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Application February 19, 1953, Serial No. 337,703

9 Claims. (CL 51—101)

The invention relates to grinding machines, and more
particularly to an automatic cam grinding machine simul-
taneously to grind a plurality of cam shafts,

One object of the invention is to provide a simple and
thoroughly practrcal automatic cam grinding machine.
Aunother object is to provide a multiple station cam grind-
ing machine whereby the cams oa a plurality of cam
.shafts are simultaneously ground. Another object is to
provide a cam grinding machine having a rock bar ar-
ranged simultaneously to support a plurality of axially
aligned rotatable cam shafts for a grinding operation.
Another object is to provide a rock bar with a plurality
of axially aligned rotatable cam shaft supports and a
single set of master cams and a follower to control oscil-
lation of the rock bar simultaneously to grind correspond-
ing cams on a plurality of camshafts. Another object is
to provide a wheel slide swivelling mechanism whereby a
plurality of wheel slides may be swiveled simultaneously
to position the grinding wheels supported thereby for
taper cam grinding. Another object is to provide mech-
anism whereby a plurality of grinding wheels may be
trued simultaneously and the reciprocation of each of the
wheel spindles stopped automatically during the truing
operation. Other objects will be in part obvious or in
part pointed out hereinafter.

In the accompanying drawings, in which is shown one
of various possible embodiments of the mechamcal fea-
tures of this invention:

Fig. 1 is a front elevation of the improved cam grmd-

ing machme,

Fig. 2 is a plan view of the cam grinding machrne;

Fig. 3 is a right hand end elevation, on an enlarged
scale, having parts broken away and shown in section to

- clarify the construction;

Fig. 4 is a cross sectional view, on an enlarged scale,
taken approximately on the line 4—4 of Fig. 2, showing
the rock bar and mechanisms asscciated therewith;

Fig. 5 is a vertical longitudinal sectional view, on an

-enlarged scale, taken approximately on the line 5—5 of
Fig. 2, through the rock bar;

Fig. 6 is a fragmentary plan view of the work head
with the cover removed;

Fig. 7 is a fragmentary elevation, on an enlarged scale,
of one of the footstocks;

Fig. 8 is a right hand end elevation of the footstock as
shown in Fig. 7;

Fig. 9 is a fragmentary front elevation, on an enlarged
scale, of the table dog mechanism;

Fig. 10is a fraomentary view of the table dog mecha—
nism, as shown in Fig. 9;

Fig. 11 is a fragmentary elevation, on an enlarged
‘scale, of the hand wheel for actuating the grinding wheel
feeding mechanlsm,

Fig. 12 is a hydraulic dlagram of the control mecha-
nisms of the machine; and

Fig. 13 is an electric wiring diagram of the electric
control system of the machine.

A cam grinding machine has been illustrated in the
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drawings comprising a base 10 which supports a longi-
tudinally movable work table 11. The work table 11 is
arranged to slide longitudinally relative to the base 10 on
a flat-way 12 and a V-way 13 formed on the upper sur-
face of the base 10.

A manually operable table traversing mechanism is
provided comprising a hand traverse wheel 14 (Fig. 3)
which is mounted on the left hand end of a rotatable
shaft 15. The shaft 15 is provided with a gear 16 mesh-
ing with a gear 17 on a rotatable shaft 18. The shaft 18
is provided with a gear 19 which meshes with a rack bar
20 fixedly mounted on the under side of the table 11. It
will be readily apparent from the foregoing disclosure
that a rotary motion of the hand wheel 14 will be im-
parted through the mechanism above described to cause
a longitudinal traversing movement of the table 11. The
direction of rotation of the énd wheel 14 serves to deter-
mine the direction of movement of the table 11.

The table 11 serves as a support for a rock bar 25
which is journalled in bearings 26, 27 and 28 formed in
a bearing bracket 29, a housing 306, and the bearing
bracket 31 respectively. For convenience of assembly
the rock bar 25 is preferably formed in three parts,
namely, 25a, 25b and 25c¢ which are keyed together so
as to form an integrally arranged rock bar the axis of
which is parallel to the axis of the grinding wheel to be
hereinafter described.

The rock bar 25 is provided with a headstock 35 having
a headstock center 36. A footstock 37 is also adjustably
mounted on the rock bar 25 and is provided with a foot-
stock center 38. The headstock center 36 and the head-
stock center 38 serve as supports for a cam shaft 39 to be
ground. The footstock 37 is arranged so that it may be
adjusted longitudinally relative to the rock bar to facilitate
positioning the same for different lengths of cam shaft
to be ground. The headstock 35 is provided with a head-
stock spindle 40 which supports the center 36. The
spindle 40 is journalled in a bearing 41. A rotatable drive
shaft 42 (Fig. 5) is journalled in a bearing 43 carried by
the bracket 29 and a spaced bearing 44 formed within

-the housing 30. The drive shaft 42 is provided with a

sprocket 45 which is connected by a cog belt 46 with a
sprocket 47 mounted on the headstock spindle 48, The
rock bar 25 is-also provided with a headsiock 50 con-
tained within the housing 36. The headstock 50 is pro-
vided ‘with a headstock center 5. The rock bar 25 also
adjustably supports a footstock 52 having a footstock
center 53. The headstock center 51 and footstock center
53 serves as a support for a cam shaft 54 to be ground.
The axis of the headstock center 36 and footstock center
38 are in axial alignment with the headstock center 51 and
the footstock center 53.

The headstock 50 is provided with a headstock or mas-
ter cam spindle 55 which is supported in spaced bearings
56 and 57.

The master cam spindle 55 is provided with a sprocket
58 which is connected by a cog belt 59 mounted on the
drive shaft 42. An electric motor 61 is mounted on the
table 11 and is provided with a multiple V-groove pulley
62 which is comnected by multiple V-belts 63 with a
multiple V-groove pulley 64 mounted on the left hand
end of the drive shaft 42. Tt will be readily apparent
that when the motor 61 is energized, a synchronous
rotary motion will be imparted to the headstock spindle
49 and the master cam spindle 55.

The footstocks 37 and 52 are each provided with a
transverse adjustment comprising a dove-tailed slide-way
65 and an adjusting screw 66 by means of which the
footstock may be adjusted transversely relative to the
rock bar 25 to facilitate aligning the axes of the cam
shafts 39 and 54 to be ground.

The master cam spindle 55 supporis a plurality of
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master cams 67, only two of which have been illustrated
in Figs. 5 and 6. There is a master cam 67 for each
cam to be ground on thé cam shafts 3% and 54. A
follower roller 68 is slidably keyed on a rotatable shaft
69 which is journalled in spaced bearings 70 and 71
carried by the housing 30.

A fluid pressuré mechanism, comprising a cylinder 75
fixedly mounted within the housing 39 and containing a
slidably mounted piston 76, is provided for rocking the
fock bar 25 to and from an operative position. Tt is
désirable to rock the rock bar 25 to an inoperative posi-
tion so as to separate the mastér cams 67 from the cen-
ter roller 68 before the table 11 is indexed longitudi-
nally. The piston 76 is connected to one end of a piston
rod 77. A U-shaped frame 78 is clamped in a fixed
position on the piston rods 77 by means of nuts 79.
An upwardly extending arm 89 is fixedly mounted on
the rock bar 25. The upper end of the arm 88 is pro-
vided with a pair of horizontally extending arms 81 and
82. A pair of tension spring 83 and 84 are connectéd
at one end to the opposite ends of the U-shaped frame
78. The other ends of the springs 83 and 84 are con-
nected by screws 85 and 86 respectively to the arms
81 and 82. By adjusting the screws 85 and §6, the
tension of the springs 83 and 84 may be varied as de-
sired. The arms 81 and 82 of the arm 89 are provided
with rollers 87 and 88 respectively which are arranged
to be engaged by the U-shaped frame 78 when the piston
is moved toward the right (Fig. 4). When fluid under
pressure is admitted through a port 89 into a cylinder
chamber 26 to move the piston 76 toward the right, the
U-shaped frame 78 will move into engagement with the
rollers 87 and 88 after which continued movement of
the piston 76 toward the right will swing the arm 89
in a clockwise direction to impart a clockwise move-
ment to the rock bar 25 thereby seéparating the master
cam 67 from the follower roller 68 during this move-
ment of the piston 76. Fluid is exhausted from a cyl-
inder chamber 91 through a port 92. The screws 85
and 86 are preferably adjusted so that when the piston
76 is at its extreme left hand end position, the tension
of the springs 83 and 84 will be sufficient to maintain
the master cam 67 in opération with thé périphery of
the follower roller 68 during rotation of the master cam
spindle 55 so as to impart a controlled rocking move-
ment to the rock bar 25 during a cam grinding opératien.

