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19 Claims.

The invention relates to grinding machines,
and with regard to its more specific features to
surface grinding machines. '

One object of the invention is to provide a
surface grinder which is automatic in operation
from the time the operator has placed the work
piece in position on the table until the grinding

. ally and designed to operate according to the ob-

" Jects heretofore given. Other objects will be in

operation is finished. Another object of the in- -

vention is to provide a surface grinder in which
the wheel and the work are relatively traversed,
cross-fed at one or both ends of the reciprocatory
traverse, and fed relatively in a vertical position
after the entire surface has been covered.
Another object of the invention is to provide a
surface grinder. of the type just indicated with
automatic ' instrumentalities to reposition. the
grinding wheel and work plece relatively in a
vertical direction at the end of a grinding opera-
tion. Another object of the invention is to meas-
ure a grinding operation by the total number of
complete passes over the work piece bringing the
grinding operation to a-close at the end of a pre-
determined number of such passes.” Another ob-
ject of the invention is to provide a counting-

mechanism for & grinder with a complex series of =

movements to determine a grinding operation at
the end of a predetermined number of such move-.
ments involving traverse, cross feed, and vertical
feed. Another object of the invention is to de-
termine the grinding operation at the end of &
definite number of vertical movements of the
grinding wheel as measured by a counting device
which can be set to count off any given number
‘of such movements within limits.

Another object of the invention is to provide a.

surface grinding machine ‘with a reciprocatory
table for the work piece, a column, a vertical
" slide’ and & horizontal wheel slide for the grind-
ing wheel, and hydraulic actuating mechanism
for the table and slides with provision for man-
ual feed or positioning of the table or any of the
" glides. Another object of the invention is to pro-
vide hydraulic means to return the vertical slide
to initial position after a grinding operation in
order to have. the machine ready for the next
grinding operation. Another object of the in-
vention is to balance the weight of the vertical
slide and the cross feed or wheel slide which is
supported thereon hydraulically. Another ob-
ject. of the invention is to psovide a fluid pres-

10

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 in-
dicated in-the following claims.

In the accompanying drawings in which Is {1-
lustrated one of many possible embodiments of

.. the mechanical features of this invention,

20

Fig. 1 is g front elevation of a surface grinding
machine embodying the invention, showing much
of the controlling apparatus that is within the

.base or behind ‘an apton in dotted lines;

Fig. 2 is a side elevation of the machine, look-
ing from the left in Fig. 1; : o

Fig. 3 is a fluid pressure and wiring diagram
for the machine, Hllustrating most of the actu-

" ating and controlling motors, cylinders and sole-

noids to show the complete cycle of operation and
the machine control; )

Fig. 4 is a fragmentary front elevation, on an.
enlarged scale, of the base and table of the ma-
chine, illustrating part of the reciprocatory trav-

‘erse control and also the hand wheel feed for

the table; _ _

PFig. 5 is a cross-sectional view of the manually
operable table traversing mechanism, taken ap-
proximately on the line 5—5% of Fig. 4; -

Fig. 6 is a front elevation, on an enlarged scale, .
of a table stop dog; ‘

Fig. 7 is 8 vertical sectional view. taken ap-
proximately on the line 1—1 of Fig. 8, showing
the interlock between the manual and the hy~
draulic table traverse mechanisms; o

Fig. 8 is a fragmentary plan view of the tabl

" reversing mechanism, showing the stop and start

valve in section and also the manual traversing
mechanism;
Fig. 9 is a vertical sectional view taken approx-.

. imately on the line 8—9 of Figs. 8 and 4;

au

sure system in which heat losses into the base . .

are minimized. Another object of the inventicn
is to provide & vertical feed controlling and ac-

_ tuating mechanism which is susceptible of quick -

and accurate control sutomatically and manu-

63

.Fig. 10 is a vertical sectional view, on an en-
larged scale, of a connection between the arm on
the bottom of the main reversing post and a
shaft which is connected to the piston rod of the
table reversing valve, the section being taken ap-
proximately on the line 16—10 of Fig. 12;

Fig. 11 is a fragmentary vertical sectional view,
on an enlarged scale, taken approximately on the
line 8i—I14 of Fig. 4, showing one of the rollers
which is actuated by a table dog and its connec-
tion to & vertical rod which controls the counting




2 .
mechanism, and also illustrating a control for
tae speed of the table; ‘

- - Fig. 12 is a fragimentary sectional view, taken
approximately on the line 12—{2 of Fig. 14, il-
lustrating the feeding mechanism to feed the
grinding wheel in s vertical direction; .

Fig. 13 is a fragmentary vertical sectiona] view,
on an enlarged scale, taken approximately on
the line 13—I13 of Pig. 14, showing the feeding
mechanism for feeding the grinding wheel in a

. vertical direction;

Fig. 14 is a fragmentary front elevation, on an

10

2,284,073 o .

enlarged scale, taken approximately on the line
31—117 of Fig. 33; oo

Fig. 38 is & dot and dash end view of the se- -
lector valve, showing the different. positions of
the valve stem, that is grinding, hand and truing, -
.and connecting body of the wheel slide reverse
valve; - . :

Fig. 39 is a fragmentary view, on an enlarged
scale, taken. approximately on the line 33—39
of Fig. 30; and ) : .

Fig. 40 i3 a fragmentary plan view, on an en-

. larged scale, of the sleeve in the selector valve,

enlarged scale, of the vertical wheel feeding

mechanism and the controls therefor;

Fig. 15 is a fragmentary sectional view, on an 1
~ enlarged scale, taken approximately on the line -

18—18 of Mg, 14; S o
Fig. 16 is a fragmentary sectional view taken

approximately on the line 16—I§ of Fig. 15; -

Fig. 17 is a fragmentary sectional view, on an
enlarged scale, taken approximately on the line
f1—I7 of Fig. 15; - . = -

Fig. 18 is a vertical sectional view. taken ap-
proximately on the line 18-—I8 of Fig, 13;

PFigs. 19, 20, 21 and 22 are all elevations of the
vertical feeding mechanism, showing certain parts
in section and also illustrating different positions
of the same parts so that.the cycle of operation
may be more reatlily understood; . .

Fig. 23 is a fragmentary sectional view, on an
enlarged scale,.taken approximately on the line
23—23 of Fig. 18; o . o

Fig. 24 is a view similar to that shown in Figs.
19 to.22 inclusive, showing

- ferent positions; : :

Fig. 25 is a fragmentary vertical sectional view
taken approximately on the line 2525 of Fig.
18; . . , g ’ _

Fig. 26 Is a fragmentary vertical section taken
approximately on the line 26—26 of Fig. 14;

Fig. 27 is a fragmentary vertical sectional view,.

certain parts in dif- 3

15

20

25

showing one of the V-ports for controlling the
speed of the fransverse indexing movement of
the grinding wheel.

A’ surface grinding machine has been- illus-

- trated  in ‘the. drawings comprising a base 40

which supports a longitudinally reciprocable work

" supporting table 41 om the usual V-way 42 and

flat way 43 formed on the upper surface of the
base 40. 'The base 48 supports an upwardly pro-
Jecting massive column 46 (Figs, 1 and 2) which
is provided with a, vertically extending slidewsy
41. A vertically movable slide 48 is provided with
ways which mate with the slideway 47 g0 that
the slide 48 may be moved in a vertical direction.

The vertically movable slide 48 is provided with
& horizontally extending slideway 49 which serves

- as’'a support for a transversely movable wheel '

30

40

on an enlarged-sca}e, taken approximately on the -

- line 21-—217 of Fig. 2 through the cross slide and
the vertical slide, showing also part of:the.ver-
tical column; . e RN
Fig. 28 is a fragmentary. cross-sectional view
;?lken approximately. on the line 28—28 of Fig.
Fig. 29 is a fragmentary sectional view, on an
enlarged scale, taken approximately on the line
29—129 of Fig, 2T; . ’

‘Fig. 30 is a fragmentary vertical sectional view,

45

[

"on an enlarged scale, taken approximately on the

© line 30—30 of Fig. 1, showing the cross feeding:

mechanism; - ;

55

Pig. 31 is a fragmentary horizontal sectional .

;iie_w, 2t’;laken approximately on. the line 31—31 of
‘Fig. 27; T -

Fig. 32 is a fragmentary cross-sectional view,
on an enlarged scale, taken approximately on
the line $2-—32 of Fig. 30; - )

Fig. 33 Is a fragmentary front elevation of the
transyerse wheel feeding mechanism which is
partly broken away and shown in section to clar-
ity the fllustration; ,

Fig. 34 is a fragmentary sectional view taken

slide §0. In the preferred form an anti-friction
support is provided for the wheel slide 50 which

-may comprise anti-friction rollers 51 and 52 (¥igs.

2 and 27) which are arranged at opposite ends
of the wheel slide 50 and are supported thereon

5 by means of the shafts 53 and 54, respectively.

The rollers 51 and 52 ride upon the slideway 48
and serve as an anti-friction support for the slide
50. A plate §8 which is bolted to the wheel slide
80 by means of screws 56 (Fig, 27) serves to guide
the wheel slide §0 and to hold it in position upon
the slideway 49. ' .

. 'The lower portion of the vertical slide 48 is.
provided with a longitudinally extending flat way
57 which serves to support and guide the lower
portion of the wheel slide §0. In order to pro-

‘vide an anti-friction support, the wheel slide is

provided with anti-friction rollers 58 and 89 (Figs.
2, 27 and 29) ‘which are supported oh shafts 60
and 8/ journalled in the wheel slide. A plate
§2 which is bolted to the wheel slide 50 by screws
83 serves to prevent a lifting of the.wheel slide
and also serves as an additional means for guid-
ing ghe wheel slide during its transverse move-
ment.

In order to facilitate adjustment of the lower
sliding elements, the rollers §8 and 58 are pref-
erably supported by an anti-friction bearing and
are formed integral with the studs 60 and 6! but
eccentric relative thereto. By a rotary adjust-
ment of the studs 60 and §f, the anti-friction
rollers 58 and 89 may be adjusted as desired

~ to take up any lost motion in the lower sliding

part. A pair of lock nuts are provided for the

- studs §3, 54, 60 and 6/ which serve to clamp

approximately on the line 34—34. of Fig. 33;

Fig. 35 is a fragmentary sectional view taken
approximately on the line 35-—35 of Flg. 33, show-
ing a section through the transverse feed wheel;

Fig. 36 is a fragmentary sectional view, on an
enlarged scale, taken approximately on the line
36—36 of Fig. 3¢;
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_Pig. 37 is a fragmentary seciional view, on an 75

them in adjusted positions. Outwardly extend-
ing end portions of the studs §3, 54, 60 and 8
are formed of & square cross-sectional shape
whereby the studs may be readily rotated by
means of a wrench and when adjusted into the
desired position may be locked by tightening the
lock nuts. : ‘ :
The cross slide or wheel slide 38 serves as a
support for a rotatable grinding wheel 5 which
is supported at one end of a rotatable wheel
spindle §8. The wheel spindle 6§ is journalled
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in suitable bearings 67 which are mounted in
fixed relation with the wheel slide §0. The
bearings 61 are provided with the usual adjust-
ing devices whereby the bearing may be adjusted
to compensate for wear of the parts.

The grinding wheel spindie 66 may be driven
by means of an electric motor §8 which is ad-
justably supported on a bracket depending from
the wheel slide 50 (Fig. 2). The motor §8 Is
provided with a multiple V-groove pulley - 69
which is connected by means of a multiple

V-belt 710 with a multiple V-groove pulley 1
which is mounted on the end of the wheel spin-
dle 66.

The motor 68 is supported on a vertically ad-
justable plate 12 (Figs. 2 and 27) which is ad-
justably supported on a depending slideway 13

. formed integral with the wheel slide 58. An

10

- (Figs. 1, 3 and 5).

16

adjusting screw 14 is rotatably supported in a -

bracket 15 which is fixedly mounted on the de-
pending portion of the wheel slide $0.° The
- screw 74 is held against endwise movement in
the bracket 15 but is arranged for a rotary
movement relative thereto. The screw 14 is
screw threaded into a portion 76 of the sup-
porting plate 12 so that when the screw 14 is

20
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above described, is preferably interlocked with
the hydraulic table traverse mechanism so that
manual table traverse mechanism is locked in

an inoperative position during the power trav-

erse of the table.
Hydraulic table traverse mechanism

The work table 44 i3 traversed or reciprocated
longitudinally by means of a hydraulically op-
erated table traversing mechanism comprising a
pair of spaced parallel cylinders (00 and (0!
The cylinders {06 and (0l
are fixedly- mounted relative to the base 40.
The cylinder 160 contains a slidably mounted
piston 102 which is connected by means of &
piston rod £03 with a bracket 104 depending
from the under side of the table 4§ at its right--
hand end (Fig. 3). . Similarly the cylinder (04

_contains a ‘slidably mounted piston 105 which is

connected by means of a piston rod 186 with a
pbracket i07 depending from the under s1de of the

; table 4! at its left-hand end.

rotated, the screw will impart a vertical ad- .

justing movement to the plate 12 and the motor
68 to facilitate adjusting the tension of the driv-
ing belt 79.

