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14 Claims.

This invention relates to grinding machines,
and more particularly fo an automatic camshaft
.grinding machine. ]

One of the objects of this invention is to pro-
vide a simple and thoroughly practical machine
for automatically grinding a plurality of cam

blanks on an integral camshaft. A further object’

of this invention is to provide an automatic cycle
controlling mechanism for controlling the feed-
ing movement of the grinding wheel, the posi-
tioning movement of the work table, and the
rocking movement of the cam toward and from
the grinding wheel to grind successive cams auto-
matically to a predetermined size and contour.

Another object of this invention is to provide
an auteomatic cycle controlling mechanism in
which a eycle controlling valve is actuated after
the cam being ground has rotated a predeter-
mined number of rotations in contact with the
grinding wheel. A further object is to provide
an electrically controlled hydraulic mechanism
for controlling a cycle control valve which in
turn controls the admission of fluid to the wheel
feed cylinder, the table positioning cylinder and
the rock bar cylinder.

A further obiect of this invention is to provide
a counting mechanism which operates after a

predetermined nummber of rotations of the work

to actuate a cycle pilot valve to shift a main
control valve to control the cycle of operation
of the machine. Other objects will be in part
obvious or in part pointed out hereinafter.

The invention accordingly consists in the fea-
tures of construction, combinations of elements,
and arrangements of parts, as will be exemplified
in the structure to be hereinafter described, and
the scope of the application of which will be
indicated in the following claims.

In the accompanying drawings, in which iIs
shown one of the possible embodiments of the
mechanical features of this invention,

Fig. 1 is a front elevation of a grinding machine
embodying this invention;

Fig. 2 is a diagrammatic view showing the pip-
ing diagram and the electrical control circuit;

PFig. 3 4s a fragmentary left end view of the
grinding machine shown in Fig. 1, having parts
broken away and shown in section to more clearly
show the construction; ' o

Fig. 4 is a fragmentary front elevation -of the

~ control mechanism shown in Fig. 3;

¥ig. 5 is a vertical sectional view, taken a,pprbe
imately on ‘the line 5—5 of Fig. 3, showing the

details of the counting mechanism and the nose’

lfting device;

(CL 51—161)

Fig. 6 is a fragmentary sectional view, on an
enlarged scale, showing the cycle pilot valve and
its actuating solenoid; .

Fig. 7 is a fragmentary sectional view, on an
enlarged scale, of the right end of the cycle pilot 5
valve shown in Fig. 6;

PFig. 8 is a fragmentary view, on an enlarged
scale, of the main control lever for starting the
cycle of operation; }

Fig. 9 is a fragmentary perspective view, on an 1¢
enlarged scale, showing the details of the lever
controlling mechanism;

Fig. 10 is a fragmentary view, on an enlarged
scale, of the control lever mechanism when the
work is at its extreme right-hand position; 15

Fig. 11 is a fragmentary sectional view teken
approximately on the line ti—1t1 of Fig. 4; and

Fig. 12 is an enlarged right-hand end elevation
of the cycle control mechanism with the cover
removed. 20

A cam grinding machine has been illustrated
in the drawings having a base 10 which. supports
a longitudinally movable work table {l on the
usual flat way 12 and V-way (3. The base 0
also supports a transversely movable wheel slide o5
15 on ways (not shown) for a transverse feed-
ing movement toward and from the work sup--
porting table f1. The wheel slide 15 supports &
rotatable grinding wheel {6.

The longitudinally movable work table I sup- 3¢
ports a pivotally mounted rock bar (8 which is
supported in bearings 19 and 20 on the table ff
(Figs. 1 and 3) and is arranged so that it may
be rocked about an axis which is substantially
parallel to the axis of the grinding wheel 16. The 35
rock bar (8 is provided with a rotatable head-
stock spindle 22 and a headstock center 23. The
rock bar also supports a footstock 24 having a
footstock center 25. The headstock center 23
and footstock center 25 are. arranged to rotatably 40
support a camshaft 26 to be ground. .

Master cams and roller

In order that the cams on the camshaft 2€
‘may be ground to a predetermined size and con- 45
tour, it is desirable to provide a serles of master
cams for controlling the rocking movement of
the rock bar I8 so as to rock the cam being
ground toward and from the wheel periphery to
. generate ‘a predetermined shape thereon. The 50
‘headstock spindie 99 is provided with a plurality
of master cams 28 which are mounted on the
headstock spindle which is in axial alignment
with the axis of the camshaft 26 being ground.
A raster cam roller or follower 29 is slidably 55
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2
mounted on a rotatable shaft 30 which is rotat-
ably supported in brackets 3I and 32 (Figs. 1
and 3). The master cam roller 29 is preferably
indexed automatically as the table {1 is moved
longitudinally to position the master cam roller
28 opposite the master cam 28 which corresponds
to the cam being ground on the camshaft 26. A
slidably mounted yoked member 34 straddles the
master cam roller 29 and is connected to a slid-
able rack bar 35 which meshes with a gear 36.
The gear 36 is rotatably supported on one end
of a rotatable shaft 37 which is preferably rotated
by a train of gears by means of a star wheel and
dog bar (not shown) the latter of which is fixed
to the base of the machine. The details of the
master cam roller indexing mechanism have not,
been completely illustrated since this feature is
not considered part of the present invention. For
a detailed disclosure of the automatic shifting
of the master cam roller, reference may be had
to the prior United States Patent No, 1,783,755
to Trefethen and Belden and also to the United
States Patent No. 2,022,178 to Belden and Silven
dated November 26, 1935. .

Table traverse

The work supporting table {1 is moved longi-
tudinally relative to the base {0 by means of a
fluid pressure operated mechanism comprising a
cylinder 39 which is fixed to the base 10. A piston
40 is slidably mounted within the cylinder 39 and
is connected by means of a piston rod 4{ with a
bracket 42 depending from the table I1. Fluid
under pressure may be admitted either through
a pipe 43 into a cylinder chamber 44 to cause the
biston 40 and the table 1 to move toward the
right, as viewed in Pig. 2, or it may be admitted
through a pipe 45 into a cylinder chamber 46
to cause the piston 40 and the work supporting
table 11 to move toward the left, as viewed in Fig,
2. The admission of fluid to the cylinder 39 is
controlled by a valve mechanism to be hereinafter
described. '

Wheel feed

The wheel slide 15 may be moved transversely

on the base (0 by a feeding mechanism which may -

be actuated either manually or hydraulically, as
desired. In the preferred construction, the wheel
slide 15 is provided with a depending nut 50 which
meshes with a rotatable feed screw 51 which is
preferably connected so that it may be rotated by
a manually operable feed wheel 52 on the front
of the machine base 10. The feed screw 51 is
arranged so that it may be moved bodily in an
endwise direction to rapidly move the grinding
wheel slide 16 and the grinding wheel 16 either
toward or away from the work. This is prefer-
ably accomplished by providing the feed screw 51
with a rearwardly extending piston rod 53 which
carries a piston 54 slidably mounted within a
cylinder 55.

The fluid pressure system may be supplemented
by ‘a hydraulically operated dash pot feed con-
trol (not shown). This dash pot mechanism may
be arranged as shown in the patent to Silven No.
2,023,704 dated December 10, 1935. The dash pot
feed control mechanism has not been illustrated
in the present application, since this feature is
not considered a part of the present invention.
For further details of this dash pot construction,
reference may be had to the above-mentioned
patent. By utilizing a dash pot mechanism of
this type, the wheel may be advanced rapidly by
admitting fluid under pressure through a pipe 56

2,117,916

into 3 cylinder chamber 57 to move the wheel
slide rapidly up to a position where the wheel is
about to contact with the cam to be ground. 'Then
the dash pot piston is picked up by the piston rod
53 and the further advance of the grinding wheel
in grinding the camshaft is controlled by the ex-
haust of fluid from the dash pot cylinder. In
order to remove the grinding wheel from contact
with the work after the cam being ground has
been ground to a predetermined size and contour,
the admission of fluid under pressure to cylinder
55 is reversed and fluid is admitted through a
pipe 58 into a cylinder chamber 53. A reversing
valve 60 is provided to control the admission of
fluid to the cylinder 55. In the position of the
parts as shown in the diagrammatic view in Fig.
2, fluid under pressure from a tank or sump 61
within the base 10 passes through a pipe 62 and is
forced under pressure by a fluid pump 63 through
a pipe 64 into a valve chamber 65 between the
valve pistons 66 and 671. In the position of the
valve 60, as shown in Fig. 2, fluid under pressure
entering the valve chamber 65 passes outwardly
through the pipe 58 and into the eylinder cham-
ber §9 to cause the piston 54 to move rearwardly
or toward the right, as viewed in Fig. 2, to with-
draw the grinding wheel from engagement with
the work.

