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METHOD AND APPARATUS FOR TRUING A GRINDING WHEEL

Application filed May ‘4, 1931. Serial No. 534,796.

This invention relates to grinding ma-
chines and more particularly to a method and
apparatus for holding the edge of a grind-
ing wheel to a desired section and for main-
taining the edge of the wheel in a desired
operative position. In accurate grinding

operations, it is necessary that the cutting:

edge of the grinding wheel be very accurately
maintained, both as to cross section and as to
position relative to the work, as the work
produced on modern grinding machines must
be held within extremely close limits, the
permissible variation being stated in ten-
thousandths of an inch. "

If the work is of large diameter or of an
extended length, the wear of the wheel dur-
ing a single grinding cut may cause a per-
ceptible variation in the diameter of the work
or in the cross section of the threads of a
ground screw or tap.

It is the general object of my invention to
provide an improved method of truing a
grinding wheel in such manner that the de-
sired cross section of the wheel is constantly
maintained and that the wheel itself is also

continuously held in predetermined and cor-

rect grinding position.

It 1s a further object of my invention to
provide an improved wheel truing apparatus
by means of which the wheel may be trued at
frequent predetermined intervaf; and at se-
lected rates of movement of the truing device
and by which apparatus the wheel will be
automatically advanced toward the work to

compensate for the reduction in wheel radius.

caused by wear and by the truing of the
wheel.

My invention further relates to arrange-
ments and combinations of parts which will
be hereinafter described and more particu-
larly pointed out in the appended claims.

A preferred form of the invention is shown
in the drawings, in which

Fig. 1 is a diagrammatic plan view show-
ing the general relation of the different parts
of the wheel truing devices and the control
apparatus therefor;

Fig. 2 is a front elevation of a portion of
the cross feed mechanism, looking in the di-

" rection of the arrow 2 in IFig. 1;

Fig. 3 is a sectional side elevation, taken
along the line 3—3 in Fig. 2;

Fig. 4 is a detail side elevation, looking in
the direction of theé arrow 4 in Fig. 2;

Fig. 5 is a detail sectional plan view, taken
along the line 5—5 in Fig. 2;

Fig. 6 is a plan view, partly in section, of
the work spindle and certain circuit-closing
mechanism associated therewith ;

Fig. 7 is a partial end elevation, looking

in the direction of the arrow 7 in Fig. 6;

Fig. 8 is an enlarged partial plan view of
a control cam; A

Fig. 9 is a detail sectional elevation, taken
along the line 9—9 in Fig. 8;

Fig. 10 is a side elevation of a clutch collar;

Fig. 11 is an end view thereof, looking-in
the direction of the arrow 11 in Fig: 103

Fig. 12 is a side elevation of certain air-

.control devices and pneumatic mechanism to

be described ;

Fig. 18 shows a part of an air-control
device in a different position;

Fig. 14 is a partial plan view of the wheel
truing devices; - ‘

Fig. 15 is a side elevation of the mechanism
for actuating the wheel truing devices, look-
ing in the direction of the arrow 15 in Fig.
14;

Fig. 16 is a sectional plan view of certain
vilve mechanism, taken along the line 16—16
in Fig. 15;

Fig. 17 is a side elevation of a modified
circuit-closing mechanism;

Fig. 18 is a plan view thereof, looking in
the direction of the arrow 18 in Fig. 17;

Fig. 19 is a detail sectional view, taken
along the line 19—19 in Fig. 17; )

Fig. 20 is a detail sectional plan view,
taken along the line 20—20 in Fig. 17,

Figs. 21, 22 and 23 are plan views of dif-
ferent control cams;

. Fig. 24 is a front elevation partly in sec-
tion, showing a modified construction, and

Fig. 25 is an enlarged sectional elevation,
showing certain parts appearing in Fig. 24
but in a different position.

General description
Referring to Fig. 1, I have shown the
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several parts of my improved wheel truing
devices and control apparatus in diagram-
matic relation. The work W is mounted on
head and tail centers 80 and 81 and is ro-
tated by a work spindle 82 through any suit-
able driving connections, such as a dog 33
and driver 34. ) .

