application March 24, 1955, Serial No. 496,503 

' '43 Claims. (Cl. ‘51-450) 

This invention relates .to grinding machines, particu 
larly those performing repetitive cycles and, ‘in part, con 
trolled by a work gage. 
A difficulty with such machines has been the-necessity 

for repeated adjustments to correct ‘for thermal changes 
in the machine and for wear of the truing diamond. 
The most serious effect of wear and thermal changes 

has been to alter from cycle to cycle the position of the 
cutting surface of the wheel at the beginning of the 
?nishing operation, relative to the ?nished work surface. 
If, at the time the feed was reduced, the cutting surface 
of the wheel- was too near ‘the ?nished work surface, 
the desired ‘?nish and accuracy were not obtained. If 
the wheel surface was too far from the work, excessive 
time was required because the ?nish feed must be ex 
tremely slow. In many cases ?nish feed should include 
a sp-arkout period in which the wheel is fed by the spring 
of the machine and work, ‘to permit the'most accurate 
sizing of the work. That is, if the wheel reciprocates 
relatively to the work, it must make a whole number of 
passes to prevent taper, and the accuracy of sizing de 
pends therefore upon the amount of metal removed in 
the last pass. It has been customary repeatedly to adjust 
the position of the truing diamond or of some related 
part of the machine, but even so it has been impractical 
to control the position of the cutting surface at the be 
ginning of the ?nishing operation with sufficient accuracy 
to permit using a ?nish feed as slow as desirable. 
The principal object of this invention is to provide a 

machine in which the effects of such changes and wear 
are reduced to such an extent that the‘ machine, par 
ticularly if equipped for 'automatic'loading, will produce 
accurate work e?iciently ‘for long periods .of time with 
out attention and will require a minimum of skill on the 
part of the attendant. 

This result is accomplished partly by ‘providing a sim~ 
pli?ed, smooth-acting mechanism to actuate the machine 
without use of hydraulic power and therefore with mini 
mum thermal changes. A machine is provided which 
will readjust itself so that cumulative thermal and other 
changes ‘affect mainly the length offast feed or approach 
which occurs before the ?nishing operation, and thereby 
maintain the position of the cutting surface of the wheel 
at the beginning of the ?nishing operation'practically 
constant from cycle to cycle, relative to-the ?nished work 
surface. The length of fast feed or approach, in com 
parison with the length of slow ?nish feed,‘ has littlev 
eifect on the time of the cycle. 
The automatic readjustment occurs at each- grinding 

cycle if necessary and practically eliminates the most 
serious effect of thermal and other changes even'in hy 
draulically actuated machines, since such changes are 
slow and cumulative, changes from cycle to cycle being 
usually negligible. ’ 

It is desirable to index a truing diamond by -occa 
sionally turning it to present anew sharp surface ‘to 
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and the work is changed by indexing. The automatic 
adjustment of the length of ?nish. feed is therefore 
especially valuable when the diamond is indexed. In 
dexing, however, a?’ects one cycle of the machine before 
the. automatic adjustment can be made. For this reason 
it is preferable not to‘ index the diamond at each cycle, 
but means are provided to index it automatically when 
ever a ‘number of truing operations have been performed. 

Another object is to maintain constant the period of 
‘reduced feed for the ?nishing operation so as to provide 
a spindle de?ection at the time each workpiece is ?nished 
which. is constant, and thus to control the taper of the 
work. > 

Another object is to provide novel means to relieve 
spindle spring prior to truing and before the wheel re 
.enters-the work after truing. 

Another object is to provide means to compensate 
for wheel wear and truing ‘which has a precise rather 
vthan an incremental adjustment. 

The accomplishment of these and other objects will 
be apparent from the following description of a preferred 
embodiment and modi?cations thereof together with the 
illustrative drawings in which: 

Fig. 1 is a front elevation of a preferred embodiment 
ofthelrnaehine with some of the parts removed; 
‘- “Fig. 2 is a front elevation of the machine of Fig. 1 
in'which some of the parts have been added and others 
removed; 

Fig. '3 is a front elevation of a modi?ed form of the 
machine; ~ 7 

Fig. 4 is a top plan of some of the parts along the 
line 4-4 of Fig. 3; 

Fig. 5 is an'end elevation partly in section taken from 
the right-hand end of the machine as shown in Figs. 1 
and 2; 
Fig. 6 is an elevation partly in section of some of the 

parts taken along the plane 6-—6 of Fig. 5; 
Fig. 7 is a view of typical control cams; 
Fig. 8 is an elevation taken from the right-hand end 

of the machine, of parts including the table-reciprocat-i 
_ing clutch and crank mechanism; 

Fig. 9 is an elevation partly in section taken from the 
left end of either of the machines shown in Figs. 1 to 3, 
showing part of the feed mechanism; 

Fig. 10 is a top plan of some of'the parts seen in 
‘Figs. 1 and 2 for reciprocating the table; 

Fig. 11 is an end elevation partly in section showing 
the vtruing mechanism and tool and means to operate it; 

Fig. 12 is a front elevation partly in section of some 
of the'parts seen in Fig. 11; 

Fig. 13 is a partial front elevation showing the clutch 
mechanism for advancing the wheel relative to the work 
(to compensate for truing; 

Fig. 14 is a top plan of some ‘of the parts of the feed 
mechanism; 
Fig. 15 is a top plan of part of the feed mechanism 

audits control mechanism; 
Fig. 16 is a front elevation of a modi?ed form of the 

control mechanism for the feed mechanism; 
' Fig. v17 is a layout showing the electric control mech 
anism and associated parts; 

Fig. 18 is a front elevation partly in section of an 
other modi?cation of the machine; 

Fig. 19 is a view taken along the line 19—19 of 
Fig. 18; 

Fig. 20 is a layout showing control mechanism and 
.associated parts for the mechanism of Figs. 18, 21 and 
22; ’ 

;Fig. 21 is front elevation of another modi?cation of 
the .feed control mechanism; and 

Fig. 22 is a view taken along the line 22--22 of Fig. 21. 
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In the drawings, referring to Figs. 1 and 2, a base 1 
slidably supports a table 2 upon which is mounted a 
wheel head or support 3 carrying an internal grinding 
wheel 4 driven by conventional power means, which may 
include a belt 5. 
A work head or support 6, including conventional 

means to support and rotate a workpiece 7, is mounted on 
a slide 8 so that the workpiece 7 may be fed against 
the wheel 4 by a feed screw 100 and feed mechanism 
contained in a feed box indicated at 9, and details of 
which are to be described in connection with Figs. 9 
and 13-16. Thus the wheel 4 may be inserted inside 
the workpiece 7 and also reciprocated across the face 
of the work during grinding by movement of the table 2, 
and the wheel 4 may be fed relatively into the work 7 
by movement of the work head 6 on the slide 8 actuated 
and controlled by the feed mechanism 9. 
A gage 10 carried on an axially slidably shaft 10a in 

the work head has a large element 11 which enters the 
work to stop the feed and retract the wheel 4 when 
?nished size is reached, and a smaller element 12 which 
is adapted to enter the work before ?nished size is 
reached, to control a truing operation as will be described. 

It will be understood that either the work support 
6 or the wheel support 3 may be mounted on the slide 8 
so that one is movable relative to the other. 

