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Patented Jan. 12, 1937 

UN ATTED STATTES 

2,067,178 

PATENT OFFICE 
2,067,?78 

GRENDING REACHINE 
John Edgar, Rockford, 3., assignor to Barber 
Colman Company, Rockfordi, Ill., a corporation 
of Elinois 

Application October 24, 1932, Serial No. 639,262 
40 Claimis. 

The present invention relates to improvements 
in grinding machines, and has particular refer 
ence to a new and improved machine of the type 
disclosed in my copending application Serial No. 
466,764, filed July 9, 1930. 
One of the primary objects of the present in 

vention resides in the provision of a novel grind 
ing machine which will correctly grind the teeth 
of rotary cutters having either straight or in 
clined gashes, and being either cylindrical or 
tapered axially in form. 
Another important object resides in the pro 

vision in a machine of the foregoing character of 
a novel traversing mechanism which is selectively 
available to provide either a continuous or a step 
by-step axial feeding movement of the work 
blank relative to the grinding wheel, thereby 
adapting the machine at will for the grinding of 
rotary cutters having either annular rows of 
teeth, as in thread mills, or helically arranged 
teeth, as in hobs. 

Further objects and advantages will become 
apparent as the description proceeds. 

In the accompanying drawings, Figure 1 is a 
front elevational view, partially broken away, of 
a grinding machine embodying the features of 
iny illnvention. ? - * 

Fig. 2 is a plan view of the machine. 
Fig. 3 is a fragmentary left end view. 
Fig. 4 is a fragmentary right end view. 
Fig. 5 is a fragmentary rear elevational view. 
Fig. 6 is a fragmentary vertical transverse sec 

tional view taken along line 6-6 of Fig. 2. 
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Fig. 7 is a fragmentary detailed sectional view 
taken along line 7-7 of Fig. 5. 

Fig. 8 is a fragmentary vertical longitudinal 
sectional view taken along line 8-3 of Fig. 4. 

Fig. 9 is a fragmentary perspective view of the 
traversing mechanism. 

Fig. 10 is a fragmentary sectional view on an 
enlarged scale of the mechanism shown in Fig. 9. 

Fig. 1 is a fragmentary perspective view of 
means for controlling the longitudinal contour of 
the Work olak. 

Fig. 11a is a detailed view taken Substantially 
along line - 8 of Fig. 6. 

Fig. 2 is a fragmentary vertical Sectional view 
taken along line 32-32 of Fig. 2. 

Fig. 13 is a side elevational view of the dressing 
device for the grinding element. 

Fig. 4 is a horizontal sectional view along line 
3-6 of Fig. 3. 
Fig. 15 is a rear elevational view, partially in 

section, of the dressing device. . 

(C. 51-45) 

Fig. 16 is a fragmentary vertical sectional view 
taken along line 6-f6 of Fig. 15. 
While the invention is susceptible of various 

modifications and alternative constructions, I 
have shown in the drawings and will herein de 
Scribe in detail the preferred embodiment, but it 
is to be understood that I do not thereby intend 
to limit the invention to the specific form dis 
closed, but intend to cover all modifications and 
alternative constructions, falling within the spirit 
and Scope of the invention as expressed in the 
appended claims. 

Referring more particularly to the drawings, 
the machine constituting the exemplary embodi 
ment of the invention although adapted for 
grinding. Various types of Cutters, is illustrated in 
Connection with a thread mill cutter A of the 
ring type. The cutter comprises a plurality of 

0 

radially relieved, substantially V-shaped teeth 
Which are arranged in parallel peripheral rows 
alternating With annular grooves, and which are 
Separated by longitudinal flutes or gashes. In 
the present instance, the cutter A has straight 
gashes parallel to the axis of rotation. 
The grinding element preferably comprises an 

abrasive disk wheel B, the periphery of which is 
adapted to grind the annular cutter grooves and 
thereby form the cutter teeth, and the cutting 
contour of which is V-shaped in form when 
taking the final cut. 

Work Support and drive 
The machine Comprises a suitable elongated 

horizontal bed or frame f formed on the top 
with longitudinal guides 8 on which a work car 
riage í 9 is mounted for translation. The right 
end of the carriage f9 is formed on the top with 
longitudinal guides 20 on which a suitable tail 
stock 2 is mounted for adjustment. On the left 
end of the carriage 9 and preferably integral 
therewith is a headstock 22 formed with a tubu 
lar bearing 23. A cutter spindle 24 is rotatably 
journaled in the bearing 23 for endwise move 
ment with the carriage 9. The cutter blank A is 
l'erovably mounted on an arbor 25 held between 
the tailstock 2 and headstock 22, and rotatable 
wifh the spindle 24. 
The power inlet comprises a cone pulley 26 

which is Secured to a short drive shaft 2 jour 
naled in the upper left front corner of the frame 
A, and which is adapted to be connected by a 
belt (not shown) to an external countershaft (not 
shown) adapted to be connected through a re 
Versible clutch (not shown) to a suitable source 
of power. A drive pinion 28 on the shaft 27 
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meshes with a large drive gear 29 connected 
through a planetary transmission 36 to a shaft 
3d into one end of which the spindle 24 is splined 
for axial movement. 
The transmission 3 preferably is like that dis 

closed in said copending application, and con 
prises two Sets of cluster gears 32 and 33 rotat 
ably mounted at diametrically opposed points. On 
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right. 

the drive gear 29, and adjustable thereon to per 
mit, the proper angular setting of the work blank 
A relative to the grinding wheel B. The Outer 
gears 32 mesh. With a terminal gear 38 rotatable 
on the shaft 3, and normally held in fixed posi- . 
tion, and the inner gears 33 mesh with a terminal 
gear 35 keyed to the shaft 3. - 

