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UNITED STATES PATENT OFFICE

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 8 machine of the foregoing character of
& 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
my invention. Co

Fig. 2 is a plan view of the machine.

Pig, 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 §—& of Fig. 2.

 Fig. 7 is a fragmentary detailed sectional view

40 .

[V
[+

taken along line T—7 of Fig. 5. .
Fig. 8 is a fragmentary vertical longitudinal
sectional view taken along line 8—8 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. 11 is a fragmentary perspective view of
means for controlling the longitudinal contour of
the work blank, .

Fig. 112 is g detailed view taken substantially
along line {i{2—1{{= of Fig. §.

Fig. 12 is 3 fragmentary vertical sectional view
taken along line 12—12 of Fig, 2.

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

Fig. 14 is g horizontal sectional view along line
18-—14 of Fig. 13.

Fig. 15 is a rear elevational view, partially in
section, of the dressing device, o .

Fig. 16 is a fragmentary vertical sectional view
taken along line {6—I§ 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

radially relieved, substantially V-shaped teeth

which are arranged in parallel peripheral rows
alternating with annular grooves, and which are
separated by longitudingl futes 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 N

The machine comprises a suitable elongated
horizontal bed or frame {7 formed on the top
with longitudinal guides {8 on which a work car-
riage 139 is mounted for translation. The right
end of the carriage {9 is formed on the top with
longitudinal guides 20 on which a suitable iail-
stock 2t is mounted for adjustment. On the left
end of the carriage {8 and preferably integral
therewith is a headstock 22 formed with & 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
rernovably mounted on an arbor 25 held hetween
the tailstock 2{ and headstock 22, and rotatable
with the spindle 24, ‘

The power inlet comprises a cone pulley 26
which is secured to a short drive shaft 27 jour-
naled in the upper left front corner of the Irame
7, 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

30
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meshes with a large drive gear 29 connected
through 2 planetary transmission 38 to a shaft
31 into one end of which the spindle 24 is splined
for axial movement. .

The transmission 30 preferably is like that dis-
closed in said copending application, and com-
prises two sets of cluster gears 22 and 33 rotat-
ably mounted at diametrically opposed points on
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 82 mesh with a terminal gear 34 rotatable

on the shaft 31, and normally held in fixed posi- .

tion, and the inner gears 33 mesh with a terminal
gear 35 keyed to the shaft 310. :

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 19, and adjustable means available at will
for automatically modifying the action of said
clement to obtain the desired resultant move-
ment. o )

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 19. The nut 37 is normally fixed against
rotgdtion so that the carriage: 19 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 19 to the screw 36 and the work spindle
24. Thus, the nut 37 is rigid with a worm gear
39 meshing into a worm 40 on a vertical shaft 41
journaled in the headstock 22 and adapted for
manual actuation at will. ‘

The screw 36 is driven constantly in timed re-
lation to the work spindle 24, and preferably the

gear 20. ‘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 I17. A pinion 45
on ‘the other end of the shaft 44 is connected

through change-speed gears 46 and 47 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 i7. The change-speed gears 46 and
47 are removably mounted on an arm 5{ mounted

for angular adjustment on the outer end of the-
bearing 50. The inner end of the shaft 49 is

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. i

~ Secured on the opposed end of the screw 86 be--
tween a fixed end thrust collar 53 and two lock

nuts 54 is a sleeve 55 which is rotatably anchored
in a tubular bearing 58 on the right end of the
machine frame {1. The sleeve 55 is held in posi-
tion by means of a peripheral flange 57 on its out-
er end seating in a groove 58 in the outer end of
the bearing 58, and the collar 33 which engages
the inner end of the bearing. Back lash between
the feed screw 36 and the nut 37 is taken up by
a weight 58 (see Fig. 1) which is operatively con-
nected to the carriage 8 to urge the latter to the

right.. The weight, 58 is connected.to a cable &8

leading over and anchored to a sheave 6f fixed on
the forward end of a shafi 62 journaled in a
bracket 63 on the machine frame (1. A cable

2,067,178

§8 is anchorec at one end o the carriage {¢ and
at the other end to a sheave 85 fixed on the rear
end of the shaft 62 to complete the operative
connection from the carriage to the weight 59.
Since the screw 38 is free to move axially in the
shaft 49, the weight 58 acts to urge the carriage
{8 and the screw as a unit against the end Jf the
bearing B6. ' ) .
The drive for the feed screw 36 is automatically
reversible to effect reciprocation of the work car-
riage (9. More specifically, the carriage {8 is
movable repeatedly first in one direction, for ex-
ample to the right, in a grinding stroke, and
then in the reverse direction, for example to the
1éft, 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
desired depth or form. The

progressively to the
work spindle 24 is rotated in the direction of the
arrows during each grinding stroke, and is re-

&

20

versible in rotation simultaneously with each re-

versal of the feed screw 386.

In the present instance, the means for reversing
the drive for the work spindle 24 and the feed
serew 36 comprises a piston and cylinder unit 66
(see Figs. 2, 4, 5 and 11) mounted on the rear of
the frame {1. The unit 66 has a projecting piston
rod 61 which is formed on its outer end with a
yoke 68. A roller €9 mounted on the free end
of a lever 10 secured to a vertical shaft 11 opera-
tively engages in the yoke 68. The upper end
of the shaft Ti 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 25.
A hand actuator T2 on the shaft T{ 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 67 as desired, is under the control of an oscil-

25 .