“Wheel truing mechanism T is provided by
which the edge of the grinding wheel G may
be held to a desired cross section, such as a
V-shaped section adapted to grind a screw-
thread in the work W. The grinding wheel
G is mounted on a wheel slide which may be
advanced toward the work W by cross feed
mechanism F which may be both manually
and automatically operated.

Circuit-closing mechanism C is actuated

. by a suitable driving connection from the
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work spindle 32 and.is connected in series
with control magnets M and M’ and a battery
B or other source of current. The magnet
M controls the supply of air to pneumatic
mechanism P by which the wheel truing
mechanism T is actuated, and the magnet M’
controls the supply of air to pneumatic mech-
anism P’ by which the wheel truing mecha-
nism T is fed toward the grinding wheel G,
and also controls the supply of air to pneu-
matic mechanism P? by which the cross feed
mechanism F is operated.

Briefly described, the operative relation of
these several parts 1s as follows:

A cam in the circuit-closing mechanism C
rotates in timed relation with the work spin-
dle 32 and .periodically closes the ecircuit
through the magnets M and M’ at prede-
termined frequent intervals. The magnet M,
when energized, admits air to the pneumatic
mechanism P which actuates the truing de-
vices, so that the diamond points are moved
one or more times past the edge of the grind-
ing wheel G. ° :

At the same time, the magnet M’, being
energized, admits air to the pneumatic mech-
anism P’, causing the truing devices to be
advanced a predetermined amount toward
the grinding wheel. At the same time the
pneumatic mechanism P? advances the wheel
slide toward the work by an amount equal
to the feed of the truing devices, these truing
devices being mounted on the wheel slide and
partaking of the cross feed movement.

By this combination of devices T am thus
able to true the grinding wheel at predeter-
mined frequent intervals during the grind-
ing of a single piece of work W, and at each

© truing of the. wheel the wheel is advanced

60

toward the work an amount equal to the re-
duction in radius of the wheel by wear and
by the truing operation.

I thus maintain the cutting edge of the

grinding wheel in the desired cross section-

“and in the desired cutting position, and this

65

relationship will be maintained without at-
tention from the operator until the grinding

1,919,288

wheel is worn away to its smallest useful di-
ameter.

Other advantages and capabilities of my
improved apparatus and other features of
my improved method will be disclosed as
the detailed description of the mechanism
proceeds.

- Cross feed mechanism

The details of the cross feed mechanismv

F are'shown in Figs. 2 to 5 inclusive. The
grinding wheel G (Fig. 1) is mounted on
a wheel slide 36, movable toward and from
the work W by a cross feed screw 88. A
feed shaft 40 is connected to operate the cross
feed screw 38 and is rotatable in a support
41 (Fig. 3) fixed on the wheel slide 36.

A ratchet wheel 42 (Fig. 8) is keyed to
the shaft 40 and an index plate 43 is secured
to the wheel 42 and is rotatable therewith.
The plate 43 is graduated as indicated at 44
(Fig. 2) and rotates adjacent an index line
45 on the edge of an enlarged portion 46
of the support 41.

70

=]
o

A second ratchet wheel 48 is keyed to the .

shaft 40 and is held thereon by a collar 49
having clutch teeth 50 on its outer face, which
teeth are positioned for engagement by simi-
lar teeth on the hub of a handle 51, normally

disengaged from the clutch collar 49 by a.

spring 52. ‘
A hold-back pawl 54 is pivoted on a stud
55 mounted in a bracket 56 (Fig. 5) secured
to the edge portion 46 of the support 41. A
spring 57 yieldingly presses the pawl 54 to-
ward the ratchet wheel 42. The hold-back
pawl 54 prevents forward movement of the
cross feed shaft 40 except when the pawl 54

"is disengaged.

A feed pawl 60 is pivoted at 61 on a feed
lever 62, which is mounted for free angular
movement on a hub portion of the ratchet
wheel 42 (Ifig. 3). A spring 63 (Fig. 2) is
secured to a block 64 on the lever 62 and en-

90

[ I
[}

150

gages the pawl 60, holding it yieldingly in. .

operative engagement with the ratchet wheel i’

48. The pawl 60 is provided with a flat sur-
face 66 which may be turned into contact
with the spring 63 to hold the pawl 60 in-
operative when desired.