Traverse mechanism. 
The means for effecting a relative traverse be 

tween the Work carriage 9 and the grinding 
element B, in either a feeding movement in One 
direction or a rapid free-return movement in the 
other direction, along the axis of rotation of the 
work blank, comprises a driving element 36 hav 
ing an operative connection with the work car 
ciage 9, and adjustable means available at Will 
for automatically modifying the action of said 
element to obtain the desired resultant move 
ment. 
The driving element 36 preferably is in the 

form of a feed screw (see Fig. 8) which is in 
threaded engagement with a nut 37 mounted in 
a depending lug 38 on the underside of the car 
riage 9. The nut 3 is normally fixed against 
rotation so that the carriage 9 will travel along 
the screw 36 upon operating the latter. How 
ever, provision is made for rotating the nut 37 in 
the lug 38 to adjust the phase relation of the 
carriage 9 to the screw 36 and the work spindle 
24. Thus, the nut 37 is rigid with a worn gear 
39 meshing into a worm 40 on a vertical shaft 4 
journaled in the headstock 22 and adapted for 
manual actuation at will. V 
The screw 36 is driven constantly in timed re 

lation to the work spindle 24, and preferably the 
drive (see Figs. 2, 3 and 8) is taken from the main 
gear 29. Thus, a gear 42 rigid with the gear 29 
meshes with a gear 43 fixed on one end of a stub 
shaft 44 journaled in the frame 7. A pinion 45 
on the other end of the shaft 44 is connected 
through change-speed gears 46 and 4 to a gear 
48 fixed on the outer end of a short shaft 49 
journaled in a bearing 50 on the left end wall of 
the frame 7. The change-speed gears, 46 and 
47 are removably mounted on an arm 5 mounted 
for angular adjustment on the outer end of the 

The inner end of the shaft 49 is bearing 50. 
formed with an axial bore 52 into which the ad 
jacent end of the screw 36 is splined for a rotative 
drive and relative axial movement. 
Secured on the opposed end of the screw 36 be-, 

tween a fixed end thrust collar 53 and two lock 
nuts 5A is a sleeve 55 which is rotatably anchored 
in a tubular bearing 56 on the right end of the 
machine frame . The sleeve 55 is held in posi 
tion by means of a peripheral fiange 57 on its out 
er end seating in a groove 53 in the outer end of 
the bearing 56, and the collar 53 which engages 
the inner end of the bearing. Backlash between 
the feed screw 36 and the nut 3. is taken up by 
a weight 59 (see Fig. 1) which is operatively con 
nected to the carriage 3 to urge the latter to the 

The weight 59 is connected to a cable 6 
leading over and anchored to a sheave 6 fixed on 
the forward end of a shaft 62 journaled in a 
bracket 63 on the machine frame . A cable 

2,067,178 
64 is anchored at one end to the carriage and 
at the other end to a sheave 65 fixed on the rear 
end of the shaft 62 to complete the operative 
connection from the carriage to the weight 59. 
Since the Screw 36 is free to move axially in the 
shaft 49, the weight 52 acts to urge the carriage 
29 and the screw as a unit against the end Jf the 
bearing 56. 
The drive for the feed screw 36 is automatically 

reversible to effect reciprocation of the work car 
riage 9. More specifically, the carriage 9 is 
movable repeatedly first in one direction, for ex 
aniple to the right, in a grinding stroke, and 
then in the reverse direction, for example to the 
left, in a return stroke in order to traverse the 
grinding element B recurrently in a series of cuts 
along the work blank A until the latter is ground 
progressively to the desired depth or form. The 
Work spindle 24 is rotated in the direction of the 
arrows during each grinding stroke, and is re 
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versible in rotation simultaneously with each re 
versal of the feed screw 36. 

In the present instance, the means for reversing 
the drive for the Work spindle 24 and the feed 
screw 36 comprises a piston and cylinder unit 66 
(see Figs. 2, 4, 5 and 11) mounted on the rear of 
the frame 7. The unit 66 has a projecting piston 
rod 67 which is formed on its outer end with a 
yoke 68. A roller 69 mounted on the free end 
of a lever 70 secured to a vertical shaft opera 
tively engages in the yoke 68. The upper end 
of the shaft is connected to suitable actuating 
means (not shown) for the reversing clutch (not 
shown) in the countershaft (not shown) adapted 
for driving connection with the cone pulley 26. 
A hand actuator 72 on the shaft 7 provides 
means for manual actuation. 
The Supply of pressure fluid, Such for example 

as compressed air, alternately to opposite ends 
of the unit 66 to effect reciprocation of the piston 
rod 6 as desired, is under the control of an oscil 
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latory valve 73. The details of the unit 66 and . 
the valve 73 per se form no part of the present 
invention, and are fully disclosed in Said co 
pending application. 
To render the valve 3 automatically responsive 

to the movements of the carriage 9 into the 
extreme end positions, it is provided on its upper 
end with a bell crank lever 74. A coil tension 
spring 75, anchored to the frame 7, is connected 
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to one arm of the lever A and tends to oscillate 
the valve 73 into a position to effect movement 
of the carriage 9 to the left. The other arm 
of the lever T4 constitutes a pawl 6 adapted to 
be swung against the action of the spring 75 into 
interlocking engagement with the notched end 
of a latch it. A lever arm 78 is pivotal with 
the latch 77, and is connected at its free end to 
a coiled tension spring 79 anchored to the frame 

and serving to hold the latch against the pawi 
76 at all times. When the pawl 6 is seated in 
the latch 77, the valve 3 is positioned to effect 
movement of the carriage 9 to the right. 
A trip dog 80 mounted on the carriage is for 

movement therewith has an inclined surface 
adapted to ride against a pin 8 extending up 
Wardly from the free end of the lever arm 78, 
and to gradually swing the latter rearwardly 
until, at the end of the carriage movement to 
the right during the grinding stroke, the latch 
75 suddenly releases the pawl 6. Thereupon, the 

60 

lever 74 is moved under the influence of the 
spring 75 to effect reversal of the valve 3, and 
consequently to institute the return movement 
of the carriage. A reversing dog 82 mounted on 75 
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the carriage 9 is positioned to engage a pin 83 
On One arm of the lever 74 at the end of the return 
movement to reinstitute movement in the original 
direction preparatory to taking a new depth cut 
On the Work. 