. During the rearward movement of the piston 54,
fluid exhausts from the cylinder chamber 51,
through the pipe 56, through a V-port 68, into a
valve chamber 69, between the .valve piston 70
and the valve piston 66, and through a passage 11
and exhausts through a pipe 12 into the reservoir
61." When it is desired to cause an approaching
movement of the grinding wheel 16, the valve 60
is shifted so that fluid under pressure passing
through pipe 64 enters the cylinder chamber 65
and passes out through V-port 68 and pipe 56 into
cylinder chamber 57 to cause the piston 54 to
move toward the left, as viewed in Fig. 2, and
thereby cause the grinding wheel 16 to be moved
transversely toward the work piece to be ground.
During the forward feeding movement of the
grinding wheel, fluid is exhausted from the cyl-
inder chamber 59, through pipe 58, and passes out
through a V-port into a valve chamber 15 between
the valve piston 671 and a valve piston 16, and
through passage Tf and exhaust pipe 12, into the
reservoir 61.

Spring actuation rock bar

In order that the master cams may be main-
tained in operative engagement with the master
cam roller during the grinding operation on,a
cam, a yieldable pressure device is provided which
serves fo yieldably maintain the master cam in
contact with the follower roller. As shown in the
drawings, the rock bar 18 is provided with an arm
11. A cylinder 18 is fixed to the bracket 31 piv-
otally by means of a circular clamping band 19.
The cylinder 18 contains a piston 80 which is
connected by a piston rod 81 with a stud 82 on
the arm 71. A spring 83 surrounds the piston rod
81 and is contained within the cylinder 78 be-
tween the piston 80 and a head 84 fixed in the
lower end of the cylinder 18, The compression of
the spring 83 is of sufficient strength to maintain
the master cam 28 in operative contact with the
master cam rolier 28 during the grinding opera-
tion. This mechanism is substantially identical
with the construction shown in the United States
patent tc Belden and Silven No. 2,022,178 dated
November 26, 1935.
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Hydraulic actuation rock bar

A fluid pressure mechanism is provided to rock
the bar 18 to an inoperative position automatically
pefore the table 11 is traversed so that the master
cam and follower and product cams and grind-
ing wheel will be separated before the traversing
of the table is started. This mechanism may
comprise a fluid pressure cylinder 85, having a
piston 86 slidably mounted therein. The piston is
connected to a piston rod 87 arranged to contact
with a screw 88 of the arm 17. 'When fluid under

A pressure is admitted through a pipe 88 into a
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cylinder chamber 90 within the cylinder 85, the
piston 88 moves downwardly ahd contacts the
screw 88 and the arm 77 to rock the bar i8 and
separate the master cam 28 from the follower
roller 28. A valve in the pipe 83 may be regulated
to control the downward movement of piston 86 to
avold any possible jolt with too rapid movement.

Grindihg wheel drive mechanism

The grinding wheel may be driverr from any.

suitable source of power, such as a driving motor
(not shown) mounted either on the base of the
machine or on the floor adjacent to the machine,
as shown in the prior Patent No. 2,022,178, to
which reference may be had for a disclosure of
the wheel driving mechanism. This feature is
not considered a part of the present invention
and consequently has not been illustrated in
detall.
Table traverse or indexing movement

The work table 11 is traversed or indexed lon-
gitudinally and automatically by means of a fluid
pressure system above described which comprises
the cylinder 39 containing a piston #0 which is
connected by the connecting rod 41 with the
depending bracket 42 on the table t1. The ad-
mission of fluid to either cylinder chamber 44
or &8 is controlled by a table reversing valve 91.
¥inid from the pump 88 passes through 2 pipe
92, through a pipe 93, into a valve chamber 34
between valve pistons 95 and 98. A pipe 45 is
connected between the valve 91 and the cylinder
chamber 46 and a pipe 43 is connected between
‘the valve 91 and the cylinder chamber 44, It
will be readily apparent from this disclosure
that when the table reversing valve 91 is in the
position illustrated in Fig. 2, no fluid is admitted
o0 either of the cylinder chambers and the table
will remain stationary. The valve 9t is provided
with a valve stem 87 which is operatively con-
nected to a manually operable control lever 88
mounted on a rock shaft 99 by means of a short
arm (00. The arm (00 is mounted on the rear
end of the shaft 99 and has a pin 10! engaging
a spool {02 on the valve stem 91. It will be
readily apparent from this construction that
when the lever 98 is moved in a clockwise direc-
tion, the valve stem 97 will be moved toward the
left, as viewed in Fig. 2, so as to admit fluid
through the pipe 43, to the cylinder chamber
34, and cause a movement of the table 1 toward
the right (Figs. 1 and 2). Similarly, when the
1dver 98 is moved in a counterclockwise direc-
tion, the valve stem 97 will be moved toward
the right (Fig. 2) so as to pass fluid through the
pipe 45, into the cylinder chamber 46, to move
the table || toward the left (Figs. 1and 2). -

The lever 98 is normally held in a broken lne
position 98¢ or 98b by means of an arrow point
195 on the lever 100 fixed on the end of shaft
99 and is engaged by a spring pressed roller
i06. The lever is in the broken line position

3

98¢, while the table is indexed intermittently in
a direction toward . the right. The lever 38 is
in a broken line position 38b, as indlcated in
Figs. 4 and 10, while the table is being traversed
toward the left. The valve stem 87 is normally
held in a position to admit fAuid through the
pipe 43 or the pipe 45 to the cylinder 39. The
admission of fuld through the pipe 33, to the
valve 91, is controlled by a main control valve,
as will be described hereinafter.

An actuating mechanism is provided for the
valve so that movement of the work supporting
table #1 operates to close the valve 3i so that
when the table is traversed a predetermined dis-
tance to position the next cam in front of the
grinding wheel, the valveis automatically closed
to stop _the table movement. This is preferably
accomplished by means of a dog bar {10 which

‘is adjustably mounted on the front edge of the
“table 11 by means of bolts in elongated slots.

The dog bar {13 is provided with a T-slot ti
which serves to support and guide a plurality
of, adjustable dogs 1i2. The dogs may be ad-
justed along the bar 118 o conform with the
spacing of the cams on the camshaft to be
ground. The dog bar, if necessary, for any varia-
tion in sucecessive camshafts, may be adjusted
longitudinally of the table without upsetting the
adjustment of the individual dogs. In order that
the control lever 38 may move in the direction
of movement of the table, it is necessary to

.provide a secondary actuating lever for cooper-

ating with the table dogs. As illustrated in the
drawings, a dog lever 114 is pivotally mounted
on a stud 115. The lower end of the dog lever
{14 is provided with a projecting pin 1i8 which
rides in a cylindrical aperture {17 in the lever 98,

Assuming the lever 38 Is positioned as shown
in Fig. 4, that is in s neutral position for starting
of the grinding cycle, with the dog lever ii4
in contact with table stop dog 113 which is
adjustably mounted on the table (i, the lever
98 is thrown either manually or automatically
into a position 9%a to move the valve stem 87
and admit Auld through pipe 343 into cylinder
chamber 44 to start the movement of the table
in a direction toward the right, as viewed in

53
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Figs. 2, 4, and 9. This movement traverses the ~

camshaft 26 supporting table 11 to bring the
first product cam into operative relation with
the grinding wheel. The traversing movement
continues until the dog lever 1{4 is engaged by
the fArst dog 112. The dog lever {14 is rocked
into the position illustrated in Fig. 4, swinging
the pin 115 Into engagement with an adjustable
stop serew |18 or if the table is indexed to the

50

55 .

left, with a stop screw i3, both of which are -

carried by the lever 98. This action swings the
lever 98 from the position 38a into the full line
pesition 88, as illustrated in Fig. 4, with the
arrow point 195 depressing the spring pressed
rolier 108. The parts, however, are adjusted so
that the arrow polnt does not reach the high
point on the spring roller, so that the roller
is at all times exerting a pressure tending to
move the lever 38 either in a clockwise or coun-
terclockwise direction. The swinging of the lever
98 from the position 38a into the full lin~ posi-
tion, as indicated In Fig. 4, moves the valve
stem 97 into the position, as illustrated in Fig. 2,
cutting off fluid under pressure from both of
the pipes 43 and 45, thereby stopping the move-
ment of the work carrying table {1. By adjust-
ing the position of the dogs 112 along the dog
bar 110, the stopping position of the table may
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4

be adjusted, as desired, so that the product
cams will be positioned successively in operative
relation with the grinding wheel.