As the piston 76 moves toward fhe right, to shift
the rock bar 25 to an inoperative position, the U-shaped
frame 78 moves toward the right and due to the clear-
ance between the frame 78 and the rollers 87 and 88
relieves the tension of the springs 83 and 84. During
movement of the piston 76 and frame 78 toward the
right, the frame 78 engages the rollers 87 and 88 and
rocks the arm 80 and rock bar 25 to an inoperative
position. By utilizing this construction; the extending
and contracting of the springs 83 and 84 is reduced to
a minimum. During movement of the piston 76 toward
the left (Fig. 4), the master cam 67 engages the fol-
lower roller 68 after which the continued movement of
the frame 78 toward the left séparates the frame 78
from the rollers §7 and 88 and increases the tension on
the springs 83 and 84 respectively to the desired operat-
ing tension.

A suitable indexing mechanism is provided which is
actuated by and in timed relation with the indexing
movement of the work table for indexing the master
cam roller 68 longitudinally to position it in relationship
with the master cam corresponding with the cam to be
ground. This mechanism may beé substantially thé same
as that shown in U. S. Patent No. 1,783,755 to C. G.
Trefethen et al. dated December 2, 1930, to which ref-
erence may be had for details of disclosure not contained
herein. A bracket 99 fastened to the base 10 (Figs. 3
and 4) serves as a support for a dog bar 108 having
a plurality of adjustable dogs 101 mounted thereon,
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The dogs 101 are arranged in the path of movement of
a star wheel 102 carried at the lower end of a shaft
103. The upper end of the shaft 103 is provided with
a gear 104 which meshes with a gear 188 carried by a
shaft 166. The shaft 106 also supports a gear 127 which
meshes with a longitudinally slidable rack bar 168 sup-
ported within the housing 30. A yoked member 109 is
fastened to the rack bar 108 and engages the side faces
of the follower roller 8. It will be rcadily apparent
from the foregoing disclosure that when the table 11 is
moved longitudinally, the star wheel 162 engaging adjust-
able dogs 191 will impart an indexing movement through
the gearing above described to index the master cam
rolier longitudinally to position it opposite the master
cam 67 corresponding to the cam on the cam shafts 39
and 54 to be ground.

The base 16 serves as a support for a transversely
movable wheel slide 110. The wheel slide 119 is sup-
ported on spaced ways, such as a flat way 111 and a
Vi-way 112. The wheel slide 110 supports a wheel spin-
dle 113 in bearings (nct shown). A grinding wheel 114
is mounted on the right hand end of the wheel spindle
1%3 (Figs. 1 and 2).

A suitable driving mechanism is provided for the wheel
spindle 113 comprising a motor 115 adjustably supported
on the upper surface of the wheel slide 119, The motor
is provided with a motor shaft supporting a multiple
v-groove pulley 117. The pulley 117 is connected by
multiple V-belts 118 with a multiple V-groove pulley 119
mounted on the left hand end of the wheel spindle 113.
The ¢électric motor 115 is preferably supported on a platen
129 which is adjustably mounted on the wheel slide. An
adjusting screw 121 is provided to facilitate a transverse
adjustment of the platen 120 relative to the wheel slide
110 to facilitate adjusting the motor 113 to tension the
driving belts 118 as desired. The wheel slide 115 is
positioned on the base 18 for bringing the grinding wheel
114 successively to grind the cams on the cam shaft 54.

A second wheel slide 110z is also supported on the
base 19 on a flat way 111qg and a V-way 1124. The wheel
slide 1194 supports a rotatable wheel spindle 113« in suit-
able bearings (not shown) within the wheel slide 110.
A grinding wheel 1144 is mounted on the right hand end
of the wheel spindle 113a. The wheel slide 110q and
the grinding wheel 114a are positioned on the base 10
so that the grinding wheel 114a will grind a corresponding
cam on the cam shaft 39.

A suitable driving mechanism is provided comprisifig a
motor 115a suppoerted on the upper surface of the wheel
siide 110a. The moior 115« is provided with a motor
shaft 116a carrying a multiple V-groove pulley 1174. The
pulley 117q is connécted by multiple V-belts 118z with a
multiple V-groove pulley 119« on the left hand end of the
wheel spindle 113a. The motor 1313q is supported on a
motor platen 1204 wkich is adjustably supported on the
wheel slide $10q. An adjusting screw 121a is provided
to facilitate a transverse adjustment of the motor platen
120 and the motor 115« to facilitate proper tensioning
of the driving belts 118a.

A suitable feeding mechanism is provided for feeding
the grinding wheel slides 11¢ and 118« transversely suc-
cessively to grind corresponding cams on the cam shafts 54
and 39 respectively. These feeding mechanisms are iden-
tical in construction, consequently only the feeding mech-
anism for the wheel slide 118 has been illustrated and
will be described in detail. This mechanism may com-
prise a rotatable feed screw 125 which is journalled in
antizfriction bearings 126 and 127. The bearings 126
and 127 are fixedly supportéd on a wheel slide base 128.
A nut 129 surrounds the feed screw 125 and is supported
in spacéd anti-friction bearings 139 and 131 carried within
a housing 132. The housing 132 is fixedly mounted on
the underside of the wheel slide 116 (Fig. 3).

A manually operable mechanism is provided for im-
parting a rotary motion to the feed screw 125. This
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mechanism may comprise a feed wheel 133 mounted on
the left hand end of a rotatable shaft 134 which is sup-
ported within a housing 135 mounted on the upper por-
tion of the wheel slide 116. The shaft 134 carries a bevel
gear 136 which meshes with a bevel gear 137 mounted
on the upper end of a vertically arranged rotatable shaft
138. The shaft 138 is connected by a coupling 139 with
the upper end of a vertically arranged rotatable shaft 140.
The lower end of the shaft 148 is provided with a bevel
gear 141 which meshes with a bevel gear 142 slidably
keyed on a horizontally arranged shaft 143. The shaft
143 is connected by a clutch with the feed screw 125.
The shaft 143 supports a clutch member 144 having an
internal gear formed thereon which is arranged to mesh
with an external gear 145. The gear 145 is mounted on
a rotatable sleeve 146 which is rotatably supported on
a shaft 143. The shaft 143 is provided with a gear 148
which meshes with a gear 149 slidably keyed onto the feed
screw 125. It will be readily apparent that a rotary
motion of the hand whee! 133 will be mounted through
the mechanism above described to rotate the feed screw
125 to impart a transverse feeding movement to the grind-
ing wheel 114. The gear 149 is preferably connected to
the housing 132 so that the gear 149 will be moved lon-
gitudinally relative to the feed screw 125 when the wheel
slide 110 is fed transversely in either direction. The direc-
tion of rotation of the feed wheel 133 serves to determine
the direction of movement of the slide 110 relative to the
base 10.

It is desirable to provide a power operated mechanism
for feeding the grinding wheel slide 110. This mechanism
may comprise a fluid pressure cylinder 150 which is sup-
ported on the upper portion of the wheel slide 110 (Figs.
2, 3, and 12). The cylinder 156 contains a slidably
‘mounted piston 151 having a rack 152 formed integrally
therewith. The rack 152 meshes with a gear 153 which
is fixedly mounted on the sleeve 146. It will be readily
apparent that an endwise movement of the piston 151 will
be transmitted through the rack 152, the gear 153 to rotate
the gear 148, the gear 149 to impart a rotary motion to
the feed screw 125. )

When fluid under pressure is passed through a pipe 154
(Fig. 12) into a cylinder chamber 155, the piston 151 will
be moved toward the right to impart a clockwise rotation
to the gear 153 (Fig. 12) so as to impart a rotary motion

to the feed screw 125 to cause an infeeding movement of

the grinding wheel 114, During this movement fluid with-
in a cylinder chamber 156 is exhausted through a pipe
187. Similarly when fluid under pressure is passed
through the pipe 157 into the cylinder chamber 156, the
piston 151 will be moved toward the left (Fig. 12) to
impart a counter-clockwise rotation to the gear 153 thereby
rotating the feed screw 125 so as to cause a rearward
movement of the wheel slide 110 and the grinding wheel
114, .

A positive stop mechanism is provided to positively
limit the infeeding movement of the wheel slide 110 when
actuated either manually by rotation of the hand wheel
113 or by movement of the piston 151. This mechanism
comprises a stop pawl 122 which is pivotally supported
by a stud 123. The stop pawl 122 is arranged in the
path of an adjustably mounted abutment 124 carried by
the feed wheel 133.