35

40

latory valve 13. The details of the unit 66 and -

. ‘the valve 13 per se form no part of the present

invention, and are fully disclosed in said co-
pending application.

To render the valve 13 automatically responsive
to the movements of the carriage {8 into the
extreme end positions, it is provided on its upper
end with a bell crank lever 14. A coil tension
spring 75, anchored to the frame 11, is connected

45

50

to one arm of the lever 14 and tends to oscillate -

position to effect movement

the valve 73 into a
The other arm

of the carriage #9 to the left.

of the lever 14 constitutes a pawl 76 adapted to -

be swung against the acfion of the spring 75 into -

interlocking engagement with the notched end
of a latch 11. A lever arm 18 is pivotal with

" the latch 17, and is connected at its free end to

a coiled tension spring 79 anchored to the frame
{7 and serving to hold the latch against the pawl
16 at all times.. When the pawl 16 is seated in
the latch 71, the valve 1§ is positioned to effect
movement of the carriage 18 to the right.

A trip dog 88 mounied on the carriage 18 for

movement therewith has an inclined - surface
adapted to ride against a pin 81 extending up-
wardly from the free end of the lever arm 18,
and to gradually “swing the latter rearwardly
until, at the end of the carriage movement to
the right during the grinding stroke, the latch
17 suddenly releases the paw? 76. 'Thereupon, the

60

70

lever 14 is moved under the influence of the

spring 15 to effect reversal of the valve 18, and
consequently to institute the return' movement
of the carriage. A reversing dog 82 mounted on

75
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" a position in which the cam face 94 is parallel

the carriage 19 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 1§ 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 cui-
ting hobs or of screw threads. However, where
the grinding element B is not to describe a con-

tinuous cut, the carriage 18 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 38 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 19 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-

85

49

50

55

- 80

75

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 19,
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 19 is station-
ary during the interval between successive steps.

The aforesaid shifting means in its detailed
form comprises 3 slide 88 which supports the end
bearing $6, 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 18, Anti-friction bearings 87 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 cam ‘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 84.

A cross slide 98 is mounted between opposed
guides 8¢ on the underside of the housing 86 for
reciprocation transversely of the slide 84 and the
screw 38. Preferably, anti-friction bearings 92
are interposed between the slide 82 and the guides
91. Mounted on the slide 98 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 %4a on one end constantly in engagement
with the follower face 88a. The other end of

"the cam 84 extends out of the housing 8§ into

overlying relation with a lateral arm 95 fixed on
the slide 88 and to which it may be secured in any
position of adjustment by means of a bolt and stot
connection 96. A depending pin 97 on the outer
end of the cam 34 is adapted for movement into
engagement with a lug 98 on the arm 85 to define

3

to the line of movement of the slide 80.

One end of the slide 90 carries a hardened plate
99, constituting a follower, which engages a rotary
cam 108 enclosed in a housing {8 on the rear
of the frame 1. The follower 99 is held con-
stantly against the cam {00 by a compression
spring {02 acting through the arm 85 (see Pig, 4).
The cam 180 has a true peripheral spiral face
188a terminating in an abrupt drop 100b which

" determines the range of movement of the slide 89,

The cam 189 is driven in timed phase relation
to the work spindle 24 so as to move the drop
102b across the foliower 99 to institute each step

of the indexing movement during the grinding

stroke at the precise moment that the current cut
on the corresponding groove of the work blank A
is completed. Thus, the cam 109 is fixed on a
shaft 108 which extends along the rear of the
frame 1, and which is journaled at one end in a
bearing (04 in the housing {08t and at the other
end in a bearing {85 on the left end of the frame.
A gear {08 (see Figs. 2, 3 and 5) rotatable on
the left end of the shaft 103 is connected through
two speed-change gears 107 and 168 to the gear
43. The gears 197 and {98 are mounted on 2
bracket 109 integral with the bearing § 05. Fixed
on the shaft 103 within a hub 110 on the gear 106
is a'collar {1i (see Fig. 7) formed with a periph-
eral notch 112. A pivotal detent 113 in the gear
hub {18 is pressed into the notch {12 by a leaf
spring {14 to drive-the shaft 103 and hence the
cam I8 in a clockwise direction as viewed in Pig.
9, but not in the reverse direction,

It will be evident that when the cam face 94q ¢

is not ' inclined, reciprocation of the slide 90 will
not effect any movement of the slide 84, and
hence the feed screw 36 will move the carriage 19
without interruption in either direction. How-
ever, when the cam face 94¢ is inclined to the
direction in which the slide 3¢ is reciprocated, the
screw 38 will be moved gradually to the left and
then suddenly released for a quick return move-
ment once for each revolution of the cam 1089 to
produce a step-by-step indexing movement of
the carriage 19 during the grinding stroke. If
the carriage 19 is to remain stationary during
each cut, the cam 84 should he inclined at such
an angle that the screw 28 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 84 is related to the lead and speed of
rotation of the feed screw 35. The extent to
which the carriage 28 is indexed in each step may
be varied by adjusting the speed of the screw 33
relative to the work spindle 24, and making a
corresponding adjustment in the angle of ithe
cam 94.

