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66 Claims.

My said invention relates to an automatic cam
grinding machine and it is an object of the same
to provide means whereby an entire cam shaft
can be finished to size without any attention from

5  the operator other than that required in start-
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ing and stopping the machine.

Another object is to provide means for ro-
tating the master cam and the work in synchro-
nism.

Another object is to provide a means for au-
tomatically feeding the wheel into the work at
the proper speed and withdraw it when the work
is finished.

Another object is to provide means whereby
‘the carriage is moved auntomatically from a fin-
ished cam to the next blank as each cam is fin-
ished, is stopped when the next blank is in front
of the wheel, and is manually returned to the
starting position when the entire camshaft is
finished.

Another object is to provide improved means
for reciprocating the wheel spindle in a line par-
allel with the carriage so as to give a smooth
even finish to the work and also to reduce wheel
wear.

Referring to the accompanying drawings which
are made a part hereof and on which similar ref-
erence characters indicate similar parts,

Fig. 1 is & front elevation of the machine of
my invention,

Figure 2, an end elevation of said machine
viewed from the right,

Fig. 3, a front elevation showing the relative
position of the master cam and the cam shaft
which is being ground,

Fig. 4, a partial longitudinal section of the
wheel base and the part of the bed on which it
rests,

Fig. 5, an end elevation of the rear part of the
bed viewed from the left and showing the wheel
feeding motor,

Fig. 6, an end elevation partly in section show-
ing the piping for the wheel feeding motor as
geen from the right in Fig. 1,

Fig. 7, a front elevation partly in section show-
ing the oil pump and the piping to both the wheel
feeding motor and the traverse motor,

Fig. 8, an end elevation of part of the traversing
mechanism for the grinding wheel carriage,

Fig. 9, an elevation of the valve operating lever
used on the carriage traversing mechanism, as
seen from the left in Fig. 1,

Fig. 10, an elevation of a part of the mechanism
for automatically controlling the movement of
-the wheel base, as seen from the left in Fig. 1,

(CL 51—101)

Fig. 11, a horizontal section of said mecha-
nism on line {i—I{1 in Fig. 10,

Fig. 12, a front elevation of said mechanism,

Fig, 13, a right elevation of the foot stock,

Fig. 14, a front elevation of said foot stock, 5

Pig. 15, a plan of said foot stock,

Fig. 16, a right elevation of the head stock
partly in section showing the method of rotating
the work and the master cam in unison.

Fig. 17, a right hand elevation of the head stock 10
illustrating means for swinging the work toward
and away from the wheel so as to grind the cam
to the desired shape,

Fig. 18, a longitudinal section of the head stock,

Fig. 19, a longitudinal section of the wheel 15
spindle showing means for reciprocating the
same,

Fig. 20, a cross~-section on line 20—20 of Fig. 19,

Fie. 21, a detail of gearing shown in Fig. 19,

Fig. 22, a front elevation partly in section of 20
the valve for the traverse motor and the mech-
anism for operating said valve automatically to
start and stop the traverse mechanism,

Fig, 23, a front elevation of the wheel feed
motor, and 206
Fig. 24, a vertical longitudinal section of said

motor.

In the drawings reference character 38 indi-
cates the fixed bed of the machine which bed
supports a work-carriage 31 mounted on guides 30
32 for reciprocation lengthwise of the machine.
The bed also supports a slide base 33 pivoted near
its front end at 3§ for movement toward and
from the work located on the carriage 31 in front
of the slide base. The bed further supports a 35
fluid motor 35 by means of which the work car-
riage is moved to and fro on the guides 32, a
wheel feed motor 36 for moving the slide base 33
on its fulerum 34 and various driving and con-
trolling mechanisms hereinafter described. 40

Work supporting and driving means

The work carriage 31 bears a table 37 upon
which a work supporting bracket 38 is mounted
by pivots 39 for movement toward and from a 45
wheel 40 on a wheel base 41 slidingly supported
on the slide base 33 for adjustment toward and
from the work, as to set the wheel and to com-
pensate for wear. The bracket 38 and parts car-
ried thereby are roughly triangular in cross sec- 50
tion with the work 42 supported at one corner
of the triangle, the master cam shaft 43 at an-
other corner and the pivots 33 at the third cor-
ner. The position of the work is determined by
a headstock 44 and a footstock 45 carrying re- 66
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spectively centers 48 and 41. The position of
the master camshaft is determined by a coupling
48 at one end and a coupling 49 at the other end
supported in the bearing 50.

Details of the headstock are shown in Figs. 16
to 18 together with driving means connecting
the headstock spindle 81 to a crankshaft 52 which
is connected by means of a lug 53 (Figs. 3 and 17)
on the coupling 48 to the camshaft. The head-
stock spindle is driven by a sprocket 54 (Fig, 18)
connected by a chain 55 to a sprocket 56 on the
work drive shaft 57 (Figs. 1 and 2) which in turn
is driven by a chain 58 from the change speed
shalt 88 cperated at various speeds by change
speed gearing in a casing 60, the speed being
varied by means of a hand-lever 61. The drive
shaft of the change speed gearing carries a pulley
62 driven by a belt 63 from a work drive pulley
€4 on the main shaft 65, and provided with a belt
tightening idler 65’. The headstock spindle is
divided into two parts spaced from one another
and provided with cranks 66 secured to the re-
spective sections by means of dowel pins 67, said
cranks carrying crank pins 68 fastened to the
cranks by dowel pins 69. An intermediate crank
66 is secured to the adjacent ends of the first-
named crank pins in similar manner. A work
driver 10 is secured to the face plate of the in-
ner spindle section adjacent the center 46.

The erankshaft 52 is provided with cranks and
crankpins held together in similar manner to the
parts described in connection with the spindle 51.
Connecting rods 71 have bearings at opposite
ends mournted on adjacent bearings of the crank-
pins, these connecting rods being arranged par-
allel to one another in well-known manner and
serving to provide a smooth and uniform drive
from the headstock spindle to the crankshaft 52
and hence to the master camshaft 43. It may be
noted that the bracket 72 enclosing the crank-
shaft 52 and providing bearings for the same is
separate from the main bracket 38 and secured
thereto by dowel pins and bolts but this is op-~
tional.

Thie footstock of the work-supporting mech-
anism is shown in detail in Figs. 13, 14, and 15.
This footstock comprises a center 47, a dust-cap
73, a tension nut 14 for the spring 15 pressing
against the rear end of the spindle 16, a pinion
17 having spur teeth meshing with rack teeth
on the spindle, a pinion shaft 78 and a handle
19 by means of which the footstock center can
be retracted for convenience in dismounting and
replacing the work.