The dog lever {4 is slidably mounted on the
stud 115 so that it may be thrown out of the path
of the dogs {12 to permit a further traversing
movement of the table. A lever (20 is pivoted
on a stud 121 and at its upper end is formed as
a yoke having pins 122 and 123 engaging slots in
opposite sides of a hub 124 of the lever 1{14.
When the lever 120 is moved from the full line
position, as indicated in Figs. 2 and 11, and rocked
in a clockwise direction, as shown in Fig, 11, the
dog lever 114 is moved rearwardly or toward
the right, as shown in Fig. 11, on the stud 145,
out of the path of the dogs 112, so as to
permit a further traversing or indexing move-
ment of the table. A spring 125 maintains
dog lever 114 in alignment with dogs 112 during
the indexing traverse of table {i. 'This move-
ment is preferably accomplished in timed rela-
tionship with the other operating mechanisms of
the machine. A fluid pressure cylinder 127 is
mounted within the machine base and is provided
with a piston 128 having a piston rod 128 engag-
ing an end 130 of the lever #20. A spring 134
which surrounds the piston rod 129 serves to nor-
mally retain the piston in its rearward position.
Fluid under pressure is admitted through a pipe
132 into a cylinder chamber 133 in timed rela-
tionship with the other operating mechanisms of
the machine, to rock the lever 120 in a clockwise
direction - (Fig. 11) and thereby slide the dog

‘lever 114 into an inoperative position out of

alignment with the dogs 112. This mechanism is
preferably connected to a main control valve,
which is hereinafter described, so as to operate
automatically in timed relation with the other
movements of the machine.

Pilot valve

After the work table has been indexed inter-
mittently for grinding successive cams on a cam-
shaft, it is then desirable to shift the traverse
table index control valve 91 into a reverse position

so that the arrow point 105 rides on the opposite -

side of the axis of the spring pressed roller 106.
This is preferably accomplished by means of a
pilot valve 135 which is of a balanced piston
type and normally held in a neutral or inoper-
ative position by means of a spring 136. When
the table reaches its end position in its move-
ment toward the left, a depending projection on

. an adjustable truing dog 13T mounted on table

i1 (Figs. 4 and 9) engages the upper end of a

pilot valve lever 138 and rocks it so as to move a

valve stem 139 toward the right, as viewed in
Figs. 2 and 4, so as to admit fluid which enters
through a pipe 140 and a valve chamber 141 into
a pipe (42 which passes fluid under pressure into
a valve chamber 143 at one end of the table re-
versing valve 81. This pressure moves the valve
stem 987 so that the control lever 98 and the arrow
point 105 pass over the high point on the spring
pressed roller 106 and shift the valve 81 into a
reverse position so that after truing of the grind-
ing wheel, the table Il is ready for an intermit-
tent traversing or indexing movement in a direc-
tion  toward the right, as viewed in PFigs. 1, 2
and 4.

: Wheel truing mechanism

In a machine of this type, it is desirable that
the grinding wheel be automatically trued in
between operations so that a freshly trued grind-
ing wheel face may be presented at the start of

2,117,016

each grinding operation. - A truing apparatus
comprising a bracket 145 is fixedly mounted on
the table 11 and carries a truing tool 147 (Fig.
3) which may be adjusted by means of a microm-
eter mechanism (46. The details of the truing
mechanism have not been illustrated in detail
since this feature is not considered a part of the
present invention. For further details as to this
mechanism, reference may be had to the U. S.
patent to Belden and Silven No. 2,022,178 dated
November 26, 1935. After the last cam on the
shaft has been ground, the grinding wheel is
moved to an extreme rearward position with the
piston 54 engaging the rear end of the cylinder
55 (Fig. 2). The table is then given an addi-
tional {raversing movement to carry the previ-
ously adjusted diamond or truing tool across the
operative face of the grinding wheel 16, while it
is'in its extreme rearward position.

The normal traversing or indexing movement
of the table is comparatively rapid to prevent loss
of time between successive grinding operations.
The normal table speed is not at all suited for a
truing operation which requires a very slow; uni-
form relative traversing movement between the
truing tool and the grinding wheel. To obtain
a slow traversing movement of the table, a suit-

.able slow feed or throttle valve 150 is provided.

When fluid is exhausted from the cylinder 39
through either pipe 43 or 45, it passes through
either a valve chamber (51 or 152, pipes (53 or
154 respectively, and then through a valve cham-
ber 165 or 156 in the pilot-valve (35 and through
a commeon exhaust pipe 157 which enters a valve
chamber (58 in the slow speed valve 150. A V-
port 189 in the valve chamber {58 is connected
by a pipe 160 with the reservoir 61, During the
normal fraversing or indexing movement of the
table, the V-port 159 is wide open, permitting
unrestrained exhaust of fluid from the cylinder

‘39, When the table |1 indexes or traverses from

the last cam on the camshaft and moves toward
a truing position, a depending cam surface 162
on truing dog 137 strikes a roller 163 which is
mounted on the upper end of a spring-pressed
plunger 164. The lower.end of the plunger en-
gages a rock arm 165 mounted on the outer end
of a rock shaft 166. The other end of the shaft
166 carries a rock arm 161 which is connected
by a pin 168 to move a valve stem 169 of the slow
speed valve 150. When the cam surface 162
moves the roller 163 downwardly, it rocks the
shaft {66 and arm 167, and the valve stem 169
moves a valve piston 170 toward the right, as
viewed in Fig. 2, to partially close the V-port
159, thereby restricting the exhaust of fluid from
the table traversing cylinder 39 so as to produce
a slow traversing movement of the work table and
the diamong or truing tool across the operative
face of the grinding wheel 16.

At the same time, the slow speed valve moves
to throttle the exhaust of fluid to cause a slow
truing movement of the table. A pipe 171 is
uncovered by movement of a valve piston 172
to admit fluid under pressure from a pripe 185
through a valve chamber (13 to the pipe 111,
into a cylinder chamber 191 to actuate a lever
192 and thereby stop the wheel spindle recipro-
cation during the truing movement. The table
continues its truing movemeént toward the left,
until the pilot valve lever 138 engages a depend-
ing projection on an acjustable truing dog 131
to move the pilot valve 185 from a neutral posi-
tion and admit fluid under pressure into the valve
chamber (43 of the table traverse valve 91 to
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reverse the direction of travel of the table. The
table also moves slowly to pass the diamond
across the face of the wheel on its return stroke.
The slow movement continues until the roller
163 rides up the cam surface (62 on the dog 1817
as the table approaches the first cam on the shaft
into position for starting the next grinding cycle.

A spring 197 connected between the lever (6T
and a stud 19€ on the valve 150 serves to return
the valve stem 168 to its normal position so as to
uncover the pipe {11 to allow fluid to exhaust
from the cylinder chamber 81, through the pipe
{11, a valve chamber 199, a pipe 200, and & pipe
20¢, into the reservoir 81, thus allowing the spring
202 to swing the lever 182 to start the wheel
spindle reciprocation ready for the grinding of
the next camshaft. At the same time, the V-
port 168 is uncovered and unrestricted exhaust
of fluid from the table traverse cylinder 39 starts
the table fl at its normal traversing or indexing
speed. .

‘While the apparatus shown is set to pass the
diamond across the face of the wheel once in
each direction, it is possible to adjust the truing
dog {37 so that.a cam actuated star wheel will
provide a greater number of passes of the dia-
mond across the operative face of the grinding
wheel, if desired. The details of construction
of the truing dog
the present case, since this feature is not con-
sidered a part of the present invention. Refer-
ence may be had to the prior United States
patent to Belden and Silven No. 2,022,178 dated
November 26, 1935 for detalls of disclosure of
the truing dog. :

Main control valve

In a machine of this type, the mechanisms
function automatically to successively grind a
plurality of cam blanks on.a camshaft to a pre-
determined size and contour; and it is essential
that all of the mechanisms be properly timed.
Inasmuch as most of the mechanisms of the ma-
chine are controlled by fluid pressure mecha-
nisms, 1t is desirable tg provide a main control
valve 115 which is so contructed as to admit fluld
under pressure syccessively to the various mech-
anisms of the machine to.produce the desired
cycle of operation. As illustfated in the draw-
the main control valve 171§ having a valve
stem 114 is arranged to control the movement
of the hellow valve member having valve pistons
176, 171, 178, 19, 180, 181, and (82. Fluid under
pressure from the pump 62 passes through the
pipe 92, intc a valve chamber 18% in the main
control valve 115. From this valve chamber, fluid
under pressure passes through & pipe 188 to the
slow speed or throttle valve {50. Fluid under
pressure from the valve chamber {83 also passes
through a central aperture i86 extending lon-
gitudinally within the main control valve. Fluid
from the passage 186 enters a valve chamber 187
and passes out through the pipe 83 into the valve
chamber 94 of .the traverse or table index con-
trol valve §i. At the same time, fluid under pres-
sure passing through the central aperture 18€
passes into & valve chamber i88 and out through
a pipe 189 into a valve chamber (96 in the wheel
feed control valve 60. Fluid under pressure en-
tering the valve chamber 180 serves to move the
feed control valve 60 in a direction toward the
right (Fig. 2) to uncover the pipe 58 so as to
cause a rearward feeding movement of the grind-
ing wheel 16. ‘ .