Hand table traverse

If desired, the work supporting table 41 may
be traversed longitudinally by means.of a man-
ually operable traversing mechanism (Figs. 4, 5
and 8) comprising & rack bar 80 which is fixedly
mounted on the under side of the table &1.

able shaft 82 which is journalled. in suitable
anti-friction bearings 83 and 84. The bearings
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A
gear 81 is mounted on-the inner end of a rotat-.

40

83 and 84 are supported within a slidably mount- .

ed sleeve 85 which is slidably keyed by means.

of a key 86 within an aperture 81 which is

. formed integral with an apron 88 fixedly mount-
ed on the front of the machine base §50. A gear
89 is keyed on the left-hand end of the shaft 82
(Fig. 5). The gear 89 meshes with a gear 90
which is rotatably supported on a stud 81. The
stud 91 is fixedly mounted relative to the apron
88. A manually operable traverse wheel 92 is
supported to rotate with the gear 90. :

The sleeve 85 is arranged for an axial sliding
movement so that the gear 8{ may be readily

- moved into or out of mesh with the rack bar 80.
As illustrated in Figs. 5, 8 and 9, the gear 81 is
shown as out of mesh with the rack bar 80 and
is held in this position by means of a spring-
pressed detent. 93 (Fig. 8) which engages a
v-notch 94 cut in the periphery of the sleeve
85. When it is desired to traverse the table 4I
manually, the sleeve 85 is moved toward the right
(Fig. 5) to.shift the gear 8! from the full line
position (Figs. 5 and 8) into the dotted line po-
sition 8fa in mesh with the rack bar 80, in
which position a second V-notch 95-is moved
into engagement with the detent 93 to hold the
sleeve 85 in an operative position. ,

During the normal grinding operation the ta-
ble 41 is preferably traversed or reciprocated
longitudinally by a hydraulically operated mech-
anism to be hereinafter described and the hand

. traverse mechanism is maintained in an in-

operative position, such as that shown in PFig. 5,

with the gear 81 out of mesh with the rack

bar 80. The manual traverse mechanism, as

45

50

55

60

63

70

75

A table reversing valve {10 is provided to con-

‘trol the passage of fluid under pressure through

a pipe #{1 into a cylinder chamber {2 within
the cylinder 101, or through a ‘pipe 113 intc a
cylinder chamber {14 formed within the table
cylinder 100. ‘The reversing valve 110 is a pis-

‘ton. type reversing valve comprising a valve

stem 118 having formed integrally therewith
the valve pistons (16, ll‘l 118, 119, 120, 12§,
122 and 123.

A fluid pressure system is provided for con-
veying fluid under pressure to the various mech-
anisms of the machine, comprising a reservoir
125 (Figs. 1, 2 and 31) which is preferably formed
within the box-like base 40 of the grinding ma-
chine. Fluid is pumped from the reservoir 125
by means of a motor driven fluid pressure pump
126 which draws fluid through a pipe 127 and
forces the fluid under pressure through a pipe
128 into the valve chamber located between the
valve pistons 120 and 121, Fluid under pressure
is alsg simultaneously passed from the pipe 128,
through the pipe 129 (Pigs. 3, 9 and 12), into
the valve chamber located between the. valve

‘pistons 148 and 119. In the position of the valve

stem (1§ (Fig. 3), fluid under pressure also en-
ters the valve chamber between the valve pis-~
tons 117 and 118. An adjustahle relief valve 130
is connected in the pipe line 128 and serves to
return excess fluid under pressure tq the reser-
voir 125. Excess fluid under pressure within the
pipe 128 serves to open the relief valve 130 and
exhaust ex~ess fluid under ‘pressure through a
pipe 131 into the reservoir 125.

A second motor driven fluid pressure pump
{35 is provided for pumping fluid through a pipe
136 from the reservoir 125 and forcing fluid
under pressure through a pipe 137 into a valve
chamber located between the valve pistons 121
and (22 and also to convey filuid under pressure
from the pipe 137 through a pipe 138 into the
valve chamber located between the valve pistons
1T and 18 (Fig. 3)." The admission of fluid
under pressure to the end chambers of the valve
118 serves to aid in shifting the reversing valve
into its reverse position.. The fluid pressure
pump 135, in addition to conveying fluid under
pressure to aid in the shifting of the table re-
versing valve 118, also serves to supply fluid
under pressure to other fluid pressure operated
mechanisms of the machine which will be here-
inafter described. A relief valve {39 connected
with the pipe line 137 serves to exhaust excess




4

, ﬂuid under pressure through a plpe l“ lnto the
reservoir 128. :

Reverse vdectwiw__manum

A reversing lever 144 (Figs. 4,°8 and 9) is 5

mounted on the front of the machine base. The

Jever 144 is formed as a bell crank lever having

outwardly. projecting arms 145 and 146 which
serve as supports for rotatably mounted rollers

{41 and 148.. The reversing lever 144 is fixedly 10

mounted .on the upper end of a rock shaft 1489.
The shaft 149 is arranged in a substantially ver-

" tical position and is supported in bearings 150
and 181. The bearings 150 and i51 are in turn

~ supported in a rotatable sleeve {52 which is in
turn rotatably supported within an aperture 153

. formed within & table reversing apron 154 which
is fixedly mounted on the front of the machine
base 40 (see Figs. 4, 8 and 9).

The roller {47 is rotatably mounted on the
upper end of a stud 158 which is fixedly mounted
relative to the reversing lever arm (45. The
roller 147 is arranged in the path of a cam face
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continued shifting movement of the lever. (68
serves to shift the reversing valve stem III end-
wise to initiate a reversing of the table 41. ‘

The reversing lever {44 is normally actuated
automatically in timed relation with the table
movement to control the: lenzth of the recipro-
catory stroke of the table 4{. If desired, in set-
ting up the machine or for certain grinding
operations, the ‘table reversing mechan!sm may
be manually controlled. A manually operable
table control lever 188 is rotatably supported on
a stud 181 (Figs. 4 and 8). A gear segment 182
which is fixedly mounted on the lever 181 meshes

- with a gear segment 183. The gear segment 183

15
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is formed integral with the lower end of the
stud 155 which is supported on the end of the
arm 145, It will be readily apparent from the
foregoing disclosure that when the manuslly
operable table reversing lever 180 is shifted in
a clockwise direction (Fig. 8) into dotted line
position {80a, the gear segment 182, through the

- gear segment (83,°shifts the reversing lever (44

158 formed on a table dog 187 which is adjustably

" supported by means.of a T-slot 158 formed in
the front edge of the work table 41,

The roller 148 is mounted on the upper end
of a vertically movable stud 188 which is slid-
ably supported within an aperture adjacent to
the end of the arm 148 of the reversing lever

. 144,
position, in which position it lies within the path
of a cam face 1680 formed on a dog 161 which
stops the table movement toward the left (Fig.
1) after a grinding operation has been completed,
to facilitate a loading operation. When the
grinding cycle is started, the roller (48 is moved
downwardly into position l“a (as shown in
dotted lines in Figs. 4, 6 and 11), in which posi-
tion the roller (48 lies in the pa.th of a cam face
182 formed on-the adjustably positioned revers-
‘ing dog- 163, It should be noted that the cam
faces 188 of the dog 187 and the cam face (62
of the dog 183 are arranged to move in differ-

ent horizontal planes so that there is no con-’

flict between the actuating rollers 147 and 148,
respectively.

A lever 185 is adjustably fixed to the lower
end of the rock shaft 149 (Fig. 9). The other end
of the lever 88 supports a stud 168 which is

The roller 148 is shown in its uppermost

23
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" of the grinding cycle.
stud 159 supporting the roller 148 is provided at

oreratively connected in 8 manner to be here--

inafter described to actuate the reversing valve
110. A rod 67 is supported by means of a pair
of brackets 168 and 169 which are in turn fixedly
supported on .opposite ends of the valve stem
8.
valve stem I8 (Figs. 8 and 9). A lost motion
connection (g, 10) is provided between the
stud 166 and the rod 187. This connection may
¢omprise a pair of collars 170 and IT{ which are
fixedly mounted on the shaft 167 (Fig. 10). A
housing I72 surrounds the rod 187 and contains
a compression spring 173.  The compression
spring 118 is located between & pair of washers
{74 and 178, respectively, which are normally
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The rod 187 is arranged parallel to the .

held in the position illustrated in Fig. 10 by -

means of pins passing through the rod 161.
When the lever 188 is shifted to start the revers-
ing movement of the valve 110, the shoe 186 first

mcves the housing 172 longitudinally to take up 70

lost motion between the housing 172 and the
collars 170 and {71. At the same time continued
movement of the housing 172 compresses the
spring 1713, After the housing 172 takes up the

¢

lost motion between the collars $70 and (71, 76

in a counterclockwise direction, which movement
is transmitted through the shaft 149 and the
lever 165 manually to shift the reversing valve
110 into its reverse position, By manually shift-
ing the lever 180 between the full line position
(Fig. 8) and the broken line position 180q, the
table 41 may be manually controlled as desired.
A suitable mechanism is provided for auto-
matically shifting the roller (48 downwardly
into position (48a (Figs. 4 and 11) at the start
The vertically slidable

its lower end with an L-shaped end (85 (Fig. 4)

‘which mates with a correspondingly shaped slot

formed in the upper surface of a vertically slid-
able member 186. . A pull type solenoid 181
mounted within the apron {54 is connected by
means of a rod 188 with the member 186. The
rod 188 is adjustable to facilitate setting up the

.mechanism as desired. The upper end of the rod
_ 188 is provided with a head 189 which fits within

a central aperture 190 formed in the lower end
of the member.186. A spring 181 surrounds the
rod 188 and is interposed between the head 188
and a cover plate 182 which encloses the lower
end of the aperture 180..- The rod 188 is normally
held in an upward position by means of a spring
193 which is interposed between an adjustable
member 184 carried by the rod 188 and a stud
198 (Figs. 3 and 4) which is fixedly mounted to
the apron i54 which supports the member 18§.
It will be readily apparent from the foregoing
disclosure that the spring 193 normally main-
tains the roller 148 in the full line position (Fig.
4). When the solenoid 187 is energized, it causes
& downward movement of the rod (88 which
transmits a corresponding movement through -
the member (88 to shift the roller {48 down-
wardly into position (48a (as shown in dotted
lines in Fig. 4).

A stud (98 is threaded into the member 188
and passes through a substantially L-shaped-
slot 200 (Figs. 1, 4 and 11) formed in the apron
I54. The vertical portion of the L-shaped slot
209 limits the vertical movement of the member
186 as the stud 198 moves between full line po-
sition 198 and dotted line position 198a (Fig. 11).

The spring 191 is provided to facilitate'a man-
ual lifting of the roller 148 at any time during
the grinding cycle. It will be readily apparent
that the operator may manually grasp the kneb
at the end of the stud 198 and lift it from the
dotted line position 198a into the full line posi-
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tion 198 (Fig. 11), which movement compresses
the spring (8§ during the vertical movement of
the member 186 to raise the roller 148 from po-
sition 148¢ into full line position (48. This
movement may be accomplished even though the
solenoid {87 may be energized and a grinding cy-
cle in process, thus facilitating the raising of
the roller {48 into the position illustrated in
Fig. 4 so that it will be out of the path of the
cam 162 on the dog 163 as the table &1 travels
toward the left to allow the table &1 to traverse
beyond its normal reciprocatory stroke into a
loading position. The L-slot connection between
the stud {59 and the vertically movable member
186 serves to facilitate a transverse movement
of the stud 159 relative to the member §86 dur-
ing a shifting movement of the reverse lever (44.
If desired, the roller {48 may be locked in posi-
tion i48a by depressing the stud {98 so that the
stud 198 follows down the vertical portion of the

t-shaped slot 200, and then moving the stud

{98 toward the right (Fig. 8) within the horizon-
tal portion of the L.-shaped slot 208 to latch the

10
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member (86 in a downward position. While the -

stud 198 is latched in a downward position, the
table 41 will reciprocate through a stroke as con-
trolled by the tablé dogs {567 and 163.

Start and stop valve '

In order to readily control the starting and
stopping of the grinding cycle, a start and stop
valve 205 (Figs. 3, 8 and 9) is provided. This
valve 205 is a piston type valve comprising a

valve stem 206 having formed integrally there-

with valve pistons 267 and 208. A pipe 209 con-
necting with the valve chamber located between
the valve pistons 207 and 208 (Figs. 3'and 8) is
connected with the pipe {1{ which connects with
the chamber located between the valve pistons
{18 and {49 of the reversing valve §16. A pipe
210 connects the end chambers of the stop-and
start valve 205 with the reservoir 125 so that any

207 and 268 into a position to start the grinding
cycle. . . . .

