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This invention relates to grinding machines
"and more- particularly to means for forming or
surfacing the grinding wheel of such a machine,
.the invention being applicable to form grinders
or surface grinders or the like. )

One object of the invention is the provision,
in a grinding machine, of a grinding wheel truing
device including a plurality of rotatable crushers
adapted for operation on the grinding wheel, one
of the crushers shaping the grinding wheel to
approximately the desired shape, while the second
crusher gives the final or accurate form as de-
sired. N ‘

Another. object of the invention is the pro-
vision, in a grinding machine, of a grinding wheel
truing device, having a pair of crusher wheels
carried for simultaneous movement by holding
mechanism whereby the crushers can be moved
in one direction to bring one of them into pres-

" sure engagement with the grinding wheel, and
. then be moved in a second direction so that the
first crusher is released from the grinding wheel
and the second crusher is brought into pressure
engagement with the wheel. ] .

" "Another object is the provision of a grinding
wheel truing device having a movable slide mech-
anism on which a pair of crushers are-arranged,
the crushers being so moved that one of them
may be brought into engagement with the grind-
ing wheel and produce s crushing operation on
the wheel for a desired time interval, and at
the end of that interval, the crushers are auto-
matically moved in a direction at an angle to
the direction in which they first moved, fto bring
the second crusher into pressure engagement with
the wheel. :

Another object is the provision of a crusher
mechanism for a surface grinder or the like, in
which a crusher supporting slide is slidably ar-
ranged . on a crusher supporting base and is
vielding on that base when the base is moved
to bring a crusher into an engagement with the
grinding wheel, the construction being such that
after a predetermined yielding movement of the
crusher slide, a solenoid lock is automatically
energized to hold the crusher slide on the base
and a further controjled movement of the crusher

. slide then takes place throughout a time interval

determined by a suitable timing mechanism.
Other objects and advantages of the invention
will be apparent from the following description,
the appended claims, and the accompanying
drawing, in which, : ’
Fig. 1 is a perspective view of a grinding ma-

chine showing the adaptation of the invention
to surface grinders, or the like; .

Fig. 2 1s a side elevation, partly in section,
showing the relationship between the grinding
wheel and the crusher adjusting mechanism:

Fig. 3 is a top plan view of the crusher adjust-

- ing mechanism;
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Fig. 4 is a vertical section on the jne 4—4&
of Fig. 3; '

Fig. 5 is a vertical section on line §—3 of
Pig. 2; : o

Fig. 6 is a wiring diagram;

Fig. 7 is a timing chart showing the sequential
operations that take place; and

Fig. 8 is a diagrammatic showing of how the
grinding wheel is driven from the power drive
motor or from the auxiliary slow speed drive
motor, ‘ B

Referring more particularly to the drawing, in
which the same reference numerals are used to
designate like parts in the different views, 20
generally represents the frame structure of a
grinding machine having a rotatable grinding
wheel 21. The grinding machine may be of the
type having a movable table 23 that reciprocates
back and forth and carrles the work past the
grinding wheel, or it may be of the character
more particularly used in grinding threads or
forms on workpieces held between centers. Any
suitable mechanism such as a reversible motor
3A can be used to move the work supporting
table 23 back and forth below the grinding wheel,
and carry the work arranged in a suitable holder
24. At the end of the grinding operation, or
any other time it might be desired to true the
surface of the grinding wheel, the table 23 is
moved to the left beyond its normal travel stroke
and brought up to a predetermined position in
which the grinding wheel is spaced only a lttle
distance from the truing crusher.

In accordance with the present invention, a
plurality of rotatable crushers are employed to
form or true the grinding wheel to its intended
shape. One of these crushers gives & preliminary
truing action as the grinding wheel and the
crusher are rotated in pressure engagement with
one another at suitably slow speed. The first
crushing operation gives an approximation to
the required shape, the exact shape of the grind-
ing wheel desired being produced by the second
crushing operation under the action of the sec-
ond crusher while the grinding wheel and its
crusher are rotated in pressure engagement with
one another. The two crushers can have ap-
proximately the same form and shape, if desired,
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and as wear takes place on the first crusher
because of its use through longer time periods,
any change in its shape will be relatively un-
important, since the second crusher will give
the exact shape desired and will maintain its
form over long periods of time, not being called
upon to perform the major portion of the crush-
ing operation.  If desired, a portion of the fpr-
mations or curves may be given to the grinding
wheel by the first crusher and other portions of

5
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the grinding wheel subsequently formed by the -

second crusher. In either case, the two crushers
act to complement one another in producing the
exact shape desired on the grinding wheel pe-
riphery.