The master camshaft is provided with a series
of cams corresponding in position to those on the
camshaft to be ground while the whole camshaft
to be ground may be provided only with roughly
shaped cam blanks which must be ground down to
suitable shape. For oscillating the brackets 38
to move the cam blanks toward and from the
wheel during grinding operations I have provided
a roller 80 mounted in fixed relation on a support
secured to an upwardly projecting cover 81 for
the traverse motor which cover is fixed in relation
to the base or bed 30. The bracket is forced up-
ward by springs 82 (Figs. 1 and 2) into a position
where one of the cams of the master camshaft will
rest against the periphery of the roller 80, It
will be clear from the foregoing that as the master
camshaft rotates in synchronism with the cam-
shaft being operated on the bracket 38 will be
oscillated on its fulerum 29 to move the work to-
ward and from the grinding wheel in a manner
to govern precisely the shaping of the successive
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cams. When the work on a cam is completed the
carriage is caused to travel a sufficient distance in
one direction, e. g. to the left, to bring the next
cam blank infto operative relation to the wheel.
For thus traversing the carriage I have provided
a means comprising the fluid motor 35 of which
certain details are shown in Figures 1 and 22
and which may ke understood to be otherwise of
any suitable type preferably having a vane mount-
ed for oscillation between two fixed abutments in
a chamber provided with means for admitting
fluid alternately at opposite sides of the vane.
The mctor drives a shaft 83 carrying a pinion 84
whose teeth are in mesh with those of a rack 85 at
the under side of the carriage.

Grinding wheel feed

It will be recalled that the grinding wheel is
carried by a wheel base or wheel slide 41 mounted
on a slide base 33 pivotally supported at 34. For
the purpose of adjusting the wheel base along the
slide base the slide base is provided with a rack
86 coacting with a pinion 87 on a vertical shaft
in the wheel base and rotation of the vertical shaft
causes the wheel base to move along guides 88, on
the slide base. The wheel spindle 90 is journaled
in bearings 81 on the wheel base 41 and the spindle
is driven by means of a pulley 92 over which
passes a belt 83 driven by a pulley 94 on the main
shaft 66. This belt is kept tight by an idle pulley
85 on a bracket pivoted at 34.

The wheel base and the slide base are tilted
about their common axis 34 for moving the wheel
toward the work to compensate for the decreasing
diameter of the work by means comprising a roller
96 (PFigs. 2 and 4) underneath the rear end of the
slide base resting on a cam 87. The cam 97 is
eplined to the shaft 98 of the wheel feed motor,
stch motor being hereinafter referred to as the
wheel feed motor. This motor has a vane 99 on
the shaft 98 arranged for oscillation in a chamber
containing an abutment 100 which limits the
movement of the vane and through which abut-
ment fluld may be admitted to move the vane in
one direction or the other thus rotating the cam
91 correspondingly. A reversing lever 101 con-
trols the fluid admission valve 102 of the motor
which may be any suitable type and is preferably
slidable in & right line. A slide 103 (Fig. 24) is
connected by a roller 184 and a pin 105 to the
lever 104 for operating the valve. The pin also
carries a roller 108 bearing on a detent 115 sup-
ported at opposite ends by springs 108 so as to
force the lever 18! toward one or the other ex-
treme of its movement. One purpose of this con-
struction is to cause the wheel to retreat quickly
from the work when a cam is finished.

Automatic controlling means

In order that the traverse may be made with-
out injury to the wheel or the work it is necessary
that one or the other be moved so far from the
other in a direction respectively forward or back
as to avoid any danger of the work striking the
wheel during the traverse. With this object in
mind I have provided interconnected controlling
means for the work carriage and the wheel feed
including means adapted to act on a forward pro-
Jection or roller bar 109 of the bracket 38 in g
manner fo impart an abnormal swinging move-
ment to the bracket in a direction for retracting
the work from the wheel. This mechanism is jl-
lustrated in detail in Figs. 4, 5 and 8 to 12.

A dog 110 is mounted on the periphery of a dog-
wheel I and is adjustable about such periphery
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by means of a worm 412 having threads engaging
teeth indicated at 113 on the outer rim of the
wheel.  This dog is adapted to strike a lug 14
on the lever (01, as the work feed motor moves
clockwise in Fig. 5, for swinging the lever until
the roller 186 passes the point of the detent {16
whereupon the springs immediately force the
lever over the remainder of the path of its move-
ment and reverse the motor. Under circum-
stances hereinafter:described the lever 101 will
be held from moving clockwise fo the required
extent for reversing the movement of the wheel
feed motor hy means comprising a stop {16 in
The stop {16
is adjustable longitudinally through a rockarm
117 and is provided with a lock nut 118 for lock-
ing it in adjusted position. The rockarm ({7 is
mounted on a rod 19 which is adapted to oscil-
late in bearings 120. At the front end of the rod
119 a rockarm {21 is provided which rockarm is
connected by a link 122 to another rockarm 123
on a rockshaft #24 extending forward through
the bed of the machirie, or to the right in Fig. 5.
At its forward end the shaft carries a rockarm
125 (Fig. 1) connected by & link 126 (Figs. 1, 10
and 12) to a rack 121 adapted to engage a pin
128 on a rockarm 129 pivoted at 138 on a cover
81 and provided at its forward end with a roller
13! contacting with the roller bar 09 (Figs. 10
and 22) at the front end of the bracket 38. A
spring 132 draws the arm 129 toward its upper-
most position and a plunger 133 forced rear-
wardly by a spring 134 ténds to'move the hook
125 into engagement with the pin {28 on said
arm. A fixed abutment 138 (Figs. 10 and 12)
on the cover 21 has a cam face cooperating with
a cam face at 137 on the hook I35 to disengage
the same from the pin 128 when the parts are lift-
ed sufficiently high by spring (32,

The dog-wheel [l or other part moving there-
with also carries a dog 138 adjustable about the
periphery of the dog-wheel by a screw 138, said
dog having a nose 139 pivoted at 149 for engage-
ment with a lever 141 (Figs. 4 and 5) pivoted at
{42, The dog 138 acts on said lever as the trav-
erse motor moves in a clockwise direction (Fig. 5)
to trip the parts operated by said lever the piv-
otal mounting of the nose permitting the dog to
pass the lever in the contrary direction of move-

‘ment of the traverse motor without changing its

position. As here shown the dog moves from the
solid line position of Fig. 5 to the dotted line
position. The lever #81 is connected by a link 142
to a lever {43 pivoted at 144 and this in turn is
adjustably ccnnected at 145 to a rod 148 slidably
mounted in'a bearing 147 and carrying a collar
148. A spring 149 surrounds the rod said spring
bearing at one end against collar {48 and at the
other against bearing {871 and serving to move
the rod and the parts connected therewith nor-
mally to the right in Pig. b or toward the front
of the machine., At its forward end the rod 146 is
connected by suitable means such as a bent lever
to an upright rod 159 (Figs. 1 and 8) which in

turn is connected at its upper end by a bent lever

{51 pivoted at 152 to a slidable detent 153 im-
pelled by & spring §54 in a directicn to engage
under a lateral arm of a lever 155 (Fig. 22).
The piston 156 is slidably mounted in a cylin-
der 187 formed in the caver 81 and is provided at
its lower end with a roller 158 engaging the upper
face of the roller bracket 109, At its upper end
the chamber {57 has a single port 159 opening
into a valve chamber provided with an inlet port
180 (Figs. 1 and 22) and an exhaust port 16f. A