A plurality of ports 220 arranged in a stag-
gered relationship are formed in the sleeve of the
stop and start valve 208 and serve as a speed
controlling device for the table 4! whereby the
exhausting fiuid from the table cylinders 00 or
10f may readily be controlled to. regulate the
speed of movement of the table 41. In order to
facilitate adjustment of the valve 285 to regu-
late the speed, a stop mechanism is provided

‘comprising a stop lug or pin 22} (Pigs. 8 and 11)

which is fixedly connected to a flange or collar
222 carried by the valve stem 286. The stop pin
221 is arranged so that it moves in the path of a
rotatably adjistable stop cam 223 (Figs. 8 and
11). The cam 223 is fixedly mounted on the

.inner end of a rotatable shaft 224 which is ro-

tatably supported in s bearing 228 formed with-

in the apron 154 (Fig. 11). A combined actuat-
ing knob and dial 226 is slidably keyed to the
-front end of the shaft 224 which projects from .

the apron (68, An index point 2271 (Fig, 4) is
formed on the front of the apron 154 to facili-
tate accurate positioning of the cam to a pre-
determined location. A locking nut or knob 228
is screw threaded onto a threaded projecting
portion of the shaft 224 by means of which the
shaft 224 and cam 223 may be readily clamped
or locked in adjusted position. After the cam
223 has been positioned for a predetermined
grinding cycle, the valve stem 206 will be moved

- to the same identical position on successive

fluid within these chambers may readily exhaust

into the reservoir. A pipe 211 is connected at
one end to the chamber located between the
valve pistons 207 and 208 of the stop and start
valve 205 and connects with the pipe 113 (Fig.
3). A pipe 212 is connected between the stop
and start valve 205 at one end and at the other
end connects with the valve chamber located be-
tween the valve pistons ({9 and (20 of the re-

versing valve 110, so that in the position (Fig.

&6

grinding cycles. - .

At the end of the grinding cycle, when the

solenoid is deenergized the roller 148 moves up
to ‘pass over the cam 162 of the dog 163 and
the table §1 moves toward the left (Fig. 1). The
cam 160 of the dog 1684 strikes the roller (48
and shifts the reversing lever {46 and also the

reversing valve 110 so that the table is ready to.
ove toward the right., When this occurs a de-

pending plate 248 adjustably mounted on the
dog 161 has en integral cam 248 (Figs. 6, 9 and

12) which strikes & spring located finger 241

pivotally mounted in a slot in the stop and start
lever 215. The finger 247 slides up the inclined

left-hand face of the cam 246, rocking the lever

215 and stopping the table &1 by shifting the
stop and start valve 208, The momentum of the
table 41 will shift the lever 218 so that the fin.

" _ger 247 will clear the cam 248 (Fig. 8).

3) 'a manual traverse of the table §{ is facilitated -

by a by-passing of fluid between the cylinders 108
and 101, ) ' .

The valve stem 286 of the stop and start valve
2085 is preferably manually controlled by means
of a manually operable control lever 21§ (Figs. 8
and 9) mounted on the front of the machine
base. The lever 215 is fixedly mounted on tlie
upper end of the rotatable sleeve 152. An arm
216 is also fixedly mounted adjacent to the lower
end of the sleeve 152 so that the lever 218, the
sleeve 152 and the arm 216 function as & bell
crank lever. The arm 206 is connected by &
stud 247 with one end of & link 2i8. The other
end of the link 2!¢ is connected by means of &
stud 219 with the valve stem 206. It will be
readily apparent from the foregoing disclosure
that when the lever 215 is moved in & clockwise
direction (Fig. 8) from the full line position to
the dotted line position 2{8a, the parts will be
rocked to cause o downward movement of the

When starting another grinding cycle, the

lever 215 is manually moved clockwise into posi-

g8 tion 2{8a so that the finger 247 will slide down
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the right-hand inclined face of the integral cam
246 into the dot and dash position (Fig. 8). The
table 41 reciprocates to the right (Fig. 4). The
dog 18i also moves to the right and the cam 248
on the plate 248 supported by the dog 64 rides
over the finger 241, swinging it into the recess

. or groove (Fig. 8) on the lever 2(8. -After clear-
. ‘ing the cam 246, the tension of the spring 248

returns the finger 247 fo its initial position ready
{or siopping the table at the end of the grind-
ing cycle.

A cam 239 (Figs. 3 and 8) formed integral -

with the stud 2i$ which is cerrled by the valve
stem 208 serves to close a mormsaily open limit
switch 286 when ¢he stert and stop valve is
moved into & stert position. The closing of

the limit switch 288 serves to seb in motion a

fully sutomeatic instantanecus reset electricsl
counter 23§ such as, for example, that known

yalve stem 288 (Fig. 8) to shift the valve pistons 76 as the “Microfiex” instantaneous yeset counter

&
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which is manufactured by the Eagle Signal Cor-
poration of Moline, Illinois. This “Microflex”
counter is fully automatic, requiring only elec-
trical impulses to accomplish the counting op-
eration. The dial settings of the counter re-
main fixed throughout any number of cycles

‘and -need only be reset when the operator de-
"sires to change the cycle of operation of the . -

machine. _
Interlock—hand and hydraulic table traverse
It is desirable to provide an interlocking mech-

" _anism between the manually operable table trav-

erse mechanism and the hydraulically operated
table reciprocating mechanism so that the hy-

-draulic movement of the table 4 cannot be
~ started unless the hand traverse mechanism is

in an inoperative position. A rock.arm 235
(Pigs. 7 and 8) is pivotally supported on a stud
236. The upper end of the rock arm :235 is
connected by means of a stud 237 to one end of
a link 238 (Figs. 7 and 8). The other end of
the link 238 is connected by a stud 239 car-
ried by the link 218. An arcuate slot 240 (Fig,
8) 1is cut through the housing surrounding the
cylindrical bore 81, and into the slidably mount-
ed sleeve 85 which supports the hand traverse
mechanism for movement into and out of an op-
erative position. When the hand traverse mech-
anism is in an inoperative position, that is when
the gear 8! is in the Iull liné position (Fig. 8)
out of mesh with the rack bar 80, the arcuate
slot 240 in the sleeve 85 is aligned with the

10

In order to eliminate backlash between the
screw 280 and the nut 255, a second nut 256 is
provided which also meshes with or engages the
feed screw 250. The nuts 255 and 256 are held

in alignment with each other by means of a

palr of pins-or studs 251 and 258 (Figs. 27
and 28) which are arranged on diametrically
opposite sides of the feed screw 250. The pins

or studs 267 'and 258 tightly fit holes within

the nut 255 and slidably engage holes formed in
the nut 286 so that the nut 256 is held in align-
ment with the nut 255 but is free to move in an

‘endwise or axial direction. ‘In order to take up

the backlash between the screw 250 and the nut
255, the nuts 255 and 256 are urged in opposite
directions so that the thrust thereof is always in

‘the same direction relative to the screw 250. To

accomplish this result, a wedge block 258 is in-
terposed between the nuts 255 and 256. The
wedge block 289 straddles the screw 259, as will
be readily apparent from the illustration in Fig.
28. A spring 260, the compression of which is
adjustable by means of a screw, serves to urge
the wedge block 259 toward the right (Fig. 27)

25 to take up the backlash between the nut 255 and

the screw 280. '
It is desirable to provide suitable safety devices

~'to prevent the nuts 255 and 256 from moving
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portion of the slot. 240 through the housing sur- -

rounding the sleeve 85. In this position of the
hand traverse mechanism, the manually oper-
able stop and start lever 215 may be readily oper-
eatd to shift the start and stop valve stem 208
to start a grinding cycle. .

During this shifting movement of the stop and
start valve, the link 238 (Fig. 8) moves toward
the right, which movement swings the rock arm
235 in a clockwise direction so that the en-
larged arcuate lower end 241 of the rock arm
23§ slides within the arcuate slot 240. If the
hand traverse mechanism is.in an operative posi.
tion, that is, with the gear 81 in mesh with the

-rack bar 88, the start ‘and stop lever 215 can-

not be actuated due to the fact that the arcu-
ate slot 240 -in the sleeve 85 is out of line with
the slot through the housing so that when the
rock arm 235 is moved in a clockwise direction,

the lower end 241 will engage the periphery of'

endwise into engagement with the bearing sup-
ports. - This is preferably accomplished by means
of mounting & stud 26/ in the upper surface of
the nut 285. . A collar 262 is adjustably clamped
on a reduced upper end portion of the. screw
250. The collar 262 carries a stud 263 which is
arranged in the path of the stud 261. If the

. slide 48 and. the nut 255 are raised above the
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the sleeve 88 which serves as a stop to prevent

shifting the stop and start valve 208 to start
a grinding cycle. It will be readily apparent
from the foregoing disclosure that an interlock
is provided whereby the manually operable cycle
stop and start valve 205 is rendered inopera-
tive when the hand traverse mechanism is in
an operative position. ‘The hand traverse mech-
anism is similarly rendered inoperative when the
stop and start valve is in an operative position.

Vertical feed .

A feeding mechanism is provided for moving
the slide 48 vertically to adjust the position of
the grinding wheel 65 relative to the work table
41 and the work piece to be ground. This mech-
anism may comprise a rotatable feed screw 2$0

(Fig. 27) which is journalled at its upper and 7
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lower ends in anti-friction bearings 281, 282, -

253 and 284 which are in turn supported in
the vertically extending column 46. A nut 255
mounted on the vertically movable slide 48
meshes with the screw 280.

3

upper end.of the screw. threads on the feed screw
250, the stud 263 will rotate into engagement

‘with the stud 26/ and thus prevent further rota-

tion of the feed screw 250.

" Similarly, the lower nut 258 is provided with a
stud 264] . A collar 265 is adjustably clamped on
the lower reduced end portion of the feed screw
2580. The collar 265 carries a stud 266 which is
arranged in the path of the stud 264 so that in
case the slide 48 is lowered so that the nut 286
approaches the end of the threads on the feed
screw 280, the stud 266 will rotate into engage-
ment with the fixed stud 264 and thus prevent
further rotation of the feed screw 250.

A spiral gear 210 (Fig. 27) 'is keyed on the
lower end of the feed screw 250, The spiral gear
210 meshes with a spira! gear 27! which is.
formed integral with a shaft 268 which is con-
nected by means of a sleeve 269 to one end of
& rotatable shaft 272 (Fig. 31). The shaft 268 is
rotatably supported in bearings 361 and 302
(Fig. 31) in a housing 303 which is fixedly sup-
ported on the column 46. The shaft 212 (Fig. 12)
extends horizontally within the base 40 and is
rotatably supported in bearings 273 and 274 in
the apron 267. ' A clutch plate 218 is fixedly
mounted on the outer end of the shaft 212. The
clutch- plate 278 is provided with clutech teeth
which are arranged to be engaged by clutch teeth
218 formed within a cup-shaped aperture within -
& slidably mounted rotatable gear 217 which is
rotatably supported on the shaft 272.

In the position illustrated in Figs. 12 and 14,
the gear 217 meshes with a gear 218 which is
supported on and keyed to the hub 279 of the
index wheel 280. The index wheel 288 together
with its integral hub 219 is rotatably supported
on a stud 281 which is in turn fixedly mounted
on the apron 261. A manually operable feed



2,284,073

wheel 282 is rotatably supported on the forward
end of the stud 28! and is connected by means
of the old and well known micrometer adjust-
ing mechanism 2823 with the index wheel 288.
This micrometer adjusting mechanism will not
be described in detail since this mechanism is
& common expedient in cylindrical and surface
grinding machines and is substantially the same
as that shown In the prior U. S. Patent to Norton,
No. 762,838 dated June 14, 1908, to which refer-
ence may be had for details of disclosure not

contained herein. It will be readily apparent
" from the foregoing disclosure that in the posi-
tion of the parts (Figs. 12 and 27), any rotary
movement of the hand wheel 282 will be trans-
mitted to rotate the shaft 272 and spiral gear
271 which in turn transmits a rotary movement
to the gear 270 and the feed screw 250 to raise
or lower the nuts 255 and 256 and thus transmit
. & vertical movement or adjustment to the slide
48 to raise or lower the grinding wheel SS as de-
sired.