Table traverse and reciprocating mechanism 

In the ?rst embodiment. and referring to Figs. 1, 2, 
5, 6, 8 and 10, the table 2 is moved by a rack 20 and 
pinion 21 driven by a motor 24 and controlled by four 
electrically engaged clutches, respectively a table-in 
clutch 25, a table-out clutch 26, a rapid-traverse clutch 
27 and a slow-traverse clutch 28'. When the table-in 
and the rapid-traverse clutches 25 and 27 are engaged, 
the table 2 moves in rapidly from right to left toward 
the work. As the rapid-traverse clutch 27 is disengaged, 
the slow-traverse clutch 28 is engaged and the table trav 
erse rate is slowed. When the table-in clutch 25 is dis 
engaged and the table-out clutch is engaged, table traverse 
is to the right at a rapid or slow rate depending upon 
whether the rapid-traverse or slow-traverse clutches 27 
or 28 are engaged. The table-in and table-out clutches 
25 and 26 are driven in reverse directions by the bevel 
gears 30 and 31 from a driving pinion gear 32, as seen 
in Fig. 2. A rapidly turning shaft 40 and a slower 
turning shaft 41, as seen in Figs. 1, 2, 6 and 10, are 
driven from the motor 24 by the sprocket and chain 
mechanisms 14 and 15, seen in Figs. 1, 5 and 10, to turn 
the clutches 27 and 28 through worms 42, 43 and worm 
gears 44, 45 at their respective rapid and slow rates. 
Thus, by means to be described, various combinations 
of the clutches 25, 26, 27 and 28 may be engaged to 
traverse the table 2 in or out and at a rapid or slow 
rate. 

Referring to Figs. 2 and 8, additional means are pro 
vided once the wheel has been moved into the work to 
reciprocate it rapidly back and forth across the face 
of the work during grinding, comprising a crank 45 on a 
drive shaft 46 driven, as seen in Figs. 1 and 8, through a 
chain 16, a sprocket 60 and a clutch 47, a connecting 
rod 51, a rock arm 52 and a latch 53 having a notch 
54 engagable with a pin 55 connected to the table 2. 
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The latch 53 falls of its own weight about a pivot 56 ' 
to engage the latch 53 to the table to reciprocate it back 
and forth when the wheel 4 has been moved into the 
work, and after all the table-moving clutches 25-—28 
have been disengaged and it is raised to disconnect it 
from the table by means of a solenoid 57 and connecting 
link 58. 
The crank 45 is normally maintained by the clutch 47 

on dead center position, as seen in Fig. 2, so as to facili 
tate engagement of the latch 53 and table while both 
are in a known position, and to help overcome the inertia 
of the table after engagement. The clutch 47 has an ele 
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4 
ment 48 keyed to and slidable axially on a splined sec 
tion 49 of the shaft 46 and which is engaged by a spring 
62 to connect the crank 45 to the sprocket 60. The 
clutch 47 is engaged when a pin 63 on a rock arm 64 
is withdrawn downwardly from a slot 65 in the element 
48 by a solenoid 66 connected to the rock arm 64. When 
the solenoid 66 is de-energized, the pin 63 is raised by 
the weight of the solenoid plunger into the slot 65, en 
gaging a cam portion 67 of the slot, withdrawing the 
clutch element 48 to the left to disengage the sprocket 
60 from the crank 45 and preventing the crank from 
moving beyond dead center. A switch 68 is closed by a 
rock arm 69 when the clutch 47 is disengaged, and opened 
by engagement of the clutch 47 for a purpose to be 
described. 

Modi?cation of the traverse mechanism 
A modi?ed form of the traverse mechanism shown in 

Figs. 3 and'4 omits the latching mechanism for recipro— 
cating the table during grinding. As seen in Fig. 3, a 
drive motor 24a is arranged to turn a shaft 22in one 
directionxthrough an electric table-in clutch 25a and in 
the opposite direction through a table-out clutch 26a. 
The shaft 22 is engaged through a belt 23 and a rapid 
traverse clutch 27a to a traverse screw 35 to. turn it 
rapidly andthrough a belt 23a and a slow-traverse clutch 
28a to turn it slowly. The rotation of the screw 35 
moves a nut 36 attached to the table 2 through a rocking 
lever 37, the, latter being held fast at its bottom and 
during, traverse by a link or connecting rod 38 connected 

' at its other end to the crank 45 of a crank shaft 46, and 
a clutch 47 previously described, and as seen in Fig. 8. 
Thus the table 2 is traversed by the screw 35 with the 

crankv 45 on dead center to move the wheel in and out 
of the .work and is reciprocated by the crank 45 with 
the traverse screw 35 immobile to rock the lever 37 about 
its center connection to the nut 36 while the wheel is 
grinding. 

Second modi?cation of the traverse mechanism 

A second modi?ed form of the traverse mechanism is 
shown in Figs. 18-22 and includes a dashpot 300 to con 
trol the speed of the table for truing and to hold the center 
of a lever 37b stationary while the table is reciprocated 
by a crank 45b. As seen in Fig. 20 the drive motor 24 
is arranged to turn a shaft 22b in one direction through 
an electromagnetic “table-in” clutch 25b and in the oppo— 
site direction through a similar “table-out" clutch 26b. 
Rotation of the shaft 22b turns a worm 301 meshing with 
a gear 302 on a crankshaft 303 which turns a crank 304 
moving a link 305 and a lever 306 which is fulcrumed 
at its lower end 307. The upper end of the lever 306 is 
forked to straddle a spring cage 308 and slotted to engage 
trunnions 309 on each side of the cage 308. When the 
“table-in” clutch 25b is engaged, the rocking of the lever 
306 moves the cage 308 to the left from the position 
shown, which is the loading position, force being trans 
mitted through a washer 320, a compressed spring 321, 
a washer 322 and a piston rod 323 to move a piston 324 
until it is stopped by the left end of the dashpot cylinder, 
300. The dashpot does not restrict this motion because 
a bypass valve 326 operated by a solenoid 326a is open. 
The crank 304 continues to turn to position x, where it 
is stopped by a limit switch X operated by a earn 325 on 
the gear 302, further compressing the spring 321 against 
the washer 322 which is stopped by a shoulder on the 
rod 323. Threadedon the rod 323 is a clevis 323' pinned 
to the lever 37b. 
Thus the table 2 is traversed to move the wheel into 

the Work. , The table may be stopped with the wheel in 
central position relative to the work, as shown at 4’, for 
plunge grinding during the roughing operation. Plunge , 

- grinding increases the rate of metal removal, since the 
wheel remains in contact with the full length of the work. 
For this purpose the crank 45b is shown in its downward 
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position when stopped, that is, the crank, relative to'the 
clutch 47 which drives it, is 90° from the position of the 
crank 45 in Fig. 8, while the crank 304 is at position x. 
For truing, the clutch 26b is engaged, turning the 

gear 302 and the crank 304 to position y, thus moving 
cage‘ 308 toward the right. The solenoid-operated bypass 
valve 326 is closed at this time and when the piston 324 
moves to the right it forces oil to a .reservoir 327 through 
a throttle 328 which governs the truing speed. Oil is 
drawn from the reservoir through a check valve 329. 
Because the piston 324 and piston rod 323 move more 
slowly than the cage 308 and washer 322, the spring 321 
is further compressed by relative movement of the cage 
and piston 323, the cage this time compressing the spring 
321 against the Washer 320. 
The table 2 is thus moved to the right ‘until the cam 

325 operates the switch Y, de-energizing the clutch 26b. 
At this point the switch B closes causing clutch 25b to be 
energized, turning the cam 325 on the gear 302 toward 
the switch X until this switch is operated. The crank 304 
is thus moved back to position x, moving cage 308 to 
the left and urging piston 324 which forces oil through 
throttle 330 and draws oil through check valve 331. 
When the wheel has thus been moved into the work the 

cam 15 operates switch A, causing the solenoid 66 to be 
energized and releasing the clutch 47 which turns the 
crank 45b and reciprocates the table and wheel through 
the link 386 and the lever 37b. 
To aid in reversing the table at each end of its grinding 

stroke an arm 340 is oscillated by a link 341. The arm 
340 is fulcrumed on a square section 342 in the center of 
a torsion bar spring 343 (Fig. 19) which has additional 
square sections 344 at each end fastened to the base 1b. 
Rocking of the arm 340 in either direction from the posi 
tion shown twists the spring 343 which tends to return the 
lever 340 and the table 2 to a central position thus sup 
plying at least part of the force required to reverse the 
table. A tension spring 343’ (Fig. 18) may be used in 
stead of or in addition to the torsion spring 343. 
A weight 350 is provided at» the upper end of the arm 

340 and oscillates in a direction opposite to‘ that of the 
table 2 providing .a pulsating horizontal force opposite 
to the pulsating horizontal force produced by the table 
as it reciprocates. at high speed, and providing a pulsating 
couple opposite that produced about the center of gravity 
of the base by the table 2. This weight and spring ar 
rangement constitutes a linear and angular dynamic vibra 
tion absorber. 
When the work has been ground to ?nish size the crank 

45b is disengaged from the sprocket 60 as has been de 
scribed, and the clutch 26b is engaged turning the crank 
304 to its position shown in Fig. 18, running the table 2 
to the right to its loading position. 