Since the screw 36 is rotated continuously, it 
Will, if held against endwise movement, cause the 
carriage 9 to travel uninterruptedly in either 
direction in timed relation to the rotation of the 
Work blank A. Such movement is required Where 
the grinding element B is to describe a helical 
cut, as for example in the grinding of gear cut 
ting hobs or of screw threads. However, where 
the grinding element B is not to describe a con 
tinuous cut, the carriage 9 must be fed in a 
step-by-step movement during the grinding 
stroke. Thus, in the case of thread mills having 
a series of uniformly spaced annular grooves as 
illustrated herein, the carriage must be advanced 
in a series of timed steps, each equal in extent 
to the space between adjacent grooves, and must 
be at rest during the grinding of each groove. 
To adapt the machine for the grinding of these 

various types of work blanks, adjustable means 
is provided available at will for modifying the re 
Sultant action of the feed screw 36 to the extent 
desired. In its preferred form, this means (see 
Figs. 9 and 10) acts periodically during the grind 
ing stroke first to shift the carriage 9 and the 
screw 36 as a unit against the action of the 
weight 59 in a direction opposite the relative 
movement of the carriage along, the screw, there 
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by completely or partially counteracting the nor 
mal action of the screw, and then to release said 
unit for a return movement into initial position, 
thus utilizing the accumulated feed to advance 
the carriage sharply in a retarded step. Obvi 
ously, the distance through which the unit 9, 
36 is shifted determines the extent of each step 
through which the carriage is indexed. Where 
the shifting movement completely counteracts the 
action of the screw 36, the carriage 9 is station 
ary during the interval between successive steps. 
The aforesaid shifting means in its detailed 

form comprises a slide 86 which supports the end 
bearing 56, and which is mounted between two 
opposed guides 85 for movement in a direction 
parallel to the screw 36. The guides 85 are 
mounted in a housing 86 rigidly Secured on the 
right end of the frame 7 beneath the Work car 
riage 9. Anti-friction bearings 8 are suitably 
interposed between the slide 84 and the guides 85. 
Mounted in the housing 86 on the underside of 
the slide 84 for pivotal movement is a can fol 
lower 88 having a flat face 88a, Preferably, the 
follower 88 is in the form of a block having a 
pivot pin 89 extending upwardly into the slide 86. 
A cross slide 90 is mounted between opposed 

guides 9 on the underside of the housing 86 for 
reciprocation transversely of the slide 84 and the 
screw 36. Preferably, anti-friction bearings 92 
are interposed between the slide 98 and the guides 
9. Mounted on the Slide 9 for angular adjust 
ment about a vertical pivot 93 is a fixed cam 94 
in the form of an elongated plate having a flat 
face 9&d on one end constantly in engagement 
With the follower face 33d. The other end of 
the cam 94 extends out of the housing 86 into 
Overlying relation with a lateral arm 95 fixed on 
the slide 90 and to which it may be secured in any 
position of adjustment by means of a bolt and slot 
connection 96. A depending pin 9 on the outer 
end of the cam 94 is adapted for movement into 
engagement With a lug 98 on the arm 95 to define 

3 
a position in which the cam face 94 is parallel 
to the line of movement of the slide 9). 
One end of the slide 90 carries a hardened plate 

99, constituting a follower, which engages a rotary 
cam enclosed in a housing ) on the rear 
of the frame i 7. The follower 99 is held con 
stantly against the cam 00 by a compression 
spring 92 acting through the arm 95 (see Fig. 4). 
The cam 00 has a true peripheral spiral face 
0Ca terminating in an abrupt drop 99b which 

determines the range of movement of the slide 90. 
The cam 0) is driven in timed phase relation 

to the Work spindle 2d so as to move the drop 
Ob across the follower 99 to institute each step 

of the indexing movement during the grinding 
Stroke at the precise monent that the current cut 
on the corresponding groove of the work blank A 
is completed. Thus, the can 3 is fixed on a 
shaft 03 which extends along the rear of the 
frame 7, and which is journaled at one end in a 
bearing 04 in the housing 0 and at the other 
end in a bearing 5 on the left end of the frame. 
A gear 3 (see Figs, 2, 3 and 5) rotatable on 
the left end of the shaft 3 is connected through 
tWo speed-change gears 0 and 88 to the gear 
43. The gears ) and 8 are mounted on a 
bracket 09 integral with the bearing 05. Fixed 
on the shaft 03 within a hub if on the gear 96 
is a collar f (see Fig. 7) formed with a periph 
eral notch 2. A pivotal detent 3 in the gear 
hub ) is pressed into the notch f2 by a leaf 
Spring 4 to drive. the shaft 03 and hence the 
cam 00 in a clockwise direction as viewed in Fig. 
9, but not in the reverse direction. 