3

balanced piston valve 162 is located in said valve
chamber and said valve has a stem 163 adjustably
connected to the lever 185 with provision for lost
motion. The lever 155 has a vertical arm and &
laterally extending inclined arm provided at its
outer end with a roller 164. A double-acting
spring-pressed plunger 1§65 is mounted approxi-
mately in line with said arm so as to force the
lever toward its extreme position in either direc-
tion of its movement. It will be seen that the
detent $53 and the plunger {63 will hold the lever
155 and the valve 182 in the position indicated,
so that piston 156 will not move until the detent
153 is retracted. When this occurs the plunger
165 will force the roller 164 downward and move
the valve so as to connect the port 159 to the
inlet port 168 whereupon the fluid will enter the
piston chamber and force the piston down there-
by moving the bar 109 downward to tilt the work
supporting bracket 38 away from the wheel.

It will be recalled that the work carriage has
a step-by-step or intermittent traversing move-
ment for moving the camshaft so as to bring its
successive cam blanks into the fleld of operation
of the grinding wheel 48 and such movement. is
availed of for the purpose of returning the work
carriage bracket to working position. For this
purpose the traversing roller bar is provided
with dogs {68 having forwardly projecting lugs
{67 (Figs. 8, 9 and 22), The lever {85 is also
provided with a depending finger 169 terminating
in a rearwardly projecting lug 188 adapted to
cooperate with the lugs 167 in one position there-
of (Fig. 9). The finger 169 is pivoted on the lever
at 170 in such a manner as to swing to one side
in one relative direction of movement, of the roller
bar and the lever thus avoiding injury to the
relatively movable parts. A pin 1Tl limits the
swinging movement of the finger in a counter-
clockwise direction. The lever 155 has a rock-
arm {12 pivoted thereon, with a roller 173 adapt-
ed to contact with the roller bar 188 as it rises.
A spring {74 provides a yielding connection be-
tween the rockarm {712 and a rigid finger 115,
thus cushioning the action of the rolier bar on
the lever and the valve {62.

It will be seen from the foregoing that when
the detent 153 is withdrawn the lever {55 will
be moved clockwise by the plunger 165 so as to
open the intake passage {60 to the chamber {57
and thus force the bar down so as to bring its
lugs 167 to the level of the lug 168 on the finger
169. As bar (09 now moves to the right in Fig-
ure 22 with the work carriage, the appropriate
lug 167 will strike the lug 68 (it being under-
stood that the number of dogs 168 corresponds
to the number of cam blanks on the cam shaft
42). 'The movement of the carriage will now
cause the lever to swing on its pivot in a counter-
clockwise direction and this will move the bal-
anced valve so as to shut off the intake port
160 from the port {59 and open a passage from
cutlet port 161 to port {8, At the same time
the spring-pressed plunger 185 is permitied to
return into holding position relative to the lever
155.

The movements above described, initiated by
engagement of dog 138 with lever 14! in Figure b
are utilized to govern the operation of the trav-
erse motor. When the bar {89 is forced down by
the pressure in the cylinder 157 it acts on a roller
116 (Figs. 8 and 22) on a roller bracket {17 pro-
vided with a handle (78. The roller bar is sup-
ported on a plunger {79 guided for up and down
movement in a plunger bracket 180 on the cover
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81, the movement of the plunger being limited
by a stop 81 engaging at its inner end in a slot
having parallel vertical branches 181’ connected
by a horizontal cross-over portion. At its lower
end the plunger bears on a laterally extending
arm {82 of a three-armed lever 183, the lower-
most arm of which is connected to the stem 184
of & balanced piston {85 in a chamber 188 which
piston controls the operation of the oscillatory
traverse motor 35. It has not been deemed
necessary to illustrate details of this motor as it
is of well-known type and is shown in other pend-
ing applications.

As the roller bar 189 pushes the plunger {79
down and moves the lever 183 counterclockwise
the valve 185 uncovers a port 187 leading to an
expansion chamber at one side of the vane of
the traverse motor and admits fluid under pres-
sure through an intake port {88 to said ex-
pansion chamber. Such movement of the valve
also opens a passage from the port 189 to the
ocutlet passage 190 of the motor for escape of
fluid from the non-working side of the motor.
The contrary movement of the roller bar and
plunger permits a spring 191 to move the lever
183 in a clockwise direction thus moving the valve
185 to the left to an extent sufficient only to
bring the valve into the position illustrated in
Figure 22 where the entrance of liquid to either
side of the motor, i. e, to either of its two op-
posed expansion chambers, is prevented and thus
any traversing movement of the carriage during
grinding is prevented.

When an entire camshaft has been completed
and has been replaced by a new one the carriage
must be returned to its original or starting po-
sition and for this purpose the handle {78 is
turned to the left sufficiently to disengage the
pin 181 from the shoulder between the branches
181" of the slot in which the pin moves. The
plunger #719 may now rise to the full extent of
its movement and the lever {83 may consequently

be moved in a counter-clockwise direction by the:

spring 181 to such an extent as to open a passage
from the inlet port 192 to the port {89 for mov-
ing the motor in a direction to return the work
carriage to its original position. At the same time
the valve opens a way from the port {87 to the
outlet 190 to permit escape of fluid from the non-
working side of the traverse motor.

Pump

The device of my invention is provided with a
rotary pump (93 driven by a sprocket chain 194
passing over a sprocket 195 on the pump shaft
and a sprocket 196 on the main shaft of the ma-
chine. The pump has an intake 187 and a pipe
198 communicating with the inlet ports {88 and
192 of the traverse motor and also with the inlet
port 160 for the piston chamber 157. An exhaust
ripe 93 returns the exhaust fluid from the ports
{89 and {87 of the traverse motor and a pipe 199
returns exhaust fiuid from the exhaust port 161
of the pisten chamber to the reservoir 200 at the
bottom of the machine. A manually operated
valve indicated at 205 in Fig. 1 serves to vary the
supply of pressure fluid to the traverse motor
when desired. A pipe 202 leads from the pipe 198
to the wheel feed motor 36 and an exhaust pipe
203 brings back the exhaust fluid from said motor
to the reservoir 200. A valve 204 is normally
spring-pressed to closed position. This valve pro-
vides a means whereby the operator can permit
the fluid to return temporarily to the reservoir
without operating the motor and the valve may
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also provide for relief of excessive pressure so
that the speed of the pump need not be changed,
nor need the pump be stopped because of tem-
porary cessation of the operation of the machine.
The valve is opened by the operator through the
aid of the lever 221.