To return the carriage {9 after each grinding
stroke into initial position for a repetition of the
cycle, the rotation of the screw 3§ is reversed.
By reason of the one-way drive for the shaft 103,
the cam 188 cannot be driven in a reverse direc-
tion, and must remain stationary., Hence, the
return stroke of the carriage 19 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 spindile 24 is angularly adjusted
proportionately with each step in the indexing
movement 50 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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comprises a gear |15 rotatable with the terminal
gear 84 of the planetary spindle drive. The gear
115 is connected through an idler gear ii6 to &
gear rack {47 formed on the lower end of a bar
118 verticaily reciprocable in a guideway 1483,
The upper end of the bar (18 carries a pin {20
which is slidably disposed in & longitudinal guide-
way 121 in a horizontal bar t22. The bar £22 is
pivotally adjustable at {23 on a horizontal arm
124 rigidly secured ai one end to an upstanding
bracket 125 on the work carriage {8 for move-
ment therewith. The other end of the arm 24
is slidably disposed in a horizontal guide {26
formed on the upper end of an upstanding
bracket 127 on the machine frame I1. The free
end of the pivotal bar {22 constitutes a pointer

movable along an arcuate scale i28 formed frans-

20

25

30

36

» 4

60

75

versely on the horizontal arm {24, and carries a
clamp bolt {29 adjustable in an arcuate slot 130
extending along the scale. When the pivotal bar
122 is secured in a horizontal position at the zero
point on the scale {28, no movement will be im-

parted to the rack {17 upon translation of the .

carriage 19 in either direction, and hence the
terminal gear 34 will be stationary. However, if
the pivotal bar 122 is adjusted above or below the
gero point of the scale 128 at an angle correspond-

ing to that of the cubter gashes, translation of .

the carriage 19 will impart a reciprocatory move-
ment to the rack (17, thereby effecting a com-
pensatory drive through ‘the terminal gear 34.
In the present instance, the blank A is shown
with straight gashes, and hence no compensatory
adjustment is required. . )

Grinding wheel support

The grinding wheel B'is mounted on one end
of a drive spindle 13f (see Fig. 2) which is ro-
tatably mounted in a spindle head {32 slidably
adjustable on ways $33 formed on the end of a
suitable bracket 134. An adjusting screw i35
rotatably anchored on the bracket i34 is in
threaded engagement with the spindle head §32.
The spindle 131 has an operative drive connec-
tion (not shown) with a sheave 136 connected
throueh a belt. 137 to a suitable source of power
(not shown). . )

The bracket 134 is fixed on a horizontal feed
Slide 138 (see Figs. 2 and 6) mounted for adjust-
ment transversely of the blank A on a horizontal
relief slide 139. A feed screw (40 in threaded
engagement with a nut {4{ on the underside of
the slide 138 is journaled in a bearing bracket
142 on the front end of the slide {38. The outer
end of the feed screw 140 is provided with an

enlarged head 143 rotatable in a seat 144 in the

front, face of the bracket {82, A cylindrical block

. 145 is rigidly secured to the outer end of the head
163 by means of bolts (46. A cam abutment {47

is seated in a recess in the front end of the block
£45 and vrojects forwardly therefrom. Extend-
ing slidably through the screw 148, the block {45
and the abutment {47, is an elongated axial draw
bolt {48. Of the bolt 148, the rear end is in
fixed threaded engagement with & Iug (49 on the
relief slide 129, and the front end is formed with
a bearing ring or eye {B8. A bifurcated rotary
cam (5! provided with a hand lever {52 is piv-
otally mounted on opposite ends of a pin 1853 ex-
tending through the eye {86 in bearing engage-

. ment with the cam abutment 147, and serves as
‘means for anchoring the feed screw (40 rigidly

to the slide 138, A coiled compression spring (54
disposed on the draw bolt {48 in end - abutment
petween the screw 148 and the lug 149 serves upon

9,087,178

releasing the cam {51 ¢o shift the screw forward-

1y in the bearing {48, and thereby retract the’

grinding wheel B from the blank A into inopera-
tive position. -

The cross feed screw 160 may be adjusted by
any suitable means, for example to advance the

grinding wheel B further toward the work blank

A once after eack grinding cut along the latter.
In the present instance, manually operable means
is provided comprising a gear (865 rigid with the
block 185. A hand lever 186 is rigid on one end
with a strap 157 freely rotatable on the klock
145, and carries a releasable detent {58 adapted
for selective engagement between the teeth of
the gear 155. The lever {56 is adapted to be swung
into a horizontal rest position against the top
of an arm (59 fixed on the frame {1,

Relieving mechanism

Means is provided for effecting a relative re-
lieving reciprocation between the blank A and
the grinding wheel B transversely of the blank
once for each tooth as it passes through the
grinding zone, and for separating the blank and
the grinding wheel during each indexing move-
ment and during the free-return stroke (see Figs.
6 and 11). 'To this end, the reliefislide 139 carry-

" ing the grinding wheel B is mounted for recipro-

cation on horizontal transverse ways 160 on the
machine frame 17,
nected to the slide 139 through a cable 162 lead-
ing over two sheaves 168 mounted in brackets 164
on the front of the frame 17, tends to urge the
grinding wheel B yieldingly away from the
blank A. ) R
Pivotally connected at its upper end to the
rear end of the slide 139 is a depending cam
lever 165 normally fulcrumed about its lower end.
A cam follower block 166 is secured to the lever
{65 intermediate its ends, and rides on a rotary
relieving cam {67 having a spiral face 167a ter-
minating in an abrupt drop 167b. The cam 167
is secured to a longitudinal shaft 168 journaled
af its ends on the machine frame {7 and con-
nected at its left end through & train of speed-
change gears 169, i70 and 171 (see Figs. 1to3)

A weight 161, which is con~.
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to the main drive shaft 27. The rotation of the -

cam 167 is so timed to the blank A that the grind-
ing wheel B will be fed rearwardly during the
grinding of each tooth so as to generate a suit-

50

able radial relief, and will then be returned -

quickly to initial position for the succeeding tooth.