A manually controlled means is provided for
disconnecting the clutch teeth 275 and 216. The
hub of the gear 277 is provided with a groove 28%
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which is engaged by a pair of diametrically op- -

posed studs 28% carried by the yoked end of a
lever 281. The lever 287 is pivotally supported
on a stud 288. A lever 289 is also supported on
the stud 288 and is preferably formed integral

30

with the lever 287, the levers 287 and 289 oper- -

ating as a bell '_crank lever.. The forward end of
the lever 289 is provided with a follower 290
(Figs. 12 and 13) which i3 arranged to engage

a cam 28! which is rotatably supported on a

shaft 282. A knob 293 serves to rotate the cam

281 so as to rock the bell crank levers 287--288

to move the gear 277 toward the right (Fig. 12)
agalnst compression of the spring 284 (Fig. 13)
to disengage the clutch teeth 275--216, thereby

o
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disconnecting the hand wheel 282 during a power .

lifting of the grinding wheel €5 and vertically.

movable slide 48.

Hydraulically operated lLift for grinding wheel
‘ slide

The wheel side assembly, that is, the vertical

48

slide 48 and the transversely movable wheel slide -

50 carried thereby, are heavy, massive parts
which would require considerable exertion on
the part of the operator to raise and lower the
same manually. It is desirable, therefore, to
provide & power operated lifting mechanism
which in the preferred form comprises a fluid
motor 800 (Figs. 3 and 31). The fluid motor
800 is supported by a bracket 364 which is also
fixedly supported on the rear of the column §6.
The fluid motor 308 is preferably a rotary type
motor such as, for example, that manufactured
by Sundstrand Machine Tnol Company, of Rock-
ford, Illinois. The rotor shaft of .the motor 896
- is provided with a gear 385 which meshes with
& gear 306 supported at one end of a rotatable
shaft 307. The shaft 207 is rotatably supported
by a bracket mounted on the column 48. The
shaft 307 is provided with a small gear 308 at its
octher end which meshes with & gear 308 which
is keyed to the end of the shaft 268 supporting
the spiral gear 274 (Pig. 31).

A control valve 88 is provided to control the
admission of fluid under pressure to the fiuid
motor §89. The valve 310 (Figs. 18, 20, 21, 22

end 24) is preferably. & piston type valve com-

prising & valve stem 8{4 having formed integrally
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therewiih valve pistons 812, 313 and 8{4, The 75

i
valve 310 is normally held in a central or neutral
position by means of a spring 348,

The shaft 292 is preferably fixedly mounted in
the apron 2671 (Fig. 13). The shaft 282 sup-
ports a rotatable sleeve 812 to which is fixed the
knob 282 and the cam 294. The shaft 292 also
rotatably supports & downwardly extending arm
318, The arm 318 carries a stud 320 which en-
gages a groove 32{ formed in a spool-shaped
member 322 which is carried on the outer end
of the valve stem 3i{f. A lost motion connection
1s provided between & projection on the hub 323
of the lever 819 and the inner end of the sleeve
318. This lost motion connection is provided
with sufficient lost motion so that when the knob
293 is rotated to cause an upward or down-
ward movement of the wheel slide assembly, the
cam 29¢ will rochhe bell crank lever 289—287
to disengage thé clutch teeth 2752716 before
the valve stem 311 is shifted to initiate a vertical
movement of the wheel slide assembly.

A tension spring 325 is cohnected between a
stud 328 supported in the periphery of the cam
281 and a stud which is carried by a bracket 321
fixed on the apron 267 which is fixedly mounted
‘with respect to the base 40. The spring 32§
normally tends to hold the cam 291 in position
with the stud 290 engaging a notch 328 in the
periphery of the cam 29( (¥ig. 18), in which po-
sition the valve 210 is'in a neutral or central
position and the clutch 275—2176 is in operative
engagement so that a rotary movement of the
hand wheel 282 will be transmitted through a
key and keyway construction to rotate the gear

- 218 which in turn transmits a rotary movement

to the gear 217 and also .to the shaft 272. When
the knob 283 is rotated In a clockwise direction
(Fig. 18) fo rotate the cam 281 also in a clock-

‘wise direction into the position illustrated in

Fig. 21, the bell crank lever 289—287 first dis-
engages the clutch teeth 218—276 to disengage
the hand wheel 282, after which the stud 329 on
the downwardly extending arm 819 shifts the
valve stem 311 toward the left to shift the valve
310 into the position shown in Fig. 21 to admit
fluid under pressure to the fluid motor 300. Ro-
tation of the motor 300 serves through the gear

: mechanism above described to rotate the verti-

cal feed screw 250 to raise the wheel slide assem-
bly in a vertical direction. As soon as the op-
erator releases his grasp on the knob 283, the re-
leased’ tension of the spring 825 will rotate the
cam 291 in a counterclockwise direction (Fig. 21)
until the.stud 280 engages the notch 328, thus
returning the valve 310 into a neutral position
(Fig. 18) and again connectlng the clutch teeth
275—278.

Similarly when the knob 298 is rotated in a
counterclockwise direction to shift the cam 294
also In a counterclockwise direction, the bell
crank lever 288—281 first disengages the clutch
parts 215—278 and then, through the arm $18
and stud 228, moves the valve stem 8{{ toward -
the right (Fig. 22) to admit fuld under pres-
sure to rotate the filuid motor 886 in the reverse
direction. The fiuid motor 890, through the
gear connections above described, in turn rotates
the feed screw 286 in the reverse direction to
cause & downward feeding movement of the
grinding wheel assembly. Similarly when the
operator releases his grasp on the knob 293, the
released tension of the spring 925 again rotates
the cam 281 in & clockwise direction (Fig. 22)
uniil the stud 290 engages the notch 228 in the
periphery of the cam 281, during which move-
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ment the valve 310 is again shifted into a central

or neutral position (Fig.-18) and the clutch parts

215—2176 are again engaged. .

It will thus be seen that when it is desired to
raise or lower the grinding wheel 66 through a
considerable distance in setting up the machine,
a raising or lowering movement may readily be
obtained by actuation of the control knob 293.
Turning the. knob 293 in a clockwise direction
WFig. 1) shifts the parts to start the fluid motor
300 to rotate the screw 280 and raise the grind-
ing wheel assembly. Rotation of the knob 293
in a counterclockwise direction serves to start
the fluid motor 300 in the reverse direction to
lower the grinding wheel assembly.

» Automatic down feed

In order that the improved-surface grinding
machine may be automatic in its cycle of opera-
tion, it is desirable to provide an automatic down
feeding mechanism whereby the grinding wheel
§5 may be incrementally and automatically fed
downwardly after the grinding wheel has been
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prevent dbwnward incremental automatic feed-
ing movement of the grinding wheel 65 when de-

- glred.

10

18

20

traversed completely across the reciprocating -

work piece to remove an additional amount of
material from the surface of the work piece be-
ing ground during the next traverse of the grind-
ing wheel 65 across the work as the work is re-
ciprocated. A pivotally mounted feed arm 330
(Fig. 14) is pivotally supported by a stud 33f.
The feed arm 330 supports a small gear 332

which is arranged to mesh with the gear 280

of the feed mechanism above described. The
gear 332 is formed integral with a stid 333 which
is rotatably supported by a sleeve 335. A ball
clutch 334 is also supported on the stud 333 and
is fixedly mounted relative to the gear 332. The
arm 330 is arranged to be moved in an arcuate
path in a manner to be hereinafter described.
The ball clutch 334 is arranged so that when
the arm 330 moves upwardly, the gear 332 ro-
tates idly in mesh with the gear 280 which is
associated with the feed ,wheel 282. On the
downward movement of the arm 330, the ball
clutch 334 locks the gear 332 with respect to
the arm 330 and prevents rotation thereof so
that the downward movement of the arm 330
serves to impart a rotary movement to the gear
288, thus transmitting a feeding movement
through the gear mechanisms ahove described to
rotate the feed screw 250 and thereby cause a
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downward feeding movement of the grinding -

wheel 685. :

The sleeve 335 which surrounds the ball clutch
334 is provided with a projecting portion or
shield 336 which surrounds & portion of the gear
332. The shield 336 is cut out on one side s0 as
to allow the gear 332 to project and mesh with
the gear 280 (Figs. 15, 16 and 17). The portion
336 of the sleeve 335 serves as a guard whereby
the gear 332 may be held out of mesh with the
gear 280. A clamping or binding screw 331
passes through an elongated slot 338 formed in
the hub portion of the arm 330 and is screw
threaded into the sleeve 335. By tightening the
screw 331 (Fig. 15), the sleeve 335 may be locked
with respect to the arm 330, If it is desired to
disconnect the incremental automatic down
feed, the screw 337 is loosened and swung in a
counterclockwise direction into the dotted line
position 337 (Fig. 17), which movement swings
the shield 336 of the sleeve 335 so that it sur-
rounds the operative portion of the gear 332 and
thus holds it out of mesh with the feed gear 280.
The screw 331 may be locked in this position to

The stud 331 passes through an arcuate slot
(Figs: 19 and 26) formed in. the apron 267 and
is rotatably supported in a suitable bearing
formed in the upper end of an arm 340 (Fig. 26).
The arm 340 is keyed to a sleeve 341 which is in
turn rotatably supported on & rotatable sleeve
342. The sleeve 342 is rotatably mounted on &
stud 343 which is fixedly supported by the apron
261. The gleeve 342 is provided with an integral
downwardly extending arm 344 which is con-
nected by means of-a stud 345 (Figs. 19 and 26)
to & link 348, The other end of the link 346 is
connected by a stud 347. to one end of & piston
rod 348 (Fig. 19). A piston 349 is formed in-
tegral with the other end of the piston rod 348.
The piston 349 is slidably mounted within a duid
pressure cylinder 380 which is fixedly mounted
within the apron 267. A tension spring 354 lo-
cated outside the cylinder 350 is connected be-
tween a stud 352 fixedly mounted on the casing
of the cylinder 350 and the stud 341. The ten-
slon spring 351 serves normally to maintain the
arm 344 in position 344a. With the lever 344a
in the position shown (Fig. 19), the stud 33!
and its supporting arm 340 are positioned at the
upper end of its stroke. -

When it is desired to impart a downward feed-
ing movement to the grinding wheel 8 in timed
relation with the cycle of operation, fluid under
pressure is admitted through a pipe 353 Into a
cylinder chamber 354 (Fig, 19) to move the pis-
ton 348 toward the left, which movement serves
to rock the arm 344 in a clockwise direction from
position 344a into position 344 (Fig. 19), which
movement rocks the arm 340 also in a clockwise
direction. This movement produces a downward
arcuate movement of.the lever 330 with the gear
232 in ‘mesh with the feed gear 280 which imparts
a rotary movement to the feed screw 280 so as to
produce & downward feeding movement of the
grinding wheel assembly.

In order to maintain the gear 332 in operative:
engagement with the feed gear 288 during the
arcuate oscillating movement of the arm 330, the
stud 331 is provided at its inner end with a lever
380. The lever 360 is pinned to the stud 33{
(Fig. 26) and is provided at its upper end with
a stud 36f. A spring 362 is connected between
the stud 361 and a stud 363 mounted on the
apron 287 (Fig. 19). The spring 362 is a tension
spring and normally tends to rock the lever 380

55 and the arm 330 in a clockwise direction so as

a0

to maintain the gear 332 in operative mesh with
the feed wheel 280 during the normal operation
of the machjne. The arm 360 is provided with
a downwardly extending portion 364 which is ar-
ranged to engage an adjustably positioned stop

screw 385 which is carried by the lever 340.

65

The adjustable stop screw 388 is provided for
the purpose of rocking the arm 330 in a counter-
clockwise direction to throw the pawl gear 332
out of engagement with the ratchet wheel 280
at the upper end of its idle stroke so as {o permit

" a manual adjustment of the vertical slide at the
~ start of a grinding operation. By adjusting the

70
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screw 38§, as the lever 3408 swings in a counter-
clockwise direction during the idle stroke of the
pawl, it will engage the lever 384 and rock the
pawl gear 332 into an inoperative position before
the stop screw 388 limits the upward movement
of the arm 330. This mechanism automatically
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renders the feed pawl inoperative at the upper
end of its idle stroke so that when the surface
grinding machine is started as the work table
moves to bring the work piece into posgition be-
neath the wheel, the wheel may be adjusted ver-
tically by rotation of the manually operable feed
wheel 282 to bring the grinding whee] into grind-
ing contact with the surface of the work piece
without delay. This feature is important due to
the fact that many types of work pieces coming
to the surface grinder are of irregular thick-
nesses. :

An adjustable stop screw 386, which is sup-’

ported by a stud 361 on the apron 281, is ar-
renged in the path of the lever 348 and serves
to limit its rocking movement in & counterclock-
wise direction, thus limiting the upward arcuate
swinging movement of the lever 330 and the
gear 332,

o

through a pipe 384 (Fig. 3) into the reservoir
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~wound up.