Wheel traverse

It is found desirable to give a limited traverse
to the grinding wheel for reducing the wear on
the wheel as much as possible and to give a
smooth even finish to the work. For this purpose
the grinding wheel spindle 80 is provided with a
worm 206 meshing with teeth on a pinion 207
which is loose on a shaft 208. The shaft has
eccentric portions at each end engaging forks in
levers 209 pivoted at 218. These levers are con-
nected by means of links 211 to a bronze collar
212 surrounding the shaft, said forks being piv-
oted to the collar at 213. The collar is held
against endwise movement on the shaft by means
of a pair of washers 214, the washer at the left
resting against a shoulder on the spindle and the
washer at the right being held in place by a nut
2185. The gear 207 is caused to rotate with the
shaft 208 by means of a clutch member 216 en-
gaging a clutch face on the gear. A coiled spring
211 tends to separate the clutch faces and a screw
218 having an outer hand wheel 219 bears at its
inner end against a pin 220 which is mounted at
its ends in the clutch member 216 so that rotation
of the hand wheel moves said clutch member into
engagement with the worm gear.

It will be seen that rotation of the spindle and
the wheel will turn the worm gear 207 and the
ecceniries rotating therewith thus swinging the
levers 209 through their connections to the collar
212 moving the shaft endwise to a limited extent.
This reciprocating motion may be stopped by sep-
arating the clutch member 216 from the worm
gear through the medium of the hand wheel 219
and screw 218.

Operation

In the operation of my device a camshaft is
placed between the work centers, as indicated in
Figure 3, the work carriage having been previ-
ously brought to its position farthest to the right
so as to begin operations on a cam blank. The
starting lever 221 is now moved to the right to
open the valve 204 and fluid under pressure passes
to the traverse motor, power being also applied
to the wheel in ordinary manner. The wheel feed
motor rotates the cam 97 in a counter-clockwise
direction as seen in Figure 5, or clockwise as seen
in PFigure 2, the headstock is driven as above
described causing the bracket 38 to rock in ac-
cordance with the contour of the master cam on
the camshaft 43 and the operation proceeds in
ordinary manner until the cam is ground to the
desired size at which time the dog 138 strikes the
pin 14 on lever 184 and swings the lever in a
counterclockwise direction to a position in which
the upper end of the lever moves to the left of
the position shown in Figure 5.

This shifting of the lever (01 to the left, as re-
ferred to above, positions the valve 102 so as to
admit fluid to that side of the wheel feed motor,
which will cause the motor to turn clockwise;
that is, in a direction to lower the feed slide.
The work carriage is now indexed and shifted
to position the work for grinding the next cam.
The clockwise movement of the wheel feed mo-
tor will cause the dog 138 to move from the dot-
ted line position in a counterclockwise direction
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to the full line position where it will shift the
lever 101 and again reverse the valve which re-
verses the motor and moves the grinding wheel
away from the work. The pivoted end portion
138 of the dog permits the dog to pass the nose
of the trip lever i41 without moving the same.

On the reverse movement of the motor the
dog wheel is moved clockwise and such move-
ment continues until dog 110 strikes pin {14 and
moves lever {08f to the position indicated in solid
lines in Figure 5 where it abuts against a stop
116 which prevents further movement of the
lever for the time being and cuts off the fluid
from both sides of the motor, Just prior to the
attainment of this position by the dog 110, the
dog 138 passed the nose of lever {4l in a clock-
wise direction and therefore moved said lever
about its pivot 142. As a result of such movement
the lever 141 acting through the train of con-
nections 142, 143, 146, 150 and 151 retracts the
latch 153 from lever 155 (Fig. 22). Thereupon
the plunger 165 acts on the lever through the
roller 164 to move the valve 162 to the right and
permit pressure fluid to enter the cylinder 157,
moving piston {86 so as to force roller bar 109
down and so set the traverse motor in opera-
tion to index the carriage by acting on arm 182
of lever 183. The lateral movement of the bar
with the work carriage causes the next lug 16T,
which has now been lowered to the proper level,
to strike lug 168 and tilt lever 155 out of the
way of latch {53 which then is moved back to
latching position by spring 154, At the same
time the lever moves the valve 182 to stop the
flow of pressure fluid and opens the way to out-
let 161, thus permitting the piston 156 and the
bar 109 to rise. As the bar rises the spring {91
moves the lever 183 and valve 185 so as to stop
the traverse motor.

When the bar 109 is forced down it acts
through roller I3 to lower lever {29 until pin
{28 is low enough to be engaged by hook 135,
when the hook is moved into engagement with
said pin. As the bar rises the rod 126 is moved
up and through the train of elements previously
described, rocks shaft 119 to move stop {6 out
of the way of lever 108! whereupon the lever
moves further over under the pressure of detent
115 until it is in position to cause the motor to
move in a clockwise direction to again raise the
slide base and so repeat the eycle of operations.
Thus the wheel cannot be moved toward the
work until the traverse movement is completed.

It will be obvious to those skilled in the art
that various changes may be made in my device
without departing from the spirit of the inven-
tion, and I, therefore, do not limit myself to
what is shown in the drawings and described in
the specification, but only as set forth in the ap-
pended claims.

Having thus fully described my said invention,
what I claim as new and desire to secure by Let-
ters Patent, is: .

1. In a cam grinding machine, a rotary wheel,
a tilting support therefor, a bracket tiltable on
an axis parallel to that of the wheel, means on
said bracket for supporting a camshait, and
mesans including a master camshaft for tilting
said bracket, and means for tilting said bracket
away from the grinding wheel, substantially as
set forth.

2. Tn a cam grinding machine, a rotary wheel,
a tilting support therefor, a bracket tiltable on
an axis parallel to that of the wheel, means on
said bracket for supporting a camshaft, a master
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camshaft arranged parallel to the axis of said
wheel, and a fixed follower on a fixed support
coacting with the cams on the master camshaft
for tilting the bracket, and means for tilting
the said bracket away from the ginding wheel,
substantially as set forth.

3. In a cam grinding machine, a rotary wheel,
a tilting support therefor, a bracket tiltable on
an axis parallel to that of the wheel, means on
said bracket for supporting a camshaft, g master
camshaft arranged parallel to the axis of said
wheel, a follower on a fixed support coacting
with the cams on the master camshaft for tilt-
ing the bracket, and resilient means serving to
tilt the bracket and move the work toward the
wheel, and additional means for tilting the
bracket away from the grinding wheel, sub-
stantially as set forth.