It is seen that provision of the dashpot 300 provides 
both rapid and slow traverse speeds from a constant speed 
traverse drive and thus eliminates the rapid and slow speed 
traverse clutches 27 and 28. By the use of the dashpot 
control arrangement, the rate of the slow traverse is 
made adjustable to a precise degree. This arrangement 
also eliminates the latch 53 and associated operating 
mechanism including the solenoid 57 of Fig. 2. 

T ruing mechanism 

A truing mechanism as seen in Figs. 9 and 11, and 
also in Fig. 3 where it is located on the modi?ed machine 
in the same position as in the machine of Figs. 1 and 2, 
comprising a truing tool, which may be a diamond, is 
supported in a ?xed position on the slide 8 and arranged 
when in operating position to true the wheel 4 while the 
wheel is traversed across it after the slide 8 is positioned 
in a predetermined relation to the wheel 4. In other 
words, the truing diamond in operating position is nor 

, mally ?xed with relation to the work although it will be 
understood that thermal and other changes as well as Wear 
will slightly alter the effective position of the diamond. 
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The truing tool 70 is arranged to be lowered about a 

pivot 71 into operative position with respect to the wheel 
4, as seen in Fig. 1.1, and to be raised into inoperative 
position out of the way of the wheel head, as shown in 
dotted line, by a link 72, a rock arm 73 and a cam 74 
on the table 2. A cam follower 75 on the rock arm 73 
rides down on the cam 74 and lowers the truing tool 70 
to operative position when the wheel 4 is run out on 
the table 2 for truing. When the wheel 4 is run back 
into the work the cam 74 raises the rock arm 73 and 
the truing tool 70 into inoperative position where it is 
held by a pivoted latch 76 having a notch 77 engaging 
a pin 78 on the rock arm. A solenoid 79 is energized to 
raise the latch 76 and release the truing tool 70; at the 
proper time, by means to be described. ’ 
The truing tool 70 may be adjusted in its operating 

position with respect to the wheel by a set screw 80 and 
is arranged to be rotated or indexed, preferably after 
several grinding cycles, for the purpose‘of keeping the 
tool 70 sharp, by a ratchet 81, seen in Fig. 12, keyed 
to the shaft 82 supporting ‘the truing tool, and a pawl 
83. The pawl 83 rides on a larger ratchet 81a which 
is free to turn on the shaft '82 and has one or more teeth 
of extra depth which allow the pawl 83 to engage the 
ratchet 81. The pawl 83 moves the ratchet 81a each 
time the truing tool is lowered and raised to and from 
its operative position, and moves the ratchet 81 each 
time it falls into a deep tooth in the ratchet 81a. The 
pawl 83 is moved by a forked arm 84 engaging a slidable 
stud 85 which is raised by a'boss 86 when the truing 
tool is lowered, and is lowered by a spring 87 when the 
truing tool is raised clear. Thus, although the truing tool 
70 may be rotated while in a ?xed position against the 
'set screw 80 with respect to the work head 6, rotation 
brings a new surface of the truing tool 70 into engage 
ment ‘with the wheel 4 and so changes the position of 
the effective surface of the truing tool relative to the 
center of the work, the truing tool being unsymmetrical 
in practice. 

Feed mechanism 

Referring to Figs. 1, 9 and 13-15, inclusive, the feed 
mechanism 9 is attached to the slide 8 and includes the 
feed screw 100, which engages a nut 101 which though 
rotatable is ?xed to the base 1 in a direction axially of 
the feed screw, i.e., from left to right as seen in Fig. 9. 
When the nut 101 is not turning, rotation of the feed 
screw feeds the slide 8 and the work support 6 relative 
to the wheel 4. When the feed screw 100 is not turning, 
rotation of the nut 101 also feeds the slide 8. 
The feed screw 100 is rotated by the mechanism shown 

in Figs. 14 and 15. An electric feed motor 105 turns 
a shaft 106 having a feed worm 107 and a retraction 
worm 108. The feed worm 107 drives a gear 110 on a 
drive shaft 111 to which is fast a small driving gear 115, 
a medium driving gear 116 and a large driving gear 117. 
The small driving gear 115 engages a large driven gear 
120, the medium driving gear 116 engages a medium 
gear 121 ‘and the large driving gear 117 engages a small 
driven gear 122. The medium driven gear 121 is fast 
to an adjacent driving gear 125 equal in size to the 
gear 120 and the small driven gear 122 is fast to an 
adjacent driving gear 126, also equal in size to the gears 
1'20 and 125, but the driven gears 120, 121 and 122 
rotate independently on a machined portion 100a of the 
feed screw since they are driven at varying speeds by, the 
driving gears 115, 116 and 117. For rapid feed, a gear 
130, keyed to a splined shaft 132 and slidable axially of 
the shaft, may be shifted to either one of the gears 120, 
125 or 126 to produce a selection of fast feed rates. The 
gear 130 is shifted along the shaft 132 by a rack 1314 
and pinion 135 connected to a knurled knob 136, seen 
in Fig. 1, on the top of the feed box 9. An electrically 
engaged fast feed clutch 140 connects the splined shaft 
132 to the feed screw 100 through gears 142 and 143. 

Similarly, the ‘feed screw 1'00 maybe selectively con 
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.nected to either'one of the gears 120, 125 or 126 through 

.slow speed gears 157- and 158, thus providing a selection 
of slow feed rates. ’ A shiftable gear 151 keyed to and 
slidable axially on a splined shaft 152 may be shifted 
by a rack 153 and pinion 154 movable by a knurled knob 
155 seen in Pig. 1. The gear 151 drives an electrically 
engaged slow feed clutch 150, the driven side of which 
is connected to the feed screw through the slow speed 
gears 157 and 158. 
An electrically engaged retraction clutch 160 connects 

the motor shaft-106 to reverse the feed screw 18%, through 
the retraction worm 108, a gear 161, a shaft 162 and the 
gears 1-63 and 143. 

Thus, either one of the clutches 140, 150 or 160 may 
be selectively engaged, by means to be described, to pro 
vide either fast or slow infeed or retraction of wheel and 
work by rotation of the feed screw 101). 
Means independent of rotation of the feed screw 1% 

are also provided for advancing the work toward the 
wheel by a predetermined amount during each cycle to 
compensate for reduction of the wheel diameter caused 
by wheel wear and truing. As seen in Figs. 9 and 13, 
an adjustable one-way clutch 165, comprising a drive ele 
ment 165a having a coil 16512, is actuated by movement 
of the table 2 and arranged when moved in one direc 
tion to rotate the nut 101, thereby to advance the feed 
screw 101) axially. The clutch element 165a is actuated 
by an arm 166, a link 167 and a rock arm 168, which 
in turn is engaged by a cam 169 under the table 2 to 
rotate a disk 17%) and the nut 101 to which it is keyed, 
advancing the feed screw 100 axially when the table 2 
moves out to the right at the end of each grinding cycle. 
The coil 165a is connected across the table-out clutch 
26 and so is energized to engage when the arm 166 moves 
in one direction but not when the clutch arm 166 moves 
in the other direction. The amount of advance may be 
adjusted by a micrometer screw 164 which controls move 
ment of the arm 166 to a precise degree. Thus, the ad 
vance to compensate for wear and truing remains con 
stant from cycle to cycle. 