A spring actuatzd mechanism is provided for
returning the fluid motor 380 to its initial posi-
tion. This mechanism comprises a helical spring
388 (Mg. 25) which surrounds the shaft 388.
One end of the spring 388 is fastened by means
of a screw 387 to a fixed part of the housing sur-
rounding the motor 389. The other end of the
spring 388 is fastened by means of a screw 388
to a collar 38¢ which is fixedly mounted on the
right-hand end of the shaft 385 (Fig. 25). It
will be readily apparent from the foregoing dis-
closure that during the fluld pressure actuation
of the motor vane 3§81, the spring 386 will be
As soon as the pressure within the

- pipe 382 is relieved, the released tension on the

In order to vary the extent of down feeding go

movement at each actuation of the feed arm 330,
it is desirable to provide a suitable adjusting

mechanism, whereby the effective stroke of the

arm 330 and gear 332 may be adjusted as desired.
The sleeve 341 has an upwardly extending in-
tegral flanged portion 388 which has a gradu-
ated scale thereon (Figs. 14 and 21). The inner
sleeve 342 (Figs. 21 and 26) is provided with a
knob 369 at its outer end. The knob 389 is pro-
vided with a cut-out portion forming a substan-
tially U-shaped cross-sectional area 373 (¥Fig.
21) which serves as a support for a pair of op-
posed adjusting screws 371 and 872. The adjust-
ing screws 371 and 312 are arranged to engage
& stud 373 which projects from and is fixedly sup-
ported by the sleeve 34§ and the graduated flange
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368. It will be readily apparent from the fore- .

going disclosure that by manipulation of the
screws 31f and 372 (Figs. 14 and 21), the lever
384 may be adjusted relative to the arm 348 so
as to vary the extent of swinging movement of
the arm 340 and thereby vary the feeding move-
ment of the arm 340 and thereby vary the feed-
ing movement of the feed arm 330 and the gear
3832. The arm- 340 always moves up into engage-
ment with the adjustable stop screw 366, thus
limiting the up movement of the feed arm 330
and the gear 332. The adjustment. is facilitated
by the opposed screws 3171 and 372 and serves to
adjust the arm 344 relative to the arm 340 so as
to shift the position of the piston 348 and there-
by vary the length of stroke of the feed arm 330.

Automatic lift—grinding wheel

In order that the grinding cycle may be auto-

matic in operation, it is desirable to provide an

automatically actuated mechanism automatically

to raise the grinding wheel 65 to a starting posi-
tion after a predetermined grinding operation
has been completed. A wheel lifting mechanism
is provided comprising a rotary single vane type
motor 380 (Figs. 2 and 22) having a rotor shaft
385 which supports a single vane 38i. When
fluid under pressure is admitted through a pipe
382 (Fig. 3) into a motor chamber 383, the vane
384 will be moved in a counterclockwise direction
by fluid under pressure into the position shown
in Figs. 3 and 22.. The rotor shaft 388 of the
motor 380 is operatively connected in & manner
to be hereinafter described to rotate the feed
screw 250 so as to lift the grinding wheel €5 into
its starting position so that it is ready for the
next grinding cycle. During the operative stroke
cf the motor 389, any fluid within the motor on
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spring 388 will rotate the shaft 385 in the reverse
direction to return the fluid motor to ifs initial

-pesition. -

The rotor shaft 385 of the fluid motor 380 sup- -
ports a gear 390 at its left-hand end (Fig. 25).

The gear 398 is keyed to the shaft 386 and meshes

with a tumbler gear 381. The tumbler gear 391

is keyed to a rotatable shaft 392 which is jour-

nalled in a pivotally mounted tumbler gear frame
393. The tumbler gear frame 393 is rotatably

supported by the shaft 388 (Fig. 25). A spring
394 is interposed between the tumbler gear frame
398 and a screw stud which is fixed to the apron
267 and serves to exert a pressure against the
tumbler gear frame 893, tending to move the
frame 392 in a clockwise direction (Fig.24). An
adjustable stop screw 386 (Fig. 24) is provided to
limit the rocking movement of the frame 393 in
a clockwise direction (Fig. 24). When the
tumbler gear 391 is swung in a clockwise direc-
tion into mesh with the gear 211, and the gear
890 is rotated, a rotary motion will be transmitted
to rotate the feed screw 260 to raise the grinding
wheel 65 by an amount equal to the down feed
during the grinding cycle so as to reset the grind-"
ing wheel for grinding the next work plece.

The tumbler gear frame. 393 carries a stop
screw 386 having a cylindrical end portion which
rides within an arcuate groove 397 formed in the
side face of the gear 390 (Fig. 25). When the
gear 390 is rotated in a counterclockwise direc-
tion (Fig. 24) by fluid under pressure within the
vane motor 380, the rotary movement of the gear
399 is transmitted through the tumbler gear 391
to rotate the gear 277 and, through the wheel
feed gearing, to rotate the feed screw 280 to raise
the grinding wheel 65 until the end of the arcu-
ate groove 397 engages the screw 338 (Fig. 18),
and continued rotation of the gear 390 serves to
rock the tumbler gear frame 393 in a counter-
clockwise direction to throw the tumbler gear 391
out of mesh with the gear 277 and thus stop the .
lifting movement of the grinding wheel 86, with
the grinding wheel in position for starting the
next grinding cycle. :

A flanged member 398 is keyed to a hub pro-
jecting from the tumbler gear frame 393. The
flanged member 398 supports an upwardly ex-
tending pin or stud 399 (Fig. 25). When the
gear 380 rotates so that the screw 388 throws the
tumbler gear frame 393 into an inoperative posi-
tion, a stop pawl 400 (Fig. 18) which is pivotally

. mounted on a stud 401 carried by the apron 267

serves to hold the tumbler gear 391 and its sup-
porting frame 393 in an inoperative position. A .
spring 402 exerts a tension on the pawl 400 tend-

the opposite side of the vane 381 may exhaust 75 ing to rock it in a counterclockwise direction to -
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" hold it in a latched position in engagement with -

the stud 3989.. : - .
The shaft 392 supports a_control .arm. 403.
This arm is-rotatably:supported on a reduced end

portion of the shatt 392 and is connected to ro-:

tate with the shaft by means of a clutch member
404 having clutch teeth which engage clutch
teeth formed on the lever 403. The lever 403
may be rotatably adjusted relative {o the shaft
382 by moving the clutch member 404 toward the
1eft (Fig. 25) to disengage the clutch teeth and
then the lever 403 may be rotated into the de-
sired position so that the index surface 4§08 on

the lever 403 is aligned with the desired gradu- -

ation on the scale formed on the flanged mem-
ber 388. At the start of a grinding cycle when
the stop and start valve 205 is shifted to start
the cycle of operation, fluid is exhausted from
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is utilized to rotate the feed screw 250, In order.
to. provide an easily -operated mechanism, the
fluid motor. 300 together with the control valve
310 are utilized to overcome part of the weight

. of the massive heavy wheel slide assembly. The

valve 310 is operatively connected in a manner.
to be hereinafter described so that when the
hand wheel 280 is rotated to cause & lifting move-
ment of the grinding wheel 68, the valve 310 will
be partially opened to admit a supply of fluid
under pressure to the fluid motor 300, the fluid
under pressure admitted to the motor 300 being
such that the motor has not sufficient power to
rotate the feed screw 260 to lift the grinding
wheel slide assembly. The mechanism, however,
is arranged so that only a slight amount of man-

" ual power is required on the hand wheel 282 to

the fluid motor 380, and the released tension of

the spring 386 rotates the shaft 392 and the lever
402 from the position illustrated in Fig. 14 in a
counterclockwise direction. 'The lever 403 con-
tinues its counterclockwise movement until the
iever 403 engages a stop pin or stud 407 which is
fixedly mounted on the apron 281 (Fig. 20). Just
before the lever 408 reaches the position illus-
trated in Fig. 19, a pin or stud 409 carried at the
end of the lever 403 engages & cam surface on the
pawl 400 and rocks the pawl out of engagement
with the stud 399, thus releasing the latch which
holds the tumbler gear frame 383 in an inopera-
tive position.

At the same time the pawl 488 is released from

the stud 898, a circular depression 410 (Fig. 19).

on the lever 408 engeges the stud 407 so that the
stud 407 together with the lever 488 holds the
tumbler gear frame 393 in an inoperative position
_during a grinding operation. The parts remain
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in position (Fig. 19) until the end of a grinding -

eycle is reached and the stop and start valve 206
1 shifted to a stop position (Figs. 3 and 9), at
which time fluld under pressure is admitted
through the pipe 862 into the motor chamber 388
to move the rotor vane 881 in & counterclockwise
direction into the position illustrated in Figs. 3
and 22. As the vane motor starts its rotation,
it trensmits a counterclockwise rotary movement
to the gear 389 which in turn transmits a clock-
wise rotary movement to the tumbler gear 28i.
Clockwise rotary movement of the gear 88! ro-
tates the shaft 262 and starts the movement of
the lever 408 in a clockwise direction. As the
.dépression 410 of the lever 408 moves away from
the stud 467 (Figs. 19 and 20), the released com-
pression .of the spring 394 causes the cam face
4{1 on the lever 403 to ride along the pin 467
to gradually allow the tumbler gear frame 393 to

rock in a clockwise direction to throw the tumbler

gear 884 into mesh with the gear 277. Continued
rotation of the vane motor 880 and gears

380—36{ transmits s rotary motion to the gear.

277 to rotate the feed screw 280 to raise the
grinding wheel slide assembly in a vertical direc-
tion to return the grinding wheel 88 to g starting
position ready for the next cycle of operation.

Manualiy operable lift mechanism

A manually operable lifting mechanism is pro-
vided for ralsing and lowering the grinding wheel
slide assembly. Due to the massive, heavy wheel
slide assembly, it is desirable to provide a man-
ually operable mechanism which is arranged so
that the wheel slide assembiy may be raised and

lowered. without undue effort on the part of the
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operator. The manusally operable feed wheel 282 75

. supplement the fluid motor 300 to rcadily rotate:

the feed screw 280 under manual control to lift
‘the grinding wheel assembly to the required ex-
tent. This mechanism is preferably arranged so
that the fluid motor 305 is utilized to supplement
the manual rotation of the hand wheel 282 only
on the upward movement of the slide, it being
unnecessary on the down movement. -

A vertically extending lever 415 is provided
with an enlarged hub portion 416 at its upper
end which surrounds and is rotatably supported
on a hub 417 formed integral with the gear 278
(Fig. 12). A friction plate 418 also surrounds
the hub 4847 and is interposed between the feed
gear 280 and the hub portion 416 of the lever 418,
A plurality of spaced pins 419 carried by the
friction plate 418 engage radially extending slots
420°so that the friction plate 418 and hub portion
£16 of the lever 445 will turn together with re-
spect to the supporting hub 417. A plurality of
spring-pressed balls 421 are provided in a fixed
part of the apron 267. 'The spring-pressed balls
424 engage the base of the friction plate 418 and
hold it in frictional engagement with the feed
gear 280 so that when the hand wheel 282 is
rotated to rotate the feed gear 280 and trans-
mit a rotary motion to the shaft 272 and the feed
screw 250, a rotary motion will be" imparted

3 through the friction plate or disk 448 and the

hub portion 4{6 to swing the lever 445 either in
a clockwise or counterclockwise direction (Figs.
19 and 20) depending upon the direction of ro-
tation of the hand wheel 282.

When the hand wheel 282 (Fig. 14) is rotated
in a counterclockwise direction, the index wheel

280 moves the friction plate 418 and swings the -

‘lever 415 until its lower end contacts the stop
screw 828. This occurs when the feed gear 286
is rotated manuelly or the arm 830 feeds the
grinding wheel down, as the fiuid motor 300 is
not required to assist the lowering of the heavy
wheel slide assembly, as gravity aids the operator
and also the automatic wheel feeding mechanism.
Consequently the key 324 engages its lost motion
keyway on the righthand side (Fig. 18) so that
the gear 278 which mounts the key 324 will im-
mediately feed the grinding wheel 65 down for-
another grinding pass or stock removal. In this
case, the valve stem 311 is not moved and also
there is no relative movement between the feed
gear 286 and the gear 278. Consequently the
spring 412 is not compressed but remains in a
neutral position and the:lever &15 is maintained
in contact with the screw 428 during the feeding
of the grinding wheel down-at the end of the
CTOSS pass. e ’ SR ‘

‘A substantially U-shaped bracket 424 is either
formed integral with or fixedly mounted to the
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apron 267 and is provided with two upwardly
extending spaced arms 425 and 426 which serve
as supports for a pair of opposed adjustable stop
screws 427 and 428. The stop screws 427 and 428

are arranged in the path of movement of the.

lever 418 and serve to limit its movement either
in & clockwise or counterclockwise direction.