As shown in Fig. 2, the crusher that first acts
on the grinding wheel is shown at 26, and the
second crusher is illustrated at 27. These two
crushers are rotatably supported for free move-
ment on arbors carried by the holder 28, which
is slidably carried for vertical movement on a
crusher table slide 29. This slide operates hori-
zontally on the crusher base 30 which is fixed
on the work carrying table 23 of the machine.
Normally, at the start of a cycle of operation, the
holder 28 is in a lowered position so that the
axis of the crusher 26 is horizontally arranged
from the axis of the grinding wheel 21, with the
crusher slightly spaced for the grinding wheel.
This is the position at which the table 23 is
stopped and held at the end of a normal grinding
operation on the work. Movements of the
crusher then take place horizontally and ver-
tically by means of the mechanism that will now
be described.

The holder 28 is vertically adjustable along the
slide 29 by means of a rack 32 on the holder and
a spur gear 33 which is rotatably arranged on a
shaft 34 carried by the crusher slide 29. The
gear 33 carries a clutch face 85 so it may be
coupled to a rotatable clutch collar 36 which is
keyed to the shaft 34. 'The shaft is driven by an
electric motor 6A on the slide. The clutch collar
36 is automatically controlled by a yoke 38 moved
by an arm 39 pivoted at 480 and operated in one
direction or the other by solenoids TA sand 8A as
shown in Fig. 5. By closing the solenoid 84, the
shaft 34 will be coupled to the gear 33 and the
holder 28 will be raised. When the solenoid TA
is energized, the shaft 34 is coupled to clutceh disc
41 which is fixed on a gear 42 meshing with
gear 44 on a vertical shaft 45. On the lower
end of this shaft 45 is a worm 46 turning a worm
wheel 41. 'This worm wheel is threaded on a
non-rotatable feed shaft 48 splined in the slide
29, the worm wheel being held against axial
movement with respect to the crusher base 30.
In this way, the operation of the motor 6A can
drive the feed nut 50 on shaft 48 at a regular
predetermined slow speed and cause a predeter-

mined feed movement of the crusher slide toward .

the grinding wheel. - This slide movement takes
place if the feed shaft 48 is held against axial
movement with respect to the base 30, and the
shaft is so held, at times, by means of an elec-
tric securing. means such as a magnetic lock 4A,
which holds the shaft 48 securely to the base 30.
When this magnetic lock is not energized, rela-
tive movement of the crusher slide 29 toward
the right as viewed in Fig, 2 fs restrained only by a
spring 52 interposed between the end of the slide
29 and a flange on shaft 48 contacting the mag-
netic lock, It will be understood that as the
work supporting table 23 is moved to the left as
viewed in Fig. 2, the crusher 26 in its lowered
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position will engage the grinding wheel, and as
this left-hand movement of the table continues,
the spring 62 will be compressed, slide 29 being
forced to the right with respect to the crusher
base 30. After a predetermined relative motion
has taken place in this way, a switch arm 54
of a limit switch B carried by the crusher slide
28 will ride up an abutment 55 on the base 30 .
and control this limit switch, the effect of which
will be presently described. There is another
limit switch E carried by the crusher table slide
29 in such position as to be operated by the holder
28 when the holder has been raised to a predeter-
mined position in which the crusher 27 is hori-
zontally opposite the grinding wheel 21i.