Feed control 

‘Referring to Figs. 1, 9 and 15, a feed dial or wheel 
175, attached fast to the feed screw 100 and located con 
veniently outside of the feed box 9, has attached to it 
a can 176 which abuts against a ?xed stop pin 177 when 
the feed screw 109 is fully retracted, thus establishing a 
?xed retracted position. The cam 176 also closes a 
switch R when retracted against the stop pin 177, for a 
purpose to be described, and, when retracting after rough 
grinding for truing the wheel, the cam 176 closes a 
switch Q, establishing a truing position of the truing 
tool 79 relative to the wheel 4, as will be further de 
scribed. 

Still referring to Figs. 1, 9 and 15, mounted on the 
periphery of the feed dial 17 5 with a frictional sliding ?t 
is a slip ring 185'. The slip ring has a notch 186 engaged 
by a roll 187 on a slip ring indexing arm 188, which 
is moved to the left by a slip ring indexing solenoid 189 
to index the slip ring 185 to a known position at the 
?nish of the grinding cycle before the wheel has been 
retracted from the work, as will be described. 
The slip ring 185 carries a cam 191 which operates a 

switch T during rough grinding infeed to cause the wheel 
to be retracted from the work for truing, as will be de 
scribed. The slip ring 185 also carries a cam 194 for 
operating a switch S for reducing the feed for ?nishing 
the work after truing, as will be described. 

It will be understood that additional means for chang 
ing feed rates may be added and that the feed rate may 
change during what we call “the ?nishing operation.” 
That is, the ?nish or ?nal feed may consist of more than 
one feed reduction and may include sparkout. ' 

In a modi?ed form of the control for the feed mech~ 
,anism shown in Fig. 16, the switch Q is omitted, and the 
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cam 191a operating the switch T is fast to the feed dial 
175 instead of to the slip ring 185, producing a modi?ed 
cycle to be explained. 

In the embodiments described, the truing tool and the 
workpiece are moved as a unit toward the wheel to feed 
the wheel into the work and also to position the wheel 
relative to the truing tool for truing. The principle 
would be the same if the workpiece and truing tool were 
?xed in spaced relation and the wheel fed toward them 
for grinding and truing. Under either condition, ac 
cording to the principle of this invention, once the posi 
tion of the truing tool point is preadjusted in a ?xed re 
lation with respect to the ?nished surface of the work 
piece, further movements of the truing tool relative to 
the workpiece are due to wear of the truing tool, in 
dexing of the truing tool and thermal changes and are 
unpredictable. It is these unpredictable movements and 
changes for which the machine of the invention adjusts 
itself automatically,- in addition to normal compensa 
tion for reduction of wheel diameter clue to wheel wear 
and truing. 

If it were possible, as it is not, to maintain the truing 
tool point in an absolutely constant ?xed relation through 
a succession of grinding cycles, then, referring to Fig. 1, 
it would be expected that the feed dial 175, starting from 
retracted position with its cam 176 against the stop pin 
177, would always turn the same amount to grind a suc 
cession of workpieces to the same size, since the grind 
ing wheel 4 is advanced independently of the rotation of 
the feed screw 100 to compensate for its reduction in 
size by truing. But because in practice the cutting point 
of the diameond drifts or changes toward or away from 
the wheel from cycle to cycle, the feed dial 175 does not 
end up in the same position from cycle to cycle when 
the wheel reaches a ?nish position. 
For the most accurate dimensioning of work over a 

succession of cycles, therefore the dial 175 cannot be 
used to stop the feeding when the work reaches ?nished 
size, nor can it be used to reduce the feed for the ?nish 
ing operation consistently at a predetermined distance 
from the ?nal position of the surface of the Wheel rela 
tive to the work. 
When because of Wear, indexing or thermal changes the 

position of the truing tool changes relative to the work, 
the grinding wheel is during one cycle reduced by tru 
ing by the normal amount controlled by rotation of the 
nut 101, plus or minus an error caused by the drift of 
the truing tool. Such an error would ordinarily change 
the points during feed relative to the ?nished work surface 
at which truing and reduction to ?nish grinding rate oc 
curs, and would therefore disturb a desirable pre-estab 
lished period or extent of ?nish grinding. Such an un 
predictable change, particularly in the point at which 
reduction of feed occurs with relation to the end of the 
grinding operation, is one of the principal dif?culties 
overcome by the machine of the invention. 
The feed control mechanism maintains a predetermined 

relationship between the reduction of feed for ?nished 
grinding and the termination of grinding. This is ac 
complished by automatic readjustment of the slip ring 
185 in either direction relative to the feed screw dial 
175 at the end of each cycle when the error occurs so 
that at the next following cycle the desired predetermined 
relationship between reduction of the feed for ?nish grind 
ing and the cutting surface of the wheel is preserved. 
A brief description of the cycle with reference to the 

feed control mechanism will help clarify the principle. 
Referring to the mechanism of Fig. 1, while the feed 

dial 175 is in fully retracted ?xed position, with the cam 
176 against the stop pin 177, the work is advanced a pre 
determined amount toward the wheel by rotation of the 
nut 161 to compensate for truing. Then the feed screw 
1% turns clockwise and feeds the work toward the wheel 
at a rapid rate to approach the Work and for rough grind- - 
ing until the cam 191 on the slip ring 185 closes the switch 
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'T. The wheel has now' advanced a distance which is the 
sum of the rotation of the feed screw 100 plus the rota 
tion of the nut 101. Closure of the switch T causes a 
partial retraction of the feed dial until the cam 176 closes 
the switch Q. With the feed dial 175 in its ?xed partially 
retracted position, the wheel is passed across the truing 
tool, making the radius of the wheel smaller than in the 
previous truing by the amount of advance caused by ro 
tation of the nut 101. After truing, the feed dial 175 is 
advanced clockwise, still at the rapid feed rate, until the 
cam 194 on the slip ring closes the switch S, which re— 
duces the feed from rapid to ?nish rate. The feed dial 
175 continues clockwise until the gage 10' enters the work 
at ?nal size, and then stops moving. At this point the 
solenoid 189 forces the roll 187 into the notch 186, in 
dexing the slip ring in relation to the ?nal position of 
the cutting surface of the wheel when it is against the 
?nished work surface. The feed dial .is then retracted 
until the earn 176 abuts against the stop pin 177. 
On the next cycle, the cam 191 operating the switch T 

retracts the work for truing at a predetermined distance 
from the ?nal feed position because the cam 191 was 
indexed with relation to the wheel cutting surface which 
is rough grinding. The feed screw backs off to truing 
position and the Wheel is trued. If the diamond has not 
drifted, the cam 194 operating the switch S slows the 
feed to ?nish rate the same distance from the ?nal posi 
tion of the wheel and work as in the previous cycle be 
cause the wheel surface has been advanced relative to 
the dial 175 by the amount it was trued. At this point 
the notch 186 in the slip ring will be opposite the I011 
187 and although the roll 187 enters the notch 186, the 
slip ring does not move relative to the feed dial 175 
However, if prior to the second cycle, the diamond 

has drifted toward the work, i.e., away from the wheel, 
it would have reduced the wheel radius by an amount 
less than normal and would have left the wheel larger 
than expected. In this case, while the cam 191 and 
switch T have caused retraction for truing at the same 
distance from ?nal position as previously, the cam 194 
operates the switch S after truing to slow the feed at a 
point when the cutting surface of the wheel is closer 
to the ?nished work surface, thereby during one cycle 
shortening the extent or period of ?nal slow feed. 
Since the wheel is larger than expected, the feed screw 
100 does not turn as far to feed to ?nal position of work 
and wheel. Therefore, when the gage 16 enters the 
work to terminate grinding and the slip ring 185 stops 
moving, it has not advanced as far as previously. There 
fore, when the roll 187 enters the notch 186, the slip 
ring is advanced clockwise relative to the feed dial. On 
the subsequent cycle, therefore, the feed reduction point 
at which the cam 194 operates the switch S is re-estab 
lished to the desired predetermined relationship to the 
cutting surface of the wheel and to its ?nal position 
against the ?nished work surface. , 

Similarly, if the truing tool drifts toward the wheel, 
it will true the wheel smaller than expected. When 
the work and wheel have reached ?nal position, the slip 
ring 185 will be in an advanced position, in which case 
it is retarded by insertion of the indexing roll 187 in the 
notch 186 to re-establish the operating position of the 
slip ring cams 191 and 194 relative to operation of the 
gage and the cutting surface of the wheel. 

