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'This invention relates to grinding machines,
and more particularly to a hydraulically oper-

_ated grinding wheel feeding mechanism.

Heretofore, it has been common practice in
the grinding field, in cylindrical grinding op-
erations, to move either the work or the grind-
ing wheel relatively toward and from the other
member to produce the desired grinding action
and reduce the work piece to the required size.
such feeding movement has been effected by
manually controlled feeding mechanisms, as well
as mechanically and hydraulically operated
mechanisms. To obtain accuracy in regard to
size of the finished work piece, as well as quality.
of finish, it is desirable to feed the wheel first
at a rapid rate until the wheel and work en-
gage each other, then at a slower rate or grind-
ing feed to reduce the work to the required size,
and then allow the wheel to finish grind or
spark-out, with no relative feeding movement
between the wheel and work, so as to produce the
required finish .on the work piece and to reduce
it to the predetermined size. In previously de-
vised feeding mechanisms, this has been ac-
complished manually by first turning the feed
wheel at a rapid rate until the wheel engages the
work, then at a slower manual rate to produce
thie desired grinding feed, and finally stopping
the manual feed and allowing the wheel and
work to. remain in grinding contact, with no
relative feeding movement between the two
members. Such a feeding movement has also
been accomplished by power actuated mecha-
nisms for feeding the wheel until the wheel
slide reaches a definite stop, and then allowing
the wheel and work to remain in grinding con-
tact. These mechanisms are arranged so as
to require a manual intervention on the part
of the operator to cause a separation of the
wheel and work when the work has been re-
duced to the predetermined size. If the period
of dwell or of the finish grinding or sparking-
.out of the wheel is left wholly to the judgment
on the part of the operator, there is no assur-
ance that the operator will grind successive
pieces of work itc the required and predeter-
mined size.. It is desirable, in such a feeding
mechanism, that a suitable dwell control device
be provided which will reguiate the period dur-
ing which the work and wheel remain in contact

with no relative feeding movement, so that the -

finish - grinding period may be definitely con-
trolled to grind the work away to a predeter-
mined size and finish with the minimum atten-
tion on the part of the operator.

1933, Serial Ne. 653,056
(CL. 51—165)

It is the primary object of this invention fo
provide a hydraulically actuated feeding mecha-
nism, by which the work and the wheel may be
fed relatively toward and from each other, first
at & rapid rate and then at & reduced rate for
grinding. o -

It is another object of this invention to pro-
vide a suitable dwell control mechanism which
operates in timed relation with the feeding
movement to reverse the feeding movement of
the wheel after a predetermined dwell between
the wheel and work during the finish grinding
period.

It is a further object of this invention to pro-
vide a feeding mechanism having s manually
rotated feed screw mechanism to permit adjust-
ment of the wheel position, & fluid pressure
piston and cylinder to cause & rapid approaching
and receding movement between the wheel and
work, and a secondary mechanism to modify
the approaching movement, and produce & slow
grinding feed. ‘

It is still another object of this invention to
provide a mechanism which is actuated fo give
a predetermined dwell between the wheel and
work and an electrically actuated mechanism
operated by the dwell control which is arranged
to cause a relative separation between the wheel
and work.

Other objects will be apparent from the fol-
lowing disclosure. One embodiment of this in-
vention has been illustrated in the drawing, in
which like reference numerals indicate like
paris:

Fig. 1 is a fragmentary cross-sectional view
through @ grinding machine, showing the im-
proved feeding mechanism;

Fig. 2 is a fragmentary cross-sectional view,
taken spproximately on the line 2—2 of Fig. 1,

_showing the piston and cylinder actuating mech-
anism for the dwell control of the feeding
mechanism;

Fig. 3 is a fragmentary side elevation, on an
enlarged scale, of the dwell conirol mechanism
showing the parts in an uppermost position;
and

Fig. 4 is a fragmentary elevation, on an en-
larged scale, showing the V-port for regulaiing
the speed of movement of the dwell control. |