The feed lever 62 has a shield portion 67

which is normally positioned for engage-
ment by a lug 68 (Fig. 4) on the side of the
hold-back pawl 54. When the feed lever 62

is moved backward or clockwise, as viewed..

in Fig. 2, the shield 67 is moved under the
lug 68 and raises the pawl 54 to inoperative
position. .

At the end of each feeding stroke, however, -

the shield 67 passes beyond the lug 68, al-..

lowing the pawl 54 to engage the ratchet -

wheel 42 and thus prevent overfeeding.
It will be understood that the feed lever
62 moves anticlockwise or in the direction

of the arrow « in Fig. 2 on its feeding stroke. .

and that this feeding stroke always termi-
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nates at the same point. Variation in the
amount of cross feed is attained by varying

the extent of the return or idle movement of

the feed lever 62.

The feed lever 62 is connected by a link 70
(Fig. 2) to one end of a piston rod 71, which
extends into a pneumatic cylinder 72 and is
secured to a piston 73 (Fig. 12) therein. Re-
turn movement of the feed lever 62 and piston
rod 71 is effected by a spring 74 (Fig. 2) and

the extent of return movement is determined .

by the position of a stop collar 75 (Fig. 12)
on the piston rod 71. The advance limit of
the feeding movement of the piston rod is
determined by the engagement of the piston
73 with a hub or shoulder 76 in the cylinder
79. As such advance limit is reached, the
shield 67 passes from under the lug 68 on the
hold-back pawl 54 and the pawl b4 prevents
any overthrow of the ratchet wheel 48 or feed
shaft 40. .-

Alir 15 admitted to the cylinder 72 through
a feed pipe 77 (Fig. 12), and a small bleed
valve 78 periits gradual exhaust of the cyl-
inder and return of the piston 73 to rearward
position under the influence of the spring 74.

By ‘the mechanism described, I obtain a
predetermined advance movement of the
cross feed shaft 40 as often as air is admitted
through the pipe 77 to the cylinder 72, the
amount of feed for each such actuation being
controlled by the position of the stop collar 75.

Truing device feed

A similar mechanism is provided for simul-
taneously advancing the truing devices of the
mechanism T toward the grinding wheel G.
The truing mechanism is mounted on a cross
slide 80 (Fig. 1) engaged by a feed screw 81
mounted on a support 82 formed integral
with or attached to the wheel slide 36.

A ratchet wheel 83 (Fig. 12) is fixed to the
feed screw 81 and is engaged by a pawl 84
mounted on a feed lever 85, which is connect-
ed by a link 86 to a piston rod 87 extending
into a cylinder 88 and secured to a piston 89.
Air is admitted to the cylinder 88 through a

‘pipe 90 provided with a bleed valve 91.

The forward end of the feeding stroke is
determined by engagement of the piston 89
with an annular shoulder 92 within the cylin-
der 88, and the extent of return movement of
the feed paw! is adjustably determined by col-
lars 93 on the outer end of the piston rod 87.

A spring 94 effects the return or idle move-
ment of the pawl 84, during which return
movement the air in the cylinder escapes
through the bleed valve 91. :

Air aontrol‘

Air for the cylinders 72 and 88 is provided
through a supply pipe 96 from any suitable
source of air pressure. The flow of air to the
feed pipes 77 and 90 is controlled by a valve
97 having a valve rod 98 engaged by a lever

3

100. The lever 100 is connected by a link 101

to the armature 102 of the magnet M’. When -

the magnet is energized, the armature 102 is
raised, lifting the valve rod 98 allowing air
to flow to the feed pipes 77 and 90. This op-
erative position of the armature and valve
mechanism is shown in Fig. 13.

Truing device and actuating mechanism
therefor

A suitable construction for the truing de-
vices is shown in Fig. 14, in which diamond

points 104 are mounted on slides 105 and 106,

suitably supported for straight line recipro-
cation as indicated by the arrows b and ec.
An actuating lever 107 is pivoted at 108 on
.a plate 109 fixed to the truing mechanism
slide 80. The lever 107 is pivotally connected
at 110 to a link 111, adjustable in length and
pivotally secured to one end portion of the
slide 106. The lever 107 is also pivotally con-
nected at 118 to a link 114, similarly adjust-
able in length and pivoted to an end portion
of the slide 105. The outer end of the lever
107 is connected by a link 116 to a piston rod
117 extending through a cylinder 118 (Fig.