It will be evident that when the cam face 94a : 
is not inclined, reciprocation of the slide 90 will 
not effect any movement of the slide 34, and 
hence the feed screw 36 will move the carriage 9 
Without interruption in either direction. How 
ever, When the can face 9id, is inclined to the 
direction in which the slide 98 is reciprocated, the 
Screw 36 Will be moved gradually to the left and 
then Suddenly released for a quick return move 
ment once for each revolution of the cam 00 to 
produce a step-by-step indexing movement of 
the carriage 9 during the grinding stroke. If 
the carriage 9 is to remain stationary during 
each cut, the cam 94 should be inclined at such 
an angle that the screw 36 will be shifted to the 
left at the Same speed as the carriage is fed along 
the screw to the right. Thus, the inclination of 
the cam 94 is related to the lead and speed of 
rotation of the feed screw 36. The extent to 
which the carriage 36 is indexed in each step may 
be varied by adjusting the speed of the screw 36 
relative to the Work spindle 24, and making a 
corresponding adjustment in the angle of the 
cam 9t. 
To return the carriage 9 after each grinding 

Stroke into initial position for a repetition of the 
Cycle, the rotation of the screw 38 is reversed. 
By reason of the one-way drive for the shaft 03, 
the cam 39 cannot be driven in a reverse direc 
tion, and must remain stationary. Hence, the 
return stroke of the carriage 9 is uninterrupted 
regardless of the character of the indexing move 
ment during the grinding Stroke. 
When the blank A is formed with inclined 

gashes, the work Spindle 24 is angularly adjusted 
proportionately with each step in the indexing 
movement So as to compensate for the inclina 
tion of the gashes. This adjustment may be 
positive or negative depending on whether the 
blank. A has right-hand or left-hand gashes. 
The means for this purpose (see Figs. 1, 2 and 12) 
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Separating mechanism 

The work blank A and the grinding wheel B 
are held in spaced relation, independently of the 
action of the relieving cam 67, during the con 
tinuous free-return stroke of the carriage 9 
after each grinding stroke. This is accomplished 
by automatically adjusting the fulcrum of the 
lever 65, i. e. the guide 8, rearwardly upon 
movement of the carriage 9 into its extreme 
right end position at the end of the grinding 
stroke. To this end, the guide f8 is rigidly se 
cured on the forward end of a plunger 79 which 
is mounted for reciprocation transversely of the 
frame 7. 
et 8 mounted on the rear wall of the frame 7, 
and is splined therein against rotation. An elon 
gated pinion 8 is rotatably and slidably mount 
ed on the rear end of the plunger 79, and is in 
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peripheral bearing engagement with a bore 82 
in the bracket 88. The pinion 8 is normally 
held against endwise movement, and is formed 
on its inner end with a forwardly projecting cam 
83. Fixed on the plunger 9 is a sleeve 84 
which is formed with a rearwardly projecting 
cam 85 adapted for movement into and out of 
engagement with the cam 83. A gear rack 86 
extends slidably through the bracket 80 in mesh 
With the pinion 8, and is provided on one end 
With a rod 8 slidably supported in a bracket, 
88 on the rear of the frame . Two spaced 

collars 89, constituting abutments, are adjust 
ably secured on the rod 8 for engagement re 
Spectively with opposite sides of an arm 90 on 
the yoke 68. 
Upon operation of the piston and cylinder unit 

66 to institute movement of the carriage 9 to 
the left, the arm 90 will move into engagement 
With One of the collars 89 to effect rotation of 
the cam 83 out of engagement with the cam 83, 
thus effecting a substantial separation of the work 
blank A and the grinding wheel B. At the end 
of the free-return stroke, the piston and cylinder 
unit 66 will move the arm 90 into engagement 
with the other of the collars f89 to engage the 
cams 83 and 85, thereby causing the relief 
slide 39 to advance the grinding wheel B into 
operative position. 

Taper grinding 
For taper grinding, the grinding wheel B is 

adjusted progfessively toward the axis of the 
work in accordance with the longitudinal index 
ing novement. To provide adjustable means 
available at Will for controlling the longitudinal 
contour of the work blank, the pinion 8 is 
formed on One end with an annular groove 9 
in which two shifter shoes 92 are slidably dis 
posed. The shoes (92 are pivotally mounted in 
the arms of a yoke 93 fixed on a vertical rock 
shaft 95 journaled in an upstanding tubular 
bearing 95 on the bracket 86. A lever 9 is 
fixed on the upper end of shaft 94, and on its 
free end carries a pivotal follower block 98. 
Pivotally mounted for angular adjustment on a 
bracket 96 on the rear of the frame is a con 
tour bar 99 having a guide face 99a adapted 
for engagement by the follower 98. 
When the bar 99 is adjusted into zero posi 

tion, the face 99a will travel along the follower 
98 without rocking the shaft, S4, thus adapting 

the machine for grinding cylindrical Work blanks. 
However, when the bar 99 is inclined, it will 
cause the weight 6 to shift the grinding wheel 
B laterally of the work in timed relation to the 

The plunger extends through a brack 

200 on the underside. 

maovement of the carriage 9, thus adapting the 
machine for the grinding of tapered work blanks. 
It will be understood that the taper may be varied . 
by adjusting the bar 99 into different angular 
positions. 

Dressing maechanism. 
Means is provided for dressing the grinding 

Wheel B from time to time to maintain the de 
sired form and to remove glaze from the grinding 
Surface. This means (see Figs. 13 to 16) com 
prises a base slide 200 mounted on a guide 20 on 
the feed slide 38 for adjustment transversely of 
the grinding spindle 3. Since the grinding 
Spindle is inclined to the work spindle 24, the slide 
200 is inclined on the slide 38. Fulcrumed inter 
mediate its ends on a knife edge pivot 202 against 
a bearing lug 203 on the slide 38 is an adjusting 
lever 204. One end of the lever 204 is pivotally 
connected to a block 205 slidable along a guide 
26 secured along one side of the relief slide 39. 
An adjusting screw 20 rotatably anchored in 
the guide 206 is in threaded engagement with the 
block 205. The other end of the lever 204 has a 
knife edge pivot 208 engaging a bearing block 209 
on the forward end of the slide 200. A coiled 
tension spring 20 anchored to the slide 138 acts 
to hold the slide 200 against the pivot 208. 
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Rigidly mounted on the slide 200 for adjust 
sment along a longitudinal guide 2 f is a bracket 
22 having a vertical standard 23 on one end. 