This invention comprises a grinding machine
feeding mechanism for causing a relative ap-
proaching and receding movement between the
grinding wheel and a rotatable work piece, which
is arranged so that the feeding movement will

_ take place first at a rapid rate to bring the work
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and wheel into engagement With each other, _and
then at a slow rate to obtain the desired grind-
ing action between the work and the wheel

. to reduce the work in size, and ﬁr}ally in_ a
. sparking out or finish grinding operation during

which there is no feeding movement. A hy-
draulic mechanism is provided to definitely limit
the rate of the grinding feed and an adjustable
stop serves to stop the feeding movemept and
to allow the wheel and work to remain in con-
tact with each other to finish -grind the work
and to reduce it to the predetermined size. A
suitable mechanism is provided to control the
period of dwell or finish grinding period while
the wheel sparks-out or finish grinds and to then
reverse the feeding mechanism and cause a sepa-
ration of the wheel and work after a definite
period of finish grinding.

In the preferred construction, as illustrated
in the drawing, the feeding mechanism com-
prises a fluid pressure actuated piston in axial
alignment with and arranged to move the feed
screw endwise so as to feed a work blank to-
wards and from the grinding wheel at a rapid
rate. A dash pot also in axial alignment with
the feed screw effective, after a predetermined
rapid feed, to cause a slow feeding movement
of the grinding wheel during the grinding opera-
tion, and an adjustable stop device associated
with the dash pot positively limits the approach-
ing movement between the grinding wheel and
the work piece. A dwell control mechanism
preferably comprises a fluid pressure gravity-
actuated control valve, the feed of which is
adjustable, which in turn actuates an electrical
device after a predetermined period of dwell
to reverse the valve in the feeding mechanism
‘and cause a separation of the wheel and work.

This invention is equally applicable to either
of the standard types of cylindrical grinding
machine, in one of which the work is mounted
on a slide movable toward and from the periph-
ery of a stationary grinding wheel, and in the
other the rotatable grinding wheel is mounted
on a wheel slide arranged for a transverse feed-
ing movement relative to a stationary work sup-
port. As illustrated in the drawing, a grinding
machine is provided having a base 10 which is
provided with upwardly projecting brackets 11
(only one of which is shown in the drawing) to
rotatably support a grinding wheel 12 on a wheel
spindle 13 which is suitably journalled in the
upper ends of the projections 11. The grinding
wheel may be rotated from any suitable source
of power, either by means of a driving belt from
an overhead countershaft or, as is the usual case
in the modern grinding machines, driven from
an electric motor either mounted within the
base or on the wheel slide.

A work piece 15 is rotatably supported on a
headstock 16 and footstock (not shown) which
are in turn supported on a longitudinally mov-
able slide 17. The slide 17 serves to position
the work piece relative to the operative face
of the grinding wheel. The longitudinal slide
17 is supported by V-way 18 and flat way 19
on a transversely movable slide 20 which is
adapted to slide on the slideway 21. The slide-
way 21 Is arranged to guide~the slide 20 so
that the axis of the work piece 15 may be
moved toward and from the grinding wheel and
in a direction at right angles to the axis of the
wheel.

To produce a relative feeding movement be-
tween the wheel 12 and work piece 15, a suit-

“had to the above-mentioned patent.
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able feeding mechanism is provided which may
comprise a half nut 25 depending from the slide
20 and meshing with a feed screw 22 which is
supported in bearings 23 and 24. To effect a
feeding movement of the work: relative to the
grinding wheel, a suitable manually operable
feeding mechanism is provided comprising a
manually operable micrometer feed wheel 27,
such as that shown in the prior patent to
Norton No. 762,838 dated June 14, 1904.

Details of the micrometer adjustment of the
feed mechanism have been omitted, since they
are not part of the present invention. For fur-
ther reference to detailed construction of the
micrometer adjusting device, reference may be
The feed
wheel 27 is mounted on a stud 28 which also
supports a gear 29 meshing with a gear 30 rotat-
ably mounted on a stud 31. The gear 30 in turn

meshes with a gear 32 rotatably mounted on.

a shaft 33. The shaft 33 carries a worm 34
which meshes with a worm wheel 35 which is
slidably keyed by means of a key 36 to a re-
duced end portion 37 of the feed screw 22.

