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GRINDING MACHINE

- Albert G. Belden and Carl G, Flygaré, Worcester,
Mass., assignors to Norton Company, Worces-
ter, Mass., 2 corporation of Massachusetts

Application August 20, 1938, Serial No. 225,978

9 Claims.

‘The invention relates to grinding machines, and
more particularly to a surface grinding machine
for grinding plane surfaces on a work piece.

One object of the invention is to provide a sur-
face grinding machine with an electrically con-
trolled transverse feeding movement for the
grinding wheel. Another object of the invention
is to provide a surface grinding machine with a
hydraulically actuated electrically controlled
transverse feeding. movement for the grinding
wheel. A further object of the invention is to
provide a hydraulically operated surface grind-
ing machine with a tandem fluid pump one of
which serves to feed the grinding wheel trans-
versely during the period of reversal at the end

~of the table stroke and both of which serve to

traverse the work table during the grmdmg
stroke.

A further object of the invention is to provide a
hydraulically operated transverse grinding wheel
feeding mechanism with an electrically controlled
time delay mechanism to regulate the extent of
transverse feed of the wheel. Another object of
the invention is to provide a hydraulic counter-

 balance for the vertical slide to facilitate manual

vertical adjustment of the grinding wheel. A fur-
ther object of the invention is to provide a power
operated vertical positioning mechanism for po-
sitioning the grinding wheel. Other objects will
be in part obvious and in part pointed out here-
inafter.

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
shown one of various possible embodiments of the
mechanical features of this invention,

Fig. 1 is a front elevation of the improved sur-
face grinding machine;

Fig. 2 is a plan view of the improved surface
grinding machine, on a slightly reduced scale;

Fig. 3 is a fragmentary detail view of the power
operated vertical feeding mechanism and the hy-
draulic counterblance; and

Fig. 4 is a diagrammatic illustration of the hy-
draulic system and the electrical wiring diagram
for the automatic cross feed.

A surface grinding machine has been illustrated
in the drawings having a base {0 which supports
a longitudinally reciprocable work table 11 on the
usual V-way and flat way (not shown). A grind-
ing wheel 15 is rotatably mounted on a frans-

(CL. 51—92)

versely movable slide 16 which is supported by a
dovetailed slideway on a vertically movable slide
i1 carried by an upwardly extending projection
18 of the base §0.. The vertical slide 17 is ar-
ranged for a manual adjustment to position the
periphery of the grinding wheel 15 relative to the
surface of a work piece which is mounted on the
table 1 so as to grind a plane surface thereon to
the required extent. This mechanism may com-
prise a manually operable feed wheel 20 which
is mounted on the outer end of a shaft 21 which
is journalled in bearings (not shown) in the base
10.
meshes with a worm gear 23. The worm gear 23
is provided with a central aperture which is
threaded to mesh with a feed screw 24. The
upper end of the feed screw 24 is connected to a
lug 25 projecting from the vertically movable slide
11. A pair of nuts 26 and 27 serve rigidly to
secure the screw 24 to the lug 25. The worm gear
23 is rotatably supported in housing 32, which is
fixed relative to the base 10, so as rotatably to
support the worm gear 23 and hold it against
endwise movement so that when the gear 22 is ro-
tated, the threaded aperture meshing with the
feed screw 24 will produce an endwise vertical
movement of the screw 24 together with the ver-
tical slide 17, the wheel slide {6 and the grinding
wheel I5.

Table reciprocating mechanism

The table {1 is arranged so that it may be re-
ciprocated by & power operated mechanism to
pass the work piece beneath the operative face of
the grinding wheel '15. In the preferred form, the

reciprocating mechanism comprises a fluid pres--

sure” system comprising a cylinder 35 which is
fixedly mounted by means of brackets 36 and 37
to the under side of the table {i. A pair of
spaced pistons 38 and 39 are slidably mounted
within the cylinder 35 and are connected with
the hollow piston rods &0 and 4[, respectively,
which are in turn fixed at their outer ends to
brackets 42 and 43, respectively. The brackets
42 and 43 are fixedly mounted on opposite ends of
the base 10.