An identical feeding mechanism is provided for the
wheel slide 118a comprising a manually operable feed
wheel 133z and a stop pawl 122a. The details of the
nut and screw feed are identical with those just described
in connection with the feed mechanism for the slide 119,
consequently they will not be illustrated or described in
connection with the feed mechanism for the wheel slide
110a. A fluid pressure cylinder 1504 is provided for ac-
tuating the feed screw by power. The cylinder 150a
contains a slidably mounted piston 151z having a rack
1524 formed integrally therewith. The rack 152« meshes
with a gear 1532 which is operatively connected to im-
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part a rotary motion to the feed screw (mot shown).
When fluid under pressure is passed through a pipe 154
into a cylinder chamber 153a, the piston 151a will be
moved toward the right so as to impart a clockwise move-
ment to the gear 153a thereby imparting a rotary mo-
tion to the feed screw (not shown) so as to cause a re-
ceding movement of the wheel slide 1104. Similarly
when fluid under pressure is passed through the pipe 157
into the cylinder chamber 1564, the piston 151a will be
moved toward the left so as to impart a counter-clock-
wise motion to the gear 153q thereby causing a trans-
verse movement of the wheel slide 118a to an inoperative
position.

As illustrated in Fig. 12, the power operated feeding
mechanisms are arranged so that both of the wheel slides
116 and 116a are simultaneously moved toward or from
the cam on the cam shafts 54 and 39 to be ground. When
fluid under pressure is passed through the pipe 154 into
the cylinder chambers 155 and 1554, the pistons 151
and 151a will be simultaneously moved toward the right
to cause a simultaneous infeeding movement to be im-
paried to the wheel slides 116 and 116a respectively.
Similarly when fluid under pressure is passed through the
pipe 157 into the cylinder chambers 156 and 156a, the
pistons 151 and 151q will be moved toward the left into
the positions illustrated in Fig. 12 to cause a simultaneous
movement of the wheel slides 110 and 110z to a rear-
ward or inoperative position.

A secondary feeding mechanism is provided for ad-
vancing both of the wheel slides for a truing operation
so as to compensate for wheel wear and to feed the
wheels by an amount to be trued therefrom. These
mechanisms may comprise a feed compensator 226
mounted on the upper surface of the wheel slide 116 and
a feed compensator 228e mounted on the upper surface of
the wheel slide 118a (Fig. 2). The feed compensators
are arranged to impart a rotary motion to a vertical shaft
221 (Fig. 3) which is provided by its lower end with a
worm 222 which meshes with a worm gear 223 formed
on the periphery of the feed nut 129. It will be readily
apparent that a rotary motion of the shaft 121 will impart
a rotary motion to the nut 129 to cause an advancing
movement of the slide 119 so as to compensate for wheel
wear and truing. The feed compensator 220 contains a
fluid pressure cylinder 224 having a slidably mounted
piston 225 contained therein.” The piston 225 is connected
to one end of a piston rod 226 which is connected through
a rack and gear mechanism (not shown) to totate the
shaft 221. When fluid under pressure is passed through
a pipe 227 (Fig. 12), the piston 225 is moved toward
the right. During this movement finid within the other
end of the cylinder 224 may exhaust through a pipe 228.
This feed compensator is identical with that shown in
the prior U. S. patent to C. J. Green and O. E. Hill No.
2,535,130 dated December 26, 1950, to which reference
may be had for details of disclosure not contained herein.

Similarly the feed compensator 2264 is provided with
a cylinder 2244 having a slidably mounted piston 2254
which is connected to one end of a piston rod 226a.
Fluid under pressure passing through either the pipe 227
or the pipe 228 simultanecusly enters both of the cylin-
ders 224 and 224a simultaneously to impart a compen-
sating movement to the wheel slides 110 and 110a.

It 'is desirable to provide a suitable mechanism for
swivelling the wheel slides 116 and 110z in a horizontal
plane to facilitate grinding tapered surfaces on the cams
being ground. This is preferably accomplished in a man-
ner substantially identical with that shown in my prior
U. S. Patent No. 2,581,759 dated January 8, 1952, to
which reference may be had for details of disclosure not
contained herein. As illustrated in Fig. 2, the wheel
slide 128 is arranged to pivot about a vertical stud 160.
Similarly the wheel slide base 1284 is arranged to pivot
about a stud 1604. The axis of the studs 160 and 1602
are preferably located with their axes in a mid-plane be-
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tween the side faces of the grinding wheels 114 and 114a.

The wheel slide base 128« is limited in its swinging
movement by means of a pair of adjustable stop screws
161 and 162 which are supported by the base 10. A
fluid cylinder 163 is mounted in the rear of the base
10. The cylinder 163 contains a slidably mounted pis-
ton 164 which is connected to one end of a piston red
165 (Fig. 12). The other end of the piston rod 165 is

provided with a yoke 166 which engages a rearwardly .

projecting stud 167 fixedly mounted on the wheel slide
base 128. When fluid under pressure is passed through a
pipe 168 into a cylinder chamber 169, the piston 164 will
be moved toward the left to swing the wheel slide base

!

128 together with the wheel slide 110 and the grinding - -

wheel 114 in a counter-clockwise direction. The swing-
ing movement will continue until the wheel slide base
128 engages the stop screw 161. During this move-
ment of the piston 164 fluid within a cylinder chamber
170 may exhaust through a pipe 171 ‘
the direction of flow of fluid under pressure is reversed
and fluid under pressure is passed through the pipe 171
into the cylinder chamber 170, the piston 164 will be
‘moved toward the right to swing the wheel slide base

15

Similarly when . -

20

128, the wheel slide 110 and the grinding wheel 114 in -

a clockwise direction until the wheel slide base 128 en- -

gages the stop screw 162. By adjusting the position of
the stop screws 161 and 162, the amount of swivel can
be varied so that the periphery of the grinding wheel 114
will grind the desired and predetermined taper on the
cam being ground.

In order to facilitate a grinding wheel truing operation,
it is desirable to position the wheel slide base 128 to-
gether with the wheel slide 110 and the grinding wheel
114 in a central position so that the axis of the wheel
spindle 113 is parallel to the path of movement of the
work table 11 so that the operative face of the grinding
wheel 114 may be trued by means of a truing tool 159
mounted on the table 11. In order to facilitate posi-
tioning the wheel slide base 128 in a central position, a
hydraulically operated mechanism is provided compris-
ing a cylinder 177 which contains a slidably mounted
piston 178. The piston 178 is connected to one end
of a piston rod 175 which serves as a stop stud which
may be moved into or out of the path of a stop surface
176 formed on the wheel slide base 128.
under pressure is passed through a pipe 179 into a cyl-
inder chamber 180, the piston 178 will be moved into
the position illustrated in Fig. 12. During this move-
ment of the piston 178 fluid within a cylinder chamber
182 may exhaust through a pipe 181. When the flow
of fluid under pressure is reversed and fluid is passed
through the pipe 181 into the cylinder chamber 182,
the piston 178 will be moved upwardly (Fig. 12) to

withdraw the piston rod 175 out of the path of the stop
surface 176, in which position the wheel slide base is™

free to swivel in either direction for a grinding operation.
A similar mechanism is provided for controlling the
swivelling movement of the wheel slide base 1284, the
wheel slide 1102 and the grinding wheel 1144. This
mechanism may comprise a pair of adjustable stop screws
161a and 162a supported on the base 19, a cylinder 163a
mounted on the base 10 contains a slidably mounted
piston 164z having a piston rod 165q¢ which is connected
by a yoked member 166« with a stud 167a projecting
from the rear surface of the wheel slide base -128a.
When fluid under pressure is passed through a pipe 1684
into a cylinder chamber 1694, the piston 164a will be
moved toward the left so as to impart a counter-clock-
wise swivelling movement to the wheel slide base 1284,
the wheel slide 118 and the grinding wheel 1144, Simi-
larly when fluid under pressure is passed through a pipe
171a into a cylinder chamber 170q, the piston 164a will
be moved toward the right so as to impart a clockwise
swivelling movement to the wheel slide base 128a. -
A similar fluid operated stop mechanism is provided
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for locating the wheel slide base 1282 in a central posi-
tion for a truing operation. This mechanism comprises
a cylinder 1774 which contains a slidably mounted pis-
ton 178z having a piston rod 175z which serves as a
stop which may be moved into or out of the path of
movement of a stop surface formed on the wheel slide
base 1284. When fluid under pressure is passed through
the pipe 179 it is conveyed simultaneously to the cylinder
chambers 180 and 1892 to move the stop pins 175 and
175q into an operative position as illustrated in Fig. 12.
Similarly when fluid under pressure is passed through
the pipe 181 it is simultaneously passed into the cylinder

chambers 182 and 182a to withdraw the stop studs 175

and 175a.

A hydraulically operated table indexing mechanism is
provided for entering the work table 11 longitudinally
successively to position cams on the cam shafts 54 and
39 to be ground. This mechanism may comprise a cyl-
inder 190 which is fixedly mounted to the underside of
the table 11. The cylinder 199 contains a slidably
mounted piston 191 which is connected to a double end
piston rod 192 the opposite ends of which are fixedly
mounted to brackets 189 and 189a fixedly mounted on
the base 10. When fluid under pressure is passed through
a pipe 193 into a cylinder chamber 194, the cylinder 190
and the table 11 will be caused to move toward the
right. During this movement, fluid within a cylinder
chamber 195 may exhaust through a pipe 196. Simi-
farly when fluid under pressure is passed through the pipe
196 into the cylinder chamber 195, the cylinder 19¢ to-
gether with the table 11 will be moved toward the left.