During the normal grinding operation, the
grinding wheel 2{ is rotated at comparatively
high speed by a power drive motor {A a portion
of which is shown in Fig. 1, the motor being also
diagrammatically {llustrated in Fig. 6, where it

“is shown connected through the switch {e¢ which -

is closed when the relay | is closed. The relay i
is arranged in circuit with a normally closed
switch 2a connected through a stop switch 58
and start switch 59 to the secondary 60 of a
transformer that is supplied with current from a
suitable power source 62. The switch 69 is
closed in carrying out a normal grinding opera-
tion-but should be open during the crushing
operation. For crushing, a switch 63 is closed
and this connects through a stop switch 64 and
through a normally closed limit switch S to a
relay 2. - Switch S is carried by the frame 20 and
is temporarily opened by & lug on the table 23
as will be later described. The relay 2, when
energized, opens switch 2¢ to make sure the power
drive motor 1A will not operate. Relay 2 also
closes two switches 2b and 2¢, one of which is a
holding switch around the start switch 63 and
the other connects one side of the suply line to
a series of cam operated switches and relay coils
3 to 10 inclusive. Switch 2c¢ also connects an
automatic timer motor 66, through the limit
switch B. The relay coils 3 to 10 each are in
series with switches controlled by cams operated
by the timing motor 66 so as to give the desired
sequence of operation as fllustrated in the timing
diagram shown in Fig. 7.

The relay coil 8 is in series with the Hmit
switch E which is controlled by the vertical move-
ment of holder 28 as previously mentioned. Re-
iay 8 is effective, when it is energized, to open
the normally closed switch 84 in series with
relay 9. A switch 3a operated by relay 8 sup-
plies power to the reversible electric motor 3A
which traverses the work table 23.  Switch 0q,
controlled by relay 10, supplies power for the
reverse operation of this motor. Switch 4a con-
trolled by relay 4 energizes the crusher table
slide lock #A. Switch Sa closes when relay § is
energized and supplies power to an auxiliary
drive motor 5A, which operates through s clutch
70 to turn the grinding wheel 2§ at comparatively
slow speed during the crushing operation, the
main power motor A being de-energized under
these conditions. The clutch 710 is an over-run-
ning clutch of any suitable character so designed
that the shaft carrying the grinding wheel is
turned when the auxiliary drive motor 5A is op-
erating, at comparatively slow speed; the motor
§A then turning the main power drive motor 1A
slowly. The clutch, however, over runs when the
main power drive motor {A is energized and turns
at comparatively high speed to turn the grinding
wheel rapidly. When the main drive motor (A
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turns the grinding wheel at high speed, the over-
running clutch permits the slow speed drive
motor BA to remain stationary. When the motor
. 5A is running the grinding wheel will be turned
at a peripheral speed of about 300 feet a minute,
suitable for a crushing operation. Switch 9a
- when energized by relay 9 energizes the crusher
holder lock %A which is supported on a bracket
68 on the crusher table slide 28.° When this is
energized it electrically locks the rod 89 which
is fixed on the holder 28 50 as to secure the holder
firmly to the slide 29. :

The sequence of operatlons in automatically
crushing the grinding wheel first with the pre-
liminary crusher 28 and then with the finishing
crusher 27 is as follows:"

After a predetermined number of passes across
the work, the table 23 moves over to a predeter-
mined work loading position so that the grinding
which is adjacent to the crushers. When a crush-
ing operation is desired, it is initiated from this

position by closing the switch €3, the following

operation taking place:

Relay 2 is energized, opening switch 2a so as
to block out the normal grinding motor {A. At
the same time holding switch 20 is closed around
the starting switch 83 and the normally open
switch 2¢ is closed in series with the relay 3.
Tnergizing relay 3 closes switch 3a and starts the
iraverse motor $A for the table 28 so the crusher
Is moved over towards the grinding wheel.

As the crusher contacts the grinding wheel a’

differential movement of the crusher table slide
29 and the crusher base 30 takes place, spring
57 being compressed. This movement first closes
the limit switch B which sets the automatic timer
motor 68 in operation. - When the timer is started,
the traverse of table 23 is de-energized by open-
ing the relay 3 through its cam operated control
switch. . The crusher table lock #A is energized
locking the shaft 48 to the crusher base. The
crusher holder lock 9A is also energized, holding
the crusher roll 26 horizontally opposite the
grinding wheel. The timing motor 66 then closes
the relays § and 6, thus energizing the auxiliary
drive motor 3A for the grinding wheel and en-
ergizing the crusher adjusting motor 6A. - At the
same time, the shifting solenoid TA is energized
to engage the clutch collar with the shaft 45 so
as to turn the worm wheel 41. This initiates
a slow positive feed of the crusher in a horizontal
direction, forcing the crusher into the grinding
wheel as the feed nut is turned.