The base 10 is preferably of a hollow box-like
construction forming a fluid reservoir 45, from

which fluid is pumped by means of a fluid pump

46 driven by an electric motor 41. The pump
draws fluid through a pipe 48 and forces fluid ouf
through a pipe 49 to a reversing valve 50 within
the base of the machine. The valve 80 is prefer-
ably of the rotary type in which fluid passing

The shaft 2f supports a worm 22 which.
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rear of the valve and passes through an aperture
51 in the valve rotor 52 and out through a pipe
83, through a2 passage 54 in bracket 42 and a
passage 55 within the piston rod 40, into a cylinder
chamber 56 to cause the table {1 to move toward
the left (Fig. 4). During this movement fiuid
within a cylinder chamber 57 is forced out through
a central aperture 58 in the piston rod &I,
through a passage 59 in the bracket 43 and

through a pipe 60 into a valve chamber §1, and
out through a pipe 62 into the reservoir 45.

Throtile valve

In order to control the speed of movement of -

the table {1 during grinding, it is desirable to
provide a suitable throttling device which in the
preferred form comprises a throttle valve 65 pref-
erably located within the exhaust pipe line 62
whereby the exhaust of fluid from the system is
throttled to regulate the speed of movement of
the table. This valve has been illustrated dia-
grammatically as a rotary type throttle valve (Fig.
4). A control lever 66 is provided for actuating
the throttle valve to regulate the speed of move-
ment of the table or to close the valve to stop the
table movement when desired.

A second fluid motor 19 preferably arranged
in tandem with the fluid pump 46 and driven by
the motor 417 is provided for actuating the trans-
verse or cross feeding movement of the grinding
wheel 15 which occurs during the reversal move-
ment of the work table i1. During the normal
grinding stroke of the table i1, the pressure from
the pump 10 is utilized to supplement fluid under
bressure from the pump 4§ so as to drive the
work table i1 at a higher rate of speed. The
pump 10 forces fiuid through a pipe Tf and a
pipe 12 to the grinding wheel cross feeding
mechanism to be hereinafter described.

Fluid under pressure from the pipe 72 may also
pass through a pipe 13 to a control valve 14
which is connected to operate in timed relation
with the reverse valve 50. The valve 74 is pref-
erably a piston type valve comprising a valve
stem 15 having formed integrally therewith a
plurality of valve pistons 16, 77 and 18. In the

‘position of the valve shown in Fig. 4, fluid under

pressure from the pump 718 passing through the
pipe 13 enters a valve chamber 79 located be-
tween the valve pistons 77 and 718 and is forced
out through a pipe 80 which is connected with
the pipe 49 so that fluid under pressure from the
pump 10 is forced through the pipe 49 to the table
reversing valve §0 to aid the pump 46 in driving
the table Il at a rapid rate. The valve stem
15 is connected by a stud 81 with the lower end

.of 4 -lever 82 which is actuated at reversal to

cut off the pipe 80 and thereby force all of the
fluid from the pump 10 through pipe 12 for =z
definite interval during the shifting of the valve

50 into its reverse position. ] )
Transverse movemeni—grinding wheel

The grinding wheel 15 and its supporting slide
16 are arranged so that they msy be moved

- transversely by a manually operable mechanism

including a mmanually operable hand wheel 85
mounted on the outer end of the shaft 86 which
is operatively connected through. a ge_af' mecha-
nism to move a rack bar 87 endwise. The rack
bar 81 is preferably fixed to the upper surface

.of the wheel slide 16 and serves to move the

slide 16 and grinding wheel {5 in either direction

according to the rotation of the manually oper-

able wheel 85. The manually operable feeding

2,171,519 ’

mechanism has not been illustrated in detail in
the present application. This mechanism is suib-
stantially identical to that shown in the prior
patent to Flygare et al. No. 2,022,542 dated No-
vember 26, 1935, to. which reference may be had
for details of disclosure not found herein.