A shuttle type control valve 197 is provided for con-
trolling the flow of fluid to the cylinder 196. The valve
197 contains a slidably mounted valve member having
a plurality of integral valve pistons 198, 199, 280 and
201 forming a plurality of valve chambers 202, 293 and
264. When fluid under pressure is passed through a pipe
205 into an end chamber 206, the valve 197 is shifted
into a left hand end position. During this movement fluid
within the end chamber 287 may exhaust through a pipe
208. In the position of the valve 197 (Fig. 12) fuid
under pressure passing through a pipe 269 enters the
valve chamber 203 and passes through the pipe 196 into
the cylinder chamber 193 to cause the cylinder 190 to-

5 gether with the table 11 to move toward the ieft. During

this movement fluid within the cylinder chamber 194 may
exhaust through the pipe 193 into the valve chamber 204
through a central passage 21¢ formed within the slidable
member of the valve 197 into the valve chamber 202
and out through an exhaust pipe 211.

When fluid under pressure is passed through the pipe
208, the slidable valve member of the valve 197 is
shifted toward the right so that fluid under pressure from
the pipe 209 entering the valve chamber 263 passes
through the pipe 193 into the cylinder chamber 194
to cause the cylinder 199 together with the table 1% to
move toward the right.

A wheel spindle reciprocating mechanism is provided
within each of the wheel slides 110 and 119a for re-
ciprocating the wheel spindles 113 and 113a respectively
axially within their bearings during a grinding operation.
This mechanism has not been illusirated in detail since
it is an old and well known mechanism used in most
grinding machines where a plunge-cut grinding opera-
tion is obtained. For details of disclosure not contained
herein, reference may be had to the prior U. S. Patent
No. 2,237,496 to G. T. Muskovin dated April 3, 1941.
It is desirable to stop the wheel spindle reciprocation
during a grinding wheel truing operation. To accom-
plish this result a cylinder 239 (Fig. 12) Is provided.
The cylinder 239 contains a slidably mounted piston 231
connected to one end of a piston rod 232. The piston
rod 232 is operatively connected to stop oscillation of
the wheel spindle when desired. A compression spring
233 contained within the cylinder 230 serves normally to
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hold the piston 231 in-a left hand end position except
when fluid under pressure is admitted through-a pipe
234 into the cylinder chamber 235 to cause movement
of the piston 231 toward the right to stop the reciproca-
tion of the wheel spindle. A similar mechanism is pro-
vided for controlling the reciprocation of the wheel spin-
dle 1134. This mechanisimn may comprise a cylinder
230a, a piston 231a, a piston rod 2324, a spring 233a
arranged in the same manner as previously described.
When fluid under pressure is passed through the pipe
234 it passes simultaneously into the cylinder chambers
235 and 2354 simultaneously to stop reciprocation of the
wheel spindles 113 and 11i3a respectively.

A valve 249 serves when the solenoid S1 'is deener-
gized to admit fluid under pressure to a table index cyl-
inder 245. The valve 24§ is a piston type valve having
a valve stem 241 which is normally held in a right hand
end position by a compression spring 242. A fluid pres-
sure pipe 243 conveys fluid to a valve chamber 244.
When the solenoid Si is energized, fluid entering the
valve chamber 244 passes through the pipe 234 to both
of the cylinders 238 and 2304 to stop wheel spindle re-
ciprocation,

The table index cylinder 245 is provided with a slida-
bly mounted piston 246, A spring 247 normally serves
to hold the piston 246 in an upper motion position. In
the position of valve 24¢ (Fig. 12) fluid under pressure
entering the valve chamber 244 passes through a pipe
254 into a cylinder chamber 255 to cause a downward
movement of the piston 246. The piston 246 is con-
nected by a piston rod 246a¢ with a plunger 252. A
plunger 249 is slidably mounted with a central aperture
‘in the plunger 252. When the piston moves downward-
1y, the plunger 252 also moves downwardly and a cam
face 253 on a plunger 249 actuates a plunger 251 to
close a normally open limit switch LS6. The upper end
of the plunger 24% is provided with an arrow point 250
which is arranged in the path of a plurality of table in-
dex dogs 248. The downward movement of the plung-
er 249 serves to open a normally closed limit switch LS3.

A fluid pressure system is prov1ded for supplying fluid
under pressure to operate the various mechanisms of the
-machine comprising a motor driven fluid pump 2i5
which draws fluid through a pipe 216 from a reservoir
217 and passes fluid under pressure through a pipe 218
-to the various mechanisms of the machine. A control
valve 260 and a control valve 261 are provided to con-
trol the admission to and exhaust of fluid from the wheel
feed cylinders 13¢ and 158a. The valve 260 is a shut-
tle type valve comprising a movable valve member 262
having a plurality of valve pistons formed integral there-
with. The valve member 262 is arranged to be shifted
by fluid under pressure controlled by a pilot valve 263
which is actuated by a solenoid S3 (Fig. 12). Fluid
under pressure is passed through a pipe 264 from the
pressure pipe 218 and also through a pipe 265 to the
_solenoid actuated pilot valve 263. In the position of
the valve 263 (Fig. 11) fluid under pressure is admit-
ted from the pilot valve to an end chamber in the right
hand end of the control valve 260 to move the valve
imember 262 toward the left.

The valve 261 is similarly a shuttle type valve com-
prising a slidably mounted valve member 268 the move-
ment of which is controlled by a pilot valve 269 actuated
by a solenoid S8. Fluid under pressure is passed through
a pipe 279 into a valve chamber formed at the right
hand end of the valve 261 to shift the valve member 268
to its left hand end position. -

In the position of the valves 268 and 261 as illustrated
in Fig. 12, fluid under pressure passing through the pipe
264, passes through a pipe 271, through a needle valve
272 into a right hand end chamber 273 formed in a
backlash control valve 274. The backlash control valve
274 is a piston type valve comprising a pair of spaced
valve pistons forming a valve chamber 275. During the
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initial feeding movement of - the gnndmg wheel, fluid
exhausting from the cylmder chambers 156 and .1564
exhausts through a pipe 276. During this exhaust of
fluid from the cylinder chambers 156 and 1564, fluid
under pressure is admitted through a pipe 277 into a
left hand end chamber 278 of the: backlash valve 274
to shift the valve toward the right at a rate controiled
by the needle valve 272. During this shifting movement
of the backlash valve 274, the valve chamber 275 passing
over a port formed in the pipe 276 allows a predeter-
mined amount of fluid to exhaust from the. pipe 276
through the valve chamber 275 and out through an ex-
haust pipe 279 into the reservoir 217. The speed of
movement of the valve 274 as controlled by the throttle
valve 272 governs the amount of fluid permitted to ex-
haust from the pipe 276. This exhaust of fluid is in
addition to the regular controlled exhaust of fluid from
the cylinder chambers 156 and 156a and serves to pro-
vide an initial rapid movement of the feed pistons 151
and 151a to take up backlash in the feeding mechanism.

A ball check valve 289 is provided in the pipe line 271
so that when fluid under pressure is passed through the
pipe 271 it may pass substantially unrestricted into the
end chamber 273 to cause a rapid return movement of
the valve 274 into its left hand end position.

Fluid under pressure passing through the pipe 271
may alsc pass through a throttle valve 281 which con-
trols the normal rate of movement of the feed pistons
151 and 1514 in a manner to be hereinafter described.
Fluid under pressure passing through the pipe 271 may
also open a ball check valve 282 and pass substantially
unrestricted through a pipe 283 into the valve 261. Fluid
under pressure passing through the pipe 283 into the
valve 261 passes through a central passage in the slid-
able valve member 268 and out through the pipe 276 into
the cylinder chambers 156 and 1564 to cause the pistors
151 and 15iz to move toward the left. Movement
of the pistons 151 and 151a toward the left serves
through a gear mechanism above described to rotate the
feed wheels 133 and 1332 and the feed screws 125 and
12542 to move the grinding wheels 114 and 1144 and
the supporting wheel slides 110 and 110a rearwardly
to an inoperative position. During movement of  the
pistons: 151 and 151a toward the left fluid exhausting
through the pipe 154 passes through the valve 261 and
out through a pipe 284 into the valve 269, through
a central passage formed in-the slidable valve member
262 and out through an exhaust pipe 285 into the reser-
voir 217,

A pair of control valves 299 and 291 are provided
to control the admission to and exhaust of fluid from
the shuttle valve 197 and to the table cylinder 190. The
controi valves 290 and 291 are substantially identical
with the valves 260 and 261 and therefore have not been
shown except dlagrammatlcally in Fig. 12, The con-
trol valve 290 comprises a shuttle type slidably mounted
valve member 292 and a pilot valve 293 which is ac-
tuated by a solenoid 82. Fluid under pressure from
the pump 215 passing through the pipe 218 enters the
pilot valve 293 and passes through a passage into the
valve 29% to shift the valve into the left hand end po-
sition. Similarly the valve 291 comprlses a slidably.
mounted valve member 294 which is preferably a shuttle
type valve the position of which is controlled by a pilot
valve 295. The pilot valve 295 is actuated by a sole-
noid S7.