11

. throigh the friction plate 418, rocks the lever -

In case the operator desires to manually raise .

the wheel slide assembly at the start of a grind-
ing cycle to offset the amount of stock removai
on the first cross pass of the grinding wheel €5,
the hand wheel 282 is rotated clockwise. The
feed gear 280, through the friction plate 418, will
rock the lever 415 without rotating the gear 218
which would raise the heavy wheel slide assembly,
requiring great exertion by the operator if a lost
* motion keyway was not used for mounting the
key 824. This is accomplished by a keyway wider
than the key 324 (Fig. 18). This lost motion is
. not taken up until the lever 415 strikes the screw
427 and has shifted the valve stem 811 so that
the fluid motor 300 will act as a booster and assist
the operator to raise the massive grinding wheel
assembly. )

-In this movement of the lever §15, the gear 218
does not move but compresses a spring 412 (Figs.
'18 and 23) mounted between a cut-out portion in
the plate 413 pinned to the feed gear hub 219
by a pin 414 to a pin mounted in the gear 278.
The operator adds his pressure to the pressure
of the motor 300 and the wheel slide assembly will
be raised as the hand wheel is kept rotating by
the pressure of the operator. The friction plate
289 will slip but maintain the lever 415 in the
operating position. When the hand wheel is
stopped, the released tension of the spring 413
and the pendulum action of the lever 415 will re-
turn it to its central or neutral position provided
the friction does not slip. The spring 315 will
also assist this movement of the lever §i15; also
obtained when the vane motor 380 lifts the grind-

" ing wheel 65 at the end of the cycle. In this case
the motor 380 furnishes the additional power re-
" quired. :

A stud 430 is adjustably supported adjacent to

the lower end of the lever. #15. The stud 430

is positioned in the path of movement of a pair
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of adjustable collars 431 (Fig. 21) which are -

screw threaded onto a threaded sleeve carried
by the valve stem 31i. When the hand wheel
282 is rotated in a clockwise direction (Figs. 20

and 24) to raise the wheel slide 50, the lever 415.

50

will be moved also in a clockwise direction and

the stud 439 engaging the adjustable collars 431
will shift the valvé stem 311 toward the left a
sufficient distance to open a port in the valve
310 so as to admit fluid under pressure to the
motor 300. The power of the motor 300 in this
position of the valve, however, is slightly less

. than that required to rotate the feed screw 258..

The operator supplies thé necessary additional
power on the hand wheel 280 to impart a rotary
movement to the feed screw 250 to raise the
grinding wheel assembly to the required extent.

As soon as the rotary movement of the hand

wheel 280 is stopped, the released compression of
the spring 31§ will shift the valve 319 back to
its neutral or ceniral position, thus cutting off
the flow of fluid under pressure to the fluid mo-
tor 300. By continuing the rotary movement of
the hand wheel 280, the grinding wheel 65 may
be raised to the required extent.

If it is desired to lower the grinding wheel
manually, the hand wheel 282 is rotated In a
counterclockwise direction, which - movement,
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418 50 that its lower end engages the adjustable

stop screw 428 (Fig. 18). This movement of the
lever 415 does not shift the valve 311 and con-

-tinued rotation of the hand wheel 282 through

the gear mechanism previously described rotates
the shaft 272 and this in turn through the gear
mechanism previously described rotates the feed
screwvm_g: cause a lowering of the wheel slide
80 supporting the grinding wheel 85 to position
the grinding wheel 88 manually as-desired.

Cross feed—wheel slide

The transversely movable grinding wheel slide
§0 is arranged so that it may be moved . trans-
versely by means of a manually operable travers-
ing or feeding mechanism or, if desired, the
grinding wheel slide may be fed transversely by .
an intermittently incremental movement actuat-
ed by and in timed relation with the work table
reciprocation to advance the grinding wheel
automatically at the ends of the reciprocatory
stroke of the table, A further transverse move-
ment is provided whereby the wheel slide 50 may
be continuously moved transversely at a slow
uniform rate during a grinding wheel truing op-
eration. .

Hand traverse

The wheel slide 50 is provided with a rack bar
435 which extends lengthwise of the wheel slide.
A gear 436 meshes with the rack bar 435 and
is fixedly mounted on the end of a rotatable
shaft 431. The shaft 487 is journalled in anti-
friction bearings 438 and 439 which are supported
by the vertically movable slide 48,

A large bevel gear 440 is keyed to the shaft
431 (Fig. 33). A bevel gear or pinion 441 is

-mounted at one . end of a rotatable shaft 442

which is journalled in anti-friction bearings 443
and £44. The bearings 443 and 444 are sup-
ported in a slidably mounted sleeve 445 which is
journalled in a suitable aperture within the ver-

. tical slide 48 (Fig. 30). The sleeve 445 is slidably

keyed by means of a key 446 to a bracket 454
fixedly mounted on the vertical slide 48, so that
the sleeve 445 may be moved endwise but held
against rotation. The sleeve 445 may be posi-
tioned (Fig. 30) with the bevel pinion 441 out
of mesh with the bevel gear 440 during a power
traversing movement of the wheel slide 50. In
case it is desired to traverse the wheel slide 50
manually, the sleeve 445 is moved toward the
left (Fig. 30) to move the bevel pinion 44( into
mesh with the bevel gear 440, ‘The shaft 442 car-
ries & member 447 to which is fixedly mounted &
manually operable hand wheel 448, the mem-
ber 447 and the hand wheel 448 being arranged -
to rotate together. When it is desired to traverse
the wheel slide 50 manually, the hand wheel 448

-is ‘'moved- into dotted line position 448a which

moves the sleeve 445 and the bevel gear 441 also
toward the left (Fig. 30) to mesh the bevel pinion
441 with the bevel gear 449. Rotary movement
of the hand wheel 448 will then transmit a com-
paratively fast traverse to the grinding wheel
slide 50. : o

In case it is desired to produce s relatively
slow transverse movement of the grinding wheel
slide 50 under manual control, a locking pin 449
is provided. The locking pin 449 (Figs. 30 and
32) is carried by the hand wheel 448 and mem-
ber 447 and is arranged to engage any. one of
8 series of notches 450 formed in the bracket
454 which is fixedly supported on the vertical
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slide 48, thereby locking the hand wheel 4848
against rotation. :

A speed reducing unit 451 (Fig, 30) is fixedly-

mounted within an integral hub of the hand

wheel #48. This speed reduction unit has not

been shown in detail since this reduction unit
is the well known “Heliocentric” speed reduction
unit manufactured by.Universal Gear Corpora-
tion of Indianapolis, Indiana. A hand wheel 452
is mounted on'a
reduction unit 46f, When the hand wheel 48t
is locked by the locking pin. 449 against rotary
movement and the hand wheel 452 is rotated, &
relatively slow rotary movement.is transmitted
by the speed reduction unit 451 to move the
wheel slide 50 transversely at a slow uniform
truing speed. 'The diamond is held by the

diamond holder which is adjustably mounted in’
a truing attachment unit 465 fixedly motunted on”

the vertical slide 48 (Figs. 1 and 2). Such a
traversing movement is desiratle in case it is
desired to true the grinding wheel 65 -manually.

Hydraulic traverse—Wheel stide

The wheel slide 50 is preferably moved trans- "

versely during the automatic grinding cycle and
also during a truing operation by means of a
hydraulically operated mechanism comprising &
fluld pressure cylinder 4556 which is fixedly mount-

ed on the vertically movable slide 48 (Figs. 2 and.

30). A piston 4868 is slidably mounted within the
cylinder 456 and is connected to the central por-
tion of a double end piston rod 457. The rod 457
is connected by meang of a bracket 458 to the
wheel slide 58.. The bracket 458 is either fixedly
. mounted on or formed integral with the wheel
slide §0. Fluid under pressure from the pump
§35 previously described passes through a pipe

459 (Fig. 3) to a pilot valve 460 and also to an

automatic wheel slide traverse control valve 461,

both valves being attached to a bracket 466 which
is fixedly mounted to the vertical slide 48. A
selector valve 462 i provided for controlling the
hydraulic. operation of the wheel slide §0. The

selector valve 862 is a rotary type valve con-

trolled by s manually operable dial 468 which' is
mounted adjacent to the front of the vertical
slide 48. The dial 463 may be rotated to any
one of three positions. An index point 484 is

provided to facilitate location of the dial 462 in
the desired operating position, As illustrated in
Fig. 33, the dial 463 and valve 462 are set for an
intermittent incremental cross feeding movement
of the grinding wheel 65 at the ends of the re-
ciprocafory stroke of the work table 8f. If it is
desired to traverse the wheel slide 50 by hand,

the dial 468 is rotated in a clockwise direction
(Fig. 33) until the word “Hand” is opposite the

index pointer 468. Similarly, if it is desired to
true the grinding wheel 85, the dial 463 is ro-

tated (Fig. 33) in a clockwise direction until the
word “True” is opposite the index pointer 464,
The valve 462 (Fig. 3) has been shown dia-

drive shatt 453 of the speed

2,284,073

10

18

£0

26

30

35

40

50

60

grammatically in the three operating positions, -

only one of which is connected in full lines with
the main piping of the machine. The selector

valve 462 (Fig. 3) is connected in full lines with

the piping diagram, and is shown in position for
an automatic incrementsal cross feeding move-
ment in timed relation with the reciprocatory
movement of the work table 4f. The selector
valve 462 is also shown in position 462a (Fig. 3),
in which position the valve is positioned so that
fluid may by-pass from one end of the cylinder
458 to the other end thereof to allow free un-
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restrained movement of the wheel slide 50 under
the influence of the manusally operable traverse
hand wheels 448 and 452, respectively. The valve
462 1s also shown in position 462b (Fig. 3) which-
is in a truing position to be hereinafter described.

For fine adjustments of the speed and amount
for cross feeding, & screw 488 is threaded in the
bracket 488 which positions the dial 463. The
dial 483 has an integral abutment on the pro-
jection 488 (¥igs. 3 and 33) which strikes the
screw 4885, thereby locating the valve stem 507 of ~

- ¢he selector valve 462 in the desired.relationship

with the V-ports (Figs. 38 and 40). The v-ports
are connected with the exhaust pipe 618 leading
to the valve' 811, in this way controlling the
amount the grinding wheel 65 may be fed for
the next grinding pass.  An adjusting screw 481
positions the projection 486 of the dial 463 which
in turn positions the valve stem 507 (Fig. 38) for
a desired truing speed of the grinding wheel 68
across the truing unit 465. “The shape of the
truing exhaust ports in the sleeve of the selector
valve 462 is shown in Fig. 38. '

The reversing valve 881 is a piston type re-
versing valve comprising a valve stem 413 having
formed integrally therewith a plurality of valve
pistons, The reversing valve 461 serves to admit
fiuid under pressure either through a pipe 474 or
a pipe €15 into eylinder chambers £78 or &17 of
the cylinder 455 to produce a longitudinal move-
ment of the piston 456 and the wheel slide §0.

The valve stem 413 is provided with a cam 478
at its right-hand end (Fig. 3). When the valve
stem 473 together with the cam 418 is moved
toward the right (Fig. 3), the cam 478 serves to
open a normelly closed imit switch 478 and si-
multaneously to close a normally open lmit
switch 480 mounted on the bracket 466. During
the movement of the valve stem §13 toward the
right (Fig. 3), 8 pivotally mounted detent &8l
cerried by the valve stem 4713 rides idly over
the actuating plunger. of & normally open limit
switch 882. When the valve is moved toward
the left (Fig. 3), the detent £8! actuates the
plunger and closes the limit switch £82. The
limit switches 478, 480 and 482 are electrically
interconnected with the other mechanisms of the
machine in.a manner to be hereinafter described.

An automatic reversing mechanism is provided
for shifting the pilot valve stem 868, The shaft
437 is provided with @ reduced extension 488
which supports at its right-hand end (Fig. 33)
& spiral gear 489 which meshes with a spiral geaer
£80 (Figs. 33 and 34). The spiral gear 490 is
mounted on the right-hand end of a2 shaft 48l
(Fig. 34) which is journalled in bearings &92
and 493, respectively, which are in turn sup-
ported in the bracket 466 mounted on the verti-
cally movable slide 48. A reversing plate 494 is
mounted on the left-hand end of the shaft 481
(Fig: 34). The plate 494 is provided with a T-
shaped annular groove 485 extending around the
plate 898 adjacent to its periphery. A pair of
reversing dogs 426 and 491 are adjustably sup-
ported by means of the T-slot 895, A graduated
dial scale 498 is provided to facilitate positioning
of the reversing dogs 896 and 491. For con-
venience in this positioning movement, the gradu-

‘ations of the scale 498, as illustrated, are in

inches per distance of cross traverse of the
grinding wheel 8. .