It will be readily apparent from the fore-
going disclosure that rotation of the manually
operable feed wheel 27 transmits motion through
the gears 29, 30, 32, worm 34 and worm wheel
35 to rotate the feed screw 22 and cause a
relative approaching or receding movement be-
tween the work piece -15 ‘and grinding wheel
12. The mechanism above. described serves to
manually adjust the position of the grinding
wheel relative to the work piece and may, if
desired, be utilized to cause a grinding feed.

In the preferred construction, however, a suit-
able fluid pressure mechanism is provided which
is arranged to move the work slide so as to
cause a rapid approaching movement between

the wheel and work and then a slow relative:

movement during the grinding operation. This
mechanism may comprise a fuid pressure cylin-
der 40 having a piston 41 slidably mounted with-
in said cylinder in axial alignment with the
cross feed screw. The piston is mounted on 2
sleeve 42 which surrounds a reduced portion
43 on the feed screw 22. A fluid pressure sys-
tem is provided including a reservoir 45 within
the base 10 and a pump 46 which pumps fluid
through a pipe 47 and pipe 48 through a revers-
ing valve 49 into the cylinder 40. A suitable
relief valve 50 is provided in the pipe line 48
which is arranged so that excess pressure in the
system will by-pass fluid through a pipe 51 back
to the reservoir. The reversing valve 49 ig
provided with a valve piston 52 which is prefer-
ably manually controlled by means of a lever
53 pivotally mounted on a stud 54 and connect-
ed by a short arm 55 with the stem of valve
piston 52. In the position of the valve 49, as
illustrated in Fig. 1, fluid under pressure is
admitted through the reversing valve into the
cylinder chamber 60 to move the feed screw
bodily toward the left, and cause a separation
of the work piece from the wheel. The parts
illustrated in Fig. 1 are shown with the work
and wheel in a separated position. During the
separating movement, fluid exhausts from cylin-
der chamber 61 through a pipe 62 into the reser-
voir, When it is desired to cause a forward
feeding movement of the work support, the op-
erator moves the manually operable control iover
53 in a counterclockwise direction, as indicated
in Fig. 1, so as to admit fluid under pressure
from the pipe 48 into the cylinder chamber
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61 to cause an endwise movement of the feed
screw toward the right, as viewed in Fig. 1.

Grinding feed and dwell control

1t is desirable to provide a suitable mech-
anism for reducing the rapid approaching move-
ment to a grinding feed when the work piece
has been brought into engagement with the op-
erative face of the grinding wheel. In the pre-
ferred construction, a secondary fluid pressure
system is provided which, as illustrated, com-
prises a dash pot 65 having a piston 66 arranged
in axial alisnment with the feed screw and prei-
erably arranged as a separate device, although
if desired the dash pot piston may be mounted
on the end of the feed screw. When the work
is fed toward the wheél, a rapid approaching
movement is obtained until the end of the
feed screw 22 engages the dash pot piston 66
which serves to modity the rapid approaching
movement of the grinding wheel so as to reduce
the feed to a proper feed for grinding. A plu-
rality of springs 67 serve to return the dash pot
piston to its initial position, as illustrated in
Fig. 1, during the separating movement between
the wheel and work. During the idle returning
movement of the dash pot piston, oil is drawn
into the dash pot chamber 68 from a self-con-
tained reservoir 69 in the rear of the machine
base. Oil is sucked through a ball check valve
70 from a passage 71 in the reservoir through
passages 72 and 73 into the dash pot chamber
68 so that the dash pot is then in condition
for the next grinding operation. When the
feed screw attempts to move the dash pot pis-
ton 66 to the right, the oil can escape but slow-
ly from the chamber, as more fully described
hereinafter, so that the feed screw is con-
strained to move at a desired slow grinding rate.