A power cperated mechanism is also provided
for moving the grinding wheel slide 16 and the
grinding wheel 15 transversely at.the ends of the
table stroke so that on successive reciprocations
of the work beneath the wheel {5, the wheel will
grind a different overlapping path on the work
piece. In the preferred construction, a rotary
fluid motor 90 is mounted cn the vertical slide 117.
This motor is a vane type motor having a single
vane 81 mounted on a rotor shaft 92. The shaft
92 also carries a gear 93 meshing with a pinion
94 which in turn meshes with the rack bar 81

carried by the wheel slide 16. A control or re-

versing valve 95 is provided to control the admis-
sion of fluid and the exhaust of fluid from the
motor 98. The reversing valve 95 is of the piston
type comprising a valve stem 96 having a plural-
ity of valve pistons formed integrally therewith.
Fluid under pressure passing through the pipe 12
passes through a pipe 97, a portion of which is
preferably either flexible or telescopic, to a valve
chamber 88 and passes out into a motor cham-
ber 89 to cause the vane 91 to move in a counter-
clockwise direction (Fig. 4) which serves through
the gear 93 and pinion 94 to move the rack bar
81 and wheel slide {6 toward the left (Fig. 4).
During this movement fluid under pressure ex-
hausts from a motor chamber 100 through a
valve chamber 10 and a pipe 102 which exhausts
into the reservoir 45.

A manually operable knob 105 is mounted on
the outer end of the valve stem 96 and serves to
facilitate manual shifting of the reversing valve
95." A solenoid operated valve 188 connected in
the pipe line 102 and actuated by a solenoid 104
is normally closed and thereby serves to prevent
movement ¢f the fluid within the wheel traverse
system so as to hold the wheel slide 16 and grind-
ing wheel 15 against transverse movement. The
valve 103 is merely a shut-off valve and does not
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serve in any way to throttle the fluid when -

- opened.

A throttle valve, preferably a needle type valve
106, is actuated by a manually operable knob 107
and serves to regulate the exhaust of fluid from
the system above described to control the normal
rate of transverse feeding movement of the grind-
ing wheel as it is indexed transversely.,

In order to facilitate truing of the grinding
wheel, it'is desirable to provide a truing speed
valve which is independent of the normal speed
control valve whereby the wheel may be cor-
tinuously traversed at a slow truing speed without
disturbing the normal speed adjustment of the
transverse movement of the grinding wheel. This
is preferably accomplished by providing a second
needle valve 110 which may be readily adjusted
to throttle the exhaust of fluid from the motor
90 to produce the desired truing speed, and the
valve is arranged so that it may be readily shifted
to and from an operating position by means of
a knob 111 so that during the normal operation of
the machine, the valve 110 is rendered inopera-

tive and the valve 186 serves to control the ex-’

haust of fiuid from the system.
Wheel slide reversing mechanism

A reversing mechanism is preferabh; provided
for automatically shifting the reversing valve 95
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in timed relation with the transverse movement
of the wheel slide 6. A pair of adjustable dogs
{20 and 12{ are supported on a bar {22 carried
by the wheel slide 16. The dogs 120 and 121 are
arranged to engage a reversing lever (23 which is
overatively connected to shift the valve stem
95 in an endwise direction to reverse the direc-
tion . of movement of the wheel after it has
traversed transversely through a predetermined
distance to cover the width of the work piece
being ground. A load and fire spring-pressed
plunger (not shown) is contained within a cas-
ing 124 and serves normally to snap the revers-
ing lever from one position to the other when

~actuated by the wheel slide dogs 128 and {21.