Since the extent or period of slow feed is re-established 
after one cycle, it is apparent that it is the distance of 
fast feed from the retracted position of the wheel which 
is varied to compensate for movement of the position 
of the truing tool due to drift. 
When the feed control mechanism of Fig. 16 is sub 

stituted for the feed control mechanism of Fig. 1, truing 
occurs when the cam 191a ?xed to the feed dial 175 
closes the switch T which it does when the dial 175 is at 
a ?xed distance from its point of beginning which is 
?xed by the cam 176 and the stop pin 177 and at a vari 
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110 
able distance from its position at the end of grinding. 
Retraction for truing is eliminated and the wheel is 
withdrawn from the work and trued at the point vit ‘has 
reached when the switch T is closed. Fast feed then 
continues until the switch S is closed by the cam 194 on 
the slip ring 185 and the latter is readjusted relative to 
the dial by an identical indexing arm 188 and roll 187 
so that the reduction of feed for ?nish grinding has a , 
predetermined relation ‘to the cutting surface of the 
wheel and therefore to the termination of feed by opera 
tion of the gage 10 as with the mechanism of Fig. 1. 
The difference between the feed control machanisms 

of Fig. l and Fig. 16 is that in the mechanism of Fig. v'1 
the wheel is retracted from the work before truing to 
relieve spindle spring at the expense of time for re 
traction and feeding in from the retraction point, 
whereas in Fig. 16, since the wheel is not retracted for 
truing, time is saved at the expense of truing without 
relieving spindle spring. Also, in the mechanism of 
Fig. 1, the truing position with relation to feed is' held 
at a ?xed distance from the ?nished position of the wheel. 
surface whereas in Fig. 16 the truing point is held at a 
variable distance with respect to the ?nished position of 
the wheel surface. 
When a variety of work is to be ground, we prefer to 

build the machine so that it may be set up to operate 
either as in Fig. 1 or as in Fig. 16, depending on the 
proportions of the wheel spindle and the accuracy 
required. . 

In the case of either feed control mechanism truing; 
may be initiated by a roughing gage 12 instead of by 
switch T. The roughing gage acts when the work 
reaches a predetermined rough size, that is, the truing; 
point is at a ?xed distance from the ?nal position of the 
wheel. 

In a third embodiment of the feed control mechanism, 
Figs. 21 and 22, the nut 101 does not rotate and a slip 
ring is turned instead to compensate for wheel wear and 
truing. 
As shown, the screw 100 has been retracted counter 

clockwise, carrying a dial 175b, slip ring 185b, and cam 
1761) thereon imtil switch R is operated to stop re 
traction. Any variation in the stopping position does not 
change the relation of the slip ring 1235b to the feed 
screw. 

As the table 2 moves to its right or loading position 
the electro-magnetic friction clutch 165d is energized 
and rocked counterclockwise by the cam 169, rock arm 
168 and link 167 as described in connection with Figs. 
9 and 13 engaging the slip ring 18% and turning it 
counterclockwise relative to the dial 175!) an exact 
amount adjusted by a screw 164, for compensation. The 
clutch 165d is de-energized when the table 2 starts in 
to the left. 

After a new workpiece has been loaded, the screw 100 
is turned clockwise in feed direction, the wheel is trued, 
and fast feed is resumed, as has been described in con 
nection with Fig. 16, until the cam 194 operates the 
switch S’, which in addition to slowing the feed rate 
energizes a solenoid 400, rocking counterclockwise a 
lever 401 which is frictionally mounted on the feed box 
9b and which carries the switch S’. A spring 402 
provides su?icient friction so that cam 194 can operate 
the switch S’ without moving the lever 491. 

Further motion of the screw 100 and slip ring 185b 
in feed direction causes a lug 4115 on the slip ring 18517 
to move an adjusting screw 406 and the lever 401 until 
feed is stopped by the work gage. 
Thus at each cycle and by adjustment in either di 

rection, the switch S’ is brought to a predetermined re 
lation with the ?nal position of the cam 194 and the 
cutting surface of the wheel after truing. The ?nish 
feed distance moved by the Work support, from its po 
sition when the switch S’ is operated to ?nal position, 
will therefore be a preset distance in the following cycle, 
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That 
is, errors do not accumulate. 

It will be noted that the ?nish feed distance may be 
less than the compensation for wheel wear and truing, 
which would not be accomplished by simply arranging 
the slip ring to strike a stop for compensation. 
With the arrangement described, slow-down may oc 

cur earlier, later or at the same point, relative to ?nal 
position of the feed screw as in the previous cycle. 

While the arrangement shown in this modi?cation 
provides for truing without retraction, that is, at the 
point in feed where the earn 191 operates the switch T, 
it will be understood that this modi?cation, as in the 
arrangement shown in Fig. 1, may also be arranged to 
provide truing at a retracted position as by provision 
of the switch Q and associated mechanism. This modi 
?cation eliminates the slip ring positioning arm 188, 
its operating solenoid 189 and associated switch P and 
also the table operated switch C. 

In all of these embodiments of the control means for 
maintaining constant the interval of reduced feed of the 
cutting surface of the grinding tool, the adjustment is 
made in either direction according to the unpredictable 
variations in wheel diameter, i.e., either larger or smaller 
in accordance with drift of the truing tool toward or 
away from the grinding tool. 

Electric control mechanism 

The timed sequence of operation may be accomplished 
by an electric control system of any suitable type. One 
such system illustrated schematically in Fig. 17 includes 
an electric circuit originating at power lines L1 and L2, 
including switches A, B, C operated by a cam 15 under 
the table 2 in Fig. l, switches B and C being operated 
by cam 15 and switch A by the nut 36 in Fig. 3, switches 
Q and R operated by the cam 176 on the feed dial, switch 
es T and S operated by the cams 191 and 194 on the slip 
ring, switch P operated by the slip ring indexing arm 
188 and a safety switch 68 operated by the table-recipro 
cating clutch 47. A power driven selector switch or 
“tra?ic control” mechanism generally indicated at .200 
in Fig. 17 comprises a series of switches operated by 
cams of a type indicated at C1 and C2 in Fig. 7 on a cam 
shaft 201, which is arranged to be progressively rotated 
step by step in angular increments from one indexed 
position to another by connecting it through a clutch 
203 to a constantly rotating motor 202. The clutch 203 
is electrically actuated and is arranged to move the cam 
shaft 201 one step at a time and then to disengage itself. 
This selector mechanism is automatically moved from one 
station to ‘the next and serves to energize parts of the cir 
cuit and to de-energize other parts of the circuit which 
have been operative during a ‘previous part of the opera 
tive cycle. 
The details can best be understood by a description of 

a full cycle of operation of the machine and modi?ca~ 
tions of Figs. 1-17. 
With the table 2 at extreme right-hand or “out” posi 

tion prior to the commencement of the cycle, a new 
workpiece 7 is loaded in the work head 6. _ 
' A starting switch 208 is closed manually or otherwise, 
as by the loading of the workpiece to start the new cycle, 
and a circuit is formed between power lines L1 and L2 
through a switch 213, which has been closed by a cam 
212 during a previous movement of the cam shaft 201, 
to energize and engage the cam shaft clutch 203 moving 
the cam shaft to its ?rst position. 

In first position, cams 215 and 220 close switches 216 
and 221 forming a circuit between power lines L1 and 
L2 including lines 217 and 218 to energize and engage 
the table-in and rapid traverse clutches 25 and 27, re 
spectively. The switch 68 in the line 218 is being held 
closed by the arm 69, with the table-reciprocating clutch 
47 in disengaged condition. The table moves rapidly 
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in to the left to insert the wheel 4 in the Workpie'cef'l. 
A cam 224 also closes a switch 225 in a line to open 
switch B and through the cam shaft clutch 203. ' 
When the table has moved most of the way in to the 

left, it is slowed to slow traverse speed to reduce shock. 
For this purpose the cam 15 under the table closes the 
switch B, energizing the cam shaft clutch 203 to move 
-the cam shaft 201 to its second indexed position. 