4. In a cam grinding machine, a rotary wheel,
a tilting support therefor, a work carriage, means
on the carriage for supporting and rotating a
camshaft, a cam for tilting the wheel supporting
means, and an oscillatory fiuid motor for driving
said cam alternately in opposite directions, sub-
stantially as set forth.

5. In a cam grinding machine, a rotary wheel,
a tilting support therefor, a work carriage, means
on the carriage for supporting and rotating a
camshaft, a cam for tilting the wheel supporting
means, an oscillatory fluid motor for driving said
cam alternately in opposite directions, a travers-
ing work carriage, and means for moving with
said motor for controlling the movements of the
work carriage, substantially as set forth.

6. In a cam grinding machine, a rotary wheel,
a tilting support therefor, a work carriage, means
on the carriage for supporting and rotating a
camshaft, a cam for tilting the wheel supporting
means, an oscillatory fluid motor for driving said
cam alternately in opposite directions, a travers-
ing work carriage, means for moving the work
carriage step-by-step to bring successive cams
into the field of operation of the wheel, and means
operated by said fluid motor for controlling the
step-by-step movements of the carriage, substan-
tially as set forth.

7. In a cam grinding machine, a rotary wheel,
a tilting support therefor, a work carriage, means
on the carriage for supporting and rotating a
camshaft, a cam for tilting the wheel supporting
means, an oscillatory fluid motor for driving said
cam alternately in opposite directions, a travers-
ing work carriage, a fluid motor for operating said
carriage, and means operated by said first-named
fluid motor for setting the second fluid motor in
action at intervals to move the carriage intermit-
tently in one direction, substantially as set forth.

8. In a cam grinding machine, a rotary wheel,
a tilting support therefor, a work carriage, means
on the carriage for supporting and rotating a cam-
shaft, a cam for tilting the wheel supporting
means, an oscillatory fluid motor for driving said
cam alternately in opposite directions, a travers-
ing work carriage, an oscillatory fluid motor for
operating said carriage, and means controlled by
the first-named fluid motor for putting the sec-
ond-named fluid motor into and out of operation
to move the carriage step-by-step in one direc-
tion, substantially as set forth.

9. A cam grinding machine comprising a ro-
tary wheel, a traversing work carriage, a tilting
bracket on the work carriage, means for moving
the carriage intermittently to bring successive
cams into the fleld of operation of said wheel,
and means for tilting the bracket to prevent in-
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terference with said traversing movement includ-
ing a fluid motor, substantially as set forth.

10. A cam grinding machine comprising a ro-
tary wheel, a traversing work carriage, a tilting
bracket on the work carriage, means for moving
the carriage intermittently to bring successive
cams into the field of operation of said wheel,
means for tilting the bracket to prevent inter-
ference with said traversing movement including
a fluid motor, wheel feeding means including a
fluid motor, and means operated by the wheel
feeding means in the extreme forward position
of the wheel for setting the first-named fluid
motor in action, substantially as set forth.

11. A cam grinding machine comprising a ro-
tary wheel, a traversing work carriage, a tilting
bracket on the work carriage, means for moving
the carriage intermittently to bring successive
cams into the field of operation of said wheel,
means for tilting the bracket to prevent inter-
ference with said traversing movement including
a fluid motor, wheel feeding means including a
fluid motor, means operated by the wheel feed-
ing means in the extreme forward position of the
wheel for setting the first-named fluid motor in
action, and automatic means for putting said
motor out of action for a predetermined traverse
of the work carriage, substantially as set forth.

12. In a cam grinding machine, a rotary wheel,
a tilting support therefor, a work carriage, means
on the carriage for supporting and rotating a
camshaft, a cam for tilting the wheel supporting
means, a fluid motor for driving said cam alter-
nately in opposite directions, a traversing work
carriage, means for moving the work carriage
siep-by-step to bring successive cams into the
field of operation of the wheel, means operated
by said fluid motor for controlling the step-by-
step movements of the carriage, the sald means
comprising a reversing valve for said fluid mo-
tor, a bar mounted on said carriage, dogs adjust-
ably secured to said bar, an arm operable by said
dogs, and a valve movable to exhaust position by
said arm whereby said reversing valve is permitted
to return to inoperative position, substantially
as set forth.

13. In a cam grinding machine, a rotary wheel,
a tilting support therefor, a work carriage, means
on the carriage for supporting and rotating a
camshaft, a cam for tilting the wheel supporting
means, a fluid motor for driving said cam alter-
nately in opposite directions, a traversing work
carriage, means for moving the work carriage
step-by-step to bring successive cams into the
fleld of operation of the wheel, means operated
by said fluid motor for controlling the step-by-
step movements of the carriage, the said means
comprising a bar mounted on said carriage, dogs
adjustably secured to said bar, a reversing valve,
and operative connection between said dogs and
said reversing valve to permit the return of said
valve to inoperative position, substantially as set
forth.

14. In a cam grinding machine, a rotary wheel,
a tilting support therefor, a work carriage, means
on the carriage for supporting and rotating a
camshaft, a cam for tilting the wheel supporting
means, a fluid motor for driving said cam alter-
nately in opposite directions, a traversing work
carriage, a fluid motor for operating said carriage,
means operated by said first-named fluid motor
for setting the second fluid motor in action at in-
tervals to move the carriage intermittently in one
direction, the said means comprising a dog wheel,
an irreversible dog on said dog wheel, a retaining
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pin, operative connection between the said dog
and the said retaining pin, the said operative
connection heing adapted to withdraw the re-
talning pin when the motor operates in one di-
rection, a valve operating arm held in position
by said pin, a spring pressed plunger for operat~
ing the said arm, a valve controlled by said arm,
a piston operated by said valve, and a reversing
val;/e operated by said piston, substantially as set
forth.

15. In a cam grinding machine, a rotary wheel,
a support therefor, a bracket tiltable on an axis
parallel to that of the wheel, means on said
bracket for supporting a camshaft, a master
camshaft arranged parallel to the axis of said
wheel, and a fixed follower on a fixed support
coacting with the cams on the master camshaft
for tilting the bracket, and means controlled by
movement of the wheel support to its rearmost
position for tilting the said bracket away from
the grinding wheel, substantially as set forth.

16. In a cam grinding machine, a rotary wheel,
a movable support therefor, a work carriage,
means on the carriage for supporting and rotat-
ing a camshaft, a cam for moving the wheel sup-
porting means, a fluid motor for driving said cam
alternately in opposite directions, a traversing
work carriage, and means moving with said mo-
tor for controlling the movements of the work
carriage, substantially as set forth.