A reversing lever 500 (Figs. 36 and 37) is piv-
otally mounted on & stud 504 which is fixedly
mounted in the bracket 466 supported on the
vertical slide 48, The lever 5008 is provided at its
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lower end with a stud 502 which engages the
groove in the spool-shaped member 469. As the
wheel slide 50 is traversed first in one direction
‘and then in the other intermittently by incre-
mental steps during a grinding operation, the
reversing plate 494 is similarly rotated first in
one direction and then reversed and rotated in
the opposite direction by the reversing mech-
anism above described. 'When one of the revers-
ing dogs, for example dog 496 (Fig. 37), engages
an arrow-pointed spring-pressed detent 503, the
reversing lever 500 will be rocked on its support-
ing stud 50! to shift the pilot valve 460, thereby
to shift the reversing valve 461 and change the
direction of movement of the wheel slide 50.
During the automatic traverse- of the wheel
slide 50 by fluid under pressure, it is desirable
to maintain the manually operable traverse
mechanism in an inoperative position with the
parts as illustrated in Fig, 30, namely with the
bevel pinion 84{ out of mesh with the bevel gear
489, In order to prevent engagement of the
hand traverse mechanism, the sleeve 445 is pro-
vided with a stud 505 which projects into the
path-of a collar 506 carried by a valve stem §07
of the selector valve 462. The collar 506 is pro-
vided with a longitudinally extending groove 508.
When it is desired to traverse the wheel slide
§0 by hand, the dial 463 is rotated in a clockwise
direction. When the dial 468 is positioned in a
hand traversing position, that is, when the word
“Hand” is opposite the index pointer 464, the
groove 508 shifts into position 508a (Fig. 36) so
that it is aligned with the end of the stud 5085.

In this position of the parts, the hand wheel 448

may be readily shifted to engage the bevel pinion
481 with the bevel gear 840, thus facilitating a
manual traverse of the wheel slide 50.

During -the hand traverse operation it is de-
sirable that the automatic reversing mechanism
be rendered inoperative in case it is desired to
traverse the wheel slide 50 beyond the normal
stroke for which the machine is set. To facili-
tate such a movement of the lever 500, it is slid-
ably ‘supported on the stud 581 and during the
hydraulic traverse of the wheel slide 80 is held
in the position illustrated in Fig. 36 by means
of & cam 508 carried by the valve stem 507. A
spring. 610 serves to maintain the lever §00 with
a follower stud 5! in engagement with the cam
508. When the dial 463 is turned to a manual
traverse of the wheel slide 50, the cam §09 is
also rotated in a clockwise dlrectlon so that the
follower stud §f{ rides down to a position §iia,
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which movement releases the tension of the \

spring 510 to shift the reversing lever 800 into -

position 508¢ (Fig. 36), thus shifting the spring-
pressed detent 508 out of the path of the revers-
ing dogs 496 and 497 so that the wheel slide 50
may be traversed to any desired extent without
disturbing the setting of the reversing dogs 496
and 487.

 Fluid exhausting from either end of the cylin-
der 455 passes through one of the chambers in
the wheel slide reversing valve 461 and passes
.out through the selector control valv~ 462 and
through a pipe 515 and a traverse valve 5§17
mounted on the vertical slide 48- (Fiigs. 2 and 27)
and which is actuated by a push type solenoid
5{8. In the position of the parts (Fig. 3), fluid
under pressure passing through the pipe 5§15, the
valve 511, and through a pipe 548, exhausts into
the reservoir 125, thus allowing exhaust of fluid
at a controlled rate of speed. An adjustable re-
lief valve 516 connected to & pipe 514 allows

fluid to exhaust from the cylinder 455 through T
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the pipe 5i§ when the solenoid 518 is released.
This serves to close the valve §(7 to prevent
vibrating the wheel slide 50 when it is suddenly
stopped. The rapid cross feed of the grinding
wheel 65 is obtained by energizing the solenoid
618 to open the valve §17 so as to allow unre-
stricted passage of fluig from the pipe BI§
through the valve 517 and the pipe.518 into the
reservoir 125. The duration of the period within
which the solenoid 518 is energized determines
the extent of cross feed of the wheel slide 50.

When it is desired to true the grinding wheel
65, it is desirable to provide a slow uniform con-
tinuous traverse of the wheel slide 50. This is
preferably accomplished by energizing the sole-
noid 548 and holding it energized during the en-
tire truing operation. This is preferably accom-
plished by providing & cam 528 fastened on the
rear end of the valve stem 807 which is arranged
to actuate 2 normally open limit switch 521 (Figs.
3, 30 and 39). When the dial 463 is rotated to
a truing position, the cam 520 closes the limit
switch 82! which in turn actuates. a normally
open electrical relay or contactor 522 to close a
circuit and maintain the solenoid 518 in an ener-
gized position during the truing operation.

Operation

The operation of the improved surface grind-
ing machine will be readily apparent from the
foregoing disclosure, assuming all of the adjust-
ments of the various mechanisms to have been
previously made and the machine to be set up
for grinding & predetermined work piece to the
required extent. A selector switch 825 is posi-
tioned for an automatic cycle. A switch 526 is
closed to start the pump drive motor 521. A
push ‘button 528 is actuated to start the wheel
drive motor 68.

A work piece 529 is then positmned on the work
table 4! when the table 41 is in its extreme left-
hand position (Fig. 1). The start and stop lever
215 is then shifted in a clockwise direction (Fig.
8) into position 2{5a to move the start and stop
valve 205. The shifting of the start and stop
valve 285 toward the left (Fig. 3) serves to allow
fluid to exhaust from cylinder chamber ({4 in
cylinder 90 and thereby allow the pressure pass-
ing through pipe i1 into the cylinder chamber
112 to start the table 4! traversing toward the
right (Fig. 1), .

When the start and stop valve stem 208 is
moved toward the left to start a grinding cycle,
the cam 229 (Fig. 3) closes the normally open
limit switch 280 which serves to render the elec-
trical cycle timer or counter 231 operative and at -
the same time energizes the solenoid 187 which
produces a downward movement of the roller {48
to shift it downwardly to position {48a (Fig. 4)
into the path of the cam (62 on the table dog
163. At the same time the solenoid 187 is ener-
gized, a normally open elecirical relay §30 (Fig.
3) is energized to close a circuit connected with
the normally open switch 53§ (Figs. 4 and 12).
The traverse of the table 41 toward the right con-
tinues until the roller {41 engages the cam {56
on the table dog 57, and continued movement of
the table 4§ serves through the shaft (49 and
lever .165 to start a reverse movement of the
reversing valve 118. During the shifting move-
ment of the reverse valve a cam 832 carried by
the rod (67 closes the normally open limit switch
§31. The limit switch 53 operates through the
relay 530 and the limit switch 419 to actuate the
relay 522. The closing of the relay 522 serves to
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"energize the solenoid m which shifts the valve
511 upwardly to allow exhaust of fluld from the
wheel slide cylinder chamber 417 and pipe 416,
thereby permitting the fluid under pressure from
passing through the pipe 474 into the cylinder
chamber 476 to move the piston 456 toward the
right (Fig. 3) so as to feed the wheel slide 50
and the grinding wheel 6§ toward the right (Fig.
2) so that on the next traverse of the work table
.41, the grinding wheel 85 will grind a fresh path
across the face of the work piece 529. The sole-
noid 618 is only energized instantaneously while
the cam 532 passes over the plunger of the limit
switch 83§, after which the solenoid 518 is de-
energized and the valve 81T moved downwardly
to stop the cross feeding movement of the grind-
- ing wheel 65. The reversing valve |10 completes
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its reversal by the influence of fluid under pres- -

sure in a manner similar to that described in the

. prior U. 8. patent to W. H, Wood, No. 2,071,677

dated February 23, 1937. The cycle just de-
scribed is continued until the grinding wheel 85
. has successively ground paths across the entire
face of the work piece 529, -

During the cross feeding movement of the
grinding wheel 65 and its supporting wheel slide
§0, the reversing plate 494 moves intermittently
in a counterclockwise direction (Fig. 3) until the
" dog 497 engages the detent 503 to rock the re-
versing lever 508 in a counterclockwise direction
(Figs. 34 and 37), which movement shifts the
pilot valve 460 toward the right (Fig. 3) to ad-
mit fAuid under pressure from the pipe 459
through the pipe 412 to shift the wheel slide re-
versing valve 461 toward the right (Fig. 3) to re-
verse the direction of movement of fluid to and
from the cylinder 455. .
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During the movement of the reverslng valve 461
toward the left, the detent 481 engages and closes
the Umit switch 482 which is connected to the
time cycle counter 231 to give the timer an im-
pulse.

After a predetermlned number of complete
reciprocations of the grinding wheel 8 across the
face of the work piece 528 which is being ground
during the continuous reciprocation of the work
table 41 a corresponding number of impulses is
imparted to the cycle counter 231, after which
the counter 231 deenergizes the solenoid 187 and
the relay 530 to release the tension of the spring
193, thus shifting the roller 148 upwardly out of
the path of the cam 162 on the dog 163, so that
the table 41 will travel to its extreme left-hand or
loading position. In this position of the roller
148, the roller engages a cam 160 on the dog 161
which rocks the reversing lever 146 a sufficient
distance to shift the table reversing valve 110 so
as to have the table ready to go to the left (Fig.
1) for the start of the next cycle, thus ending one
complete grinding cycle, At the same time, the
dog 161 rocks the control lever 24§ (Fig. 8) into
the position 218a, thereby shifting the stop and
start valve 208 to stop the table 41 in a loading
position. The time cycle counter 281 may be set

" as desired so that, depending upon the amount
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During the shifting movement of the. wheel -

slide reversing valve 481 toward the right, the
cam 418 carried by the valve stem 413 closes the
limit switch 480 which serves to close a circuit
and energize the solenoid 534 to shift the valve
§38 (Pig. 12) upwardly. The upward movement
of the valve 533 admits fluid under pressure from
the pipe 536 through the pipe 353 into the cylin-
der chamber 354 to shift the piston 348, piston
rod 348 and link 346 toward the left (Fig. 19)
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to rock the lever 344 which, through the mecha-

nism previously described, swings the stud 331
together with the feed arm 330 in a downward
arcuate path to rotate the feed gear 280 which

in turn transmits a rotary movement to the feed

screw 250 automatically to feed the vertical slide
" 48 downwardly so that the grinding wheel 65 as-
-sumes a new position for the next pass of the

. grinding wheel across the operative face of the

work piece 529. The table 4i continues its re-
ciprocatory movement and the grinding wheel 65
is traversed transversely toward the left (Fig. 2)
by intermittent successive increments until the
grinding wheel 65 again reaches the position il-
lustrated in Fig. 2, thus completing the second
pass of the grinding wheel 68 across the face of
the work piece 529 being ground.

During this movement of the wheel slide 50
and grinding wheel 88 toward the left, the revers-
ing plate 494 moves in a-clockwise direction (Fig.
33) until the dog 496 engages the detent 503 to
rock the reversing lever 500 in a clockwise direc-

- tion (Pig. 37) to again shift the pilot valve 460
intp the position shown in Fig. 3. This move-

. ment of the pilot valve 460 reverses the direction

of flow of fluid so that fluld passes through the
pipe 411 to move.the reversing valve 461 toward
the left into the position illustrated in Fig. 3.
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of stock desired to be removed from the work
plece 5§29, the grinding wheel 6§ may be fed
downwardly and traversed intermittently by suc-
cessive increments across the work face a prede-
termined number of times, after which the ma-
chine automatically stops without attention on
the part of the operator.

Shifting of the stop and start valve 205 into

_the position shown in Fig. 3 opens a port to ad-

mit fluid under pressure through the pipe 382
into the fluid motor chamber 383 to cause the
vane 381 of the motor 380 to rotate in a counter-
clockwise direction. This movement serves
through the gears 390 and 391 to rotate the gear
211 to transmit & rotary movement through the
mechanism previously described to rotate the ver-
tical feed screw 250 in the reverse direction au-
tomatically to return the grinding wheel 8§ into
its initial position so that it is ready for the next
grinding cycle. At the start of the grinding cycle
when the stop and start valve 208 is shifted to-
ward the left (Fig. 3), the fluld within the fluid
vane motor chamber 383 is opened to the exhaust,
thus releasing the tension of the spring 388 which
rotates the vane 381 in & clockwise direction (Fig.
3) to reset the motor 388 ready for the end of the
next cycle.

If for any reasun it is desired to control the

" cycle of operation manually instead of automati-
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cally, the selector switch 5§26 is shifted to a hand
position, in which position the table 41 may be
reciprocated under manual control and the wheel
slide 50 may be traversed also under the manual

- control of the operator.