30 
The rear of the standard 2 3 has an arcuate face 
24 and is formed with a horizontal shelf 25 
having an arcuate guide groove 26 and an elon 
gated slot 27 along the groove. Mounted for 
angular adjustment on the shelf 25, with an 
arcuate tongue 28 fitting into the groove 26, is 
a support 2 9 having a straight transverse guide 

The support 2 9 may be 
Secured in adjusted position by means of a bolt 
22 extending through the slot 2. A slide 222 
is reciprocably mounted on the guide 200, and 
carries a dressing tool 223 adapted to act on the 
peripheral face of the grinding wheel B. 

Rigidly mounted on the standard 23 is a rear 
- wardly extending bracket 224 formed on its free 
end with an upstanding tubular bearing 225, and 
in its underside with an arcuate guide groove 
226 concentric to the bearing. Two supports 
227 and 228, with arcuate tongues 229 fitting into 
the groove 226, are mounted for angular adjust 
ment on the underside of the bracket 224 gen 
erally at opposite sides of the tool 223. Bolts 
230 extending through spaced arcuate slots 23f 
in the bracket 224 are provided for securing the 
Supports 227 and 228 in adjusted position. Se 
cured on the underside of the Supports 227 and 228 
are two rectilinear guides 232 and 233 in which 
two slides 234 and 235 are respectively mounted 
for horizontal reciprocation. The slides 234 and 
235 respectively are formed with depending arms 
236 and 23 in which suitable tools 238 and 239 
for dressing the opposite sides of the grinding 
wheel B are mounted. The tools 223, 233 and 239 
are located in the horizontal axial plane of the 
grinding wheel B and hence of the grinding spin 
dle 28. Since the grinding wheel B has a . V 
shaped contour, the Supports 22 and 228 are so 
adjusted that the tools 238 and 239 describe the 
correctangular paths. 
To afford means for simultaneously adjusting 

the dressing tools 223,238 and 239, the slides 222, 
234 and 235 are provided respectively with longi 
tudinal gear racks 240,28, and 242. These racks 
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mesh respectively with gear sectors 243, 244 and is 
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245 which are fixed respectively on the lower ends 
of three telescoping shafts 246, 247 and 248. The 
inner-shaft 246 with the gear sector 243 extends 
substantially below the gear sectors 244 and 245 
and is formed with a peripheral shoulder 249 
engaging the lower end of the intermediate shaft 
248. The lower end of the inner shaft 246 is cut 
away in the rear side as indicated at 250 to re 
ceive the grinding wheel B and avoid interference 

O 
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with the dressing tools 233, 238 and 239. The 
gear sectors 244 and 245 bear against the underside 
of the bracket 224, and the outer shaft 247 is cut 
away to permit the gear sector 244 to project out 
wardly into operative engagement with the rack 
24. . 
Threaded respectively onto the upper ends of 

the shafts 246, 26 and 248 and disposed in closely 
superimposed relation are three adjusting disks 
25, 252 and 253 of which the second rests against 
the upper end of the bearing 225. The disks 25, 
.252 and 253 are adapted to be adjustably secured 
for rotation as a unit by means of two clamp 
screws 254 extending through two diametrically 
opposed sets of arcuate slots 255 adapted to be 
moved into various degrees of registration. A 
hand lever 256 is integral with the lower disk 253. 
It will be evident that the shafts 246, 247 and 248 

positions so as to vary the order of movement. Of 
30 

may be adjusted into different relative angular 

the dressing tools 223, 238 and 239. Preferably, 
the shafts are so adjusted that upon unitary 
movement thereof, the dressing tools will be 

35 

moved in clockwise or counter-clockwise order so 
as to avoid interference. By adjusting the vari 
ous supports 219, 227 and 228, the contour of the 
grinding wheel B may be varied as necessitated 
for different types and forms of work blanks. 
Upon feeding the slide 38 rearwardly to advance 
the grinding wheel B toward the work, the lever 
204 will automatically advance the dressing de 
vice proportionately toward the grinding wheel SO 
as to position same for dressing. 

Résumé of operation 
The operation of the machine will be clear 

from the foregoing description. Briefly sum 
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next groove. 

marized, the cutter blank A is rotated slowly in 
a counter-clockwise direction as viewed in Fig. 6, 
and the grinding Wheel Bis driven at a relatively 
high speed. At the start of the operation, the 
blank and the wheel are positioned longitudinally 
of the blank to grind the first annular groove, and 
are relatively adjusted laterally of the blank 
through the cross feed screw 40 to effect a light 
initial cut. A relieving reciprocation transversely 
of the blank A is imparted to the grinding Wheel 
B once for each tooth. During the rotation of 
the blank A through one complete revolution, the 
work carriage 9 is held stationary While the feed 
screw 36 is shifted to the left. by the index cam 
f00. When all of the teeth in the initial row have 
been ground, the index cam 00 releases the screw 
36 to index the carriage 9 through one step so 
as to advance the blank into position to grind the 

The indexing movement is timed to 
occur while the blank A and the wheel, B are sep 
arated at the start of a relieving reciprocation. 
The foregoing operation is repeated until all 

of the rows of teeth have been ground With an 
initial cut, i. e. until the blank A has been com 
pletely traversed across the grinding Wheel B in a 
step-by-step grinding stroke. Thereupon, the 
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dog 80 institutes operation of the piston and cyl 
inder unit 66 to effect movement of the grinding 
wheel B into inoperative position spaced from 

w 
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the blank A, and to reverse the drive for the 
feed screw 36, and incidentally the work spindle 
24, so as to traverse the blank in a free return 
stroke to initial position. The index and re 
ieving cams 00 and 67 are not rotated, and 5. 
hence the return stroke is continuous. and the 
relief slide 39 is not reciprocated. At the end 
of the return stroke, the dog 82 institutes opera 
tion of the unit 66 to effect return of the grinding 
wheel B into operative position and reversal of 10 
the drive for the feed screw 36 preparatory for 
the next cut along the blank A. During the free 
return stroke, an incremental feed toward the 
blank A is imparted to the grinding wheel. On 
Occasion, the grinding wheel B may be dressed 15 
by actuating the hand lever 256, the dressing de 
vice being automatically advanced toward the 
grinding wheel in proportion to the feed to com 
pensate for wear. Successive cuts of increasing 
depth along the blank A are taken until the teeth 20 
are ground to the desired depth. 