This reversing mechanism has only been illus-
trated diagrammatically in Fig. 4. This revers-
ing mechanism is identical with that shown in
the prior patent to Flygare and Wood No.
2,022,542 dated November 26, 1935, to which ref-
erence may be had for details of .disclosure not
found herein. "

Table reversing lever

A reversing lever 130 is pivotally mounted on
the front of the machine base and is operatively
connected to shift the reversing valve 88 in timed
relation with the longitudinal movement of the
table {{ to reverse the direction of movement of
the same after it has traversed a predetermined
distance. A pair of adjustable dogs 13! and 132
mounted on the front edge of the table i serve
tc engage the reverse lever and to shift the lever
and the reversing valve 5§ to change the direc-
tion of flow of fluid to the cylinder 35. A load
and fire mechanism (not shown) is provided to
aid in shifting the valve §8 into its reverse posi-
tion. This has not been illustrated in. detail in
the present case since it is identical with that

shown in the above mentioned prior patent to

Piygare and Wood No. 2,022,542 dated November
26, 1935, to which reference may be had for de-
tails of disclosure not found herein.

Automatic grinding wheel cross feed

The shut-off valve 103 above described is
normally ciosed and is arranged to be opened by
means of the solenocid 104. The valve {03 is
maintained in a closed position during the longi-
tudinal reciprocatory movement of the work
table {{ so as to hold the grinding wheel {5
against transverse movement. The valve 103 is
opened during the period of reversal of the table
fi1 to feed the wheel 15 transversely for grinding
a new path on the work piece mounted on the
table {f.
and closing of the solenoid valve {83 in timed re-
lation with the reversing mechanism of the table
{4, A normally open limit switch 135 is mounted
on the reversing lever {30 and is provided with an
actuating roller 136 which is arranged in the
path of the table dogs 130 and 131. When either
of the table dogs 131 or {132 engages the roller
i36 of the limit switch 135, the limit switch is
closed, after which continuous movement of the
table {{ through either the dog {31 or the dog
132 serves through the roller {36 to shift the lever
§30 into its reverse position to reverse the position
of the control valve 88 and thereby change the

y direction of flow of fluid to the cylinder 35.s0 as

to start the table i traversing in the reverse
direction. The switch {35 is connected by flexible
BX conduits {37 with an adjustable electrical
time delay relay 138 and is connected by the
wires 139 dnd 149 with the solenoid {08 on the

. the operator.

It is desirable to control the opening -

3

valve 183. When the table dogs rock the roller
136 in either direction to close the limit switch
138, it closes a circuit to set the time delay relay
‘138 in motion and also serves simultaneously to
energize the solenoid 104 to open the valve 103,
which allows fluid under pressure to exhaust from
the feed motor 99. No fluid will flow into the
feed motor 96, however, until the reversing
mechanism has shiffed a sufficient distance so

that the valve piston 77 of the valve 74 cuts off the .
. bipe 88, cutting off the output of the fluid pump 10

from the table cylinder 40 and shifting to the pipe
87 to actuate the feed motor 90. The adjustable
time delay relay 138 may be set to allow the
solenoid {04 to be energized for a definite time
interval, after which the solenoid 184 is deener-
gized and the valve 103 automatically closed to
stop the transverse movement of the wheel {5
after a predetermined transverse feed of the
grinding wheel has been accomplished.

Hydraulic counterbalance

An adjustable by-pass valve {45 is provided in
the pipe 7!. This valve determines the pressure
applied to actuate the cross feed movement of the
wheel. This valve is preferably set so that suf-
ficient fluid exhausts therethrough into a pipe
{48 which is conveyed to a hydraulic counter-
balance mechanism comprising a cylinder {47
having o piston 148 slidably mounted therein.
The piston {48 is connected to the lower end of
the feed screw 24. TFluid under pressure passing
through the pipe (48 enters a cylinder chamber

- 149 below the piston 148 and serves normally to

exert g pressure on the screw 24 in an upward
direction. 'This uniform pressure is applied at all
times to the feed screw so as to, in effect, counter-
bhalance either the whole or part of the weight of
the vertical slide 17 and the parts carried thereby,
so that the manually operable feed wheel 20 may
be easily and readily rotated vertically to adjust
the slide without undue exertion on the part of
This vertical pressure exerted on
the feed screw 24 also serves more accurately to
control the positioning of the slide i1 as well as
the wheel slide {6 and grinding wheel {5 due to
the fact that the pressure between the screw and
the nut is always in the same direction regardless
of whether the vertical slide {7 is being moved
upwardly or downwardly. The pressure within
the cylinder chamber {48 may be governed by a
by-pass valve 150 so that the required pressure
may be obtained to produce the desired results.