To attain one of the objects of this inven-
tion, namely, to provide a suitable dwell control
mechanism which permits the wheel to dwell in
contact with the work piece after the forward
feed has been stopped, it is desirable to provide
a suitable means for controlling the fluid pres-
sure system so that after a definite period of
dwell or finish grinding, the wheel and work
will automatically separate. In the preferred
form, the dwell control mechanism is a combined
fluid pressure .and electrical control which is
arranged so that after a predetermined periocd
of finish grinding, a solenoid 76 which is -con-
nected to the reversing valve piston 52 will be
energized to cause a movement of the valve
piston 52 toward the right, into the position
as illustraped in Fig. 1, so as to cause a separat-
ing movement between the wheel and the work
piece. A mercury switch 78 is mounted on a
plate 79 pivoted on a stud 80 at the rear of the
machine base.
Fig. 1, the circuit is broken and the solenocid 76
is de-energized. When the mercury switch 78
is tipped in a counterclockwise direction, the
circuit is closed so that electrical energy from
the source as indicated by power wires 81 closes
the circuit to energize the solenoid 78.

A fluid pressure actuated device is provided to

" control the periods of grinding and of sparking

70

75

out. This comprises a cylinder 57 having a pis-
ton 58 slidably mounted therein. When the
dash pot piston 66 is moved toward the right, as
viewed in Fig. 1, by means of the feed screw
to cause a slow grinding feed, fluid from the
dash pot chamber 68 is exhausted through the
passage 73 and passage 82 into the chamber 83

In the position illustrated in.

3

in the dwell control cylinder. This fluid under
pressure in the dwell control cylinder catuses
the piston 58 to move in an upward direction
until the end of the piston rod 84 engages an
adjustable screw 85 which limits the upward
movement of the piston 58. This upward move-
ment uncovers a V-port 86 in the wall of the
cylinder 57 and allows fluid under pressure in
the chamber 83 to pass through a central aper-
ture 87 in the piston 58, then through a needle
valve 88 into a chamber 89 and oubtwardly
through the V-port 86 into the fluid reservoir
69. The piston 58, when in its uppermost posi-
tion, uncovers more or less of the V-port 86
depending upon the adjustment of the screw 85
and controls the escape of fluid through the port
86, thereby regulating the rate of the grinding
feed which is determined by the rate of exhaust
of fluid from the dash pot chamber 68.

The grinding feed at the reduced rate gov-
erned by the position of the piston 58 relative
to the V-port 86 continues until the dash pot
piston 66 engages an adjustable stop 95 on the
machine base 10. Engagement of the dash pot
piston with the stop 95 serves to limit the end-
wise movement of the feed screw and conse-
quently limit the approaching movement between
the wheel and work piece. It is desirable to
permit the grinding wheel and the work to re-
main in contact with each other during the pre-
determined period so that the wheel may spark-
out or finish grind the work. This period of

~dwell is regulated by controlling the rate of
downward movement of the piston 58. When
the dach pot piston 66 reaches its rearward 110
position, the pressure within the passage 82,
cylinder chamber 83, passage 87 will be relieved
and the valve piston 58 will move downwardly
under the influence of gravity into the posi-
tion as illustrated in Figs. 1 and 2. The rate 113
of downward movement of the piston 58 under
the influence of gravity is regulated by means

of the needle valve 88 adjustably threaded into
the piston 58 which serves to control the passage

of fluid through the central passage 87 in the 120
piston. 'The valve 58 may be of insufficient
weight to move at the required speed and con-
sequently a weight 90 which is mounted on the
valve piston serves to aid in increasing the
action of gravity to return the valve 58 to its 125
downward position, as illustrated in Fig. 2. The
dwell period lasts until the piston 58 has moved
downwardly to a point at which it actuates
the switch 78. -