70

5

80°

85

90’

15) and having a piston 119 secured to the - |

rod and slidable in the cylinder.

The opposite ends of the cylinder 118 are

connected by pipes 120 and 121 (Fig. 15) to
a reversing valve mechanism comprising a
cylinder 122 (Fig. 16) in which a piston valve
V is slidable. - The valve V comprises piston
portions 124, 125 and 126, separated by re-
duced portions 127 and 128 which provide
annular air passages between the piston’ por-
tions. ’
Exhaust pipes 129 and 130 and an air sup-
ply or intake pipe 132 are connected to suit-
able parts in the cylinder 122. Yo
When the piston-valve V is in the right
hand position indicated in Fig. 16, the air
intake 1382 is- connected to the pipe 120 ex-
_tending to the right hand end of the cylinder
118, as viewed in Fig. 15, while the pipe 121
from the left hand end of the cylinder 118 is
connected to the exhaust pipe 130. .
If the valve V is moved to the left hand
end of the cylinder 122, the intake pipe 132
will be connected to the pipe 121 and the pipe
120 will be connected to the exhaust pipe 129.
The air intake pipe 132 is connected to the
air supply pipe 96 (Fig. 12) below the valve
97, and the flow of air throuch the pipe 132
is controlled by the magnet M (Fig.'1) which
is arranged to operate valve mechanism not
shown but identical in construction with the
valve 97 which controls the truing device and
wheel slide feeds.
A hand valve 133 (Fig. 15) in the pipe 132
.may be set to control the rate at which air
can flow through the pipe 132 to the pneu-
matic mechanism P Whicﬁ actuates the truing
mechanism T.

An arm 135 (Fig. 15) is secured to the

95

100
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130
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piston rod 117 and is connected to a rod 136,
slidable in suitable fixed bearings and pro-
vided with dogs 137 axially adjustable there-
on and engaging the lower end of a rocking
lever 138, connected through a second rock-
ing member 139 and link 140 to an arm 141
(Fig. 16) mounted on the end of the piston
rod 142 for the piston valve V,

Through these connections, the valve V
is automatically reversed, thus correspond-
ingly reversing the travel of the piston 119
and piston rod 117.

In order to secure a smooth and even mo-
tion of the piston rod 117 and the truing de-
vice slides connected therewith, .I connect
the piston rod 117 by a coupling 144 (Fig.
15) to a piston rod 145, which is provided
with a piston 146 slidable in a cylinder 147.

The ends of the cylinder are connected to-
gether through piping 148 and a manually
adjustable valve 149. A branch pipe 150 ex-
tends from the piping 148 to a tank or oil
supply 151. A check valve 152 is placed in
the branch pipe 150 and opens away from
the tank 151, ‘

. The cylinder 147 and piping 148 is filled
with oil or some similar liquid, which flows
back and forth from one end of the cylinder
147 to the other as the piston rod 117 is re-
ciprocated. ‘

By suitable setting of the valve 149, the
rate of flow of oil may be adjusted as desired,
with a corresponding determination of the
rate of movement of the piston rod 117. The
cylinder 147 and piping 148 is constantly
maintained full of oil by thein-flow of 0il from
the tank 151 to make up for any leakage.

By thus attaching an oil brake to the air-
operated piston rod 117, I avoid the objec-
tions heretofore encountered in operating
such mechanism by direct air pressure, which
operates too quickly and is difficult to con-
trol. :

Cireuit closing mechanism

I will now describe the mechanism by
which the circuit through the magnets M
and M’ is closed at frequent predetermined
intervals,

Referring particularly to Figs. 6 to 10, I
have shown the circuit-closing mechanism
C as mounted at the end of the head stock
and as being connected to be driven in timed
relation thereto. The circnit-closing mecha-
nism comprises terminal or contict mem-
bers 160 and 161 (Fig. 6) inserted in the
circuit which connects the magnets M and M”

- {(Fig. 1) with the battery B.

A contact plate 162 is losely mounted on
a stud or plunger 163 and is normally held

against a cross-pin 164 by a light spring 165.