For cylindrical cutters with straight gashes, 
the bars 22 and 99 are adjusted into zero po 
sition. It will be understood, however, that for 
cutters with inclined gashes, the bar 22 is angu- 25 
larly adjusted to impart a compensatory rotation 
to the spindle 24, and for cutters with a tapered 
Contour the bar 99 is angularly adjusted to ad 
vance the grinding Wheel toward the work auto 
nuatically in response to indexing movement of 30 
the carriage 9. Obviously, the bar 99 may be 
shaped to adapt the machine for grinding con 
tour cutters having other than a straight taper. 

I claim as my invention: 
1. In a machine tool, in combination, a base, 35 

a carriage mounted for rectilinear movement on 
Said base, a depending lug on the underside of 
Said carriage, a nut fixed in said lug, a feed screw 
in threaded engagement with said nut, said nut 
being rotatably adjustable in said lug, drive 40 
means for rotating said feed screw continously to 
advance said carriage relatively along said screw 
in one direction, and means for adjusting said 
Screw axially in the other direction to modify the 
resultant movement of said carriage. 
2. In a machine tool, in combination, a base, 

a machine element mounted for movement on . 
said base, a nut on said element, a feed screw in . 
threaded engagement with said nut, drive means 
for effecting relative continuous rotation between 50 
said feed screw and said nut to advance said ele 
ment relatively along said screw in one direction . 

45 

and means automatically operable during said 
rotation in one direction for reciprocating said 
Screw axially through a predetermined range first 55 
in one direction and then in the reverse direction 
to obtain a resultant movement of variable speed 
of Said element on said base. 

3. In a machine tool, in combination, a base, 
a machine element mounted for movemention -60 
said base, a nut on said element, a feed serew 
in threaded engagement with said nut, drive 
means for effecting relative continuous rotation 
between said feed screw and said nut to advance . .'; 
said element relatively along said screw in one 6???: 
direction and means for reciprocating said screw 
axially through a predetermined range, each re 
ciprocation consisting of a slow movement at the 
Same rate as but opposite in direction to the ad 
vancement of said element along saidscrew during 70 
which said element is stationary relative to said 
base and a quick return movement in said one 
direction, whereby said element is given a step 
by-step movement on said base. - 
4. In a machine tool, in combination, a base, a 75 
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machine element mounted for rectilinear move 
ment on said base, drive means for said element 
and including a continuously movable adjustable 
member in operative engagement with said ele 
ment for translating said element continuously 
in one direction of said movement relatively to 
said member, and means automatically operable 
during the operation of said drive means in said 
one direction for periodically moving said elle 
ment and said member bodily as a unit reversibly 
first to offset said translation of said element 
and then quickly in said one direction SO as 
to obtain a step-by-step movement of said ele 
ment relative to said base. 

5. In a machine tool, in combination, a base, 
a carriage mounted for rectilinear reciprocation 
on said base, a nut on said carriage, a feed screw 
in threaded engagement with Said nut, drive 
means having an axial spline connection with 
one end of said Screw for rotating said Screw 
to advance said carriage in a Continuous move 
ment along said screw in one direction, said 
drive means being reversible to return said car 
riage in the opposite direction, a bearing for 
rotatably anchoring the other end of Said screw, 
said screw and said, bearing being axially ad 
justable as a unit, a slide movable transversely 
of said Screw, an angularly adjustable cam mem 
ber on said slide, a pivotal cam follower on said 
bearing in operative engagement with said can 
member, yieldable means tending to hold said 
follower against said cam member, a rotary drop 
cam in operative engagement with one end of 
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said slide, yieldable means for holding said slide 
against said rotary cam, and means for rotating 
said cam in timed relation to said screw. 

6. In a machine tool, in combination, a sup 
port, a machine element movable on said support, 
drive means for moving said element relatively in 
one direction, said drive means being reversible 
to return said element in the opposite direction, 
and means, operable in timed relation to said 
drive means upon movement of Said element in 
said one direction for periodically reciprocating 
said element and Said drive means as a unit, 
each reciprocation having a slow stroke in Said 
opposite direction at a rate substantially equal 
to the movement of said element along said drive 
means in said one direction, and a quick return 
movement in said one direction, whereby a step 
by-step movement in said one direction relative 
to said support is imparted to said element. 
- 7. In a machine tool, in combination, a base, 
a carriage mounted for rectilinear reciprocation 
on said base, a nut on said carriage, a feed screw 
in threaded engagement with said nut, said screw 
being mounted for axial adjustment, drive means 
for effecting relative rotation between said nut 
and said screw to advance said carriage in a con 
tinuous movement along said Screw in one direc 
tion, said drive means being reversible to return 
said carriage in the opposite direction, yieldable 
means tending constantly to move said screw. 
axially in said one direction, control means act 
ing on said screw in opposition, to said yieldable 
means and defining a normal position for said 
screw, said control means beïng automatically op 
erable periodically to move said screw against 
the action of said yieldable means from said nor 
mal position in said opposite direction gradually 
through a predetermined distance and then to 
release said screw for a quick return movement 
into said normal position, and drive means for 
said control means, said last mentioned drive 
means being timed to said first mentioned drive 

? 
means and being inoperable during movement 
of said carriage in said Opposite direction. 