To actuate the mercury switch, a pivotally
mounted lever 94 is supported on a stud 96 and
has a short arm 97 arranged in the path of
movement of the weight 90. The other end of
the lever 94 is provided with a pawl 98 which
is arranged so that when the lever 94 swings
in a counterclockwise direction into the posi-
tion as illustrated in Fig. 3, the pawl pivots
on its supporting stud 99 and readily passes &
projection 100 on the mercury switch plate 79.
As the piston 58 moves downwardly, the weight
90 engages the arm 97 of lever 94 and rocks

_the lever 94 in a clockwise direction. The pawl
98 engages the under side of the projection 100
and continued movement of the lever 94 rocks
the mercury switch in a counterclockwise di-
rection so as to make contacts and thereby ener-
gize the solenoid 76 which in turn gerves to pull
the reversing valve 52 into the position illus-
trated in Fig. 1 and thereby admit fluid under
pressure into the chamber 60, so as to cause 150
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a separating movement between the wheel and
work. This moves the parts into the position
illustrated in Fig. 1, with the piston 41 engaging
the end of the cylinder 40 which limits the sep-
aration between the wheel and work.

The operation of this mechanism will be
readily apparent from the foregoing disclosure.
The operator places the desired piece of work
in the machine, moves the manual control lever
53 toward the left, as viewed in Fig. 1, to cause
& rapid approaching movement of the grinding
wheel toward the work piece. This approaching
movement of the work toward the wheel con-
tinues until the feed screw 22 engages the dash
pot piston 66 which, as previously described,
serves to modify the rapid approaching move-
ment of the grinding wheel so as to produce a
slower grinding feed until the dash pot piston

.66 engages the adjustable stop 95 on the base

10. The mechanism then allows the grinding
wheel and work to remain in contact so that
the grinding wheel may spark-out or finish
grind the work piece for a definite predetermined
period until the downward movement of the
piston 58 operates through the weight 90 and
lever 94 to actuate the mercury switch so as
to energize the solenoid 76, which in turn re-
verses the valve 52 and causes g separating
mlc;vement of the work relative to the grinding
wheel.

the .stopping of the infeed, the rate of the
grinding feed and the pericd of dwell may be
regulated. By means of the manually operable
feed wheel 27, the grinding wheel 12 may be
manually positioned relative to the fluid pressure
system which is breferably utilized only in
setting up the machine . for a given grinding
operation.

Having thus described the invention, what is
claimed as new and desired to secure by Letters
Patent is: , i

1. A grinding machine comprising a base hav-
ing a work support and a rotatable grinding
wheel thereon, a transversely movable slide car-
rying one of said parts for movement towards
and from the other, a manually rotatable feed
Screw operatively connected to move the slide, a
fluid pressure “system including a piston and
cylinder operatively connected to and arranged
in axial alignment with said feed screw to move
the screw bodily endwise and cause a rapid ap-
proaching and receding movement between the
wheel and work, means operative independently
of said fluid pressure system to control the rate
of endwise movement of the screw and cause
a slow grinding feed, means -for stopping the
endwise movement of -the screw and causing the
wheel to grind the work during a predetermined
dwell period.

2. A grinding machine comprising a base hav-
ing a work support and a rotatable grinding
wheel thereon, a transversely movable slide car-
rying one of said parts for movement toward
and from the other, a manually rotatable feed
screw operatively connected to move the slide,
a fluid pressure system including a piston and
cylinder operatively connected to and arranged
in axial alignment with said feed screw to move
the screw bodily endwise and cause & rapid ap-
proaching and recedinig movement between the
wheel and work, means operating independently
of said fluid pressure system to control the rate
of endwise movement of the feed screw and
cause & slow driving feed, means for stopping

By manipulating the adjustable stop .
- 95 and the stop screw 85 and needle valve 88,

1,969,997

the endwise movement of the screw, and means
including a dwell control device for causing the
wheel to grind the work during a predetermined
but adjustable dwell period.