When the selector switch 526 is turned to a
“Hand” position, the cycle-timing counter 5§31 is
rendered inoperative. The relay 530 is energized
and the solenoid 187 deenergized so that the
wheel slide 80 is automatically fed across the work
by means of the cam 5§32 closing the limit switch
531. When the machine is under “Hand” con-
trol, the grinding cycle may be stopped by unlock-
ing the stud (98 in the slot 200 and lifting the
stud 198 to raise the roller 148 out of the path
of the cam 162 on the dog 168 s0 as to allow

-the table 41 to move to its left-hand or loading

position.
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It will thus be seen thal there has been provid-
ed by this invention apparatus in which the vari-
ous objects hereinabove set forth together with
many thoroughly practical advantages are suc-
cessfully achieved. As many possible embodi-
ments may be made of the ahove invention and
as many changes might be made in the embodi-
ment 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.

I claim:

1. In a surface grinding machine having a base,
a longitudinally reciprocable table thereon, & ver-.

- tically movable slide, a transversely movable slide
on said vertical slide, a rotatable grinding wheel
on said transversely movable slide, means auto-
matically to reciprocate said table, means inter-
mittently to feed or index the whee] slide trans-
versely at the end of a reciprocatory stroke of
the table, means actuated in timed relation with
the transverse indexing movement of the wheel
slide automatically to feed the vertical. slide
downwardly after each cross traverse of the wheel
slide, and an electrically actuated cycle control
mechanism automatically to stop the grinding
operation after a work piece has been ground to

~ the desired extent.
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2. In a surface grinding machine having a -

base, & longitudinally reciprocable table thereon,
a vertically movable slide, & transversely movable
slide on sald vertical slide, a rotatable grinding
wheel on said transversely movable slide, means
including & fluid motor automatically to recipro-
cate said table, means including a fluid motor
intermittently and automatically to feed or in-
dex the wheel slide transversely at the end of
the table stroke, and means including a fluid mo-
tor actuated in timed relation with the trans-
verse indexing movement of the wheel slide au-
tomatically to feed the vertical slide downwardly
after each cross traverse of -the wheel slide.

3. In & surface grinding machine having a
base, & longitudinally reciprocable table there-
on, a vertically movable slide, a transversely mov-
able slide on said vertical slide, a rotatable grind-
ing wheel on said transversely mcvable slide,
means including a fluid motor to reciprocate said
table, means including a fluid motor intermit-
tently to feed or index the wheel slide trans-
versely, means including a fluid motor actuated
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pawl and ratchet feed mechanism automatically

to feed the vertical slide downwardly after each
cross traverse of the wheel slide, means includ-
ing an electrically operated time relay mecha-
nism to stop the grinding operation after the
grinding has proceeded to a predetermined ex-
tent. )

4. In a surface grinding machine having a
base, a longitudinally reciprocable work support-
ing table thereon, a vertically movable slide, a
transversely movable slide on said vertical slide,
a rotatable grinding wheel on said transversely
movable slide, means automatically to recipro-
cate said table, means intermittently to feed
or index the wheel slide transversely at the
ends of the table-stroke, means automatical-
ly to feed the vertical slide downwardly after
each cross traverse of the wheel slide, means
automatically to stop the grinding operation
after & work piece has been ground to the
desired extent, and means automatically to
raise the vertical slide to its initial position for
the next operation.

5. In a surface grinding machine having 2
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base, & longitudinally reciprocable work support-
ing table, & vertically movable slide, a trans-
versely movable slide on said vertical slide, a ro-
tatable grinding wheel on said transversely mov-
able slide, means automatically to reciprocate
said table, means intermittently to feed or index .
the wheel- slide transversely at the end of the
table stroke, means automatically to feed the
vertical slide downwardly after each cross trav-
erse of the slide, means automatically fo stop
the grinding operation, and means including.a
fluid motor which is operatively connected to
raise said vertical slide to its initial position for
the next grinding operation. .

6. In a surface grinding machine having a

base, a longitudinally reciprocable work support-

ing table thereon, a vertically movable slide, a
transversely movable slide on said vertical slide,
a rotatable grinding wheel on said transversely
movable slide, means including a fluid motor to
reciprocate said table, means including a fluid
motor intermittently to feed or index the wheel
slide transversely, means including a fluid mo-
tor actuated pawl and ratchet mechanism auto-
matically to feed the vertical slide downwardly
after each cross traverse of the wheel slide, and
means including a filuid motor automatically ac-
tuated to raise said vertical slide to return the
grinding wheel to its initial position after the
grinding operation has proceeded to a. predeter-
mined extent.

7. In a grinding ma.,hme as clalmed in clalm
2, the combination with the parts and features
therein specified, of a rotary type fluid motor,
a tumbler gear mechanism actuated thereby
which is arranged automatically to engage said
tumbler gear to raise the vertical slide to re-
turn the grinding wheel to its initial position
after a predetermined grinding operation.

8. In a grinding machine as claimed in claim
2, the combination with the parts and features
therein specified, of & nut and feed screw mech-
anism to raise and lower the vertical slide, means
including a fluid motor, and ‘a tumbler gear
mechanism which is actuated automatically by
said motor to engage the tumbler gear so as to
rotate said screw to move the vertical slide up-
wardly to return the grinding wheel to its initial
position after a predetermmed gnndmg opera-
tion.

9. In a grinding machine as claimed in claim
2, the combination with the parts and features
therein specified, of a nut and screw mechanism
to raise and lower the vertical slide, a single
vane type fluid motor, means including an-auto-
matically actuated - tumbler gear mechanism
which is actuated by and driven by said motor
to rotate said screw so as to raise the vertical
slide to its initial position after a predetermined
grinding operation.

10. In a surface grinding machine having a
base, a longitudinally reciprocable table thereon,
a vertically movable slide, a transversely mov-
able slide on said vertical slide, a rotatable grind-
ing wheel on said transversely movable slide,
means including a fluid motor automatically to
reciprocate said table, means inciuding a fluid
motor independently to index thé wheel slide
transversely, means including a fluid pressure
actuated pawl and ratchet feed mechanism au-
tomatically to feed the vertical slide downward-
1y after each cross traverse of the wheel slide, a
manually operable start and stop valve which
is operatively connected to start a grinding cycle,
and an electrically operated impulse type count-
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ing relay which is rendered operative when the
stop and start valve is movcd to initiate a grind-
ing cycle, and electrically actuated means con-
trolled by said counting relay automatically to

traverse said table beyoad its normal grinding -
‘. stroke after a predetermined grinding operatwn

has been completed.

11. In a ‘'surface grinding. machme having a
base, a lenzitudinally reciprocable table thereon,
a veriically movable slide, a transversely movable

slide on said vertical slide, a rotatable grind-

ing wheel on said transversely movable slide,
means izcluding a fluid motor to reciprocate said
table, means including a fluid motor intermit-
tently to feed or index the wheel slide trans-

versely, means including a fluid pressure actuat-.

ed pawl and ratchet feed mechanism automati-
cally to feed the vertical slide downwardly after
each cross traverse of the wheel slide, means in-
cluding a stop and start valve to initiate a

grinding cycle, an electrical impulse counting

relay which is rendered operative by movement
of said valve to a start position, means con-
trolled by said counter to shift said valve to &
stop position, and a. fluid motor rendered opera-
tive when the valve shifts to a stop position to
raise the vertical slide to its initial grinding po-
sitien. :
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rotatable grinding wheel, a transversely movable
slide for said grinding wheel means including
a piston and cylinder to index said slide trans-
versely, a reversing mechanism to control the
direction of movement of said wheel slide, a stop
and start valve to control the stopping and start-
ing of the wheel slide indexing movement, and
an electrically operated control mechanism in-
cluding a switch and an electrical impulse relay
which is actuated by the table reversing valve to
actuate said stop and start valve to index the
grinding wheel slide transversely during table
reversal.

15. In a grinding machine having a base, a
longitudinally recviprocable table, a fluid pressure
system including a pistcn and cylinder to recip-
rocate said table, a reversing valve therefor, a
rotatable grinding wheel, a transversely movable
slide for said wheel, means including a piston
and cylinder to index said slide transversely, a
reversing valve to control the direction of move-
ment of said slide, a solenoid-actuated normally-

“clcsed valve to control the exhaust of fluid from

" the wheel slide cylinder, and an electrically oper-

25

12. In a surface grinding machine having a

base, a longitudinally reciprocable table there-
on, a vertically movable slide, a transversely
movable wheel slide on said vertical slide, a ro-
tatable grinding wheel . thereon, means includ-
ing a fluid motor automatically to reciprocate
said table, means including a fluid motor inter-
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mittently to index the wheel slide transversely,

a reversing valve which is automatically actu-
ated to reverse the direction of indexing move-
ment of the wheel slide after it has been indexed
‘to a predetermined distance, an electrical im-
pulse relay to control the duration of the grind-
ing cycle, an electric switch which is actuated
by the wheel slide reversing valve to impart an
impulse to said counter after eath complete
transverse movement of the wheel slide, and
means actuated automatically after a predeter-
mined number of impulses to stop the. grinding
cycle.

13. In a grinding machine having a base, a
 longitudinally reciprocable table, a fluid pressure
system including a piston and cylinder operative-
ly connected to reciprocate said table, & revers-
ing valve therefor, a stop and start valve to con-
trol the .stopping and starting of the table re-
ciprocation, a manually operable lever to actu-
ate the stop and start valve, means including
a rock arm having a pair of spaced rollers which
are arranged to actuate said reversing valve,
adjustable dogs on said table having cam sur-
faces arranged to engage said rollers to shift
- the reversing valve so as to change the direction
of movement of the table, an electrical solenoid

operatively connected to hold one of said rollers .

in the path of its table dog during grinding, a

spring to move said roller out of the path of its

dog when the solenoid is deenergized to allow
the table to traverse beyond its normal grinding
stroke into a loading position, and an electrical
impulse- relay operatively connected to deener-
gize said solenoid after a predetermined grind-
ing operation.’

14. In a grinding’ machine having a base, a
longitudinally reciprocable table, a fiuid pressure
system including a piston-and cylinder to recip-
rocate said table, a reversing valve therefor, a
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ated mechanism including a switch and an elec-
trical impulse relay actuated by said table re-
versing valve whereby the solencid valve is
opened and the wheel slide indexed transversely
during table reversal.

16. In a grinding machine having a base, a
longitudinally reciprocable table, a fluid pressure
system including a piston and cylinder to re-
ciprocate said table, a table actuated reversing
valve therefor, a rotatable grinding wheel, a
transversely movable wheel slide for said wheel,
means including a piston and cylinder to index
said wheel slide transversely, a solenold-actuated
normally-closed valve to control the exhaust of
fluid from the wheel slide cylinder so as to con-
trol the movement thereof, a cam movable with
the table reversing valve, a normally open limit
switch actuated by said cam, and electrical con-
nections between said switch and solenoid valve
whereby the wheel slide is indexed transversely
during table reversal.

17. In a grinding machine having a base, a
longitudinally reciprocable table, s fluid pres-
sure system including a piston and cylinder to
reciprocate said table, a reversing valve therefor,
a manually operable stop and start valve, a ro-
tatable grinding wheel, a transversely movable

-slide therefor, a piston and cylinder to move said

slide, a reversing valve therefor, a solenoid actu-~
ated valve to control said wheel slide movement,
and an electrical control system including a nor-
mally open switch which is closed by the shift-
ing of the table reverse valve, a relay switch
actuated thereby to close a circuit and open said
solenoid valve instantaneously dearing each shift-
ing movement of the table reversing valve to in-
dex the wheel slide transversely during each
table reversal.

18, In a grinding machine having a base, a
longitudinally reciprocable table, a fluld pressure
system including a piston and cylinder to recip-
rocate said table, a reversing valve therefor, a
manually operable stop and start valve, a rotat-
able grinding wheel, a transversely movable slide
therefor, a_piston and cylinder to move said slide
transversely, a reversing valve therefor, a sole-
noid actuated valve to control the flow of fluid
from said wheel slide cylinder, and an electrical
control system including a normally open switch,

* a cam which is movable with the table reversing

8 75

valve to close said switch each time said valve
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Is shifted, a relay switch actuated thereby to
close a circuit so as to open the solencid valve
instantaneously during each shifting movement
of the table reversing valve to index the wheel
slide transversely during each table reversal,
19. In a surface grinding machine having a
base, a longitudinally reciprocable table there-
on, g vertically movable slide, a transversely
movable slide on said vertical slide, a rotatable
grinding wheel on sald transversely movable
slide, means to reciprocate sald table, means to
feed or index the wheel slide transversely, a

manually operable feed mechanism including
a hand wheel to move said vertical slide, means
including a pawl and ratchet mechanism auto-
matically to actuate said feed mechanism to
move the vertical slide downwardly after each
cross traverse of the wheel slide, and means
automatically to move said pawl out of engage-

 ment with the rachet at the end of its idle stroke

to facilitate manual adjustment of the feed

10 mechanism.
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