To maintain the cam follower 16§ always in
the same horizontal plane as the axis of the cam
67, one side of the follower is extended to form
a, pivot 172 (see Fig. 118) rotatably mounted and
slidable in a horizontal guideway §74 in a block
173 for supporting the lever 165. The upper end

of the lever 185 is journaled in two blocks 175,

slidabie vertically in a guide 116 in the slide 13s.
Likewise, the lower end of the lever (188 is jour-

“naled in two blocks (11 slidable vertically in a.
guide 178, Thus, each end. of the lever {65 has

a floating connection.

The drop {67 of the cam {67 is of such depth:

that the work blank A and the grinding wheel
B are separated sufficiently after the grinding of
each tooth to permit indexing on occasion. The
relieving cam (67 is accurately timed to the index
cam 180 so that each step of the indexing move-
ment will take place immediately after move-
ment of the follower 166. past the drop {675, for

58

example, while the blank A and the wheel B are

apart.

78
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Separating mechamsm
'The work blank A and the grinding wheel B

-are held in spaced relation, independently of the

action of the relieving cam 167, during the con-
tinuous free-return-'stroke of the carriage (8
after each grinding stroke. This is accomplished
by automatically adjusting the fulerum of the
lever i68, i. e. the guide 118, 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 {78is rigidly se-

16

cured on the ferward end of a plunger 179 which
is mounted for reciprocation transversely of the
frame (1.
et 180 mounted on the rear wall of the frame {71,
and is splined therein against rotation. An elon-
gated pinion (81 is rotatably and slidably mount-

" ed on the rear end of the plunger 119, and is in
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peripheral bearing engagement with a bore 182
in the bracket 188, The pinion 184 is normally
held against endwise movement, and is formed
on its inner end with a forwardly projecting cam
183. Fixed on the plunger 179 is a sleeve 184
which is formed with a rearwardly projecting
cam 185 adapted for movement into and out of
engagement with the cam 183. A gear rack (86
extends slidably through the bracket 188 in mesh
with the pinion {81!, and is provided on one end
with a rod 87 slidably supported in a bracket
188 on the rear of the frame 1. Two sbaced
ccllars (89, constituting abutments, are adjusi-
ably secured on the rod (87 for engagement re-
spectively with opposite sides of an arm 188 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 190 will move into engagement
with one of the collars 189 to effect rotation of
the cam 183 out of engagement with the cam 183,
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 68 will move the arm (908 into engagement
with the other of the collars i89 to engage the
cams 183 and (85, thereby causing the relief
slide {38 to advance the grinding wheel B into

-operative position.

Taper grinding

For taper grinding, the grinding wheel B is
adjusted progressively toward the axis of the
work in accordance with the Jongitudinal index-
ing movement. To provide adjustable means
available at will for controlling the longitudinal
contour of the work blank, the pinion 18! is

. formed on one end with an annular groove 1914

65

in which twe shifter shoes 192 are slidably dis-

,bosed. The shoes 192 are pivotally mounted in
" the arms of a yoke 193 fixed on a vertical rock

shaft {94 journaled in an upstanding tubular
bearing 185 on the bracket 188. A lever 97 is
fixed on the upper end of shaft {94, and on its
free end carries a pivotal follower block 188.

Pivotally mounted for angular adjustment on a

bracket {86 on the rear of the frame {7 is g con-
tour bar {89 having a gulde face 198 adapted
for engagement by the follower 198.

When the bar (89 is adjusted into zero posi-
tion, the face 889a will travel along the follower
198 without rocking the shaft {94, thus adapting
the machine for grinding cylindrical work blanks.
However, when the bar {99 is inclined, it will
cause the weight 161 to shift the grinding wheel
B laterally of the work in timed relation to the

The plunger extends through a brack-

209 on the underside.

movement of the ca.ri-iagé 18, thus adapting the
machine for the grinding of tapéred work blanks,

It will be understood that the taper may be varied .

by adjusting the bar {98 inio different angular
positions.
Dressing mechanism

Means is provided for dressing the grmding
wheel B from time to time to maintain the de-
sired form and o remove glaze from the grinding
surface, This means (see Figs. 13 to 16) com-
prises a base slide 200 mounted on a guide 204 on
the feed slide 138 for adjustment transversely of
the grinding spindle i3!. 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
2 bearing lug 203 on the slide 138 is an adjusting
lever 204. One end of the lever 204 is pivotally
connected to a block 205 slidable along a guide
20€ secured along one side of the relief slide 138.
An adjusting screw 207 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 210 anchored to the slide 138 acts
to hold the slide 200 against the pivot 208.