3. A grinding machine comprising g base hav-
ing a work support and a rotatable grinding
wheel thereon, a transversely movable slide car-
rying one of said parts for movement toward
and from the other, a nut and feed screw mech-
anism operatively connected to move said slide,
manually operable means to rotate said screw
and move the slide, a fluid pressure system in-
cluding a piston and cylinder arranged in axial
alignment with and operatively connected to
move said screw endwise and cause a rapid ap-
proaching and receding movement between the
wheel and work, means to control the endwise
movement of the screw and cause a uniform,
slow grinding feed, and. means to cause a pre-
determined dwell of the screw and cause the
grinding wheel to finish grind the work.

4. A grinding machine of the type covered by
claim 3 comprising means for reversing the
endwise movement of the feed screw after a pre-
determined period of dwell and the grinding op-
eration has been completed. '

5. A grinding machine comprising a base hav-
ing a work support and a rotatable grinding
wheel thereon, a transversely movable slide car-
rying one of said parts for movement relatively
toward and from the other, a fluid pressure pis-
ton and cylinder operatively connected to feed
said slide to cause an approaching and receding
movement between the wheel and work support,
a reversing valve in said system which is ar-
ranged to admit fluid to either end of said cyl-
inder to cause either an approaching or a reced-
ing movement between the wheel and the work
support, manual means to move said valve to
initiate an approaching movement between said
elemenfs, means including an adjustable dwell
device arranged to stop said approaching move-
ment and allow the grinding wheel to remain in
operative engagement with the work, and elec-
trically controlled means which is actuated by
and in response to said deviece after a prede-
termined dwell period to move said valve to a
reverse position so as to cause a receding move-
ment between the grinding wheel and the work.

6. A grinding machine comprising a base hav-
ing a work support and a rotatable grinding
wheel thereon, a transversely movable slide car-
rying one of said parts for movement relatively
toward and from the other, a fluid pressure pis-
ton and cylinder operatively connected to feed
said slide to cause an approaching and receding
movement between the wheel and work support,
& reversing valve in said system which is ar-
ranged to admit fluid to either end of said cyl-
inder to cause either an approaching or a re-
ceding movement hetween the wheel and the
work support, manual means to move said valve
to initiate an approaching movement between
said elements,- means to stop the approaching
movement, and an adjustable dwell control de-
vice including an electrically controlled means
which is actuated when said elements have re-
mained in contact for a predetermined finish
grinding operation to move said valve to a re-
verse position so as to cause a separation of the
wheel and work.

7. A grinding machine of the type of claim 3
comprising means to limit the feeding movement
and a control device which causes the wheel

-and work to remain - in contact for a bredeter-
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mined dwell period and thereafter to separate.

8. A grinding machine comprising & base hav-
ing a work support and a rotatable grinding
wheel thereon, a transversely movable slide car-
rying one of said parts for movement relatively
toward and from the other, a fluid pressure sys-
tem including a piston and cylinder operatively
connected to feed said slide to cause a rapid
relative approaching and receding movement be-
tween the wheel and work support, & secondary
piston and cylinder arranged in axial align-
ment with the first piston and cylinder which
is operative when the slide reaches a predeter-
mined position to maodify the movement of the
slide by the first piston and cylinder and pro-
duce a slower movement of said slide during
grinding, and means actuated by and in timed
relation with said secondary piston to automati-
cally shift said reverse valve to a reverse posi-
tion after a predetermined slow feeding move-
ment of said slide to cause a separating move-
ment between the wheel and work support.

9. A grinding machine comprising a base hav-
ing a work support and. a rotatable grinding
wheel thereon, a transversely: movable ‘slide car-

rying one of said parts for movement relatively -

toward and from the other, ‘g’ fluid ‘pressure
system including a piston and cylinder opera-
tively connected to feed said slide to cause a
relative approaching and receding movement
between the wheel and work support, a second-
ary piston and cylinder which is operative when
the slide reaches a predetermined position to
produce a slower movement of said slide during
grinding, and means actuated by movement of
the second piston which automatically shifts a
reversing valve to cause a separating movement
between the wheel and work support.