The plunger 163 is yieldingly pressed out-
ward by a coil spring 166 and the outward
movement of the stud 163 is limited by en-
gagement of. the plate 162 with stop pins
167. A contact stcrew 168 is adjustably

1,919,288

threaded into the end of the plunger 163.
The plunger 163 is slidable in bearings in a

casing 169, and the contact members 160 and
161 are mounted on a disc or base 170 of in- -
sulating material secured in the casing 169.

The contact screw 168 is positioned for en-
gagement by a lever 172, pivoted to a projec-
tion 173 o
swinging end of said lever extending through
zlm7slottecf guide 174 and engaging a stop-pin

5,

A V-shaped projection 177 on the front
side of the lever 172 is positioned for en-
gagement by cam blocks 178 secured in
spaced relation on a cam disc 180. The dise
180 is provided with a large number of holes

181 to receive clamping screws 182 for the

cam blocks 178. Any desired number of cam
blocks may be thus secured in spaced relation
about the periphery of the disc 180.

The disc 180 is secured to the upper end of

a short vertical shaft 184 (Fig. 7), rotatable.

in suitable bearings in a stand 185 mounted
in fixed relation to the head-stock and having
a rearwardly and upwardly projecting por-

tion 186 supporting the contact casing 169.

A worm gear 188 is secured to the lower end
of the upright shaft 184 and is engaged by a

worm 189 on a worm shaft 190, rotatable in-

bearings in the stand 185 and aligned with
the work spindle 82.

A clutch collar 192 is keyed to the end of
the worm shaft 190 and is provided with a
driving projection 193 adapted to enter a
corresponding notech or recess 194 in the end
of the work spindle 82 when' pressed out-
ward by a coil spring 195. This clutch con-
nection is provided to permit convenient re-
moval of the circuit-closing mechanism C
when desired. ) :

As the work spindle 32 rotates, the cam
disc 180 rotates in definite speed relation
thereto and the cam blocks 178 periodically

the casing 169, with the free

70
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engage the V-shaped projection 177 (Fig. 6) .

forcing the lever 172 and plunger 163 rear-
ward to close the circuit between the contact
members 160 and 161.

The frequency with which the circuit is
closed may be varied by increasing or de-
creasing the number of cam blocks on the
disc 180, and the length of time that the cir-
cuit remains closed may be varied by adjust-
ment of the screw 168. If the screw is ad-

110

‘118

justed outward toward the lever 172, the cir- -

cuit(will obviously remain closed for a long--

er period -at each engagement of the lever
172 by a cam block 178... . '

In Figs. 17 to-23, I have shown a construc-
tion which permits convenient changing of
the intervals between successive closings of
the circuit, and also permits more convenient

adjustment of the length of time that the

circuit is maintained closed.

120

125

In this modified construction, I provide ‘

the upright shaft 200, corresponding to the

130
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shaft 184 previously described, with a plu-
rality of cam discs 201, 202, 203 and 204,
which discs are keyed to the shaft 200 and
rotate together with the shaft but are pro-

5 vided with differently spaced cam projec-
tions 205 on their peripheries. -

A lever 210, corresponding to the lever 172
previously described, is provided with an up-

__wardly extended guiding portion 211 (Figs.

10 17 and 18) having a dove-tailed guideway
for a slide 212 having a contact projection
213 (Figs. 17 and 20).

A spring plunger 215 in the slide 212 co-
operates with recesses 216 in the upright pro-

15 jection 211 to maintain the slide 212 and pro-
jection 213 in the plane of a selected cam
disc as 201. With this construction, the fre-
quency of the closing of the circuit which con-
trols the truing devices and cross feed may

20 be varied by simply moving the slide 212
manually upward or downward. A handle
217 (Fig. 17) is.provided to facilitate this
adjustment. . :

In this modified construction, I have also

25 mounted the casing 169 for the contact mem-
bers on an upwardly extending arm 220 of a
slide 221, mounted in guideways 222 on a
rearward projection 223 of a stand 225, cor-
responding to the stand 185 previously de-

30 seribed.

An adjusting screw 226 is threaded into the
slide 221 and by rotation of the screw 226 the
slide 221 and casing 169 can be adjusted for-
ward or rearward relative to the lever 210 and
cam discs 201 to 204. I am thus able to ad-
just both the time interval between contacts
and also the length of contact/in a very con-
venient manner and without stopping the
machine.