The main control valve stem {14 is provided

have not been illustrated in

5

with & spool shaped member 205 which is con-
nected by a stud 206 carried by a lever 207 piv-
otally mounted on & rock shaft 208. The lever
207" is provided with a stud 208 which is con-
nected to one end of a spring 210, the other end
of which is fastened to a stud z2ii, The spring
260 tends to move the valve piston of the main
control valve 115 toward the right, as viewed in
Fig. 2. The upper end of the lever 207 is pro-
vided with a notch 2{2 within which a pin 213
rides. The pin 2{3 is mounted on the inner end
of a link Zt&.  The forward end of the link 214
is provided with a spool shaped member 218
which is arranged to be engaged by a yoked end
216 of & lever 2{7 which is pivotally mounted on

& rock shaft Z(€. The upper end of the lever 211

is provided with a projection 219 which is ar-
ranged to drop into any one .of a plurality of
notches 226 in the bar 221 which are spaced s0
that the projection 249 is aligned with a notch
on the bar 22! only when a cam to be ground
is in operative position with relation to the
grinding wheel. During the traversing movement
of the table {f, the projection 218 of the lever
217 is prevented from dropping into the notches
220 by the surfaces 222 on the bar 221, These
surfaces prevent the main control valve from
being shifted tc cause an infeeding movement
of the grinding wheel except when the cam to
be ground is opposite the grinding wheel.

Cycle pilol valve

In order that the main control valve 176 may
be shifted to control the cycle of operation as
desired, a cycle pilot vaive 225 is provided. This
valve is of the piston type having valve pistons
226, 221, 228, and 229, Fluid under pressure
passing through the pipe 82 passes through &
pipe 230 into pilot control valve chamber 231
and, in the position illustrated in Fig. 2, passes
out through a pipe 23%, into a chamber 233 at
the right end of the main control valve 118 and
serves toc move the main control valve {15 into
the position illustrated in Fig. 2. A spring 234
serves to normally hold the pilot valve stem 23%
to the right, as illustrated in Fig. 6, so that fluld
under pressure enters the pllot valve chamber
231 and passes through pipe 232 into chamber
232 to normally hold the main control valve in
the position 1ilustrated in Fig. 2. When the main
control valve is moved intc the position {illus-
trated by fluld passing through the cycle pilot
valve, fluld is exhausted from a chamber 236 at
the left-hand end of the valve 115, forcing fluid
out through & pipe 281 through a valve cham-
ber 238 in the cycle pilet valve through a V-port
32¢ and out through a pipe 239 which returns
the fluid to the reservoir 6{. A similar V-port
321 is provided to control the exhaust of fluld
from the pipe 232 when the cycle pilot valve
325 is in the upward position (Fig. 2). An ad-
justable stop 328 is provided to limit the move-
ment of the valve toward the right (Figs. 6 and
7). By adjusting the posiiton of the stop 328,
the aperture of the v-port 327 may-be varied as
desired. The spring 238 serves to retard the
movement of the valve toward the left (Pigs. 6
and 7) so that fluid exhausting through the pipe
231 may have ample time to pass out through
v-port 326 and through pipe 239 into the res-
ervoir. ' ‘

A solenoid 240 is connected to the upper end of
the valve stem 235, as fllustrated in Fig. 2, and
serves when energized to shift the cycle pilot
valve into the dotted line position, as indicated
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in-Fig. 6. . In this position of the valve pistons,
fluid under pressure from the pipe 230 entering
the valve chamber 231 passes through pipe 237
into valve chamber 236 in the end of the main
control valve 175 to move the main control valve
stem 178 toward the right, as viewed in Fig. 2.
This movement of the control valve serves to ad-
mit fluid under pressure to the various mecha-
nisms of the machine. The solenoid 240

is preferably connected in a manner to be here-

inafter described, to control the movement of the
cycle pilot valve which in turn controls the ad-
mission of fluid to shift the main control valve
175 at a predetermined time in the grinding cy-
cle.

When the solenoid 240 functions to pull the
valve pistons of cycle pilot valve 225 into the dot-
ted line position, Fig. 6, the spring 234 is com-
bressed, serving to slow down the shifting of the
valve pistons to allow time for fluid to exhaust
from chamber 233 and the valve stem 114 of the
main control valve 115 to be near its extreme
right-hand position, Fig. 2, before valve piston
229 reduces the V-port exhaust through pipe 239
to cushion the movement of valve stem 174 to
its extreme right-hand position.

Similarly, when the solenoid 240 is released,
the released compression of the spring 234 re-
turns the cycle pilot valve 225 to the position in-
dicated in full lines, Figs. 2 and 6. In order to
retard the return movement of cycle pilot valve
225 to obtain smooth operation of the hydraulic
units; a stationary dash pot plunger 281 having
3 reduced portion is slidably mounted with a cyl-
inder and is arranged to force fluid from the cyl-
inder through ports 242 into chamber 231. This
serves to slow down the return of the valve stem
235 to the full line position, Fig. 6. Exhaust of
fluid through ports 242 results.in a quicker move-
ment of valve stem (74 to the left, Fig. 2, before
valve piston 226 reduces the V-port exhaust
through pipe 239 from chamber 236 to cushion the
movement of valve stem 174 to its extreme left-
hand position, Fig. 2.

The position of valve stem 235 in either direc-
tion to cut off the V-port exhaust through pipe
239 and to control the rapidity of movement of
valve stem 174 in either direction is accomplished
by adjustable means, namely an adjusting screw
243 which supports the plunger 241. Valve stem
235 is adjustably connected to the solenoid 240 by
means of link 244 to obtain the results explained,
by means of the adjusting screw 243.

It has been found that in order to obtain the
maximum production ingrinding of a camshaft,
if each cam is ground for a predetermined num-
ber of rotations in grinding engagement with the
periphery of the grinding wheel, the cam will be
ground to the desired contour and size.

Cycle control

In order to obtain the maximum efficiency from
the machine, it is desirable to provide a suitable
cycle control device which serves, after a cam has
been rotated through a predetermined number
of rotations in operative grinding contact with
the wheel, to actuate the main control valve and
to thereby admit fluid under pressure to cylinder
chamber 80 to rock the master cams and product,
cams away from the grinding wheel and the mas-
ter cam roller respectively, and to admit fluid to
the cylinder chamber 59 to move the grinding
wheel rearwardly to an inoperative position and
to then admit fluid under pressure to the table
traverse cylinder 39 to automatically index the
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table to present the next cam to be ground into
operative relation with the grinding wheel. This
is preferably accomplished by meéans of a cycle
control counting device 245 which is contained
within a rectangularly shaped box on the top of
the bracket 31. The counting device comprises
a ratchet wheel 246 which is mounted to rotate
on a shaft 241, A pawl 248 is carried by a stud
249 on an arm 250 which is connected to move
with a lever arm 251 so that the two arms 250 and
251 operate as a bell crank. The arm 251 is con-
nected by an adjustable link 252, the lower end
of which is connected to the stud 82 on the arm
11 which is fixed to the rock bar 18. Each time
the rock bar 18 rocks in a counterclockwise di-
rection toward the grinding wheel 16, the bell
crank lever 250, 251 serves to rock the pawl 248
idly over the teeth on the ratchet wheel 246, and
when the rock bar 18 is rocked by the master cams
in a clockwise direction (Fig. 3) away from the
wheel 16, serving to cause a downward movement
of the link 252, and through the bell crank 250,
251 serves to cause the pawl! 248 to turn the
ratchet wheel 246 a predetermined adjustable
amount each time the rock bar moves through
its rocking motion. The shaft 247 also carries
an adjustable striker arm 253 which is arranged
in the path of a lever 254 which serves to rock a
support 255 which is pivotally mounted on a stud
256. The arm 255 carries a mercury switch 257.
When the ratchet wheel 246 has been rotated
through a predetermined extent, the striker arm
253 engages the projection 254 and rocks the arm
255 about its supporting pivot 256 and trips the
mercury switch 251. ‘The tripping of the mer-

-eury switch serves to close a circuit and to ener-

gize the relay 260 which in turn closes a circuit to
energize the solenoid 240 to shift the cycle pilot
valve 225 and thereby admit fluid under pres-
sure to shift the main control valve 115 toward
the right, as viewed in Fig. 2. "It will be readily
apparent 'from the foregoing -that each time the
rock bar 18 is oscillated in grinding a cam, the
link 252 serves through the bell crank 250, 251
to oscillate the pawl 248 to cause a movement of
the ratchet 246. The ratchet wheel 246 is lim-
ited in its motion in a counterclockwise direc-
tion (Fig. 12) by an adjustable stop 261. The
link 252 is provided with adjusting nuts 262 and
a spring 263 by means of which the effective
length of the link 252 may be adjusted to give the
desired action to the pawl 248. The extent of

movement of the pawl may be controlled by means )

of an adjusting screw 264 which contacts bracket
31, and is carried by the arm 251 so that between
the adjustment of the nuts 262 and the screw 264,
the extent of movement of the pawl may be ad-
Justed as desired. .