Motor driven vertical movement of wheel

It is desirable to provide a suitable power op-
erated mechanism for raising and lowering the
wheel in setting up the machine for grinding
work pieces of varying predetermined sizes. This
is preferably accomplished by providing a motor
drive for the shaft 2{. An electric motor {60 is
mounted within the base 8. A pulley ({61
mounted on the motor shaft, which is preferably
of a multiple V-grooved type, is connected by
means of multiple V-belts 82 with a multiple
grooved pulley 163 mounted on the rear end of
the shaft 21. It will be readily apparent that
when the motor (88 is rotated in either direc-

" tion, a rotary motion will be transmitted to the

shaft 21 to rotate it in either direction which,

~ through -the worm 22 and worin gear 23, will.

produce a vertical movement of the feed screw
24, the vertical slide 17, as well as the grinding
wheel slide 6 and grinding wheel {5. A suitable
control switch 485 is mounted on the front of the

<«

10

20

30

35

40

45

50

55

60

85

70

75




- which when moved into the up position serves to

"

machine base. This control switch is preferably
of a reverse type having -an actuating knob (66

rotate the motor in one direction so as to cause
an upward movement of the vertical slide 17,

- wheel. slide 16 and grinding wheel 15, and when
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moved to a down position serves to rotate the
motor 180 in the reverse direction to cause a
downward movement of the slide (7 and grinding
wheel 15, This motor driven mechanism serves
as a rapid positioning movement for the grind-
ing wheel 15 in setting up the machine, the fine
adjustment of the same being obtained by a
manual manipulation of the feed wheel 20.

The operation of this improved surface grind-

ing machine will be readily apparent from the

foregoing disclosure. Assuming all of the parts
have been previously adjusted, a work piece is
placed on the table 11 and the lever 66 is shifted
to permit exhaust of fluid from the table system.
The motor 47 being in running condition serves
to force fluid under pressure through the system
to reciprocate the table {{ through a stroke of
a predetermined length as governed by the ad-
justable table dogs (31 and 132, At the end of
the stroke in either direction, when the dog 131
or the dog 132 engages the roller 136 of the re-

" versing lever 130, the roller 136 first rocks rela-

tive to the lever 130 to close the limit switch 135,

‘thereby starting the time delay relay 1§38 in op-

eration and simultaneously energizing the sole-
noid 104 so that the exhaust pipe line from the
feed motor 90 is opened. Continued movement
of either table dog 130 or 132 shifts the reversing
valve 50 into a reverse. position and at the same
time, through the lever 82, shifts the valve 174
to cut off the fluid motor 70 from the table
cylinder 3% and transfers this fluid under pres-
sure from the pump 10 to index or feed the
grinding wheel slide 16 and the grinding wheel
15 transversely during the time interval when
the reverse valve is shifting to change the di-
rection of movement of the table {1. By manipu-
lation of the time relay (38, the extent of cross
feed of the grinding wheel may be varied as
desired. During all of this movement of the ma-
chine, both reciprocation' of the table during
grinding and the transverse feeding movement
of the wheel at reversal, a uniform pressure is

- maintained within the hydraulic counterbalance

cylinder chamber 149 so as accurately to locate
the wheel 15 and maintain it in the desired ad-
Justed position.

Assuming the table 1 (Fig. 4) is traveling in a
direction toward the left, the valve 50 shifts to
change the direction of flow-of fluid to the table

cylinder 35 and the lever 82 also shifts to move.

the valve stem 15 of the valve T4 toward the

right to-cut off the pipe 13 so that valve piston .