A small pipe 296, of approx1mately one- elghth inch
in diameter connects the pipe 218 with the pipe 209
which serves when the valve 200 is positioned as shown

.in Fig. 12 to pass a small quantity of fluid under pres-

sure through both of.the pipes 209 and 211, through
the shuttle type valve 97 into the cylinder chambers
194. and 195 to balance the pressure on opposite sides
of the piston 191 so as to hold. the table 11 stationary.

When the solenoid S2 is energized so as to admlt
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finid under pressure to the valve chamber in the left
hand end of the valve 290 to move the valve member
292 toward the right, fluid under pressure from the
pipe 218 passes through the valve 2989, through the pipe
211, through the shuttle valve 197 and through the pipe
193 into the cylinder chamber 194 to cause the tablc
11 to move toward the right.

Similarly when the shuttle valve 197 is moved to-
ward the right into an extreme right hand end position,
fluid under pressure passing through the pipe 211 passes
through the pipe 196 into the cylinder chamber 193 to
cause the cylinder 196 and the table 1i to move io-
ward the left. It will be readily apparent from the fore-
going disclosure that when the solenoid SZ is energized,
the valve 299 will be positioned to control the admis-
sion of fluid through the pipe 211 to the shuttle valve
197 and the table cylinder 199. When thz solenoid
S2 is deenergized, the valve 280 is positioned as shown
in Fig. 12 to facilitate bypassing of fluid between op-
posite ends of the cylinder 190 to facilitate a manual
traversing of the table 11. A reversing valve 30 ac-
tuated manually by means of a handle 3§41 serves nor-
mally to reverse the direction of flow of fluid to the op-
posite ends of the shuttle valve 197. The wvalve 399
may also be actuated automatically by and in timed rela-
tion with the longitudinal movement of the table 11 by
a pair of reversing dogs 302 and 303.

Fluid exhausting through a pipe 305 during the nor-
mal table indexing movement may pass through a throttle
valve 396 which serves to control the normal indexing
speed of the table 11 and passes through a ball check
valve 307, through a pipe 308 intc the control valve
240 which is actuated by the solenoid S1. When sole-
noid St is energized and the valve member 241 is in
its extreme left hand end position fluid passing from
the pipe 308 may pass through the pipe 243 to a con-
trol valve 310. The control valve 31§ is substantially
identical with control valves 26© and 261 and comprises
a slidably mounted valve member 311, and a pilot valve
312 which is actuated by a sclenoid 54. When the
solenoid S4 is deenergized as shown in Fig. 12 fluid
under pressure from the pipe 218 passes throngh the
valve 318, through the pipe 243 to the confrol valve
249. In the position of the control valve 249 (Fig.

12), fluid under pressure in the pipe 243 passes through’

the pipe 254 into the cylinder chamber 255 to move
the piston 246 downwardly against the compression of
the spring 245 to withdraw the plungers 249 and 252 out of
the path of the table dogs 248.

may pass through the pipe 234 into the cylinder cham-
bers 235 and 2352 to move the pistens 231 and 2314
50 as to stop wheel spindle reciprocation.
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When the solenoid
S1 is energized, fluid under pressure from the pipe 243’

When the solenoid S4 is energized, fluid exhausts

through a pipe 316 from the reversing valve 309 also '

passes into a chamber 317 formed at the lower end of
a spring press valve 318. Pressure entering the valve
chamber 317 raises a valve member 319 so that fluid
within a pipe 320 may exhaust through a chamber in
the valve 318 and pass out through a pipe 320, through
a throttle valve 321, through a pipe 322, into the reser-
voir 217. The valve 318 is operative during the idle
return stroke of the table 11 to facilitate a rapid return
stroke so that fluid instead of having to pass through

the throttle valve 306 may pass directly through the ¢

spring press valve 318 and the throttle valve 321 into
the reservoir. The throttle valve 321 serves to regulate
fuid exhausting through the vaive 318 so that the re-
turn of the idle stroke may be readily adjusted.

A pair of control valves 325 and 326 are provided for
cenirolling the admission to and exhaust of fluid from
the cylinders 163 and 163 Tespectively for controlling
the swivelling movement of the wheel slide bases 128
and 1284. The control valve 325 comprises a slidably
mounted valve member 327 and a pilot valve 328 which
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is actuated by a pair of solenoids S5 and S6. The con-
trol valve 326 comprises a slidably mounted valve mem-
ber 329, and a pilot valve 330 which is actuated by
means of a solenoid S$9. In the position of the valves
325 and 326 (Fig. 12) fluid under pressure from the pipe
213 passes through the valve 325, through a pipe 331,
through the control valve 326 and through the pipe 168
and 168« into cylinder chambers 169 and 1694 so as to
cause the pistons 164 and 164a to move toward the left
thereby imparting a counter-clockwise swivelling move-
ment to the wheel slide bases 128 and 1284. During this
movement fluid within the cylinder chambers 170 and
1704 may exhaust through the pipes 171 and 17la,
through the valve 325 and through an exhaust pipe 332
into the reservoir 217. When the solenoid S5 is de-
energized and the solenoid S6 is energized, the valve
member 327 shifts to the left hand end position so that
fizid under pressure from the pipe 218 passes through
the pipes 171 and 171a into the cylinder chambers 170
and 1704 to cause the pistons 164 and 164a to move
toward the right so as to impart a clockwise swivelling
movement to the wheel slide bases 128 and 123a.

The solenoid S9 is energized momentarily by an ad-
justable table dog 335 which momentarily closes a nor-
mally open limit switch L.S10 when movement of the
table 11 is started toward the right at the start of the
grinding cycle, to shift the valve member 329 toward
the right so that fluid under pressure passing through
the pipe 331 from the valve 325 will pass through the
pipes 181 and 181« into the cylinder chambers 182 and
182a respectively so as to withdraw the stop plungers
175 and 1754 to an inoperative position. The limit
switch LS8 opens immediately after the dog 335 passes
over the actnating roller to deenergize the solencid S9 so
that the valve member 329 shifts toward the left into
the position illustrated in Fig. 12 thereby passing fluid
under pressure through the pipes 168 and 168a to cause
the pistons 164 and 164a to move toward the left thereby
swivelling the wheel slide bases 128 and 1284 in a counter-
ciockwise direction into engagement with the stop screws
161 and 161a. This swivelling movement serves to posi-
tion the grinding wheels 114 and 1l4a in position to
grind a taper oa the first cam on the cam shafts 54 and
39 which tapers toward the left.

When the table is indexed longitudinally toward the
right to position the second cam on the shafts 54 and
39 opposite the grinding wheels 114 and 114a respec-
tively, a table dog 336 closes a normally open limit
switch L812 to energize solenoid S6 so as to shift the
valve member 327 toward the left thereby passing fluid
under pressure through the pipes 171 and 171a into the
cylinder chambers 170 and 170a to move the pistons
164 and 164aq respectively toward the right thereby
swinging the wheel slide bases 128 and 128z in a clock-
wise direction into engagement with the stop screws 162
and 162z respectively. This swivelling movement of
the wheel slide bases 128 and 128a serves to swivel the
grinding wheel slides 110 and 110z and the grinding
wheels 114 and 114q to position the operative faces of
the wheels for grinding an opposite taper on the second
cam on the cam shaft.

Similarly when the table is next indexed toward the
right to position the third cam on the shafts 54 and 39
in operative relation with the grinding wheels 114 and
114a, a table dog 337 closes a normally open limit switch
1S31i to energize the solenoid S5 thereby shifting the
valve member 327 into the position illustrated in Fig. 12
so that fluid under pressure is passed through the pipe
331 to the valve 326, and through the pipes 168 and
1684 to cause the pistons 164 and 164a to move toward
the left thereby imparting a counter-clockwise swivelling
movement to the wheel slide bases 128 and 128a. This
movement serves to position the grinding wheels 114 and
1144 to grind an opposite taper on the third cam on the

cam shafts 54 and 39. As shown in Fig. 2, the ma-
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chine is set up to grind alternate cams on the cam shafts
§54 and 39 which taper in opposite directions.