In second position the cam 215 opens the switch 216, 
de-energizing the rapid traverse clutch 27 and a cam 
222 closes a switch 223 to energize the slow traverse 
clutch 28. A cam 228 closes a switch 229 in a line to 
switch A which is open at this time. 
When the table comes in to its extreme left-hand 

position, it closes the switch A, energizing the cam shaft 
clutch 203 to move the cam shaft to its third indexed 
position. 

In third position the cams 220 and 222 open their 
respective switches 221 and 223 disengaging the table-in 
and slow traverse clutches '25 and 28, respectively, and 
bringing the table momentarily to a stop. 

In the mechanism of Fig. 2, the latch 53 must be al 
lowed to drop into engagement with the pin 55 when the 
table is at rest at a known position. For this purpose 
a cam 226 opens a switch 227 to de-energize the latch 
solenoid 57 and engage the latch 53 to the table, the 
latch crank 59 having'been stopped on dead center by 
its driving clutch 47. In the mechanism of Fig. 3 the 
latch operating means are of course not required. 

In third position of the cam shaft, a cam 230 also 
closes a switch 231, which energizes the reciprocating 
clutch solenoid 66. The reciprocating clutch 47 is there 
by engaged to turn the crank 59 to reciprocate the wheel 
in the work, and the switch 68 is opened to prevent oper 
ation of the table-operating clutches ‘25-—28 while the 
table 2 is reciprocating. 
A cam 242 closes a switch 243 bringing the L2 line 

through the switch I to the open switch T and a cam 238 
also closes a switch 239 energizing the fast feed clutch 
140, and the work is fed rapidly toward the wheel until 
the switch T is closed by the cam 191 on the slip ring 185. 
When the switch J is in the position shown in Fig. 17 

closure of the switch T energizes the clutch 203 to move 
the cam shaft 201- to the fourth position. Alternatively, 
when the switch I is set to the left, the gage element 13 
on the gage shaft 10a closes a switch 247 to move the 
cam shaft to fourth position when the small element 12 
of the gage 10 enters the work 7. 

In fourth position of the cam shaft 201 the cam 238 
opens the switch 239 disengaging the fast feed clutch 140 
and a cam 245 closes a switch 246 engaging the retrac 
tion clutch 160, retracting the wheel 4 away from the 
work. A cam 248 closes a switch 249 in a circuit 
through a switch Q. Counter-clockwise retraction move 
ment of the dial causes the cam 176 to close the switch 
Q which energizes the clutch 203, moving the cam shaft 
201 to ?fth position. 

In ?fth position the switch 246 is opened by the cam 
245 breaking the circuit through the retraction clutch 
160. and stopping the retraction movement at a known 
position. 
The cam 230 opens the switch 231 de-energizing the 

reciprocating clutch solenoid 66 and disengaging the re 
ciprocating clutch 47 and at the same time closing the 
safety switch 68. In the mechanism of Fig. 2 the cam 
'226 closes the switch 227 to energize the latch solenoid 
57, raising the latch from its pin 55. 
A cam 251 closes a switch 252 to engage the table 

out clutch 26 and the cam 222 closes the switch 223 en 
gaging the slow traverse clutch 28, moving the table out 
to the right at slow traverse speed for tming. 1 
A earn 254 closes a switch 255, energizing the truing 

solenoid 79 unlatching the truing tool 70, allowing it to 
ride down into position on the table cam 74 as the table ' 
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moves out to the right. The wheel passes across the 
truing tool with the feed screw in a known position. 
The cam 224 closes the switch 225 in the line through 

the switch B, and when the table cam 15 closes the 
switch B when the table is part way out to the right, the 
cam clutch 203 is energized, moving the cam shaft .to 
sixth position. 

In sixth position of the cam shaft 201 the cam 251 
opens the switch 252 de-energizing the table-out clutch 
"26 and the cam 220'closes the switch 221 to energize the 
table-in clutch 25, bringing the table back in to insert the 
wheel in the work after truing. The cam 254- opens the 
switch 255 de-energizing the truing Solenoid 79. The 
table cam 74 raises the truing tool ‘into inoperative posi 
tion where it is latched in place. The cam 228 closes 
the switch 229 and, as the wheel enters the work, the 
table closes the switch A energizing the cam shaft clutch 
203, moving the cam shaft to seventh position. ' 

In seventh position the cams 220 and 222 open the 
switches 221 and 223 disengaging the table clutches 25 
and 28 and the table comes momentarily to rest. The 
cam 226 opens the switch 227 disengaging the latch sole 
noid 57, allowing the latch 53 to fall into and engage 
the table pin 55. The cam 230 closes the switch 231 to 
energize the reciprocating clutch solenoid 66, causing the 
table to reciprocate. The switch 68 closes and the cam 
238 closes the switch 239 engaging the fast feed clutch 
140, feeding the work toward the wheel and a cam 257 
closes a switch 258 in the line to the open switch S. 
When the cam 194 on the slip ring 185 closes the switch 
S, .the cam shaft clutch 203 is energized to move the 
cam shaft 201 to eighth position. 

In eighth position the cam 238 opens the switch 239, 
disengaging the fast feed clutch 140 and a cam 259 
closes a switch 260 engaging the slow-feed clutch 150. 
A cam 264 closes a switch 265 in the line through a 
normally open gage-operated switch 261. 
The work feeds slowly into ?nal work size, at which 

point the large portion 11 of the gage 10 enters the work 
and the gage element 13 closes the switch 261, which 
energizes the cam shaft clutch 203 to move the cam 
shaft to ninth position. 

In ninth position the slow feed clutch 150 is dis 
engaged by the earn 259 which opens the switch 260 to 
stop feed. A cam 262 closes a switch 263 in the line 
through a normally open switch P. A cam 266 closes a 
switch 267 energizing the slip ring indexing solenoid 189, 
which moves the roll 187 on the indexing lever 188 to 
index the slip ring 185. Movement of the indexing lever 
188 closes the switch P which energizes the cam shaft 
clutch 203, moving the cam shaft to tenth position. 

In tenth position the cam 245 closes the switch 246 
and engages the retraction clutch 160 to retract the feed 
screw. The latch solenoid 57 is energized by the cam 
226 which closes the switch 227 to disengage the latch 
53, and the cam 230 opens switch 231 and de-energize's, 
the reciprocating clutch solenoid 66, which disengages 
the clutch 47 and closes the switch 68. A cam 205 
closes a switch 206 in the line through the switch C. 
The cam 215 closes the switch 216 and engages the rapid 
traverse clutch 27 and the cam 251 closes the switch 252 
and engages the table-out clutch 26, thus moving the 
table out into its right-hand loading position. When 
the table closes switch C the cam shaft clutch 203 is 
engaged to move the cam shaft to its eleventh position. 

In eleventh position cam 251 opens switch 252, dis 
engaging the table-out clutch 26 and bringing the table 
to rest. A cam 268 closes a switch 269 in a line to the 
open switch R. 

When at the end of ?nal retraction of the feed mecha~ 
nism the cam 176 on the dial 175 strikes the stop pin 
177, it also closes the switch R, moving the cam shaft 
to twelfth position. 

In twelfth position the cam 245 opens the switch 246,v 
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disengaging the retraction clutch 160 and bringing the 
feed mechanism to a stop in retracted position. 

Alternative operation 

For operation of the modi?cation of the machine as 
shown in Figs. 18-22, the electrical control mechanism 
of Fig. 17 may ‘be modi?ed and adapted as shown in 
Fig. 20. 
With the table at extreme right position, the cam shaft 

201 is indexed to its ?rst position, as by closing he 
switch 208 as has been described. 