8. In a machine tool, in combination, a 
base, a carriage mounted for rectilinear recipro 
cation on said base, a slide mounted for recipro 
cation transversely of said carriage, drive means 
for reciprocating said slide, a nut on said car 
riage, a feed screw in threaded engagement with 
Said nut, said Screw being mounted for axial ad 
justment, drive means for effecting relative ro 
tation between said nut and said screw to ad 
vance said carriage in a continuous movement 
along said screw in one direction, yieldable means 
tending constantly to move said Screw axially 
in said one direction, control means acting on 
said screw in Opposition to Said yieldable means 
and defining a normal position for said screw, 
said control means being automatically operable 
periodically to move said screw against the action 
of said yieldable means from Said normal posi 
tion in the Opposite direction gradually through 
a predetermined distance and then to release said 
Screw for a quick return movement into said 
normal position, drive means for said control 
means, said last mentioned means being timed 
to said two first mentioned drive means so that 
said carriage will be moved along said base in 
said one direction step-by-step, with each step 
occurring while said slide is remote from said Carriage. 

9. In a machine tool, in combination, a base, a 
carriage mounted for movement on said base, a 
nut on said carriage, a feed screw in threaded 
engagement with said nut, said screw being 
mounted for axial adjustment, drive means for ' 
effecting relative rotation between said nut and 
Said screw to advance said carriage in a continu 
ous movement along said screw in one direction, 
yieldable means tending constantly to move said 
screw axially in said one direction, adjustable 
control means acting om said screw in opposition 
to said yieldable means and defining a normal po 
sition for said screw, said control means in one 
position of adjustment acting to maintain said 
screw in said normal position, and in other se 
lective positions of adjustment being automati 
cally operable periodically to move said carriage 
against the action of said yieldable means from 
said normal position, in the opposite direction 
gradually through a predetermined distance and 
then to release said Screw for a quick return 
movement into said normal position, and drive 
means for said control means, said drive means 
being timed to said first mentioned drive means. 

10. In a machine tool, in combination, a base, 
a carriage mounted for rectilinear reciprocation 
On Said base, a nut on said carriage, a feed screw 
in threaded engagement with said nut, said screw 
being mounted for axial adjustment, drive means 
for effecting relative rotation between said nut 
and said screw to advance said carriage in a con 
tinuous movement along said screw in one direc 
tion, said drive means being reversible to return 
said carriage in the opposite direction, a bearing 
for rotatably anchoring said screw, a cam slide 
movable transversely of said screw, an adjustable 
cam member on said slide, a cam follower on said 
bearing in operative engagement with said cam 
member, yieldable means tending to move said 
Screw axially in said one direction to hold said 
follower against said can member, and means for 
reciprocating Said slide in timed relation, to the 
rotation of said Screw. 

11. In a machine tool, in combination, a base, 
a carriage mounted for rectilinear reciprocation 
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support, a rotary cam, a vertical lever having a 
cam follower intermediate its ends coacting with 
said Cain, slide means reciprocable in a horizontal 
rectilinear direction transversely of the axis of 
said cam, said follower being pivotally mounted 
on said slide means, the upper end of said lever 
having a floating connection with said member, 
a fulcrum mounted in said support, the other end 
of said lever having a floating engagement with 
said fulcrum, and yieldable means acting to hold 
Said can and said lever in operative engagement. 
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22. In a machine tool, in combination, a sup 
port, a member movable on said support, a rotary 
can having a gradual throw terminating in an 
abrupt drop, a lever pivotally mounted interme 
diate its ends for rectilinear shifting movement 
and coacting with said cam in the plane of said 
movement, one end of said lever having an oper 
ative floating connection with said member, a 
fulcrum mounted in said support, the other end 
of said lever having a floating engagement with 
Said fulcrum, and yieldable means acting to hold 
said cam and said lever in operative engagement. 

23. In a machine tool, in combination, a base, 
a carriage mounted on said base, a work spindle 
rotatably mounted on said carriage, means for 
driving said carriage axially of said spindle in a 
step-by-step indexing movement in one direc 
tion, a tool slide mounted on said base for re 
ciprocation transversely of said spindle, a rotary 
relieving cam on a horizontal axis in said base, a 
lever coacting with said cam, said lever at said 
cam being constrained for horizontal rectilinear 
shifting movement transversely of said axis, one 
end of said lever having a floating connection 
With said slide, a fulcrum for said lever, yieldable 
means acting to hold said lever against said cam 
and tending to retract said side from Said 
spindle, and means for driving said cam in timed 
relation to said spindle and said carriage to effect 
a relieving reciprocation of said slide during said 
indexing movement and to cause each step of said 
indexing movement to occur when said slide is 
retracted from said spindle. 

24. In a machine tool, in combination, a base, 
a carriage mounted on said base, a work spindle 
rotatably mounted on said carriage, means for 
reciprocating said carriage axially of said spindle, 
a tool slide mounted on said base for reciproca 
tion transversely of said spindle, a rotary reliev 
ing cam, a lever pivotally supported intermediate 
its ends for rectilinear shifting movement and 
coacting with said cam in the plane of said 
movement, one end of said lever having a float 
ing connection with said slide, a fulcrum, the 
other end of said lever having a floating connec 
tion with said fulcrum, yieldable means acting to 
hold said lever against said cam and tending to 
acetract said slide from said spindle, and means 
operable upon movement of said carriage in one 
direction for driving said can in timed relation 
to said Spindle to effect a relieving reciprocation 
of said slide. 

25. in a machine tool, in combination, a base, 
a carriage mounted on said base, a work spindle 
rotatably mounted on said carriage, means for 
reciprocating said carriage axially of said 
spindle in a step-by-step indexing movement in 
one direction and then in a continuous return 
movement in the opposite direction, a tool slide 
mounted on said base for reciprocation trans 
versely of said spindle, a rotary relieving cam, 
a cam lever pivotally supported intermediate its 
ends for rectilinear shifting movement and co 
acting with said cam in the plane of said move 

ment, one end of said lever having a floating 
connection with said slide, a fulcrum adjustably 
supported in said base, the other end of said lever 
having a floating connection with said fulcrum, 
yieldable means acting to hold said lever against 
said cam and tending to retract Said slide from 
Said Spindle, means for driving said cam in timed 
relation to said spindle and said carriage to effect 
a relieving reciprocation of said slide during said 
indexing movement and to cause each step of 
Said indexing movement to occur when said slide 
is retracted from said spindle, and means auto 
matically operable in response to each reversal of 
movement of said carriage to shift said fulcrum to 
locate said slide in operative position during said 
indexing movement and in retracted inoperative 
position during said return movement. 