10. A grinding machine coimprising a base
having a work support and a rotatable grind-
ing wheel thereon, a transversely movable slide
carrying one of said parts for movement rela-
tively toward and from the other, a fuid pres-
sure system including & piston and cylinder op-
eratively connected to feed said slide to cause &
relative approaching and receding movement
between the wheel and work support, & second-
ary piston and cylinder which is operative when
the slide reaches a predetermined vosition to
produce a slower movement of said slide during
grinding, an electrically operated device includ-
ing & switch connected to shift the reversing
valve to cause a separating movement betwesn
the wheel and work supporé, and a fluid pressure
device actuated by the exhaust of fluid from said
gecondary cylinder which serves to actuate said
electrically operated device. - :

11. A srinding machine comprising & base
having a work support and s rotatable grind-
ing wheel, a support for moving one of said ele-
ments toward and from the other to a finish
grinding position, a fluid pressure system includ-

ing = piston and cylinder operatively connected.

to feed said slide to cause a relative approach-
ing or receding movement between the wheel
and the work support, a valve in said system
which is arranged to admit fluid to either end
of said cylinder to cause either an approaching
or receding movement between said elements, a
dash-pot mechanism which is operative after
s predetermined approaching movement be-
tween said elements to modify the rate of the
approaching movement between sald elements,
and electrically actuated means responsive alter
@ predetermined movement of said dash pot to

5

move said valve into & reverse position and cause
a receding movement between the grinding
wheel and the work.

12. A grinding machine comprising a base
having & work support and a rotatable grind-
ing wheel thereon, a transversely movable slide
carrying one of said parts for movement rela-
tively toward and from each other, a fluid pres-
sure system including a piston and cylinder op-
eratively connected to feed said slide to cause a
relative appreaching and receding movement be-
tween the wheel and work support, a dash pot
piston and cylinder arranged in axial alignment
with the first piston and cylinder which is op-
erative when the slide reaches a predetermined
position to produce a slow feeding movement
of the slide during grinding, a positive stop to
definitely limit the forward feed of the grinding
wheel, and an adjustable dwell device actuated
by and in timed relation with the dash pot pis-
ton which permits the wheel to remain in con-
tact with the work to finish grind the same for
a definite period after the forward advance has
been arrested and to thereafter reverse the feed
and cause the separation of the wheel and work.

13. A grinding machine comprising a base
having a work ‘support and a rotatable grind-
ing wheel thereéon, a transversely movable slide
carrying one of said parts for movement rela-
tively toward and. from the other, a fluid pres-
sure system including a piston and cylinder
operatively connected to feed said slide to cause
a relative approaching and receding movement
between the wheel and the work support, a dash
pot which is operative when the wheel and work
have approached each other by a predetermined
distance to modify the movement of said slide
to cause a slow grinding feed, 2 positive stop
o limit the movement of said dash pot and said
slide, means including an adjustable dwell con-
trol valve which is actuated by movement of said
dash pot, and electrically actuated means .con-

trolled by movement of said valve to move the.

veversing valve into its reverse position to cause
a relative separation between the wheel and the
work.

14. A grinding machine comprising a base hav-
ing a work support and a rotatable grinding
wheel thereon, a transversely movable slide car-
rying one of said parts for movement relatively
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toward and from the other, a fluid pressure -

system including a piston and cylinder opera-
tively connected to feed said slide to cause a
relative appreaching and receding movement
vetween the wheel and work support, a second-
ary fluid pressure system including a piston and
cylinder which is operative when said slide
reaches @ predetermined position in its ap-
proaching movement to modify the rate of said
approaching movement to produce & Dprede-
termined relative grinding feed ‘between the
wheel and the work, a positive stop for limiting
the forward feed, an adjustable fluid pressure
dwell control device in said second system, and
electrically actuated means controlled by said
device to reverse the position of said reversing
valve to cause a separation of the wheel and

work after a predetermined finish grinding op--

eration.