A plurality of dogs corresponding with dogs 336 and
337 are provided for imparting a swivelling movement
to the wheel slide bases 128 and 1284 each time the table
11 is indexed toward the right to position a cam for a
grinding operation. This mechanism is identical with
that shown in my prior U. S. Patent No. 2,581,759 dated
January 8, 1952, to which reference may be had for
details of disclosure not contained herein. During the
idle siroke of the table 11 toward the left, the dogs 336
and 337 ride idly over the limit switches 1.812 and LS11
respectively.

When the table 11 moves into position for a grinding
wheel truing operation, the solencid S1 is energized so
that fluid under pressure from the pipe 243 will pass
through the pipe 234 into cylinder chambers 235 and
235¢ to stop the axial reciprocation of the whee! spindles
113 and 1134 respectively. Fluid under pressure passing
through the pipe 234 passes also through the pipe 363
into the cylinder chambers 186 and 1884 to move the stop
plungers 173 and 1754 into operative positions as shown
in Fig. 12. The wheel slide bases 128 and 1284 are
positioned in clockwise positions for grinding the taper
on the left cam shaft. After the stop plungers 175 and
175a are moved to an operative position, fluid is passed
through the pipe 168 into cylinder chambers 169 and
16%9a to swivel the wheel slide bases 128 and 1284 in a
counterclockwise direction. The clockwise swivelling
movement continues until the stop surfaces 176 and 1764
move into engagement with the stop plungers 175 and
175¢ respectively to position the grinding wheel spindle
into a position parallel with the table 11 so that a truing
operation may be obtained. The rock bar 25 is provided
with a pair of adjustably mounted diamonds or truing
tools 125 and 1935« which are positioned so that the
traversing movement of the table 11 will pass the truing
tools 195 and 195a across the periphery of the grinding
wheels 114 and 1144 to true cylindrical surfaces thereon.
This truing arrangement is likewise identical with that
shown in my prior patent above referred to.

As previously mentioned the table 11 also is provided
with a plurality of table index dogs 248 which serve pre-
cisely to position the table in successive grinding posi-
tions with successive cams positioned opposite the grind-
ing wheels 114 and 1314s. This table indexing mecha-
nism is identical with that disclosed in the prior U. S.
Patent to C. J. Green and O. E. Hill No. 2,535,130 dated
December 26, 1950 to which reference may be had for
details of disclosure not contained herein.

A cycle control lever 348 is pivotally mounted on the
stud 349 on the front of the machine base. The cycle
control lever 348 is arranged when rocked in a counter-
clockwise direction (Fig. 12) to close a normally open
cycle start switch 354. When the lever 348 is rocked in
a clockwise direction, a normally closed cycle stop switch
355 is opened. ’

As shown in Fig. 13 a normally open start switch 350
is provided for starting the grinding wheel driving motors
115 and 1154, A normally closed stop switch 351 is
provided for stopping the wheel driving motors 115 and
1154 when desired. A normally open start switch 352
is provided for starting a motor 347 for driving the fluid
pump 215. A pormally closed stop switch 353 is pro-
vided to facilitate stopping the motor 347 when desired.

A normally open start switch 356 is provided for start-
ing the work driving motor 61. A normally closed stop
switch 357 is provided for stopping the motor 61 when
desired. A stop control mechanism is provided for stop-
ping the rotation of the work piece in a predetermined
position which includes a cam 358 which is arranged to
open a limit switch 1.S2 to stop the motor 61 with the
work piece in a predetermined position. A jog switch
359 is provided to facilitate jogging the motor 61 in
setting up the machine.
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A main control-lever 365 is-mounted on the upper end
of a vertically arranged shaft 366. The lower end of
the shaft 366 is provided with an actuating arm 367
which is arranged to engage an actuating plunger for
actuating a limit switch 1LS7. A compression spring 368
serves normally to hold the limit switch LS7 open. A
vertically arranged plunger 369 having an arrow-pointed
upper end carries a laterally projecting arm 370 at its
lower end. The arm 370 is arranged to actuate a pair
of limit switches LS1 and LS9 when the plunger.369. is
moved in a vertical direction. A compression spring 371
serves normally to hold the plunger 369 in an upper-most
position. As the table 11 is moved longitudinally, a dog
372 on the table 11 engages the arrow point on the
plunger 369 to depress the plunger 369 so as to actuate
both the limit switch LS1 and the limit switch LS9. A
rotary motion of the main control lever 365 serves to
move a projecting stud 372 to actuate and open the nor-
mally closed limit switch LS7 in a manner to be herein-
after described. This mechanism is substantially the
same as that shown in the prior U. S. Patent No. 2,535,130
dated December 26, 1950, to which reference may be ha
for details of disclosure not contained herein. - :

Operation

The operation of the improved Cam-O-Matic grinding
machine will be readily apparent from the foregoing dis-
closure. Assuming all of the parts and mechanisms to
have been previously adjusted for grinding a plurality of
cam blanks on the cam shafts 54 and 39, a main power
switch (not shown) is closed to render .the. electric cir-
cuits cperative. When the main switch is closed, the
solenoid S1 is energized (the solenoid S4 being deener-
gized) so that fluid passes through the pipes 243 .and

; 368, The start switch 330 is then actuated to start the

grinding wheel driving motors 115 and 1152. The start
switch 352 is then actuated to start both the hydraulic
pump motor 347 and the coolant pump motor 346. The
cycle control lever 348 is then rocked in a counter-
clockwise direction to close the cycle start switch 354 so
as to energize relay :switch CR1 and to render the cycle
conirol mechanism operative. - S

A selector switch 380 is provided for rendering the
electric timer 376 operative or inoperative. When the
selector switch 380 is positioned as shown. in Fig. 13, the
electric counter 376 is operative to control the grinding
cycle. As shown in Fig. 12 the parts have been illus-
trated when the machine is idle and the fluid pressure
pump 218 is stopped. Similarly the parts shown in the
electric diagram (Fig. 13) are shown with the power
turned off, i .

When it is desired to start a grinding cycle, the -main
control lever 365 is raised against the compression of the
spring 368 to raise the stud 365a out of the path of the
cam on the table stop dog 373 after which the lever 365

5 is moved toward the right to close the limit switch LS7

so as to energize the solenoid S2. " Energizing the sole-
noid 82 serves to shift the valve member 292 into a
right hand end position so that fluid under pressure. is
passed through the pipe 211, through the valve 197,
through the pipe 193 into the cylinder chamber 194 to
start the table 11 moving toward the right. - As the table
11 moves toward. the right, a table dog 373 moves off the
plunger 369 thereby releasing the compression of the
spring 371 so that the plunger 369 moves upwardly to
actuate the limit switches LS1 and LS9. The normally
closed contacts of the limit switch LS9 open to deenergize
the solenoid -S1. The normally open contacts of tlie
limit switch LS9 close and energize the relay switch CR3.
Energizing relay CR3 serves to energize the solenoid S4
to exhaust fluid from the cylinder chamber 255 through
the valve 240 thus allowing the plunger 252 to move
upwardly into the path of the next table dog 248. .
Before the first dog 248 engages the arrow point 250
of the plunger 249, the dog 335 actuates the limit switch
LS10 momentarily to energize the solenoid S9 to - with-
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draw the plungers 175 and 1754 to inoperative positions.
As soon as the solenoid S9 deenergizes fluid under pres-
sure is passed from the valve 326 into the cylinder cham-
bers 169 and 1694 to swivel the wheel slide bases 128
and 128a in a counter-clockwise direction to pesition the
grinding wheels 114 and 114e in a position for grinding
the desired taper on the first cams on the cam shafts 54
and 39 respectively.

The table 11 continues its movement toward the right
until the dog 248 engages the arrow point 250 and
causes a downward movement of the plunger 249 i
open the. limit switch LS3 and to close the limit switch
1S6. The <closing of the limit switch LS6 serves also
to energize the solenocid 87 to shift the control valve
291 so that the fluid exhausting from the table cylinder
190 will pass through the throttle valve 366 to slow
down the longitudinal movement of the table. The
table 11 continues moving at a slow down-rate of speed
until the index dog 248 moves into engagement with
the plunger 252 to stop the table in an indexed posi-
tion. The closing of the limit switch LS6 also serves
to energize the solenoid $3 to pass fluid under pressurs
from the valve 2690 to the rock bar cylinder 75 to cause
the rock bar to move to an operative position and also
te pass fluid under pressure through the control valve
261 to the feed cylinders 150 and 158a to start an in-
feeding movement of the grinding wheels 114 and 114a.