17. In a cam grinding machine, a rotary wheel,
a movable support therefor, a work carriage,
means on the carriage for supporting and rotat-
ing a cam shaft, a cam for moving the wheel
supporting means, a fluid motor for driving said
cam alternately in opposite directions, a travers-
ing work carriage, means for moving the work
carriage step-by-step to bring successive cams
into the field of operation of the wheel, and means
operated by said fluid motor for controlling the
step-by-step movements of the carriage, substan-
tially as set forth,

18. In a cam grinding machine, a rotary wheel,
a movable support therefor, a work carriage,
means on the carriage for supporting and rotat-
ing a camshaft, a cam for moving the wheel
supporting means, a motor for driving said cam
alternately in opposite directions, a traversing
work carriage, a fluid motor for operating said
carriage, and means operated by said first-named
motor for setting the said fluid moator in action at
intervals to move the carriage intermittently in
one direction, substantially as set forth.

19. A cam grinding machine comprising a
grinding wheel, a support therefor, a work car-
riage, automatically operable means for moving
the carriage intermittently to bring successive
cams into the field of operation of said wheel, a
bracket tiltable on an axis parallel to that of
the wheel, means on said bracket for supporting
a camshaft, a master camshaft for tilting said
bracket, and means for moving said wheel sup-
port toward the work, substantially as set forth.

20. A cam grinding apparatus comprising a
grinding wheel and a cam blank support which
are relatively movable towards and from each
other, means including master cams to cause
said relative movement to produce desired con-
tours on various cam blanks, means to cause rel-
ative traversing movement between the wheel
and cam blanks to position the wheel in operative
relation with a given cam blank, and means to
separate the wheel and the cam blank support
before a new cam may be located in position
opposite to the wheel.
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21. A cam grinding machine comprising a
grinding wheel and a support for cam blanks,
said wheel and support being relatively movable
towards and from each other, means including

5 & set of master cams and a cam follower to
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cause such relative movement, manually con-
trolled traversing mechanism to move the cam
blank support to position the grinding wheel in
front of the desired cam blank, and means in-
cluding a fluid pressure mechanism to separate
said grinding wheel and cam blank before a
new cam may be located in position opposite to
the wheel.

29. A cam grinding apparatus for cylindrical
grinding machines comprising & grinding wheel,
a table, mechanism to cause said table and wheel
to be traversed one relative to the other, a piv-
otally mounted work support, means to rotate
said work, means to rock said support during
rotation of the work to produce the desired con-
tour on said work and means including a fluid
pressure mechanism to rock said support to an
inoperative position before a new cam may be
located in position opposite to the wheel.

93. A cam grinding apparatus comprising a
work support adapted to present work in oper-
ative relation to a grinding wheel, means includ-
ing a master cam and a follower arranged to
move the work support relative to the wheel to
grind a desired cam contour and a fluid pressure
mechanism to move the cam and its follower out
of operative contact.

24. A cam grinding apparatus comprising 2
grinding wheel and a support for a cam blank,
one of which is movable relatively towards and
from the other, means including a master cam
and a follower to cause relative movement be-
tween the wheel and cam blank to grind the lat-
ter and fluid pressure mechanism to move the
cam blank and wheel relatively into an inopera~
tive position.

25. A cam grinding apparatus for cylindrical
grinding machines comprising a pivotally mount-
ed work support, a master cam and a follower,
one of which is rotatably mounted on said sup-
port, means to rotate said cam, yieldable means
to normally maintain said master cam in contact
with said follower and a fluid pressure mecha-
nism to rock said support to remove said master
cam out of contact with said follower.

26. A cam grinding apparatus for cylindrical
grinding machines comprising a table, means to
traverse said table, a pivotally mounted work
support on said table, a master cam rotatably
mounted on said support, means to rotate sald
master cam, a master cam follower rotatably
mounted on said table, yieldable means to nor-
mally maintain said master cam in contact with
said follower, a fluid pressure piston and cylinder
mechanism to rock said support to separate the
master cam and follower and a valve mechanism
to admit fluid under pressure to said cylinder.

27. A cam grinding machine comprising a
grinding wheel, a support for a camshaft mount-
ed to move the camshaft towards and from the
wheel to grind a cam, means to move the wheel
and the work support, one relative to the other,
lengthwise of the camshaft, a set of master cams
and a follower operatively associated with one
of the master cams movable axially relative to
one another, one of which is mounted on the sup-
port, means to rotate said master cams and
camshaft in timed relation, the rotation of
the master cams serving to move said support
to produce a predetermined contour on the gam
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being ground, and means operated to move said
master cams and follower successively out of con-
tact and thereafter relatively to position the fol-
lower in operative relation with another master
cam.

28. A grinding machine comprising a rotatable
grinding wheel, a support for holding a piece of
work in grinding position which is movable
towards and from the wheel, mechanism to feed
the wheel into the work and means operated in
timed relation with said mechanism to move the
work to an inoperative position when the wheel
is also moved away from the work.,

29. A grinding machine comprising a rotatable
grinding wheel, & support for holding a piece of
work in grinding position which is movable
toward and from the wheel, mechanism to feed
the wheel into the work and means operated in
timed relation with said mechanism to move the
work to an inoperative position when the wheel
ig moved away from the work and to return the
work when the wheel is moved towards the same.

30. A cam grinding machine comprising a ro-
tatable grinding wheel, a support for work hav-
ing a plurality of surfaces to be ground, sald sup-
port being movable both transversely and towards
and from the wheel, means to move the support
transversely to position one of the work surfaces
opposite the wheel, fine precision mechanism to

move the grinding wheel towards and frem the !

work and means controlied by said mechanism
to move the work to an inoperative position when
the wheel is moved out of contact therewith.

31. A cam grinding apparatus for a cylindrical

grinding machine comprising a rotatable grind- &

ing wheel, a work support, fine precision mecha-
nism for feeding the grinding wheel towards and
from the work, means including a mastercam and
roller to move the work support towards and from
the grinding wheel to grind the work to a desired
contour and automatic means operating in timed
relation with the rearward movement of the
grinding wheel to separate the master cam from
its roller.

32. A cam grinding apparatus comprising a
rotatable grinding wheel, a support for a set of
cam blanks, means including a set of master
cams and a follower which are relatively movable
to cause the cam blank to be ground to a desired
contour, means to separate the grinding wheel
and cam blanks, means for relatively traversing
the grinding wheel and the cam blanks to position
the wheel in front of a desired blank, and means
operating in timed relation with the separation

of the wheel and cam blanks to move the master ;

cam automatically away from the cam followers
so that it may be shifted longitudinally into oper-
ative relation with another cam corresponding
with the new cam blank selected.