In ?rst position 0 the earn 220' closes the switch 221' 
to energize the table-in clutch 25b, turning the crank 304 
to its position x where it is stopped by the opening of 
switch X in series with clutch 25b. The cam 266' opens 
the switch 267' de-energizing the clutch 165d. Solenoid 
valve 326 is open. The crank 45b is in the position 
shown in Fig. 18 and with the wheel in central posi 
tion in the work after the table 2 moves to the left the 
table cam 15 operates the switch A, indexing the cam 
shaft 201 to its second position. 

In the second position the cam 242 closes the switch 
243 bringing the L2 line through the switch I in the posi 
tion shown in Fig. 17 to the open switch T and the cam 
238 also closes the switch 239 energizing the fast feed 
clutch 140, and the work is fed rapidly toward the wheel 
until the switch T is closed by the cam 191 on the slip 
ring 1851). Closure of the switch T energizes the clutch 
203 to move the cam shaft 201 to the third position. 
Alternatively, when the switch I is set to the left, the gage 
element 13 on the gage shaft 10a closes the switch 247 
to energize the cam clutch 203 and move the cam shaft 
to third position. 

In the third position the cam 238 opens the switch 239 
disengaging the fast feed clutch 140 to stop the feed, the 
cam 251’ closes the switch 252' to engage the table-out 
clutch 26b moving the crank 304 to its position y where 
it is stopped by the opening of switch Y in series with 
the clutch 26b. 
The cam 222’ closes the switch 223’ energizing the sole~ 

noid 326a and closing the lay-pass valve 326. 
The cam 254 closes the switch 255, energizing the 

truing solenoid 79 unlatching the truing tool 70, allow 
ing it to ride down into position on the table cam 74 as 
the table moves out to the right. The wheel passes across 
the truing tool with the feed screw in a known position. 
The cam 224 closes the switch 225 in the line through 

the switch B, and when the table cam 15 closes the switch 
B when the table is part way out to the right, the cam 
clutch 203 is energized, moving the cam shaft to fourth 
position. 

‘In fourth position the cam 251' opens the switch 252' 
in the circuit through the table-out clutch 26b and the 
cam 2'20’ closes the switch 221’ to energize the table-in 
clutch 25b, moving the crank 304 to its position x where 
it is stopped by opening of the switch X. The cam 254 
opens the switch 255 de-energizing the truing solenoid 
79. The table cam 74 raises the truing tool into inopera 
tive positionwhere it is latched in place. The cam 228 
closes the switch 229 and, as the wheel enters the work, 
the table closes the switch A energizing the cam shaft 
clutch 203, moving the cam shaft to ?fth position. 

In ?fth position the cam 222' opens the switch 223' 
tie-energizing the solenoid 326a and opening the solenoid 
valve 326. The cam 230 closes the switch 231 to ener 
gize the reciprocating clutch solenoid 66, causing the table 
to reciprocate. The switch 68 opens and the earn 238 
closes the switch 239 engaging the fast feed clutch 140‘, 
feeding the wheel toward the work for a ?nal grinding 
operation, and the cam 257' closes the switch 258' in the 
line to the open switch S’. vWhen the cam 194 on the 
slip ring 185b closes the switch S’ the solenoid 400 is 
energized to position the switch S’ to the left and the 
cam shaft is moved to its sixth position. 

In sixth position the cam 257’ opens the switch 258', 
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de-energizing the solenoid 401}. The cam 238 opens the 
switch 239, disengaging the fast feed clutch 140, the cam 
259 closes the switch 260 engaging the slow feed clutch 
150 and the cam 264 closes the switch 265 in'the line 
through the normally open gage-operated switch 261. 
The Wheel feeds slowly in to ?nal work size, at which 

point the large portion 11 of the gage 10 enters the work 
and the gage element 13 closes the switch ‘261, which 
energizes the cam shaft clutch 203 to move the cam shaft 
to seventh position. 

In seventh position the slow feed clutch 151} is disen 
gaged by the cam 259 which opens the switch 260 to 
stop feed. The cam 266’ closes the switch 267' energiz 
ing the clutch 165d. 
The cam 245 closes the switch 246 and engages the 

retraction clutch 160 to retract the feed screw. The cam 
‘ 230 opens switch 231 and de-energizes the reciprocating 
clutch solenoid 66, which disengages the clutch 47 and 
closes the switch 68. The cam 215’ closes the switch 216' 
short circuiting the switch Y and the cam 251’ closes 
switch 252' engaging the table-out clutch 26b turning the 
crank 304 to the position of Fig. 18, where it is stopped 
by opening of switch C’ at ?nal position c. The cam 268 
closes the switch 269 in the line through the switch R, 
and at the end of ?nal retraction of the feed mechanism 
the cam 176b on the slip ring 18512 closes the switch R, I 
moving the cam shaft to eighth position. 

In eighth position the cam 245 opens the switch 246, 
disengaging the retraction clutch 160 and bringing the 
feed mechanism to a stop in retracted position. 
As the table moves to its right-hand or loading posi 

tion the table cam 169 rocks levers 168 and 16612 counter 
clockwise turning the slip ring 18512 for compensation. 

I claim: 
1. In a grinding machine including a grinding tool, a 

support for the tool and a workpiece support, one of said 
supports being movable relative to the other to bring the 
tool into and out of overlapping relationship with a work 
piece mounted in the workpiece support, and in combina 
tion, a lever having a pivotal connection with said mov 
able support, ?rst and second power means having pivotal 
connections with the lever, said pivotal connections being 
spaced from each other, each of said power means being 
arranged to move the lever in opposite directions, and 
means associated with each of said power means to hold 
it in a ?xed position during the operation of the other of 
said power means, each of said power means thereby 
operating as the fulcrum of the lever during the operation 
of the said other of said power means. 

2. In the combination as set forth in claim 1, each of 
said power means including means to stop its pivotal con 
nection with the lever at a predetermined point. 

3. In a grinding machine including a grinding tool, a 
support for the tool and a workpiece support, one of said 
supports being movable relative to the other to bring the 
tool into and out of overlapping relationship with a work~ 
piece mounted in said workpiece support, and in com 
bination, a lever having a pivotal connection with said 
movable support, ?rst and second power means having 
pivotal connections with the lever, said pivotal connec-. 
tions being spaced from each other, each of said power 
means being arranged to move the lever in opposite direc 
tions, means associated with each of said power means 
to hold it in a ?xed position during the operation of the 
other of said power means, each of said power means 
thereby operating as the fulcrum of the lever during the 
operation of ‘the said other of said power means, and 
control means operating said power means in a predeter 
mined order in timed relation with the operative cycle 
of the machine. ' 

4. In a grinding machine including a grinding tool, a 
support for the tool and a workpiece support, one of said 
supports being movable relative to the other to bring the 
tool into and out of overlapping relationship with a work 
piece mounted in said workpiece support, and in com 
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bination, a lever having a pivotal connection with said 
movable support, ?rst and second power means having 
pivotal connections with the lever, said pivotal connec 
tions being spaced from each other, each of said power 
means being arranged to move the lever in opposite direc 
tions, and means associated with each of said power means 
to hold it in a ?xed position during the operation of the 
other of said power means, each of said power means 
thereby operating as the fulcrum of the lever during the 
operation of the said other of said power means, said 
first power means including means selectively operable 
to move said lever at different rates. 

5. In a grinding machine including a grinding tool, a 
support for the tool and a workpiece support, one of said 
supports being movable relative to the other to bring the 
tool into and out of overlapping relationship with a work 
piece mounted in the workpiece support, and in combina 
tion, a lever having a pivotal connection with said mov 
able support, screw means and crank means having 
pivotal connections with the lever, said pivotal connec 
tions being spaced from each other, said screw means and 
said crank means each being arranged to move the lever 
in opposite directions and to act as a fulcrum for the lever 
during the operation of the other. 

6. In a grinding machine including a grinding tool, a 
support for the tool and a workpiece support, one of said 
supports being movable relative to the other to bring the 
tool into and out of overlapping relationship with the 
workpiece mounted in the workpiece support, and in 
combination, a lever having a pivotal connection with 
said movable support, screw means and crank means 
having pivotal connections with the lever, said pivotal 
connections being spaced from each other, a pair of 
clutches selectively operable to actuate said screw means 
in opposite directions, said screw means and said crank 
means each being arranged to act as a fulcrum for the 
lever during the operation of the other. 