When fluid under pressure is admitted to the cylin-
der chamber 91 to move the rock bar 25 to an opera-
tive position for a grinding operation, movement of the
arm 375 in a counter-clockwise direction (Fig. 12)
serves to open the normally cpen limit switch LS4 and
to close the normally closed limit switch LS8. The
closing of the limit switch LS8 serves to render the
electric counter 376 operative for a grinding cycle.
The closing of the limit switch LS8 serves also to ener-
gize a relay switch CR2 which closes a circuit to ener-
gize a relay switch MH automatically to start rotation
of the work drive motor 61. When the selector switch
380 is in an off position, the work motor 61 may be
manually controlied by actuation of the start switch 35%.

During movement of the pistons 151 and 151a to-
ward the right, fluid within the cylinder chambers 156
and 156a exhausts through the pipe 157, through the
pipe 276, through the valve 261, through the pipe 283 and
through the throttle valve 281 which may be regulated to
control the rate of the infeeding movement of the grind-
ing wheel. During the initial rapid feeding movement
of the grinding wheels, the backlash in the feed mech-
anism parts is taken up by allowing a predetermined

amount of fluid to momentarily exhaust through the

backlash valve 274. The amount of fluid exhausting
through the backlash valve 274 may be controlled by
the throttle valve 272 which serves to control the rate
of movement of the vaive 274.

During the cam grinding operation, the rock bar 25
is rocked by rotation of the master cams 67 in engage-
ment with the follower roller 68. During each oscil-
Jation of the rock bar 20, the limit switch LS5 is actu-
ated by an arm 375 to impart an impulse to an electric
counter- 376. When the counter 376 is rendered op-
erative by the closing of limit switch LS6, the contacts
LCI and RC1 are closed. After a predetermined num-
ber-of impulses, that is, actuation of the limit switch
LSS by oscillation of the rock bar 23 during a grinding
operation, the counter counts out and opens the con-
tacts RCI and LC1. At the start of the counting, the
limit switch LS3 iz opened and the contacts LCI and
RC1 of the counter 376 are closed, so that the sole-
noid 54 is energized- even though the limit switch 1S3
is cpened by movement of the table dog 248 causing a
downward movement of the plunger 249, When the
counter 376 counts out, the forward advancing of the
grinding wheels is stopped and a -rearward movement
of the wheel slides 11# and 110 is initiated. At count-
out of the counter 376, contacts LCI open and solenoid

20

30

40

60

it

16

S4 is deenergized which serves to shift the valve 310
so as to pass fluid under pressure through the pipe 243,
through the valve 248, through the pipe 254 into cyl-
inder chamber 255 so as to cause a downward move-
ment of the piston 246 thereby causing a downward
movement of the plunger 252 out of the path of the
table index dog 248 so that the table 11 is free to
move toward the right. The solenoid S1 is deener-
gized during the entire grinding cycle and is energized
only prior to and during a grinding wheel truing opera-
tion so as to stop axial reciprocation of the grinding
wheels. During the downward movement of the plunger
252, the limit switch LS§ is opened to deenergize the
solenoid $3. The opening of the limit switch LS6
serves to deenergize relay switch CR4, thus opening a
circuit to deenergize the solenoid S8. With the sole-
noid S8 deencrgized, fluid under pressure from the re-
versing valve 220 passes through pipe 278 to shift the
valve member 268 of the valve 261 into a left hand
end position as shown in Fig. 12. With the valves
260 and 261 positioned as shown in Fig. 12, fluid un-
der pressure from the fluid pump 215 passes through
the pipe 218 through the pipe 264, through the valve
266, through the pipe 271, through ball check valve
282, through the valve 261, through the pipe 276 and
the pipe 157 into the cylinder chambers 186 and 1564
to cause the pistens 151 and 151a to move simulta-
neously toward the left to cause a rapid rearward move-
ment of the grinding wheels 114 and 114q to inopera-
tive positions. Fluid under pressure in the pipe 271
may also pass through the ball check valve 230 into
the end chamber 273 of the backlash valve 274 to shift
the valve toward the left into its initial position.

At the same time fluid under pressure is passed
through the pipe 271 into the cylinder chamber 29 to
move the piston 76 toward the right (Fig. 12) to rock
the bar 25 to an inoperative position so as to facilitate
a lengitudinal indexing movement of the table 11. The
rocking of the bar 25 to an inoperative position serves
to rock the arm 375 in a clockwise direction into the
position illustrated in Fig. 12 thereby closing the nor-
mally open limit switch LS4, opening the normally
closed limit switch 188 and opening the normally
closed limit switch 1S5. Opening the limit switch LS8
serves to deenergize the relay switch CR2 thereby break-
ing the circuit to deenergize the relay switch M so
as to break the circuit and thereby stop the work drive
motor 61. Due to a holding circuit, the relay switch
MH is deenergized, a circuit is maintained closed so
that the motor 61 continues rotating the work until
the cam 35% rotates through a partial rotation tc open
the normally closed limit switch LS2 thereby breaking
a circnit to stop the motor 61 with the camshaft in pre-
determined positions.

When the counter 376 counts out at the end of a

5 grinding cycle, opening the contacts LC1 serves to deen-

ergize the solenoid S4 thereby shifting the valve 319
into the position illustrated in Fig. 12 so that fluid under
pressure is passed through the pipe 243, through the valve
249, through the pipe 254 into the cylinder chamber 255
to move the piston 246 downwardly thereby withdrawing
the plinger 252 out of the path of the table index dog
248. The closing of the limit switch LS4 by movement
of the rock bar 25 to an inoperative position serves to
energize the solenoid S2 so that fluid under pressure is
passed through the pipe 211, through the valve 197,
through the pipe 393 into the cylinder chamber 194 to
move the cylinder 190 and the table 11 toward the right
to index the next cams to be ground into an operative
position velative te the grinding wheels 114 and ilds
respectively. As the next table dog 248 moves toward
the right, it engages the arrow point 250 and depresses
the plunger 249 to slow down the movement of the table
11, in a manner above described, before the dog 248
engages the upper end of the plunger 252 to stop the
table 11 in the next indexed position. The grinding
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cycle of the mext cam is repeated in a manner above
described in connection with the grinding of the first
cam on the cam shaft. This cycle of operation is re-
peated for each cam on the cam shaft to be ground.
During each indexing movement of the table 11, the
master cam follower roller 68 is indexed longitudinally
into operative relation with the master cam 67 on the
cam shaft 55.

After all of the cams have been ground as the table
11 is successively indexed toward the right, the table i1
moves a further distance toward the right beyond the
last cam on the cam shafts being ground until the revers-
ing dog 382 engages and actuates the reversing valve 362
to shift the valve into a reversing position so that the
table 11 will move rapidly toward the left into an initial
position,

During each table indexing movement toward the
right, one of the dogs 336 or 337 actuates one of the
limit switches 1L.S12 or LS11 respectively so as to cause a
swivelling movement of the wheel slides 118 and 13i8a to
grind successive cams tapering in the opposite. direction.
As shown in the drawing, when the last cams on the left
hand ends of the cam shaft 54 and 39 are ground, the
limit switch LS12 is closed so that solenocid S6 is ener-
gized and fluid under pressure passes through the valve
325 through the pipe 171 to move the pistons 164 and
164q toward the right to swivel the wheel slide bases 128
and 1284 in a clockwise direction.

On the return stroke of the table, that is, toward the
left, the rapid speed continues until the stop dog 372
engages and actuates the plunger 369 (Fig. 12) which
serves to actuate both.the limit switches 1.81 and LS88.
At this time the solenoids S1 and S4 are both energized
so that no fluid under pressure may pass through either
the pipe 243 or the pipe 234. Downward movement of
the plunger 36% opens the closed contacts of the limit
switch LS1 to deenergize the solenoids 81 and S3. The
closing of the open contacts of LS1 and LS9 serves to
energize the relay switch CR3 to energize the solenoid
S4 thereby allowing fluid to pass through the pipe 243,
through the valve 240, through the pipe 254 to cause a
downward movement of the piston 246 thereby with-
drawing the plunger 252 out of the path of the truing
dog 301. The downward movement. of the plunger 252
serves to open the limit switch 1LS6 thereby deenergizing
the solenoid S7 to shift the valve 291 into the .position
illustrated in Fig. 12 so that fluid exhausting from the
cylinder chamber 194 passes through the valve 297,
through the pipe 211, through the valve 290, through the
pipe 209, through the valve 291 and through a pipe 399
and a throttle valve 391, through the throtile valve 306,
through the ball check valve 387 and through the exhaust
pipe 308 into the reservoir 217. By regulation of the
throttle valve 321 the movement of the table 11 may be
slowed to a very siow truing speed for a grinding wheel
truing operation.