15. A grinding machine comprising a base
having a work support and a rotatable grind-
ing wheel thereon, a transversely movable slide

carrying one of said parts for movement rela~- -

tively toward and from the other, a fluid pres-
sure system including a piston and cylinder op-
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eratively connected tc feed said slide to cause
a relative approaching and receding movement
between the wheel and work support, & revers-
ing valve in said system arranged to control the
direction of movement of said slide, a secondary
fluid pressure piston and cylinder which is ef-
fective after a predetermined approaching move-
ment between the wheel and work support to
modify the rate of movement therebetween to
produce a predetermined grinding feed, a fluid
pressure operated dwell control device actuated
by said second piston, an electrical switeh ac-
tuated by said dwell control device, a solenoid
energized by closing of said switch -to move
said reversing valve into a reverse position and
cause & separation of the wheel and the work
after a predetermined finish grinding operation.

16. A grinding machine comprising a base
having a work support and a rotatable grinding
wheel thereon, a transversely movable slide car-
rying one of said parts for movement relatively
toward and from the other, a fiuid pressure
system including a piston and cylinder opera-
tively connected to feed said slide to cause a rela-

five approaching and receding movement be-’

tween the wheel and work support, a reversing
valve in said system arranged to control the
direction of movement of said slide, a secondary
fluid pressure system including s piston and
cylinder which is effective after a predetermined
approaching movement between the wheel and
work support to modify the rate of movement
therebetween to produce a predetermined grind-
ing feed, a vertically arranged dwell control de-
vice which is moved in one direction by exhaust
fluid from said second cylinder and in the other
direction by gravity to regulate the period of
dwell while the grinding wheel remains in grind-
ing contact with the surface of the work to finish
grind the same, a solenoid which is operatively
connected to move the reversing valve to cause
a separation between the wheel and work, and
means including an electrical switch which is
actuated by the downward movement of the
dwell control device to energize the solenoid and
cause a separation of the wheel and work.

17. A grinding machine comprising a base
having a work support and a rotatable grinding
wheel thereon,. a transversely movable slide car-
rying one of said parts for movement relatively
toward and from the other, a fluid pressure
system including a piston and cylinder opera-
tively connected to feed said slide to cause a
relative approaching and receding movement be-

1,969,997

tween .the wheel and work support, a reversing
valve in said system arranged to control the di-
rection of movement of said slide, a secondary
fluid pressure system including a piston and cyl-
inder which is effective after a predetermined
approaching movement between the wheel and

“work support te modify the rate of movement

therebetween to produce a predetermined grind-
ing feed, a vertically arranged dwell control de-
vice which is moved in one direction by fluid
from said second cylinder and in the other di-
rection by gravity to regulate the period of dwell
while the grinding wheel remains in grinding
contact with the surface of the work to finish
grind the same, a pivotally mounted electrical
switch, connections between said dwell control
device and said switch to rock said switch after
a predetermined dwell, and- a solenoid energized
by closing of said switch which is connected to
move the valve into a reverse position and cause
a receding movement between the wheel and
work.

18. A grinding machine comprising a base hav-
ing a work support and a rotatable grinding
wheel thereon, a transversely movable slide car-
rying one of said parts for movement relatively
toward and from the other, a fluid pressure sys-
tem including a piston and cylinder operatively
connected to feed said slide to cause a relative
approaching and receding movement between
the wheel and work support, a reversing valve
in said system arranged to control the direction
of movement of said slide, a secondary fluid pres-
sure system including a piston and cylinder
which is effective after a predetermined ap-
proaching movement between the wheel and
work support to modify the rate of movement
therebetween to produce a predetermined grind-
ing feed, a fluid pressure dwell control device
including a vertically movable piston which is ar-
ranged to be moved vertically by exhaust fiuid
from said second cylinder, an adjusting screw
to limit the upward movement of said device,
said device being arranged to move downwardly
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under the influence of gravity, a needle valve {99

in said control piston which is arranged to reg-
ulate the downward movement thereof, an elec-
trical switch actuated by downward movement
of said piston, and a solenoid energized by clos-
ing of said switch to shift the reversing valve
and cause a receding movement between the
wheel and work support.
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