10
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Rigidly mounted on the slide 280 for adjust-

ment along a longitudinal guide 2{t is a bracket

212 having a vertical standard 213 on one end..

20

The rear of the standard 248 has an arcuate face '

214 and is formed with a horizontal shelf 215
having an sarcuate guide groove 2{6 and an elon-
gated slot 217 along the groove. Mounted for
angular adjustment on the shelf 215, with an

36

arcuafe tongue 218 1iiting into the groove 2186, is

g support 219 having a straight transverse guide
The support 219 may be
secured in adjusted position by means of a bolt
22f extending through the slot 217. A slide 222
is reciprocably mounted on the guide 208, and
-carries a dressing tool 223 adapted to act on the
peripheral face of the grinding wheel B.

Rigidly mounted on the standard 213 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 231

.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 284 and
235 respectively are formed with depending arms
236 and 237 in which suitable tools 238 and 239
for dressing the opposite sides of the grinding
wheel B are mounted. The tools 223, 238 and 239

-are located in the horizontal axial plane of the

grinding wheel B and hence of the grinding spin-
dle 24, Since the grinding wheel B has a V-
shaped contour, the supports 227 and 228 are so
adjusted that the tools 238 and 239 describe the
correct angular 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 282. These racks
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mesh respectively with gear sectors 243, 244 and 75
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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 interierence
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with the dressing tocls 233, 238 and 239. The
gear sectors 244 and 245 bear against the under51de
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
244,

Threaded respectively onto the upper ends of
the shafts 246,247 and 248 and disposed in closely
superimposed relation are three adjusting disks
251, 252 and 253 of which the second rests against
the upper end of the bearing 225. The disks 251,

-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 285 adapted to be
moved into various degrees of registration. A
hand lever 256 is integral with the lower disk 283.

It will be evident that the shafts 246, 247 and 248

- positions so as to vary thé 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 138 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 opemtzo'n .
The operation of the machme w111 be clear

- from the foregoing description. PBriefly 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 B is 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 140 t6 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 19 is held stationary while the feed
screw 36 is shifted to the left- by the index cam
i00. When all of the teeth in the initial row have

- been ground, the index cam 100 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 alk;

* of the rows of teeth have been ground with an

70

_ step-by-step grinding stroke.

[ ]

initial cut, i; e. until the blank A has been com-
pletely traversed across the grinding wheel B in a
Thereupon, the
dog 80 institutes operation of the piston and cyi-

inder- unit 66 to effect movement of the grinding.

wheel B into inoperative position spaced from

<
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the blank A, and fo 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 167 are not rotated, and
hence the return stroke is continuous and the
relief slide 139 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

5

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 16

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 122 and 199 are adjusted into zero po-
sition. It will be understood, however, that for
cutters with inclined gashes, the bar 122 is angu-
larly adjusted to impart a compensatory rotation
to the spindle 24, and for cutters with a tapered
contour the bar 199 is angularly adjusted to ad-
vance the grinding wheel toward the work auto-

25

matically in response to indexing movement of 30

the carriage 18. Obviously, the bar {9 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,
a carriage mounted for rectilinear movement on
said base, a depending lug on the underside of
said carriage, a nut fixed in said lug, & feed screw
in threaded engagement with said nut, said nut
being rotatably ‘adjustable in said lug, drive
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
said feed screw and said nut to advance said ele-
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ment relatively along said screw in one direction -

- and means automatically operable during said

rotation in one direction for reciprocating said
screw axially through a predetermined range first
in one direction and then in the reverse direction
to obtain a resultant movement of variable speed
of said elément on said base.

3. In a machine tool, in combination, a base,
a machine element mounted for movement:
said base, a nut on said élement, a feed
in threaded engagement with said nut, drive
means for effecting relative continuotis rotation

between said feed screw and said nut to advance .-
“said element relatively along said screw in one

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 alongsaidscrew during
which said element is stationary relative to said
Lase and a quick return movement in said one
direction, whereby said element is given a stepn
by-step movement on said base. .

4.-In a machine {o0l, in combina.tmn a base, a
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machine element mounted for rectilinear move-
ment on said base, drive means for said element
and including a continuously movable adiustable
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 ele-
ment and said member bodily as a unit reversibly
first to offset said translation of ssid 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

36

drive meéans 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 cam
member, yieldable means tending to hold said
follower against said cam member, a rotary drop

. cam in operative engagement with one end of

3o

A€

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, & 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 directiion,
and means-operable in timed relation to said
drive means upon movement of said element in
said one direction for periodically reciprocating

> sald element and said drive means as a unit,

each reciprocation having a slow stroke in said

" -opposite direction at a rate substantially equal
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"to the movement of said element along said drive

means in said one direction, and a quick return
movement in said one direction, whereby & 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 rectilineazf' 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 scréw

axially in said one direction, ¢ontrol means act-
ing on said screw in opposition to said yieldable
means and defining a normal position for said
serew, said control means bemg automatically op-

erable periodically to move said screw against -

the action of said yieldable means from said nor-
mal posxtmn 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 te said first mentioned drive

t
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means a,nd being inoperable during movement
of said carriage in said opposite direction.