T4 cuts off the pipes 13 and 80 so that all the
fluid under pressure from the pump 70 is con-
veyed to the wheel traversing or feeding motor
90. When the valve 14 shifts to its extreme right-
hand position, a valve chamber 151 located be-
tween the valve pistons 76 and 717 again con-
nects the pipe 13 with the pipe 80 so that sub-
stantially the entire volume of fluid from the
pump 710 is conveyed to the table cylinder to as-
sist the pump 46 in traversing the table (i at a
rapid rate. In all positions of the valve above
described, there is sufficient fluild escaping
through the by-pass valve 145 to facilitate ob-
taining the desired fluid pressure within the
chamber 149 of the hydraulic counterbalance

- cylinder 147. It will be readily apparent from the

2,171,519

foregoing disclostre that the upper pump 46 of
the tandem pump is utilized to traverse the table
i 1 exclusively, whereas fluid from the lower pump
10 of the tandem pump is utilized to maintain
a pressure -at all times within the counterbalance
cylinder chamber (49 and during the normal
table traverse to supplement the pressure from
the pump 46 to reciprocate the table Il at a
rapid rate and also during the period of reversal
serves to actuate the fluid motor 99 to cause g
transverse feeding movement of the wheel slide
16 and grinding wheel (5.

It will thus be seen that there has been pro-
vided by this invention apparatus in which the
various objects hereinbefore set forth together
with many thoroughly practical advantages are
successfully achieved. As many possible embodi-
ments may be made of the above invention and
as many changes might be made in the embodi-
ment above set forth, it is to be understood that
all matter hereinbefore set forth or shown in

10

15

the accompanying drawings is to be interpreted

as illustrative and not in a limiting sense.

We claim: :

1. In a surface grinding machine, & rotatable
grinding wheel, a transversely movable slide
therefor, a longitudinally reciprocable work sup-
porting table, a separate fluid motor for said slide
and table, a separate control valve for each of
said motors, a fluid pressure system including
two motor driven pumps, operative -connections
between one of said pumps and said table valve
and motor to reciprocate the table, and operative
connections between said s¢cond pump and said
slide motor and valve to feed the wheel trans-
versely at the end of the table stroke, said lat-
ter connections being arranged to connect the
second pump with said table valve and cylinder
during the normal reciprocatory movement of
the table to supplement said first pump.

2. In a surface grinding machine, a rotatable
grinding wheel, & transversely movable slide
therefor, a longitudinally reciprocable table, a
separate fluid motor for said slide and table, a
separate control valve for each of said motors, a
fluid pressure system including two motor driven
fluid pumps, operative connections between one
of said pumps and the table valve and cylinder
to reciprocate the table, and means alternately
to connect said second pump to said wheel slide
motor during the table reversal period and to said
table valve and cylinder during the normal re-
ciprocatory movement of said table.

3. In a surface grinding machine, a rotatable
grinding Wheel, a transversely movable slide
therefor, a longitudinally reciprocable table, a
separate fluid motor for said slide and table, a
separate control valve for each of said motors,
& fluid pressure system including two motor
driven fluid pumps, operative connections be-
tween one of said pumps and said table valve and
cylinder to reciprocate the table, and operative
connections alternately to connect said second
pump to the wheel slide valve and motor to feed
the grinding wheel transversely at the end of the
table stroke and to connect said second ‘motfor
to said table valve and cylinder during the nor-
mal grinding stroke of said table.

4. In. a surface grinding machine, a rotatable
grinding wheel, a transversely movable wheel
slide therefor, a vertically movsble slide for said
transverse slide, hydraulic counterbalance .for
said vertical slide including a piston and cylinder,
a longitudinally reciprocable table, a separate
fluid motor for said wheel slide and table, a sep- *
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arate control valve for each of said motors, a
fluid pressure system including two motor driven
pumps, operative connections between one of said
pumps and said table valve and cylinder to rc-
ciprocate said table, opsrative connections be-
tween said second pump alternately to connecct
said second pump to the wheel slide valve and
motor to feed the wheel transversely at the end
of the table stroke and to connect said second
pump to said takle valve and cylinder during the
normal grinding stroke thereof, and operative
connections between said second pump to main-
tain a uniform pressure in said counterbalance
cylinder at all times.