40 'While I have described the circuit closing
mechanism as driven in definite speed relation
with the rotation of the work, it is obvious
that many of the advantages of this construc-
tion will be retained if the circuit closing

456 mechanism is operated independently from
the rotation of the work as by a separate belt
.or motor drive. »

Having described the general method of
operation and also the details of construction

50 of my invention, the important advantages of
my improved method and apparatus will be
readily apparent.

The invention is of substantial value in pro-
ducing duplicate work, as the wheel edge will

55 be held to the desired section and will be

_ maintained in the desired position for an in-
definite period without attention by the oper-
ator and will in fact be maintained in such

. condition and position until the diameter of

60 the wheel has been reduced to.its limit of

" usefulness. ’

The invention is of even greater value in
the production of work of large diameter or
of extended length and of extreme accuracy.

65 For instance, in the production of a ground

@
B

thread lead screw, the length of the scréw is -

such that the wear of the wheel will introduce

substantial inaccuracies before a single pas-
sage of the wheel over the entire length of -

the screw thread can be completed.

With my improved wheel truing apparatus:
operated by my improved method, the wheel -

may be trued and advanced to the predeter-
mined operative position as often as may be
desired during the continued operation of
the grinding wheel. . By advancing the wheel
simultaneously with the operation of the tru-
ing devices, and by truing the wheel frequent-
ly, so that only a very slight amount of mate-
rial is removed from the wheel, at éach tru-
ing, no perceptible inaccuracies are produced
by the truing and feeding of the wheel during
a continued grinding operation.

The frequency of the wheel truing opera-

tions may be determined as desired by pro--

70

.80

85

viding the proper number of cam blocks on

the cam disc 180, or by providing cam discs
201 to 204 having any desired number of
projections. Obviously also, the speed ratio
between the worm shaft 190 and the upright
shaft 184 or 200 may also be varied.

By adjustment of the contact screw 168
(Fig. 6) or the adjusting screw 226 (Fig. 17)
the length of time during which the contact
remains closed may be varied, thus varying
the number of passes of the diamond-points

“across the wheel face at each truing opera-

tion. : A

The rate of movement of the truing devices
may be controlled, as previously stated, by
adjustment of the oil brake valve 149, and the
extent of feed of the truing mechanism and
the compensating feed of the wheel slide may

<

- be varied by adjustment of the collar 75 (Fig.

12) for the cross feed and the collars 93 for
the truing device feed.
My improved truing mechanism is thus ex-

95

100

105

tremely flexible and capable of adaptation fo -

every operative condition. The provision of
these several adjustments is extremely impor-
tant, as the conditions of wheel truing and
operation vary greatly with different grind-
ing wheels and under different conditiqns of
operation. :

If the grade of the grinding wheel is rela-
tively soft, the wheel truing operation should
be performed more frequently and the speed
of movement of the wheel dressing tools may
be indreased. If the diamond points are dull
or of softer substance, a slower movement of
the wheel dressing tools is indicated.

The diamond point should also be moved
more slowly when dressing a wheel for a fin-
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ishing cut and more rapidly when dressing a -

wheel for a roughing cut.. All of these vari-
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ous conditions can be taken into aceount with -

my improved mechanism, in which extensive

and convenient adjustment is provided for:

varying the wheel truing operation to suit
operative conditions.
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In Figs. 24 and 25 T have shown modified
reversing mechanism for the wheel truing de-

vices, this mechanism having the advantage .

of always bringing the truing devices to rest

_at the end of the stroke and out of contact

with the grinding wheel. -
. In this construction, the piston rod 117, pis-
ton 119 and reversing rod 136 operate as in
Fig. 15, and the reversing valve V is similar-
ly connected to the cylinder 118. The supply
pipe-230 (Fig. 24) is directly connected to the
main air supply of the machine, so that when
the shut-off valve 231 is open the air supply is
continuously connected to the cylinder 122 in
which the reversing valve V is mounted.
The magnet M, previously described, .is
utilized to control a shut-off valve 232 located
in a branch pipe 233 connecting the air sup-
ply pipe 230 to a pneumatic reversing mecha-
nism R. This mechanism comprises an up-
per cylinder 240 in which a piston 241 is slid-
able, and a lower cylinder 242 in which a pis-
ton valve 248 is slidable. The piston 241 is
connected to a piston rod 245 to the piston rod
142 connected to the reversing valve V. }
The piston valve 243 has a valve stem 247
on which is mounted a cross arm 248. The
upper end of the cross arm is provided with
an opening to receive a guide-pin 249 fixed in
the end of the casing for the reversing mecha-
nism R. The lower end of the cross arm 248
extends into the path of reversing dogs 250
and 251 on the reversing rod 136. Springs
252 are provided at each side of the arm 248
to cushion the contact of the dogs 250 and 251