8. In "5 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, yxeldable 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 mieans being automatically cperable
periodically to move said screw against the action

" of said yieldable means from said normal posi-

tion in the opposite direction gradually through.
a predetérmined 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 combma,tlon, a base, a
carriage mounted for movement on said base, a
nut on said carriage, a feed screw in threaded

~engagement with sald 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,
vieldable means tending constantly to move said
screw axially in said one direction, adjustable
control means actmg on 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 predetermmed distance and
then to release sdid 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 sald screw to advance said carriage in a con-

tinuous movement slong said screw in one direc-

tion, said drive means being reversible to return’

sald carrigge 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 followér on said
bearing in operative engagement with said cam
member, yieldable means tending to move said
screw axially in said one dxrectlon to hold said
follower against said cam member, and means for
reciprocating said slide in timed relation- to the
rotation of said screw.

i1, In a machine tool, in combination, a base
a carnage mounted for rectllinear reciprocation
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on said base, a rotary spindle journaled on said
carriage, a cross slide mounted on said base for

movement transversely of said spindle, a rotary

relieving cam for reciprocating said cross slide in
a -gradual approaching movement and a quick
separating movement, °a nut and feed screw
drive for reciprocating said carriage axially of
said spindle first in one direction and then in a
return direction, means operable in timed rela-

tion to said drive for separating said cross slide’

from said spindle during the return movement,
and means operable during movement of said car-
riage in said one direction periodically to shift
said carriage and said feed screw drive as a unit

in the opposite direction to effect a step-by-step "

movement of said carriage in said one direction,
with each step being timed to occur. while said

slide is remote from said spindle.

12. In a machine tool, in combination, a base,
a carriage movable on sald base, a slide movable
on said base transversely of said carriage, an ad-
justable stop, means coacting with said stop for

determining the position of said slidé relative to

said spindle, an axially shiftable non-rotatable
rod supporting said stop, a cam abutment on said
rod, an elongated pinion rotatably and slidably
mounted on said rod, said pinion having a cam

on one end coacting with said abutment, gear.

means for rotating said pinion in any axial po-
sition to adjust said stop, a templet movable with
said carriage, and means coacting with said tem-
plet.in thé progressive movement of said carriage

to control the axial position of said ‘pinion and -

therethrough the position of said stop in ac-
cordance with the pattern of said templet.

13. In a machine tool, in combination, a bhase,
a carriage-movable on said base, a slide movable
on said base transversely of said carriage, yield-

..able means tending to urge said slide from said
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a carrlage reciprocable on said base between two

KT

carriage, an adjustable stop, a lever fulcrumed

_intermediate its ends and coacting af one end

with said stop and at the other end with said

slide for determining the position of said slide’
relative to said carriage, an axially shiftable rod .

for supporting said stop, a templet mounted on
said carriage and having a face of predetermined
form, said templet being adjustable relative to

the direction of movement, and means. coacting -

with said face for positioning said rod during the
progressive movement of said carriage in accord-
ance with the contour and setting of said face.
14. In a machine tool, in combination, a base,
a carriage movable on said base, a slide movable
on said base transversely of said carriage, an ad-
justable stop, a lever coacting with said stop.and
said slide for determining the position”of -said

slide relative to said carriage, means acting as a .

fulcrum for said lever, a.templet movable with

, sald’ carriage, said templet having a face with a
" contour extending generally along said base, and
means mounted on said base and coacting with.

said face for controlling the position of said
stop as.determined by said contour during the
progressive movement of said carriage.

15. In g machine tool, in combination, a ba.se

opposed predetermined end positions, a-spindle
on said earriage, a slide movable on said base
transversely of said spindle, a stop, means co-
't’ g. with said stop for determining the posi-
{ said slide relative to said spindle, means

poyisive to the movement of said carriage into
éither "of said end positions to adjust said stop

into either of two relative correspondmg posi=

tions, and means for independently adjusting

8,087,178 -
- said stop automatically in response to the pré-

gressive movement of said carriage.
16. ITn a machine tool,.in combination, a base,

a carriage slidable on said base, a slide movable

on sald base transversely of said carriage, yield-
able means tending. to move said slide from said

carriage, a stop, means coacting “‘with said stop i
for determining the position of said slide under -

the influence of said yielda.ble means, a bearing

~on said base, an elongated pinion rotatable in

said bearing, said pinion having an annular end
face cam on one end, a non-rotatable rod sup-
porting said stop, a follower on said rod coact-
ing with said cam face, a gear rack meshing
with said pinion, and means responsive.to the
movement of said carriage for actuating said
rack to rotate said cam to adjust said stop se-
lectively into different positions.

17. In a machine tool, in combination, a base,
a member movable on said base, a tool slide ad-
justably mounted on said member, screw means
for adjusting said slide in a feeding movement on
said member, yieldable means tending to move
said member in one direction, a stop abutment
adjustably mounted on said base and independ-
ent of said member and said screw means, means

_coacting with and interposed between said abut-

ment and said member for determining the posi-
tion of said member under the influence of said
yieldable means, and two means independently
available for translatably adjusting the position
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of said stop abutment to control the position of K
said member, each of said last two means being .-

-automatically operable in timed relation to the

movement of said member.
18. In a machine tool, in combination, a base,

35

a slide movable on .said base, yieldable means °

tending to move said slide in one direction, a
‘stop, means coacting with said stop for determin-
ing the position of said slide under the infiuence
of said yieldable means, a shiftable support for

said stop, a cam follower on said support, a ro-

tary cam engaging said follower, means for rotat-
ing said cam to adjust said stop, and means for
shifting said cam to adjust said stop.