At ithe same time the truing dog 383 engages the
plunger 249, the table stop dog 372 engages and depresses
the plunger 369 depressing the plunger 369 shifts the
limit switches LSL and LS9 into the positions illustrated
in Figs. 12 and 13. The closing of the lower contacts
of limit switches LS1 and LS9 serves to energize the
solenoid Si and S5. Energizing the solenoid S1 serves
to pass fluid under pressure through the pipe 234 into the
cylinder chambers 235 and 2354 to stop the grinding
wheel spindle reciprocation. Fluid under pressure passes
simultaneously through the pipe 308 into the cylinder
chambers 189 and 180a to cause the stop plungers 175
and 175a to move downwardly into the position illus-
trated in Fig. 12. Energizing of the solenoid S5 serves
to pass fluid under pressure through the pipe 331,
through the valve 326 and through the pipe 168 into
cylinder chambers 169 and 169q to cause the pistons 164
and 164a to swivel the wheel slide bases 128 and 1284
in a counterclockwise direction so that the stop surfaces
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176 and 176z engage the stop plunger 175 and 175a
respectively so as to.position the grinding wheels in a
truing position.

The table 11 continues its travel toward the left at a
truing speed while the plungers 249 and 369 ride on the
bottom surfaces of the dogs 400 and 372 respectively
while the truing tools 159 and 1594 pass across the pe-
ripheral faces of the grinding wheels 114 and 114g to
true the same. At the time the reversing dog 302 shifts
the reversing valve 300 at the right hand end of the
table stroke, fluid under pressure is passed into the wheel
feed compensators 224 and 224g to impart a compensat-
ing feed to the wheel slides 110 and 110s. This move-
ment advances the grinding wheels by a predetermined
amount for the truing operation. The truing movement
of the table i1 toward the left continues until reversing
dog 383 engages and actuates the reversing valve 309 to
shift the flow of flnid to the table cylinder so as to start
the table 311 moving in the reverse direction. At the
same time fluid under pressure is passed through the pipe
227 to impart a second compensating feed to the grind-
ing wheel slides 118 and 118a before the truing tools
459 and i5%q move into engagement with the grinding .
wheels 114 and 114q for a second pass of the truing tools
across the peripheral faces of the wheels. This move-
ment of the table i1 toward the right continues until the
dog 373 engages the lug 3634 and rotates the lever 365
in a clockwise direction so as to open the limit switch
1.87 and thereby stops the table 11 in a loading position
while the ground work pieces are removed and new
pieces of work to be ground are inserted there instead.

- It will thus be seen that there has been provided by this
invention apparatus in which the various objects herein-
above set forth together with many thoroughly practical
advantages are successfully achieved. As many possible
embodiments may be made of the above invention and as
many changes might be made in the embodiment above set
forth, it is to be understood that all matter hereinbefo_re set
forth or shown in the accompanyinc drawings is to be
interpreted as illustrative and not in a hmxtmg serise.

I claim:

1. In a camshaft grinding machine having a base, a
plurality of spaced transversely movable wheel slides there-
on, a rotatable grinding wheel on each of said slides, a lon-
gitiidinally movable table on said base, a rock bar pivotal-

-+ ly mounted on said table, the pivotal axis of the rock bar

being parallel to the axis of said grinding wheels, a plu-
rality of spaced axially aligned headstocks and footstocks
on said rock bar.simultaneously to support a plurality of
camshafts to be greund, a rotatable spindle on each of said
headstocks, means including a single motor on said table
operatively connected synchronously to rotate all of said
headstock spindles, means inr‘ludmg a single set of spaced
master cams mounted on one of said spindles, and a fol-
lower single roller stccessively engageabie therewith and
rotatably supported on said table tc impart a rocking
movement to said rock bar simultaneously to grind cor-
responding cams on each of the camshafts to be ground.

2. In a camshaft grinding machine having a base, a
pair of spaced transversely movable wheel slides thereon,
a rotatable grinding wheel on each of said slides, a longi-
tudinally movable table on said base, a rock bar pivotally
mounted on said table, the pivotal axis of the rock bar
being parallel to the axis of said grinding wheels, a pair
of spaced axially aligned headstccks and footstocks on
said rock bar simultaneously to support a pair of cam-
shafts each having a plurality of spaced cams to be ground
in axial alignment with each other, a rotatable spindle on
each of said headstocks, means including a single motor
on said table operatively connected synchronously to ro-
tate both of said headstock spindles, means including a
single set of spaced master cams on one of said spindies,
and a follower roller engageable therewith and rotatably
supported on said table to impart a rocking movement to
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said rock bar simultaneously to grind corresponding cams
on each of the camshafts to be ground.

3. In a camshaft grinding machine having a base, a pair
of spaced transversely movable wheel slides thereon, a ro-
tatable grinding wheel on each of said slides, a longitu-
dinally movable table on said base, an lndependem feeding
mechanism including an mdcpe‘xdtint fluid motor for feed-
ing each of said slides toward and from said table, means
including a single control valve mechanism simultaneously
to control said fluid moters so as to cause a simultaneous
infeeding movement of both of the wheel slides, means in-
cluding a fluid motor to index said table longitudinally,
a rock bar pivotally mountéd on said table, a pair of
spaced axially aligned headstocks and footstocks on said
rock bar simultaneously to support a pair of camshafts to
be ground, a rotatable spindle on each of sajid headstocks,
means including a single motor on said table synchronous-
ly to rotate both of said spindles, means including a ‘single
set. of spaced master cams on one of said spindles, and a
master cam follower roller successively engageable there-
with and rotatably supported on said table to impart a
rocking movement to said rock bar simultaneously to grind
corresponding cams cn each of the camshafts to be ground.

4. In a camshaft grinding machine as claimed in claim
1, in combination with the parts'and features therein speci-
fied of a vertical pivot for each of said wheel slides to fa-
cilitate 2 swivelling movement of the slides in a horizontal
plane, an independent fluid motor operatively connected
to swivel each of said slides in ‘either dlrecnon, and a
single control valve mechanism actuated by and in timed
relation with the table movement simultaneously to con-
trol all of said swivelling motors so as to sxmultaneously
swivel each of the wheel slides in one direction to posi-
tion the grinding wheels for grinding a predetermined
taper in one direction on part of the corresponding cams
on each of said camshafts and simultaneously to swivel
said slides in the opposite direction simultaneously to grind
a-predetermined taper in the opposite direction on the re-
mainder of the corresponding cams on each of said cam-
shafts.

5. In a camshaft grinding machine, as claimed in claim
1, in combination with the partsand features therein speci-
fied of a vertical pivot for each of the wheel slides to fa-
¢ilitate a swivelling movement of the slides in'a horizontal
plane, an independent fluid motor operatively connected
to swivel gach of said slides in either direction, and a single
control valve mechanism actuated by and in timed rela-
tion with the table movement simultaneously to control dll
of the fluid motors so as to alternately and simultaneously
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swivel said slides in the opposite directions after each cam -

has been ground to facilitate grinding a predetermined
taper in opposite directions on corresponding ‘alternate
cams on each of said camshafts to be ground.

6. In a camshaft grinding machine, as claimed in ¢laim
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1, in combination with the-parts and features therein speci-
fied of an independent wheel spindle reciprocating mecha-
nism for each of the grinding wheel slides, means includ-
ing an independent piston and cylinder to render each of
said reciprocating mechanisms inoperative, and means in-
cluding a single control valve mechanism simultaneously
to control the admission to and exhaust of fluid from said
cylinders so as to simultaneously stop reciprocation of
both of the wheel spindles during a grinding wheel truing
operation.

7. In a camshaft grmdxng machine, as claimed in claim
1,in combination with the-parts and features therein speci-
fied in which the wheel feeding mechanism comprises a
manually operable nut ‘and screw ‘mechanism, an inde-
pendent wheel feed compensator for each of said feeding
mechanism which are arranged to actuate said nut and
screw mechanism to advance each of the grinding wheels
prior to a truing operaticn, and means including a single
contrel valve mechanism to control the admission to and
sxhaust of fluid from the feed compensators so as simul-
taneously to advance all of the wheel slides by a prede-
termined amount before each pass of the truing tool across
the face of the grinding wheel.

8. In a camshaft grinding machine, as claimed in claim
1, in combination with the parts and features therein speci-
fied of ‘an independent locating plunger for locating each
of the wheel slides in a central position for a grinding
wheel truing operation, an independent piston and cylin-
der for actuating each of said plungers, and means in-
ciuding a single control valve mechanism to control the
admission to and exhaust of fluid from said cylinders auto-
matically and simultaneously to move the plungers into an
operative position before a truing operation.

9. In a camshaft grinding machine, as claimed in claim
1, in combination with the parts and features therein speci-
fied of an independent piston ‘and cylinder for swivelling
each of the wheel slides in opposite directions precisely to
position the grinding wheels for grinding opposite tapers
on the cams being ground, means including an independent
16cating plunger for locating each of the wheel slides in a
central position for a grinding wheel truing opcration, an
independent piston and cylinder for actuating each of said
plungers, and means including a single control valve for
simultaneously controlling the admission tc and exhaust
of ‘fluid from the swivelling and plunger actuating
cylinders.
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