26. In a machine tool, in combination, a base, 
a carriage mounted on Said base, a work spindle 
rotatably mounted on said carriage, means for 
reciprocating said carriage axially of said spindle. 
in a step-by-step indexing movement in one direc 
tion and then in a continuous return movement 
in the opposite direction, a tool slide mounted on 
Said base for reciprocation transversely of said 
spindle, a rotary relieving cam on a horizontal 
axis in Said base, a vertical lever coacting inter 
mediate its ends with said cam, said lever being 
pivotally supported for horizontal rectilinear 
shifting movement transversely of said axis, the 
upper end of said lever having a floating connec 
tion with said slide, a fulcrum adjustably sup 
ported in said base, the lower end of said lever 
having a floating connection with said fulcrum, 
yieldable means acting to hold said lever against 
said cam and tending to retract said slide from 
Said spindle, means for driving said cam in timed 
relation to said Spindle and said carriage to ef 
fect a relieving reciprocation of said slide during 
said indexing movement and to cause each step of 
Said indexing movement to occur when said slide 
is retracted from said spindle, means for auto 
matically adjusting said fulcrum in timed rela 
tion to. Said indexing movement to wary the rela 
tive position of said slide and said spindle, and 
means automatically operable in response to each 
reversal of movement of Said carriage to shift 
said fulcrum to locate said slide in operative posi 
tion during said indexing movement and in re 
tracted inoperative position. during said return 
movement. 

27. In a machine tool, in combination, a base 
member, a work spindle, a support slidable on 
said base member transversely of said spindle, 
a grinding Wheel mounted on said support, means 
for adjusting said support to advance said wheel 
toward said spindle, a dressing device adjustably 
mounted on said support in operative relation to 
said wheel, and means interconnecting said base 
member, said support and said device and being 
automatically operable by the relative movement 
of Said Support and base member in the adjust 
ment of said support on said base member toward 
said spindle to adjust said device on said support 
proportionately but at a slower rate toward said 
grinding wheel. 

28. An index mechanism comprising, in com 
bination, a lead screw, an index cam, a work 
holder, a cutting tool, a relief cam periodically 
rotatable out of an initial position to advance said 
tool relatively toward said holder in a relief 
movement, means for continuously rotating said 
screw and said first mentioned cam in timed re 
lation to said work holder and said relief cam, 
and means operable by said index cam whereby 
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a Work spindle mounted on said base, a slide re 
ciprocable on said base transversely of said spin 
dile, a support mounted on said slide for move 
ment transversely of Said spindle, a nut and 
Screw device directly connecting said slide and 
Support for adjusting said support, a grinding 
Wheel mounted on said support, a dressing de 
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vice slidably mounted on said support in opera 
tive relation to said wheel for adjustment trans 
versely of the axis of said wheel, a horizontal 
lever extending generally transversely of said 
Support, a pivot connecting one end portion of 
said lever to said slide at one side of said sup 
port, means for adjusting said pivot on said slide 
along Said support, the other end portion of said 
lever having a pivotal connection with said dress 
ing device, and a fulcrum on said support for an 
intermediate portion of said lever and operable 
to oscillate said lever about said pivot so as to 
adjust said device on said support toward said 
wheel upon adjustment of said support by said 
Screw device toward said spindle. 

38. In a machine tool, in combination, a base, 
a carriage mounted for rectilinear reciprocation 
on said base, drive means for reciprocating said 
carriage ‘and including two coacting parts rela 
tively movable in the direction of reciprocation, 
one part being connected to said carriage, an 
anchor in said base for the other of said parts, 
means for effecting a continuous relative move 
ment of said one part along said other part in 
one direction, a cam slide movable transversely 
of said carriage, an adjustable cam member on 
said slide, a cam follower on said anchor in op 
erative engagement with said cam member, yield 
able means tending to hold said follower against 
said cam member, and means for reciprocating 
said slide in timed relation to the relative move 
ment between said parts whereby to reciprocate 

40 said parts as a unit in a direction opposite said 
one direction at a rate substantially equal to the 

1. 
relative movement between said parts and then 
at 8, fast rate in said one direction, whereby a 
step-by-step movement in said one direction is 
imparted to said carriage. 

39. In a machine tool, in combination, a base, 
a carriage mounted for rectilinear reciprocation 
on said base, two coacting parts relatively mov 
able in the direction of reciprocation, one of said 
parts being connected to said carriage, and the 
Other of Said parts being mounted for adjustment 
in the direction of said reciprocation, drive means 
for effecting relative continuous movement of 
Said parts in one direction, yieldable means tend 
ing constantly to move said parts as a unit in 
Said one direction, control means acting on said 
Other part in opposition to said yieldable means 
and defining a normal position for said other 
part, Said control means being automatically op 
erable periodically to move said parts as a unit 
against the action of said yieldable means from 
said normal position in a direction opposite said 
One direction gradually through a predetermined 
distance and then to release said parts for a 
quick return movement into said normal posiu. 
tion, and drive means for said control means, 
said ist mentioned drive means being timed 
to said first mentioned drive means so that said 
carriage Will be moved along Said base in said 
one direction in a step-by-step movement. 

40. In a machine tool, in combination, a base, 
a carriage reciprocable on said base, reversible 
drive means normally operable to translate Said 
carriage continuously in either direction, and 
means operable only during translatory move 
ment of said carriage in one direction for re 
ciprocating said drive means and said carriage 
as a unit to superimpose a reciprocatory move 
ment on said translatory movement, said recip 
rocatory movement serving alternately to offset 
and augment said translatory movement. 

JOHN EDGAR. 
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