19. In a machine tool, in combination, a base,
a relieving slide mounted for reciprocation on
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said base, a rotary relieving cam, a cam lever in .

operative engagement intermediate its ends with
said cam, one end of said lever having an oper-
ative engagement with said slide, & fulerum co-
acting with the other end .of said lever, yield-

“able means for holding said lever against said

cam, a non-rotatable rod.supporting said ful-
crum, said rod being axially shiftable, a cam
follower on said rod, a rotary cam having an
annular end face in operative engagement with
said follower, means for rotating said last men-

‘tioned cam to adjust said fidcrum, and inde-

pendent means for shifting said last mentmned
cam to adqust. said fulcrum. -

~20. In a machine tool, in combina.tion a .sup-
port, a member-reciprocable on said support,.a
lever -having a floating connection with said

. member, a fulcrum, said lever having a floating

connection with said fulerum; yieldable ‘means
tending to’move said member in one direction,

.means coacting with an intermediate portion of
_sald .lever for oscillating said lever about said

fulecrum against the action of said yieldable
means, and means for constraining said portion

* of said lever to move in a rectilinear path par-
“allel to the movement of said member.

21. In a ‘machine tool, In combination, a sup-

" port, a member movable horizontally on said
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support, a rotary cam, a vertical lever having a
cam follower intermediate its ends coacting with
sald cam, 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
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having a floating connection with said member,
a fulcrum mounted in said support, the other end
of sald lever having a floating engagement with
said fulerum, and yieldable means acting to hold

" sald cam and said lever in operative engagement,

22. In a machine tool, in combination, a sup-
port, & member movable on said support, a rotary
cam having s 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, 2
fulerum mounted in said support, the other end
of said lever having a floating engagement with
said fulerum, and yieldable means acting to hold
sald cam and said lever in operative engagement.

23. In a machine tool, in combination, a base,
& 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
skifting “movement transversely of said axis, one
end of said lever having a floating connection
with said slide, a fulerum for said lever, yieldable

means acting to hold said lever against said cam

and tending to retract said slide from said
spindle, and means for driving said cam in timed
relation to said spindle and said carriage to effect
& relieving reciprocation of said slide during said
Indexing movement and to cause each step of sald
Indexing movement o occur when said slide is
retracted from said spindle. - '

24. In a machine tool, in combination, g base,
a carriage mounted on said base, a work spindle
rotatably mounted on said carriage, means for
reciprocating said carriage axially of said spindle,
2 tool slide mounted on said base for reciproca-
tion transversely of said spindle, a rotary reliev-
ing cam, a lever pivotally supporied 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 fioat-
ing connection with said slide, a fulcrum, the
other end of said lever having a floating connec-
tlon with said fulcrum, yieldable means acting to

hold said lever against said cam and tending to-

zetract said slide from said spindie, and means
operable upon movement of said carriage in one
direction for driving said cam in timed relation
to sald spindle to effect a relieving reciprocation
of sald slide.

25. In a ‘machine tool, in combination, a base,
8- 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 pivotslly supported intermediate its
ends for rectilinear shifting movement and co-
acting with said cam in'the plane of said move-

9

ment, one end of said lever having a floating
connection with said slide, a fulerum. 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 spindie, and means auto-
matically operable in response to each reversal of
movement of said carriage to shift said fulerum 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, g 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 iransversely of said
spindle, 3 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 foating connection with said fulerum,
yieldable means acting to hold said lever against
said cam and tending to refract said slide from
said spindle, means for driving said cam in timed
relation o said spindle and said carriage to ef-
fect a relieving reciprocation of said slide during
said indexing movement and to cause each step of
sald indexing movement to occur when said slide
is retracted from said spindle, means for auto-
matically adjusting said fulerum in timed rela-
tion to.said indexing movement to vary 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,
@' grinding wheel mounted on said support, means
for adjusting said support to advance said wheel
toward said spindle, a dressing device adjustably
mounted on sald 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
sald spindle to adjust said deviee on said support
proportionately but at 4 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, 2 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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relative longitudinal axial movement between
said cutting tool and the work is arrested during
one or more revolutions of work and a quick in-
dexing movement of the. cutting tool relatively
longitudinally of the work is made at a time when
said relief cam is in said initial position.

29. In 3 machine tool, in combination, & base,
a work spindle operatively mounted on said base,
a. support slidable on said base transversely of
said spindle,; a grinding wheel mounted on said
support, means for adjusting said support-to ad-
vance said wheel toward said spindle, a slide
mounted on said support for adjustment toward
said wheel, a dressing device supported on said
slide in operative relation-to said wheel, spring
means tending to retract said slide from said

" wheel, and means automatically operable upon
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adjustment of said support on said base toward
said spindle for adjusting said slide against the
action of said spring means proportionately but
at a lower rate toward said grinding wheel.