33. A grinding machine, comprising a rotat-
able grinding wheel, a work support movable to-
ward and from the grinding wheel, means for
moving the grinding wheel towards and from the
work support, means for supporting a set of cam
blanks on the support in operative relation with
the grinding wheel, means including a set of
master cams and a cam follower arranged to move
the work support toward and from the grinding
wheel to cause the latter to grind a desired con-
tour on a cam blank, means for traversing the
work support and the grinding wheel relatively
longitudinally, means operated by the rearward
movement of the grinding wheel to move the mas-
ter cam away from the follower and means oper-
ated by the relative traversing movement of the
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wheel and work to move the master cam follow-
er into position opposite to another cam.

34. A grinding machine comprising a rotat-
able grinding wheel, a support to hold a piece of
work in rotative contact with the wheel, fine pre-
cision cross feed mechanism to move the wheel
towards and from the work, and fluid pressure
mechanism to move the work support and wheel
relatively and independently of the cross feed
mechanism.

35. A grinding machine comprising a rotatable
grinding wheel, a work support movable towards
and from the wheel, fine precision cross feed
mechanism to move the wheel towards and from
the work and fluid pressure mechanism to move
the work support and the wheel relatively to-
wards and from each other and independently of
the wheel feed.

26. A grinding machine comprising a base, a
slide therecn, a grinding wheel rotatably mounted
on the slide, a work support movable towards and
from the wheel, fine precision mechanism for
moving the slide towards and from the work, and
fluid pressure mechanism to move the work sup-
port towards and from the wheel.

37. A grinding machine comprising a base, a
slide thereon, s grinding wheel rotatably mounted
on the slide, a work support movable towards and
from the wheel, fine precision mechanism for
moving the slide towards and from the work, and
fluid pressure mechanism automatically con-
trolled by said precision mechanism to move the
work support towards and from the wheel.

38. A grinding machine comprising a rotat-
able grinding wheel, a work support, a wheel feed
mechanism to feed the grinding wheel towards
and from said support, means to traverse said
wheel and support relatively, means to rotate the
work on said support, and fluid pressure mecha-
nism operated in timed relation with said wheel
feed mechanism to move said support away from
the wheel to an inoperative position when the
wheel is removed from the work,

39. A cam grinding apparatus comprising a ro-
tatable grinding wheel, 2 work support movable
toward and from the grinding wheel, fine pre-
cision mechanism for moving the grinding wheel
toward and from the work support, means for
holding a set of cam blanks on the support in
operative relation with the grinding wheel, means
including a set of master cams and a follower ar-
ranged to move the work support toward and
from the grinding wheel as the work rotates to
grind a desired centour on the work, and fluid
pressure mechanism to move the work support
toward and from an inoperative position as the
grinding wheel is moved from and toward the
work.

40. A grinding machine comprising a rotatable
grinding wheel and a work support which are
relatively traversable, means for feeding the
grinding wheel toward and from the work control
means for said feeding means, means for pre-
venting the operation of the control means during
the traversing movement of the work support, and
means for preventing relative traversing move-
ment between the wheel and the work during the
grinding operation.

41. A grinding machine comprising a rotatable
grinding wheel, a work support traversable longi-
tudinally past the grinding wheel, a whee] feed
mechanism for moving said wheel toward and
from the work, and means to prevent traversing
movement of the work during the grinding oper-
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ation which is released automatically when mov-
ing the wheel away from the work.

42. A grinding machine comprising a rotatable
grinding wheel, a work support, means for mov-
ing the grinding wheel towards and from the
work support, means for traversing the work sup-
port longitudinally parallel with the grinding
wheel axis, locking mechanism to prevent such
traversing movement during the grinding oper-
ation and means effective upon moving the wheel
away from the work to release such locking
mechanism and permit the traversing movement
of the work support.

43. A grinding machine comprising a rotatable
grinding wheel, a work support arranged to
traverse the work substantially parallel with the
grinding wheel axis, a wheel feeding mechanism
to move the grinding wheel toward and from the
work, a locking device adapted to prevent longi-
tudinal movement of the table during the grinding
operation and fluid pressure mechanism con-
trolled by the wheel feeding mechanism to re-
lease said locking means and permit traversing
of the work support when the wheel has been
removed from contact with the work,

44. A grinding machine comprising a rotatable
grinding wheel, a work support movable towards
and from the wheel, means to rotatably support a
set of cam blanks thereon, means including a
set. of master cams and a cam follower adapted
t0 move said support toward and from the wheel
to grind a predetermined contour on ane of the
cam blanks, fine precision mechanism for feed-
ing the wheel toward and from the work, means
for traversing the work support and the grinding
wheel relatively to position the grinding wheel
in front of another cam blank, and locking mecha-
nism fo prevent such relative traversing move-
ment except when the work is out of contact with
the grinding wheel.

45. A cam grinding machine comprising a
grinding wheel, a table, a pivotally mounted sup-
port for a set of cam blanks on said table, means
to feed the grinding wheel towards and from the
cam shaft to grind a cam, traversing mechanism
to move said table lengthwise of said cam shaft
to position a cam blank in operative relation with
the grinding wheel, a set of master cams rotatably
mounted on said support, a follower mounted on
the table, means to rotate said master cams to
rock said support and produce a predetermined
contour on the cam being ground and automatic
means actuated by turning said feed mechanism
in one direction to lock the table against length-
wise movement during the grinding operation and
to unlock said table and rock said support to an
inoperative position when the feed mechanism is
turned in the reverse direction.

46. A cam grinding machine comprising g base,
8 work table, means to traverse said table, a rock-
ing support pivotally mounted on the table, a set
of rotatable master cams and a cam follower,
one of which is mounted on the table and the
other on the base, means for supporting a set of
cam blanks on the rocking support, means for
rotating the master cams and the cam blanks in
synchronism, a rotatable grinding wheel, fine
precision mechanism for moving the grinding
wheel toward and from the cam blank through g
predetermined distance, and means operated
automatically in timed relation with the wheel
feeding mechanism to rock the said support to
separate the master cams from the follower, sub-
stantially as set forth.,
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has an arc contour comprising & grinding wheel,
s work supporting table, means for moving the
grinding wheel and the work table relative to each
other, a work support pivotally mounted on the
work table having means for supporting the work
to be ground, a pattern, a follower, one of said
two last-named elements being mounted on the
rocking support and the other on the base ar-
ranged to move the work toward and from the
grinding wheel to grind the desired contour on
the work, precision mechanism for moving the
grinding wheel toward and from the work, and
ineans operated by movement of the said last-
named mechanism to separate the master pattern
from its follower and to remove the work being
ground from the position in which the grinding
is carried on, substantially as set forth.