In order that the extent of movement of the
pawl 248 may be readily varied to permit adjust-
ment of the number of ratchet teeth picked up at
each actuation of the pawl 248, it is desirable to
provide a means for readily adjusting the length
of the lever arm 251. The lever arm 25{ is pro-
vided ‘with a slot 265 and the link 252 is adjust-
ably clamped in the desired location within the
slot 265 by means of a clamping device 266. By
adjusting the position of the clamping device
266 within the slot 265, the effective length of

_the lever arm 251 may be varied to adjust the

extent of actuation of the pawl 248.

After a cam has been ground to a predeter-
mined extent, it i desirable to provide g suitable
mechanism for withdrawing the pawl 248 from
the ratchet 246 to reset the mechanism for con-
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trolling the grinding of the next cam blank. This
is preferably accomplished by providing a sole-
noid 267 which is provided with an upwardly ex-
tending rod 268 having a Dpair of adjustably
mounted pins 269 and 270 which are arranged to
engage a lever 214 which is an extension of the
ratchet pawl 248. A spring 272 surrounds an
upper extension of the rod 288 and is interposed
between the casing 245 and the nuts 213 which
are screw threaded onto the upper end of the rod
268. A spring 274 is connected to a stud 215
on a rotary member or hub 278 which carries the

ratchet wheel 246, The other end of the spring

274 is connected to a stud 2717 in the upper cor-
ner of the control box 245. It will be readily
apparent from the foregoing disclosure that when
the solenoid 267 is energized, as shown in Figs.
3 and 12, the rod 268 is pulled downwardly against
the tension of the spring 272 which serves to rock
the lever 211 and the pawl 248 to disengage the
pawl 248 from the ratchet wheel 288. When the
pawl disengages the ratchet wheel 248, the released

tension of the spring 214 serves to rotate the -

member 21§ and the ratchet wheel 245 into its
inital position, as illustrated in PFigs. 3 and 12,
so that the lower surface of the ratchet engages
the. adjustable stop 261 so that the mechanism is
ready to control the grinding of the next cam
blank.

Referring to Figs. 3, 5, and 12, a pivotally
mounted safety pawl 2718 holds the ratchet wheel
246 as the pawl 248 rocks toward the grinding
wheel 16 to position for feeding the ratchet wheel
on its return stroke. It will be noted, therefore,
that the pawl 248 rocks idly orto 2 feeding position
when the product cam 26 has the heel or con-
centric portion of the cam in contact with the
grinding wheel 16 and as the cam 28 rotates and
the nose or lift of the cam comes in contact with
the wheel 18 the ratchet wheel 246 is fed, con-
sequently upon completion of grinding of each
cam the cam 26 will leave the wheel 1§ when the
nose is in contact with the wheel.

The safety pawl 218 is pivotally mounted on
a stud 329 which is fixed to a bracket 330 depend-
ing from the casing 243 of the counting or con-
trol mechanism. When the ratchet wheel is in-
dexed, the safety pawl 218 rides idly over .the
ratchet teeth and prevents the ratchet from turn-
ing in the reverse direction. The pawl 248 as
above described is carried by a stud 243 which is
supported on arm 250 which is formed as one
arm of a bell crank lever 250—25§. When the
bell crank Is rocked in a clockwise direction (Fig.

‘3), the pawl 248 rides idly over the teeth of the

ratchet wheel 246. When the bell crank lever

- 950—261 is rocked in a clockwise direction, the
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pawl 248 engaging the teeth of the ratchet wheel
246 serves to index the ratchet wheel fo a new
position and the safety pawl serves to hold it in
its advanced position. The pawl 248 is provided
with a projecting pin 279 which projects within
an elongated slot 381 in the pawl 218. The pin
219 serves when the arm 211 is rocked in a clock-
wise direction (PFig. 12) to disengage the pawls
2718 and 248 from engagement with the ratchet
wheel 246 so as to allow the ratchet wheel to
return to its initial position, as shown in Fig. 12.

When the lever 271 rocks to disengage the pawl
248 from the ratchet wheel 246, a pin 279 car-
ried by the pawl 248 engages the upper surface
of an elongated slot in the pawl 278 and serves
to lift the pawl 218 from engagement with the
ratchet wheel 248 so as to allow the released
tension of spring 274 to rotate the ratchet wheel

7

246 to its starting position. The elongated slot
in pawl 218 allows free movement of pawl 248
‘during rocking feeding movement. '
The energizing of solenoid 267 is controlled by
the control lever 38 which Is hereinafter de-
scribed.
Work rotation

The headstock spindle 22 may be rotated by any
suitable driving mechanism, such as an electric
motor 289 which is connected through a suitable
gear mechanism to rotate the work driving center
23 at the desired speed. In the preferred con-
struction, a two speed work drive is provided,
such as that shown in the prior patent to Belden
et al. No. 2,022,078 dated November 26, 1935, to
which reference may be had for details of dis-
closure. A manually operable lever 281 serves
to move a clutch member 282 into engagement
with the clutch members 283 or 234 to rotate the
work driver at either a proper speed for rough
grinding or for finish grinding depending on the
operation for which the machine is set. Details
of the gear drive between the headstock motor
280 and the center 23 have not been illustrated
in detail in the present case, since they are not
considered part of the present invention. For a

20

25

detailed disclosure of this mechanism, reference .

may be had to the

prior United States Patent No.
2,022,178, '

Start and trip lever

A start and trip lever 290 is pivotally mounted

on a stud 291 which is fixed on the lever 211, The
lever 290 is arranged to swing in & substantially
horizontal plane and is provided with a project-
ing lug 292 which is arranged to engage an ex-
tension of pin 122 on the pivotally mounted lever
120. When the lever 230 is moved toward the
right (Fig. 8) into position 28%a, the lug 292 en-
gages pin 122 and rocks the lever 120 about its
pivet i21. This movement serves to move the
dog lever 114 toward the grinding wheel 16, as
viewed in Fig. 11, out of the path of the table stop
dog 113. This movement allows the lever 108 to

. move in a clockwise direction due to the pressure

of the spring pressed roller 106 on the arrow head
i85 to move the valve stem 97 toward the left, as
viewed in Fig. 2, so as to admit Auid from the
pipe 33 into valve chamber 34 and out through
the pipe 43 into the cylinder chamber 44 to cause
the piston 40 and table {1 to move toward the
right, as viewed in Figs. 1 and 2. As soon as the
dog lever {14 passes
spring 125 rocks the lever 120 in a counterclock-
wise direction, as viewed in Fig. 11, so that the
dog lever 114 lies in the path of the dogs 112,
The movement of the table i1 toward the right
continues until the dog lever is engaged by the
first dog 1142 to position the first cam to be ground
in operative relation with the grinding wheel i6.
This movement rocks the lever 33 and lever (00

‘to shift the valve stem 37 into the position illus-

trated in Fig. 2, so that the valve piston 95 cuts
off the flow of fluid to pipe 43, thereby stopping
the movement of the table i1.
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the table stop dog {{3, the .
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After the start lever has been shifted into posi- -

tion 280a (Fig. 8) to shift the dog lever 114 out
of the path of.the table stop dog 113 and start
the table traverse movement or grinding cycle,
the lever 230 is shifted back so dog lever 114 will
be free to contact the first table dog 112 but not
closing the limit switch 239. However, when the
table is stopped by the first dog {12, the lever 280
is moved the vest of the way to position 2300 to
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close limit switch 299 to energize solenoid 240 to
operate the cycle pilot valve 225. ‘This serves to
move a pin 294 carried by the lever 290 into posi-
tion 284a out of the path of the surface 295,
which serves to allow a lever 296 to rock about
its supporting stud 297 and allows 2 rod 298 of 3
limit switch 299 to move upwardly to close the cir-
cuit and render the mercury switch 257 effective.
Closing the limit switch 299 serves to energize a
relay 260 which in turn makes a circuit to ener-
gize the solenoid 240 which shifts the cycle pilot
valve 225 to the dotted line position, as shown in
Fig. 6, so that fluid entering the cycle pilot valve
chamber 23! passes outwardly through the pipe
231 to move the main control valve (15 toward
the right, as viewed in Fig. 2, to permit the ex-
haust of fluid from the rock bar cylinder cham-~
ber 90 to allow the rock bar to rock in a clockwise
direction (Fig. 2) towards the grinding wheel 16
50 that the master cam 28 engages the master
cam roller 29 and admits fluid under pressure to
cause the grinding wheel slide 15 to move toward
the work to grind a cam blank. s ]

The grinding wheel continues its forward feed-
ing movement to grind the cam to the desired
size and contour and the wheel then recedes, after
which fluid is admitted to the wheel feed cylinder
chamber §9 to cause a rearward movement of the
grindirig wheel 6.