5. In a surface grinding machine, a rotatable
grinding wheel, a transversely movable slide
therefor, a longitudinally reciprocable table,
means including a reversing lever to reciprocate
said table, a fluid pressure piston and cylinder
operatively connected to traverse said slide, a
control valve to control the admission to and
exhaust of fluid from said cylinder, a solenoid
valve to control the exhaust of fluid from said
valve and cylinder which is normally closed dur-
ing reciprocation of said table, a limit switch on
said reverse lever, dogs on said table to engage
said limit switch to actuate the same and to shift
the reversing lever, and an electrical time delay
relay which is rendered operative when the re-
verse lever is shifted to energize said solenoid
valve to permit exhaust of fluid from the slide
cylinder and thereby cause a transverse travers-
ing of the grinding wheel during the table re-
versal. )

6. In a surface grinding machine, a rotatable
grinding wheel, a transversely movable slide
therefor, a longitudinally reciprocable table,
means including a reversing lever to reciprocate

~said table, a fluid pressure piston and cylinder

10

45

50

cperatively connected to traverse said slide, a
control valve to control the admission to and ex-
haust of fluid from said cylinder, a solenoid valve
to control the exhaust of fluid from said valve and
cylinder which is normally closed during recipro-
cation of said table, a limit switch actuated.in
timed relation with said reverse lever, dogs on
said table to shift the reversing lever, and an elec-
trical time delay relay which is rendered opera-
tive when the reverse lever is shifted to energize
said solenoid valve to permit exhaust of fluid
from the slide cylinder and thereby cause a trans-
verse traversing of the grinding wheel during the
table reversal. :

7. In a surface grinding machine, a rotatable
grinding wheel, a transversely movable slide

5

therefor, a vertical slide to support said trans-
verse slide, a longitudinally reciprocable work
supporting table, means including a manually
operable nut and screw mechanism to feed said
vertical slide in either direction to cause the g
grinding wheel to approach or recede from said
work table, means including a reversible electric
motor to actuate said nut and screw mechanism
including a piston and cylinder operatively con-
nected to the end of said screw, means to supply 1q
fluid under pressure to said cylinder, said pres-
sure being sufficient to take up the backlash be-
tween the nut and screw and to assure the thrust
between the screw and nut is always in the same
direction regardless of whether the screw and nut ;5
are operated to move the slide up or down.

8. In a surface grinding machine, a2 rotatable
grinding wheel, means including a vertical slide
to support said wheel, manually operable means
including a nut and screw mechanism to adjust
the position of said slide and wheel in a vertical
direction, means including a reversible electric
motor to operate said nut and screw in either
direction to cause an up or down movemen{ of
said slide and wheel, and a fluid pressure end
thrust mechanism for said screw including a pis-
ton and cylinder operatively connected to the end

20

25

_of said screw, means to supply fluid under pres-

sure to said cylinder, and means to adjust said
pressure so that the screw and nut are always
held in the same position relative to each other
regardless of whether the nut and screw are ac-
tuated to cause an up or down movement of the
slide.

9. In a surface grinding machine, a rotatable
grinding wheel, means including a vertical slide
to support said wheel, a manually operable feed
mechanism for said slide including a rotatable
nut which is held against endwise movement, a
non-rotatable feed screw, connections bhetween
the upper end of said screw and said slide, means
including a reversible electric motor to rotate
said nut in either direction, a reversing switch
therefor, and a fluid pressure end thrust mecha-
nism for said screw including a piston and cylin- 4
der operatively connected to the lower end of said
screw, means to supply fluid under pressure to
said cylinder, and means including a manually
adjustable valve to maintain a uniform pressure
in said cylinder so that the thrust between the 5
nut and screw is always in the same direction.
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