7. In the combination as set forth in claim 6, at least 
two additional clutches selectively operable to actuate 
said screw means at different rates. 

8. In a grinding machine including a grinding tool, a 
support for the tool and a workpiece support, one of said 
supports being movable relative to the other to bring 
the tool into and out of overlapping relationship with 
the workpiece mounted in the workpiece support, and in 
combination, a lever having a pivotal connection with said 
movable support, screw means and crank means hav 
ing pivotal connections with the lever, said pivotal con 
nections being spaced from each other, and means to stop 
said crank means at a predetermined point, said crank 
means thereby acting as a fulcrum for the lever during 
operation of said screw means. 

9. In a grinding machine including a work support and 
a wheel support, one of said supports being movable rela 
tive to the other to bring a workpiece and a grinding tool 
into and out of overlapping relationship and in combina 
tion, a lever connected to said movable support, a screw 
connected to the lever to traverse said movable support 
relative to the other, reversing means to turn said screw 
in either direction, crank means to oscillate said movable 
support relative to the other, and means to stop said 
crank means at a predetermined point for operation of 
said screw. ‘ 

10. In a grinding machine including a grinding tool, a 
support for the tool and a workpiece support, one of said 
supports being movable relative to the other to bring the 
tool into and out of overlapping relationship with the 
workpiece mounted in the workpiece support, and in 
combination, a lever having a pivotal connection with 
said movable'support, screw means and crank means hav 
ing pivotal connections with the lever, said pivotal con 
nections being spaced from each other, said screw means 
and said crank means each being arranged to move the 
lever in opposite directions and to act as a fulcrum for 
the lever during the operation of the other, and control 



17 
means to operate said screw means and said crank means 
in a predetermined order. 

11. A grinding machine including a work support, a 
tool support and a grinding tool on the tool support, one 
of said supports being movable relative to the other to 
feed the tool against a workpiece on the work support 
and in combination, means to feed the movable support, 
control mechanism for the feed means including a mem 
ber having an adjustable operative relationship with the 
movable support, said member operating to reduce the 
feed, means operating to stop the feed when ‘the cutting 
surface of the grinding tool reaches a predetermined 
?nishing point, and means operating to position the ad 
justable member in either direction with relation to the 
movable support to a predetermined relationship with the 
cutting surface of the tool. 

12. A grinding machine including a work support, a 
tool support and a grinding tool on the tool support, one 
of said supports being movable relative to the other to 
feed the tool against a workpiece on the work support 
and in combination, power means to feed the movable 
support, truing mechanism for the grinding tool, control 
mechanism for the feed means including means to stop 
the feed for a truing operation, a member having an 
adjustable operative relationship with the movable sup 
port, said member operating to reduce the feed, means 
operating to stop the feed when the cutting surface of, 
the tool reaches a predetermined ?nishing point, and 
means operating to position the adjustable member in 
either direction with relation to the movable support to a 
predetermined relationship with the cutting surface of the 
tool. 

13.jA grinding machine including a work support, a 
tool support and a grinding tool on the tool support, one 
of said supports being movable relative to the other to 
feed the_tool against a workpiece on the work support 
and in combination, means to feed and retract the mov 
able support, truing mechanism for the grinding tool, 
control mechanism for the feed means including means 
to retract the movable support to a predetermined point 
for a truing operation, a member having an adjustable 
operative relationship with the movable support, said 
member operating to reduce the feed, means operating to 
stop the feed when the cutting surface of the tool reaches 
a predetermined ?nishing point, and means operating to 
position the adjustable member ‘in either direction with 
relation to the movable support to a predetermined rela 
tionship with the cutting surface of the tool. 

14. A grinding machine including a work support, a 
tool support and a grinding tool on the tool support, one 
of said supports being movable relative to the other to 
feed the tool against a workpiece on the work support and 
in combination, means to feed and retract the movable 
support, truing mechanism for the grinding tool, means 
to advance the movable support a predetermined amount 
to‘ compensatefor truing, control mechanism for the feed 
means including a member having an adjustable operative 
relationship with the movable support, said member oper 
ating to reduce the feed, means operating to stop the feed 
when the cutting surface of the tool reaches a predeter 
mined ?nishing point, and means operating to position 
the adjustable member in either direction with relation, 
to the movable support to a predetermined relationship 
with the cutting surface of the tool. 

15. A grinding machine, including a work support, a 
tool support and a grinding tool on the tool support, one 7 
of said supports being movable relative to the other to 
feed the tool against a workpiece on the work support, 
and in combination, means to feed and retract the mov 
able support including a ?rst member movable with the 
support, control mechanism for the feed means including 
a gage operable to retract said support when the work- » 
piece reaches ?nal size, a second member actuated by the 
?rst member and operable to reduce the feed when the 
cutting surface‘of the tool is at a predetermined interval 
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from its position when the workpiece reaches ?nal size, 
said second member being adjustable in position relative 
to the ?rst member in accordance with unpredictable 
variations in the diameter of the tool during successive 
grinding cycles, and means to adjust the successive opera 
tive positions of said second member in either direction to 
re-establish said predetermined interval of reduced feed. 

16. In the combination as set forth in claim 15, means 
to stop said movable support in a retracted position. 

17. In the combination as set forth in claim 15, means 
operated by said ?rst member to stop said movable sup 
port in a retracted position. 

18. In the combination as set forth in claim 15, truing 
mechanism for the grinding tool, and means to stop the 
feed for a truing operation. 

19. In the combination as set forth in claim 18, means 
to advance the movable support relative to the other 
support to compensate for reduction of the tool by 
truing. 

20. A grinding machine including a work support, a 
tool support and a grinding tool on the tool support, one 
of said supports being movable relative to the other to 
feed the tool against a workpiece on the work support 
and in combination, truing mechanism for the grinding 
tool, means to feed and retract the movable support in 
cluding a ?rst member movable with the support, con 
trol mechanism for the feed means including means to 
stop the feed for a truing operation, a second member 

. actuated by the ?rst .member and operable to reduce the 
30' feed when the cutting surface of the tool is at a prede-. 

termined interval from its position when the workpiece 
reaches ?nal size, said second member being adjustable 
in position relative to the ?rst member in accordance 
with unpredictable variations in the diameter of the tool 
during successive grinding cycles, and means to adjust the 
successive operative positions of said second member in 
either direction to re-establish said predetermined inter 
val of reduced feed. 

21. In the combination as set forth in claim 20, means 
to advance the movable support relative to the other 
support to compensate for reduction of the tool by truing. 

22. In the combination as set forth in claim 20, said 
means to stop the feed for a truing operation being actu 
ated by said ?rst member. . 

23. In the combination as set forth in claim 20, said 
means to stop the feed [for a truing operation being actu 
ated by said second member. 

24. In the combination as set forth in claim 20, means 
to partially retract the movable support to a predeter 
mined position for the truing operation. 

25. A grinding machine including a work support, a 
tool support and a grinding tool on the tool support, one 
of said supports being movable relative to the other to 
feed the tool against a workpiece on the work support, 
and in combination, means including a feed screw to feed 
and retract the movable support, control mechanism for 
the feed means including a dial movable with the feed 
screw, a slip ring frictionally carried by and adjustable 
relative to the dial in accordance with unpredictable 
variations in the diameter of the tool during successive 
grinding operations, means operated by ‘the slip ring to 
reduce the feed when the cutting surface of the tool is 
at a predetermined interval from its position when the 
workpiece reaches ?nal size, and means to adjust the 
successive operative positions of said slip ring in either 
direction relative to said dial to re-establish said predeter 
mined interval of reduced feed. 

26. In the combination as set forth in claim 25,’ said 
adjusting means comprising a notch in the slip ring and 
a member operating to engage said notch and reposition 
sand slip ring in either direction when the workpiece has 
reached ?nished size. 
.27. In the combination as set forth in claim 25, a 

gageto stop the feed when the workpiece reaches ?nal ' 
size. 