A normally open limit switch 305 is arranged
s0 that its actuating roller 307 engages the lever
98 in the position of the parts illustrated in Fig,

2 and closes the limit switch 305 to energize sole- '

noid 267 to return ratchet wheel 246 to its initial
position. When the dog lever 114 is shifted out
of the path of the table stop dog 113, the lever
98 moves in a clockwise direction into position 98a
(Fig. 4) which serves to shift the valve 87 to
start the table traverse. At the same time, the
lever 88, which engages the roller 307 of the limit
switch 305, is rocked in a clockwise direction to
break the circuit and thereby deenergize a relay
306 which in turn deenergizes the solenoid 267 to
render the ratchet pawls 248 and 278 of the cycle
control mechanism 245 operative. The ratchet
pawls 248 and 278 remain in engagement with
the ratchet wheel 246 during the indexing of the
table 11, the lever 98 being in position 98z and
the limit switch 305 being open to make the sole-
noid 267 inactive.

When the work table i1 reaches the extreme
position to the right, a dog 308 on the table #1
engages the vertical plunger 309 and causes it to
move downwardly so as to open the limit switch
299. ‘The opening of limit switch 299 serves to
break the circuit to render the mercury switch
257 inoperative which in turn deenergizes the re-
lay 268, thereby deenergizing the solenoid 240 so
that the cyecle pilot valve 225 moves downwardly
(Fig. 2) due to the released tension of the spring
234. This movement of the cycle pilot valve 225
serves to shift the wheel feed control valve 60 so
as to admit fluid under pressure to cause a rear-
ward movement of the grinding wheel 6 and its
supporting slide 15. This is preferably accom-
plished by providing a dog 308 on the table 1.
The dog 308 is arranged in the path of a vertical
plunger 309. which is connected to a lever 296
which cooperates with rod 288. The lever 296 is
pivotally .supported on a stud’ 297 and arranged
so that when the dog 308 depresses the plunger
309, the lever 296 swings in a counterclockwise
direction to depress the rod 298 of the limit
switch 298 which serves to open the switch, there-
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by rendering the cycle control mechanism inop-
erative.

The dog 308 engages the plunger 389 which is
depressed. The table reversing dog 318 moves
the lever 98 from position 98z to 98b. In this

‘movement the pin 294 moves from position 294q

to the full line position illustrated in Fig. 10.
This is accomplished by lever 98 contacting the
adjustable screw 310 carried by a swinging lever
3{1 mounted on a stud 312. The lever 31! car-
ries a latch 313 which rides on pin 314 carried
by the lever 98. During the indexing of the table
i after the grinding operation, the lever 31i
Is in the dot-dash position, Fig. 10, which posi-

* tion it assumes at the start of the grinding cycle.

When lever 98 swings the lever 311 to the full
line position indicated in Fig. 10 the lever 290

. Swings into the dot and dash position indicated

by an arrow (Fig. 8) to allow dog lever (14 to
clear the dogs {12 on the return stroke. Table
stop dog 113 which projects in further, being of
the pivot type allowing swinging in one direc-
tion counterclockwise (Fig. 4), will let dog lever
114 pass by, and upon completion of the truing
operation will stop the table {1 for the next
grinding cycle. In the last truing pass the lever
88 is in position 98a, though pin 314-contacts
latch 313 to swing lever 3!{ to the full line posi-
tion (Fig. 4) so that dog lever {14 will move by
means of spring 125 into further contacting rela-
tionship with the table stop dog 113 at the end
of the grinding cycle.

Operation

Assuming the table 11 to be in its extreme left-
hand or loading position, the machine is started
into operation by first pushing an electric control
button (not shown) to start the rotation of the
grinding wheel 16, then pushing a second button
(not shown) to start the rotation of the fluid
bressure pump 63. Push button 315 is closed to
start the rotation of the work driving motor 280.
The work piece, such as a camshaft 26, is then
loaded in the machine and supported between the
headstock center.28 and footstock center 25. The
work drive clutch is then engaged by shifting the
lever 281 to engage the movable clutch member
282 with either the clutch member 283 or 284,

depending upon whether a finish grinding or a’

rough grinding speed of the work is desired. The
cycle control push button 316 is then closed to
render the mercury switch 257 operative so that
the machine is then under the control of the
cycle counting mechanism 245. The hand lever
290 is then moved toward the right into position
290a (Fig. 8). 'This movement serves to rock
the lever 280 about its vertical supporting stud
291 so that the Ilug 292 engaging the pin (22
rocks the lever 120 about its pivot 121, as viewed
in Fig. 11, to move the dog lever 114 out of the
path of the table stop dog 113. This movement
allows the released tension of the spring pressed
roller 106 to rock the levers 98 and 100 in a clock-
wise direction, as viewed in Figs. 2 and 4, which
serves to shift the valve stem 97 toward the left,

. as viewed in Fig. 2, so that fluid under pressure

bassing through the pipe 93 into the valve cham-
ber 94 passes outwardly through the pipe 43 into
the cylinder chamber 44 to move the piston 40
and table Hl toward the right to bring the first
cam on the camshaft 26 into operative grinding
relation with.the wheel 16. 'The longitudinal
mevement of the table continues until the first
dog 112 engages the dog lever f14 which serves
to rock the lever 98 from the position 98g into
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position 98, thereby moving the valve stem 87
toward the right, as viewed in Fig. 2, to cut off
fluid from the pipe 43 and thereby stop the move-
ment of the table {1. When the lever 98 returns
to the position illustrated in Fig. 2, the limit
switch 305 closes, serving to energize a relay 308,
which in turn energizes the solenoid 287 to with-
draw the pawls 248 and 278 from engagement with
the ratchet wheel 246 so as to allow the released
tension of the spring 274 to return the ratchet
wheel 246 and mercury switch 257 to a starting
position ready for the control of the next grind-
ing cycle. When lever 290 is shifted to position
280D at the start of the grinding cycle, the limit
switch 299 is closed and the solenoid 240 is ener-
gized to shift the cycle pilot valve 225 to the

dotted line position, as viewed in Fig. 6, so as to -

admit fluid under pressure from the pipe 230
through the valve chamber 231 and through a
pipe 231 into the chamber 236 to move the main
control valve 116 toward the right, as viewed in
Fig. 2. The operator allows the table fi to trav-

« erse to the first dog 112 before shifting the lever

290 completely over to close the limit switch 299..
This movement of the main control valve 115
serves to cut off the flow of fluid through the pipe
83 to the table reversing valve 31 and serves to
admit the flow of fluid under pressure through
the pipe 132 into a cylinder chamber 133 to move
the piston §28 toward the left, as viewed in Figs.
2 and 11, which serves to rock the lever 120 in a
clockwise direction and thereby serves to move
the dog lever (14 out of the path of the table
dog 12. At the same time fluid under pressure
passing through the pipe 132 enters a valve cham-