*30. In a machine tool, in combination, a base,
a work spindle operatively mounted on’said base,
a support slidable on said base transversely of
said spindle, a grinding wheel mounted on said
support, means for adjusting said support to ad-
vance said wheel toward said spindle, a slide

mounted on said support for adjustment toward

said wheel, a dressing device supported on said

slide in operative relation to said wheel, spring -

. means tending to retract said slide from said

wheel, a guide rigid with said base and extending
perpendicularly of said- spindle, a block secured

_for adjustment along said guide, and o iever
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pivoted to said block and having a pivotal bear-
ing engagement with said slide and a second

bearing engagement with said support to adjust

sald slide automatically against said spring means
toward said wheel upon adjustment of said sup-
port toward said spindle. .

31. In . machine tool, in combination, a sta~
tionary support, relatively rotatable screw ele-
ments, an axial thrust anchor on said support for
one of said elements, power drive means for ef-
fecting relative rotation of said elements in one
direction, and means automatically operable dur-
ing said rotation in one direction for adjusting
said anchor axially of said elements first in-one
direction and then in the reverse direction where-

50 by to effect a variable speed movement of the
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other of said elements relative to said support.

32. In a machine tool, in combination, a sta-
tionaly support, two relatively -rotatable screw'
elements, an anchor on said support for limiting
the axial position: of one of said elements, re-
versible power drive means for effecting rela-
tive rotation of said elements in opposite direc-
tions, and means automatically operable during
rotation in one direction for adjusting said an-

13

chor axially of said elements to obtain a transla=- .

tion of the other of said elements relative to said
support other than the relative axial transla-
tion between said elements, said last mentjoned
means being inoperative upon relative rotation
of .said elements in. the opposite direction. )
33. In @ machine tool, in combination, a base,
a member movable on said base, yieldable means
tending to move said member in one direction,
a lever coacting with said member, a relieving
can engaging one side of said lever, a stop en-
gaging. the other side of said lever and adjustable

to pivot said lever about said cam as a fulerum -
said -

against the action of said yieldable means,
cam being adjustable to pivot said.lever about

said stop as a fulcrum against said yieldable

" member, the

" said lever to said base
portion of said lever having a pivotal bearing

.crum’ on said support
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means, and two means independently available
for adjusting the position of said stop, one of

said last mentioned means being operable upon '

movement of said member into a predetermined
position, the other of said last mentioned means

being operable progressively during the move-

ment. of said member.

34. In a machine tool, in dombinatibn, a, base

_member, & work spindle, a support slidable cn

said base member transversely of seid spindle, &
grinding wheel mounted on ‘said support, means
coacting with said base member - for adjusting
said support on said member to advance said
wheel toward said spindle, a dressing device slid-

-ably mounted on said support in operative rela-

tion to-said wheel for adjustment transversely of
the axis of said wheel, and means independent
of said first mentioned means and responsive to
the movement of said support. on said member
for adjusting said dressing device, said last men-
tioned means comprising a lever extending gen-
erally transversely of said support, a pivot con-
necting one end portion of saig lever to said base
other end portion of said lever
Having a pivotal bearing connection with said
dressing ‘device, and a fulcrum on. said support
engaging an intermediate portion of said lever
and operable to oscillate said lever about said
pivot to adjust said device on said support to-

‘ward said wheel upon adjustment of said sup-

port on said base by said first mentioned means
toward said spindle. . :

35. 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 $aid support, screw
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means anchoring said support to said base mem-

ber, and for adjusting said support to advance
said wheel toward said spindle in a feed adjust-
ment, a dressing device slidably mounted on
said support in operative relation to said wheel
for adjustment transversely of the axis of said
wheel, a lever independent of said screw means
and extending generally transversely of - said
support, a pivot connecting one end portion of
member, the other end

connection with said dressing device, and a ful-
engaging an intermediate
portion of said lever and operable to oscillate said
lever about said pivot to adjust said device to-
ward said ‘wheel in a dressing adjustment: upon
adjustment of said support toward said spindle,
said. fulerum being located at
from said pivot than from said bhearing connec-
tion so that feed adjustment will be greater than
said dressing adjustment. .

36. In 2 machine tool, in combination, a base,
a carriage movable
able on said base, yieldable means tending to
move said member in one direction relative to
said ¢arriage, a stop abutment separate- from
said member, means connected to sald ‘member

"and anchoring against said. stop abutment for
* limiting the position of said member under the

influence of said yieldable means, said means
including a member operable recurrently to re-
ciprocate said first mentioned member relative
to said stop.ebutment, and two means independ-
ently operable for adjusting the position of sald
abutment ‘and thereby to ‘control the position of
said first mentioned member, each of sald two-
means being automatically operable in response
to predetermined movements of said carriage.
"37. In a machine tool, in tombination, & hase,

o greater distance-
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on said base, a member mov- -
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a work spindle mounted on said base, & slide re-
ciprocable on said base transversely of said spin-
dle, a support mounted on said slde for move-
ment transversely of said spindle, nut and
screw device directly connecting said slide and
support for adjusting said support, s 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 fulerum 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 sald 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
said parts as a unit in a direction opposite said
one direction at a rate substantially equal to the

A 11
relative movement between said parts and then
at e fast rate in said one direction, whereby a
step-by-step movement in sald one direction is
imparted to said carriage.

39. In a machine tool, in combination, a base,
a carriage mounted for rectilinear reciprocation
on sald 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
sald 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 posi-
tion, and drive means for said control means,
said last 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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