therewith and to permit a slight continued

motion of the reversing rod 186 during the
action of the pneumatic reversing mecha-
nism. - . ,

The upper cylinder 240 is connected by pas-
sages 260 and 261 (Fig. 25) with the lower
cylinder 242, and the cylinder 242 is provided
with an annular port 263 connected to the
branch supply pipe 233. The lower ¢ylinder
242 also has two exhaust ports or vents 234
and 235. The piston valve 243 is formed

‘with three cylindrical piston portions, sepa-

rated by reduced connecting portions provid-
ing annular air passages. ,

The operation of the pneumatic reversing
mechanism is as follows —

The parts are shown in Fig. 24 with the
valve V in its right hand position, connect-
ing the supply pipe 230 to the pipe 120 which
supplies air to the right hand end of the cyl-

. inder 118. The piston 241 in the upper cyl-
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inder 240 is also at its right hand limit of
travel, and the piston valve 243 is at the right
hand end of the cylinder 249, '

The piston 119 .and piston rod 117 will
thereupon proceed to move toward the left
or in the direction of the arrow « in Fig. 24
until the dog 251 engages the lower end of
the cross arm 248, which will cause the piston
valve 243 to move to the position indicated in

1,919,388

Fig. 25. In this position thesupply pipe 233
is connected through the port 263 and passage
261 to the right hand end of the upper cyl-
inder 240, and the left hand end of the upper
cylinder is connected through the passage
260 to the exhaust pipe 234. The piston 241
will thereupon move to the left hand end of
the cylinder 240, causing simultaneous move-
ment of the reversing valve V in the cylinder
122, whereupon the piston 119 and piston rod
117 will commence a reverse movement lo the
right in Fig. 24.

At the end of the reverse stroke, when the
dog 250 engages the cross.arm 248, the piston
valve 243 will be returned to its first position,
causing return movement of the upper piston
241 and the reversing valve V to their initial
positions.

The reversing mechanism R will continue
to operate so long as the magnet M holds
the valve 232 open. When the circuit is
broken by the cam operated circuit-control-
ling mechanism C, the valve 232 will close,
preventing further action by the reversing
mechanism R, but this does not effect the air
supply of the cylinder 118, which is continu-
ous so long as the shut-off valve 231 is open.

Consequently, the piston 119 and piston

rod 117 will continue their movement to the
end of the stroke, regardless of the closing
of the valve 232. Af the end of the stroke
the piston valve 243 will be reversed in posi-
tion but no movement of the upper piston 241
and reversing valve V will take place until

air is again admitted by the opening of the

valve 282.

Consequently, the movement of the truing
devices will stop at the end of the stroke im-
mediately following the closing of the valve
232, but the truing devices will not stop at
any intermediate point in the stroke and con-
sequently cannot stop in contact with the
grinding wheel.
vantage, as such continued contact will cause
a slight groove in the:grinding surface which
will produce a corresponding irregularity in
the work. ' _ .

Having thus described my invention and
the advantages thereof, I do not wish to be
limited to the details herein disclosed, other-
wise than as set forth in the claims, but what
Iclaimis:— - ‘

1. The method of producing a piece of work
having an extended and substantially con-
tinuous surface of rotation which consists
in continuously moving a grinding wheel
lengthwise of the work and along the axis of
the wheel during the rapid rotation thereof,
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This is a substantial ad-
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in feeding a truing mechanism a predeter- .

mined distance toward the grinding wheel
during the grinding operation and truing the
wheel to a selected grinding face, in sub-
stantially simultaneously feeding the wheel

and truing mechanism forward as a unit to-

ward the work by an amount equal¥o the feed
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of the truingmechanism, and in’ repeating
said feeding and truing operations at pre-

determined short intervals during a single

continuous movement of the wheel length-
wise of the work and during a single con-
tinuous grinding engagement of the wheel
with the work. ' v
2. In a grinding machine, means for sup-
porting and rotating a piece of work, a grind-
ing wheel, wheel truing devices, actuating
mechanism therefor, and control means oper-
able to cause actuation of said truing devices
at predetermined intervals during rotation
of the grinding wheel in continuous grinding
engagement with the work and in predeter-
mined relation to the rotation of the work.