48. A cam grinding machine comprising a ro-
tatable grinding wheel, a work supporting table,
means to traverse the work supporting table and
the grinding wheel relatively to each cother in a
longitudinal direction, a work support pivotally
mounted on the table arranged to rotatably sup-
port a set of cam blanks, a set of master cams
and a cam follower, one of which is mounted on
the rocking support arranged to move the cam
blanks toward and from the grinding wheel to
cause the grinding wheel to grind a desired con-
tour thereon, mechanism for feeding the grind-
ing wheel toward and from the cam blanks, and
means operated by movement of said mcchanism
to separate the master cam from its foilower and
to withdraw the cam blank from the normal
position of grinding, substantially as set forth,

49. A cam grinding machine having a base, a
rotatabie grinding wheel movably mounted trans-
versely of the base, a support for a cam shaft ar-
ranged to move the cam shalt longitudinally to
bring cam blanks successively into operative rela-
tion with the grinding wheel, means for moving
said support laterally toward and from the grind-
ing wheel, means including a master cam and a
cam follower to move the cam blanks and produce
a predetermined contour thereon, means for lock-
ing the cam blank support against longitudinal
movement and with a cam blank in any one of
several operative positions relative to the grinding
wheel, and means for releasing the locking means
when the cam blank and grinding wheel are
separated, substantially as set forth.

50. In a machine of the kind described, a work
support, a wheel suppori, fiuid means to provide
relative transverse and longitudinal movement
between said supports, and means operable upon
maovement of said wheel support to working posi-
tion to prevent said longitudinal movement from
taking place while the whesel is in working en-
gagement with the work piece.

51. In a grinding machine, a work support,
a wheel support, individual fluig means to move
each of said supports, means to move said work
support intermittently to successively present
a plurality of work pieces to be ground, and means
responsive o the means for raoving the wheel
support to set in motion the fluid to cause said
intermittent movements.

52. In a grinding machine 2 bed, a work car-
riage mounted on said bed. & wheel support mov-
able toward and from said work carriage, a work
cradle mounted on said work carriage, means for
moving the wheel support, and means responsive
to movement of the wheel support for initiating
movement first of the work cradle and then of
the work carriage, substantially as set forth.

53. Tn a grinding machine, a work carriage, a

o

wheel carriage, fiuid means to provide reiative
transverse and longitudinal movement beiween
said parts, means to effeci one of said movements
intermittently, automatic means to stop said
movement at predetermined points and for a pie-
determined time and additional automatic means
set in operation at the end of said interval to
cause resumption of said movement.

54. In a grinding machine a bed, 2 whieel sup-
port, a work carriage, means for rotatively sup-
porting the work piece on said carrviage, means o
provide a relative transverse and longitudinal
movement of said wheel support and work car-
riage, means for locking the work ealriage in any
one of several predetermined positions for grind-
ing work, and means for releasing the wosk car-
riage and causing its traverse only after ihe wheel
support has been withdrawn to incperative posi-
tion, substantially as set forth.

55. In a machine of the kind descr:bed, a whee!l
support, a work support, separate fluid means to
move each of said supports, the means to move
one of said supporis operating intermittently to
successively bring a grinding wheel and & plu-
rality of work pieces into operative relation,
means actuated by one of said fluid means to de-
termine the duration of the grinding operation.

56. In a grinding machine a bed, a work car-
riage, a wheel support and a work cradle, sep-
arate fluid pressure means for operating eacil of
the wheel support and the work carriage and the
work cradle, means for initiating movement of
the work cradie when the wheel carriage has been
withdrawn to inoperative position, and means re-
sponsive to movement of the work cradle for caus-
ing traverse of the work carriage, substantially
as set forth.

57. In a grinding machine a bed, o work car-
riage, a wheel support and a work cradle, separate
fluid pressure means for operating each of the
wheel supporl and the work carriage and the work
cradle, means for initiating movement of the
work cradle when the wheel carriage has been
withdrawn to inoperative position, means re-
sponsive to movement of the work cradle for
causing traverse of the work carriage, and means
for locking the wheel support and preventing its
return to working position until the work car-
riage is moved to grinding position, substantial-
ly as set forth.

58. In a grinding machine a bed, a work car-
riage, a work cradle mounted thereon and a wheel
support, separate fluid pressure meamns for mov-
ing the work cradle, the work carriage and the
wheel support, and means controlled by move-
ment of the work cradle to inoperative position
for causing return of the grinding wheel sup-
port to grinding position. substantially as set
forth.

53. In a machine of the kind described, a work
support, a wheel support, fluid means to provide a
yelative transverse and longitudinal movement be-
tween said supports, means in control of said
Jongitudinal movement, a stop adapted to en-
gage said means to limit said movement and auto-
matic means to remove said stop to permit further
longitudinal movement.

60. In apparatus of the class described, a pair
of tables or carriages, individual fluid pressure
means to operate said carriages, means for set-
ting in operation the fluid pressure to procure
movement of one of said carriages, and means re-
sponsive to movement of said first carriage for
setting the fluid pressure in operation to move the
other carriage.
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61. A machine tool comprising, in combination,
a rotary work support, a tool mounted for recipro-
cation toward and from said support, each recip-
rocation comprising a feeding stroke and a re-
turn stroke, means for reciprocating said tool,
hydraulic means for indexing said suppors during
the interval between successive feeding strokes,
hydraulic means automatically operable at the
end of each indexing movement to lock said sup-
port in position, and hydraulic means automati-
cally operable in each instance to prevent insti-
tution of the feeding stroke until said last men-
tioned means has locked said support in position.

62. In a machine of the kind described, a work
support, a tool support, means to move said tool
support toward and from said work support auto-
matically, flnid means automatically operable
when said tool support is moved to inoperative
position to index said work support, fiuid means
to lock said work support in position, and means
to prevent movement of the tooi toward the work
until the work support has been locked.

63. In a machine of the kind described, a work
support, a tool support, automatic means to Dro-
vide relative feeding and indexing movements of
said supports, fiuid means to effect said indexing
movement only when said tool has been with-
drawn from the work, and to lock said work sup-
port in successive positions, and automatic means
operable to prevent said feeding movement until
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said work support has been locked in said posi-
tion.

64. In a machine of the kind described, a work
support, means to index said work support, a tool
support, automatic means to move said tool sup-
port toward and from said work support compris-
ing a reversing member, automatic means to par-
tially shift said reversing member upon with-~
drawal of said tool, and means conirolled by said
indexing means tc prevent furtier movement of
said member until said work support has been
indexed.

65. A grinding machine comprising a work sup-
port, a wheel support, means to provide a rela-
tive longitudinal movement between said supports
for positioning the work piece and wheel for suc-
cessive grinding operations, means to provide a
relative transverse movement between said sup-
ports, and means responsive to the means ior ef-
fecting said transverse movement to set in opera-
tion the means to cause the longitudinal move-
ment between said supports.

66. In a grinding machine, a bed, a work car-
riage, a wheel support and a work cradle, sep-
arate fluid pressure means for operating each of
the wheel support, the work carriage and the work
cradle, and means for initiating movement of the
work cradle when the wheel carriage has been
withdrawn to inoperative position.
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