“ber 311 to move the wheel slide conirol valve

toward the left, as viewed in Fig. 2, so that fluid
under pressure passing through the pipe 64 en-
ters a valve chamber 83 and passes  outwardly
through a pipe 56 into a chamber 87 to cause
the grinding wheel to be fed into the cam being
ground. At the same time the main control valve
ig shifted, as above mentioned, fluid is allowed
to exhaust from the cylinder chamber 90 to
allow the rock bar 8 to rock so that the master
cam 28 engages the master cam roller 28, Rota-
tion of the master cam roller in contact with the
master cam serves to rock the camshaft to grind
a cam blank to a predetermined contour. Each
time the rock bar i8 rocks toward and from the
grinding wheel, the cycle control counting de-
vice 245 is operated, and the link 252 and bell
crank 250—25i serve to rock the pawl 248 to
turn the ratchet wheel 246 until the striker 253
engages the lever 254 of the mercury switch sup-
porting member 255 to rock the mercury switch
257 and thereby break the circuit, which serves
to deenergize the relay 268 to break the circuit
and deenergize the solenoid 248 which in turn
releases the tension of the spring 234 to permit
the cycle pilot valve 225 to move into the full
line position, as illustrated in Figs. 2 and 6. This
movement of the cycle pilot valve 225 allows fluid
passing through the pipe 230 to enter the valve
chamber 23{ and to pass through the pipe 232
into 8 valve chamber 233 at the right-hand end
of the main control valve i1% to move the valve
toward the left, inte the position of parts illus-
trated in Fig. 2. This movement of the main
control valve {73 again opens the passage of fuid
through the pipe 23 to valve chamber 94 and
allows it to pass oub through the pipe 43 to the
eylinder chamber &4 to again index the piston
40 and the table {1 longitudinally to present the
next cam into operative relation with the grind-

9

ing wheel 16, This cycle of operation is continued
until each one of the successive cams on the
product camshaft is ground to the desired size
and contour. Each time the table 11 is indexed

- longitudinally to present a new product cam to

the grinding wheel, the master cam roller 29 is
indexed longitudinally by an indexing mechanism,
not shown in the present application. This fea-
ture is not considered part of the present inven-

- tion and consequently has not been illustrated

in detail. For reference to the details of the
master cam roller indexing mechanism, reference
may be had to the above-mentioned patent to
Belden and Silven No. 2,022,178 dated November
26, 1935. When the dog lever {14 is moved out of
the path of the dog 112, the released tension of
the spring-pressed roller 106 serves to rock the
levers 98 and 100 in a clockwise direction into the
position 98a. ' _

This movement serves to open the limit switch
305 which in turn serves to deenergize the sole-
noid 2671 and allows the pawls 248 and 278 to en-
gage the ratchet wheel 246 so that upon oscilla-
tion of the rock bar {8 the pawl 248 may be oscil-
lated to turn the ratchet wheel 246 after each ac-
tuation of the rock bar to control the cycle of
grinding on the cam 26. After the cam has ro-
tated through a predetermined number of ro-
tations in contact with the grinding wheel dur-
ing the grinding operation, the mercury switch
257 is tipped to break the circuit and the break-
ing of the circuit serves to release the relay 260 to
deenergize the solenoid 240 and the released ten-
gion of the spring 234 then returns the valve 225
into the position illustrated in Fig. 2. In this po-
sition of the valve 225 fluid under pressure from
pipe 230 passes through valve chamber 23! and
pipe 232 into the chamber 233 at the right-hand
end (Fig. 2) of the main control valve 178. This
movement of the main control valve 175 serves tc
allow fluid under pressure to pass through the
pipe 23 into the valve chamber 84 and the valve
stem 97 having been previously moved toward the
1left when the dog lever {{4 was withdrawn from
the table dog 112 so that fluid under pressure en-
tering the valve chamber 94 passes out through
pipe 43 to index the piston 40 and table {§ toward
the right. This movement continues until the
next dog {12 engages the dog lever {04 to again
stop the table movement when the next cam is in
operative relation with the grinding wheel.

This cycle of events continues until the last
cam on the left-hand énd of the camshaft to be
ground (Fig. 1) has been ground, after which the
table {1 is traversed to a further position toward
the right so that the wheel is to the left of the last
cam on the shaft. During this movement beyond
the last cam on the shaft, the dog 308 engages the
plunger 3063 which serves to rock the lever 296 and
allows pin'284 to move freely over surface 295 and
the levers 98 and 288 to take position 88b and
290¢. The pin 294 holds the limit switch 299
open. This opening of limit switch 298 serves to
deenergize the mercury switch 257 and allow the
paw!l to drop into’ operative contact with the
ratchet wheel. Af the same time, the table re-
versing dog 318 engages the table pilot valve lever
133 and roeks it in o clockwise direction (Fig. 10},
serving to move the valve 188 toward the left, as
viewed in Fig. 2. This movement serves to allow

fiuid under pressure bassing through pipe (48

into the table pilot velve chamber 181 fo pass
outwardly therefrom through o pipe 308 into a
yalve chamber 320 in the leff-hand end of the
table reverse vaive 84, Fioid under Dressire en-
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tering the reverse valve chamber 320 shifts the
valve toward the right, as viewed in Fig. 2, so that
the arrow point 1085 passes over the high point of
the spring-pressed roller 106 and the arrow point
serves to hold the reverse valve in a reverse po-
sition so that fluid under pressure passing
through the pipe 93 into the valve chamber 94
then passes out through a pipe 45 into the cylin-
der chamber 46 of the table operating cylinder
39 to cause the table to move rapidly through an
idle stroke toward the left, as viewed in Figs, 1
and 2, with lever 98 in position 98Y, as viewed in
Fig. 10. 'This movement serves to return the taple

to its initial or starting position. When the table

{1 approaches the left-hand end of its movement,
a truing dog 137 engages the roller 163 and de-
presses the same, which serves to shift the truing
speed valve 150 toward the right, as viewed -in
Fig. 2, so that fluid under pressure exhausting
from the table cylinder 39 passes through a V-
port 159 to throttle the exhaust thereof and to
regulate the speed of movement of the table while
the truing tool 147 of the truing apparatus 145
passes across the operative face of the wheel 16.
The table |f continues its traverse toward the
left until the truing tool 14T passes across the
Jface of the wheel, whereupon a depending pro-
jection of the truing dog 137 engages the lever 138
to rock it in a counterclockwise direction to move
the valve stem 139 toward the right, as viewed in
Fig. 2, serving to admit fluid under pressure en-
tering through pipe 140 and valve chamber 141
out through a pipe 142 into a valve chamber 143
at the right-hand end of the table reversing
valve 91, This movement serves to shift the
table reversing valve into the position illustrated
in Fig. 2, so that the valve is in position ready to
start the next grinding cycle after the finish
ground camshaft has been removed and replaced
with a new camshaft to be ground. When the
reverse valve shifts into the position above de:
scribed, the table starts its return stroke toward
the right to pass the diamond across the face of
the wheel a second time and continues this mo-
tion until the dog lever 114 engages the table stop
dog 113 which stops the table 11 just before the
first cam moves into operative relation with the
grinding wheel. The machine is then in a
stopped position and the ground camshaft 26 may
be readily removed and replaced with a fresh
camshaft to be ground.

When the grinding wheel 16 is to be trued, it
is customary to advance the wheel slide 15 so that
a sufficient amount may be trued to present a
new grinding face to obtain best results. This
may be accomplished by an adjustably mounted
dog on the table 11 which actuates a mechanical
feed mechanism connected to feed wheel 52. The
details of this mechanism have not been com-
pletely illustrated and described inasmuch as
this is not part of the present invention. Refer-
ence may be had to the above-mentioned Belden
and Silven Patent No. 2,022,178 for details of dis-
closure.

- During the truing operation the headstock mo- .

tor 280 is stopped by means of the adjustably
mounted table dog 32{ to permit the removal of
the finish ground camshaft 26 from the machine
during the truing operation. Dog 321 slides over
and depresses a rod 322 of a limit switch 323
which breaks the circuit to deenergize a relay 324
which stops the headstock motor 280. As. the
table 11 reciprocates during the-truing operation
the table dog 321 slides over the rod 322 and upon
completion of the truing operation, the table

2,117,016

moves to the table stop dog (13 at the end of
the grinding cycle, dog 321 still maintaining con-
tact with the rod 322. Upon starting of the
grinding cycle, the dog 321 will come out of con-
tact with the rod 322 to close the limit switch 323
to start the headstock motor 280 before the first
cam 26 comes into operative relationship with
the grinding wheel 6. -

It will thus be seen that there has been pro-
vided by this invention apparatus in which the
various objects hereinabove set forth together
with- many thoroughly practical advantages are
successfully achieved. As many possible embodi-
ments 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 hereinbefore set forth, or shown in the
accompanying drawings, Is to be interpreted as
illustrative and not in a limiting sense.