3. In a grinding machine, means for sup-

portinﬁ and rotating a piece of work, a grind-
ing wheel, wheel truing devices, actuating
mechanism therefor, control means for said
actuating mechanism rendered operable after
each of a plurality of successive predeter-
mined periods of work rotation and during a
single continuous grinding engagement of the
wheel with the work, and means to give said
wheel a compensating feeding movement sub-
stantially simultaneous with each wheel dress-
ing operation. ‘

4. In a grinding machine, means for sup-
porting and rotating a piece of work, a grind-
ing wheel, wheel truing devices, actuating

mechanism therefor, control means operable

to cause actuation of said truing devices at a
plurality of predetermined intervals during
a single continuous grinding engagement of
the grinding wheel with the work, and means
to selectively adjust the rate of movement of
the truing device relative to the rate of rota-
tion of the grinding wheel, said adjustin
means being operablé to effect a relative spee
adjustment during a continuous grinding
operation on the work. ‘

5. In a grinding machine, means for sup-
portinlg1 and rotating a piece of work, a grind-
Ing wheel, wheel truing devices, actuating
and feeding mechanism therefor, a wheel
slide supporting said truing devices, means
to feed said wheel slide, and a single con-
trol device for said actuating and feeding
mechanism and said wheel slide feeding
means, said control device being rendered re-
peatedly and periodically operative during a
single continuous grinding engagement of
the wheel and work and in timed relation to
the rotation of the work, :

6. The combination in a grinding machine
as set forth in claim 5, in which said control
device includes an electric circuit and a cir-
cuit-closing device therefor, and in which
meéchanism is provided effective to close said
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circuit at predetermined intervals in definite
relation to the rotation of the work.

7. The combination in a
as set forth in claim 5, in which said control
device includes an electric circuit and a cir-
cuit-closing device therefor, and in which cam
mechanism is provided effective to close said
circuit at predetermined intervals in definite
relation to the rotation of the work.

8. The combination in a grinding machine
as set forth in claim 5, in which said control
device includes an electric circuit and a cir-
cuit-closing device therefor, and in which
cam mechanism is provided effective to close
said circuit at predetermined intervals rela-
tive to the rotation of the work and for a
selected predetermined period.

9. The combination in a
as set forth in claim 5, in which said control
device includes an electric circuit and a cir-

inding machine

inding machine

70

75

80

85

cuit-closing device therefor, and in which .

cam mechanism is provided effective to close
said circuit at predetermined intervals rela-
tive to the rotation of the work, and in which
meauns is provided for adjustably determin-
ing the period during which the circuit re-
mains closed. . _—

10. The combination in a grinding ma-
chine as set forth in claim 5, in which said
control device includes a plurality of cams
mountéd to rotate in timed relation to the

work, a circuit-closing member, and a con-.

tact device on said member manually adjust-
able to engage a selected cam. -

11. In a grinding machine, a grinding
wheel, a wheel truing device, pneumatic
mechanism for moving said truing device
-across a face of said wheel, automatic means
to repeatedly reverse said pneumatic mecha-
nism at the ends of the path of travel of
said truing device, and additional means to
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cause said truing device to come to rest only

at the end of a truing movement.

12. In a grinding machine, a wheel truing '

device, pneumatic actuating mechanism there-
for having a continuous air supply, a re-
versing valve for said mechanism, a cylinder
and piston, one of which is connected to
move said valve, a valve controlling the air
supply to said cylinder, automatic means to
move said latter valve to cause said reversing
valve to repeatedly reverse said pneumatic
actuating mechanism at the ends of the path
of travel of said truing deyice, and additional
means to periodically admit air to said latter
valve, said additional means being rendered
operative in predetermined relation to the
rotation of the work. '

STANLEY ‘W. BATH.
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