We claim:—

1. A grinding machine comprising a rotatable

10

20

grinding wheel, a transversely movable slide to

support said wheel, a longitudinally movable
table, means including a rotatable work support-
ing spindle on said table, means including a fluid
pressure piston and cylinder to move said slide
transversely, means including a fluid pressure
piston and cylinder to move said table longitudi-
nally, a control valve arranged to admit fluid
under pressure to either of said cylinders, and a
cycle control mechanism actuated by and in
timed relation with the rotation of the work sup-
porting spindle to actuate said control valve.
2. An automatic cam grinding machine com-
prising a rotatable grinding wheel, a transversely
movable slide to support said wheel, a longitudi-
nally movable table, a rotatable cam shaft sup-
port pivotally mounted on said table, means to
move said table longitudinally, means to move
said wheel slide transversely to grind successive
cams to a predetermined size, means including
a plurality of master cams and a follower to rock
said camshaft support relative to said table and
grinding wheel to cause. a secondary relative
transverse movement between the wheel and
camshaft support to grind successive cams to a
predetermined contour, a cycle control mechanism
actuated by and in timed relation with the rock-
ing camshaft support, and means actuated by
said cycle control mechanism to automatically
separate the grinding wheel and camshaft after
the cam has rocked a predetermined number of

times toward the wheel axis and to automatically
index said table and camshaft longitudinally to

position successive cams into operative relation
with the grinding wheel.

3. An automatic cam grinding machine com-
prising a rotatable grinding wheel, a transversely

. movable slide to support said wheel, a longitudi-

nally movable.table, a pivotally mounted work
support on said. table, means including a rotat-
able ecamshaft supporting spindle thereon, a plu-
rality of master cams rotatably supported on
sald work support in axial alignment with the
camshaft to be ground and integrally attached
thereto, a follower roller arranged to be opera-
tively positioned relative to said master cams and
cooperating therewith to rock said work sup-
port to produce a predetermined contour on the
cams being ground, a cycle control mechanism ac-
tuated by and in timed relation with the ro-
tation of said master cams, and means actuated
by said cycle control mechanism to control the
movement of said grinding wheel toward and

from the work, the rocking of said work support .
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and the indexing of said table to present succes-
sive cams into operative relation with the grind-
ing wheel, and to return said work table to the
initial loading position.

4, An automatic cam grinding machine com-
prising a rotatable grinding wheel and a work
support for rotatably supporting a camshaft
which are movable Ilongitudinally and trans-
versely relative to ‘each other, means tc cause a
transverse feeding }novement of the grinding
wheel to grind a cam blank to a predetermined
size, means to cause a predetermined transverse
movement of the work support toward and from
the grinding wheel to generate & predetermined
contour on the cam blanks, means to cause an
intermittent relative longitudinal indexing move-
ment between the grinding wheel and the work
support in one direction to position successive
cams in operative relation with the grinding wheel
for grinding, means to cause 2 rapid relative
longitudinal traversing movement between the
wheel and work in the opposite direction to re-
turn the wheel and work to the initial position,
a truing tool carried by the work support, and
means to cause a further slow relative longi-
tudinal traversing movement between the wheel
and work support to pass the truing tool auto-
matically across the wheel face and then stop
in g loading position.

5. A hydraulically driven cam grinding ma-
chine having a hydraulically moved wheel sup-

supporting table, a hydraulically controlled, piv-
otally mounted camshaft support on said table,
means including a cycle control valve to admit
fluid under pressure to feed the wheel toward
and from the camshaft to be ground, means
to admit fluid to cause said table to be. inter-
mittently traversed longitudinally relative to the
grinding wheel to position successive cams in
operative relation with the grinding wheel, to
admit fluid under pressure tc a cylinder to cause
said pivetally mounted camshaft support to be

moved to an inoperative position during the in-.

dexing of the table, a control device operated in
timed relation with the movement of said cam-
shaft support, and electrically controlled means
operated by said control device to actuate said
main control valve after a canr has been rotated
a predetermined number of rotations in operative
.engagement with the grinding wheel. .

6. In a cam grinding machine having & pivot-
ally mounted camshaft support and master cams
and a follower to control the rocking movement
of said support, a contrecl devic¢e including an elec-
tric switch, means including a pawl and ratchet
mechanism to actuate said switch, means actu-
ated by the rocking movement of said camshaft
support to intermittently index said ratchet
wheel to actuate said switch, and an electrically
controlled mechanism operated when said switch
is actuated to cause a separation of the master
cam follower when the high point of the cam be-
ing ground is in engagement with the wheel.

t. An automatic cam grinding mechine com-
prising a rotatable grinding wheel and a rotatable

work support which are movable longitudinally’

and transversely relative to each other to grind
the surface cams on an integral camshaft, means
including & fluid pressure piston and cylinder to
cause a relative longitudinal indexing movement
between the grinding wheel and the camshaft
support to bring successive cams into operative
relation with the grinding wheel, méans including
a fluid pressure piston and cylinder to cause &

| 11

relative transverse movement between the grind-
ing wheel and camshaft support to grind succes-
sive cams to a predetermined size, means includ-
ing a set of master cams and a follower to cause
a relative transverse movement between the
grinding wheel and work to grind successive cams
to a predetermined contour, means including a

fluid pressure pisten and cylinder operatively con-

nected to render said master cams inoperative,

means including - main control vaive to control
the admission of fluid under pressure to each of
said cylinders, and a control device including an
electric switch, means including & pawl and
ratchet mechanism to actuate said switch, means
actuated by the relative transverse movement of
said camshaft support te rotate said ratchet wheel
s0 as to intermittently index said ratchet wheel
to cause a rotary motion {o be transmitted to said
switch, and an electrically controlled mechanism

~ arranged to actuate said main control valve when

said switch is actuated to admit Auid under pres-
sure to the camshaft support cylinder to separate
the master cam from the follower, to admit fuid
under pressure to cause a transverse separating
movement between the grinding wheel and cam-
shaft support, and to admit fluid to said first eyl-
inder to cause a longitudinal indexing movement
between the grinding wheel and the camshaft
support.

8. A cam grinding machine having a wheel

. slide, a work table and a rock bar thereon, each
porting member, a hydraulically traversed work -,

of which is operated by a separate fluld motor,
a main control valve in control of said motors,
a pilet valve in control of said main control valve,
and a cycle control mechanism actuated in timed
relation with the rocking of said bar to actuate
said pilot valve. _

9. A cam grinding machine having a wheel
slide, & work table and a rock bar thereon, each
of which is operated by a separate fluid motor,
a main control valve in control of said motors,
a pilot valve in control of said main control valve,
and a cycle control mechanism including a pawl
and ratchet actuated in timed relation with the
rocking of said bar during grinding to actuate
the pilot valve.

10. A cam grinding machine having a wheel
slide, a work table and a rock bar thereon, each
of which is operated by a separate fluid motor,
a main control valve in control of said motors,
a pilot valve to actuate said main control valve,
an eléctric sclenoid to shift said pilot valve, and
a contro! mechanism including an electric switch
actuated in timed relation with the rocking move-
ment of said bar during grinding to energize said
solenoid.

11, A cam grinding machine having & wheel
slide, a work table and a rock bar thereon, each
of which is operated by a separate fluid motor, &
main control valve in control of all of said motors,
a pilot valve to actuate said main contrel valve,
a solenoid {o actuate said pilot valve, a control
mechanism including & pawl and ratchet actuated
by movement of said rock bar, and an electric
switch operated thereby to energize said solenoid
after a predetermined grinding operation,

12. A cam grinding machine having a wheéel
slide, & work table and a rock bar thereon, each
of which is‘operated by a separate fluld motor, &
wheel spindle reciprocating mechanism, & fluld
motor in.control thereof, a main control valve in
control of ali of said fluid motors, a pilot valve
to actuate the main control valve, electrical
means to actuate said pilot valve in timed rela-
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tion with the rocking movement of said bar dur~
ing the grinding operation.

13. A cam grinding machine having a wheel
slide, a work table and a rock bar thereon, each

of which is operated by a separate fluid motor, a
main control valve in control of all of said motors,

- a pilot valve to actuate said main control valve,

10
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& solenoid to actuate said pilot valve and a cycle
control mechanism including a pawl and ratchet
actuated by and in timed relation with the rock-
ing movement of said bar during grinding to con-
trol an electric switch so as to energize said sole-
noid and thereby control the grinding cycle.

14. In a cam grinding machine having a pivot-
ally mounted camshaft support and master cams
and a follower to control the rocking movement

2,117,916

of the support, a longitudinally movable work
table, a transversely movable rotatable grinding
wheel and slide, said rock bar, work ‘table and
wheel slide each being operated by a separate
fluid motor, a main control valve to control all
of said motors, a pilot valve to control said main
control valve, a cycle control device including a
pawl and ratchet actuated electric switch, con-
nections between said rock bar and pawl to actu-
ate the same in timed relation with the rocking
of said bar, and electrically controlled mecha-
nism operated by said switch to actuate said
pilot . valve and thereby control the cycle of
operation.

HERBERT A. SILVEN.

CARL G. FLYGARE.
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