After a predetermined amount of feed has taken
place, the relay T and shifting solenoid TA are
de-energized by the cam that controls the relay
1, thus shifting the clutch disc to a neutral posi-
tion and stopping the crusher feed. After suffi-
clent time has elapsed for the grinding wheel to

make about two revolutions with the crusher -

feed stopped, the relay 5 is de-energized by its
cam operated switch, stopping the auxiliary
grinding wheel drive motor 5A. After enough
time has then elapsed for the grinding wheel
to- stop rotating, the locking solenoid #A is de-
encrgized, the holder locking solenoid 9A is de-
energized and the shifting solenoid 8A is en-
ergized. - This moves the clutch disc so that the
crusher holder 26 will be raised thus bringing the
crusher roll 271 into- contact with the grinding
wheel. This is the position of the part shown
in Pig, 2. As crusher 27 engages the grinding
wheel, the spring 52, which expanded as crusher
26 moved away, will be .contracted again as the

'35

[]
effective diameters of the two crushers is ap-
proximately the same.
When the crusher 27 reaches g position in
horizontal ‘alignment with “the grinding wheel,
5 the limit switch E is opened, breaking the hold-
ing circuit of the shifting solenoid 8A. At the
same time-the shifting solenoid 1A is energized,
thus . energizing the clutch disc to couple the
shaft 34 to the feed screw nut 41, This causes
a positive feed of the crusher roll'into the grind-
ing wheel, since the magnetic locking solenoid
4A is closed again by the cam switch. . The cam
switch for the slide locking solenoid 9A on the
automatic timer is also closed during the time
the crusher holder is being raised butcannot
energize the slide locking solenoid 9A because of
.the open: electric switch 8a opened by the en-
ergized relay 8. Therefore, when the Umit switch
E is opened, breaking the circuit through the
relay 8, the switch 8a is closed, completing the
circuit through relay 9 and causing the simul-
taneous energization of solencid 9A while the
shifting solenoid 8A is de-energized.. At the
same time, the auxiliary drive motor SA for the
grinding wheel is energized and the grindlng
wheel starts to rotate slowly.

After a predetermined amount of feed of the
crusher slide by the crusher adjusting motor 6A
energized through the closed relay 6, the motor
8A is automatically de-energized by the auto-
matic timer which opens the circuit through the
relay 6. - At the same time-the shifting solenoid
TA is de-energized to disengage the clutch disc
and shift it to a neutral position.

After enough time has taken place for the
grinding wheel to make about two or three revolu-
tions with  the crusher feed inoperative, the
grinding wheel auxiliary drive motor 5A is de-
energized by de-energizing the relay 5. Then
after enough time has elapsed for the grinding
wheel to come to a complete stop, the table
traverse motor 3A is started by the automatic
timer closing the circuit through the relay 10
closing switch 10a, and the table then. moves
45 from the grinding wheel to retract the crushers

horizontally to the loading position of the table 23.

While the table of the grinder is being moved
to the right, as just mentioned, the slide locking
solenoid and the holder locking solenoid 4A and

50 A are de-energized and the automatic’ timer
completes its cycle of operations and interrupts
its own circuit. = When locking solenoid 9A de-
energizes, the holder descends by the force of
gravity until it is stopped in lowered position
55 with crusher 26 opposite the grinding wheel:

Even though the timer has completed its opera-

tion and the cam switch for the table traverse

controlling relay 10 has been opened, a circuit

is' completed  through the relay 10 around its
60 cam operated switch until the table 23 reaches -
its original position, when the holding circuit
2a 'is interrupted by the tripping of the limit
switch S operated by the table 23, thus complet-
ing the crushing cycle.

While the form of apparatus herein described
constitutes a preferred embodiment of the in-
vention in a form applicable to a grinding ma-
chine such as a surface grinder, it is to be under-
stood that the invention iIs not limited to this
70 precise form of apparatus, and that changes may

be made therein without departing from the

scope of the invention which is defined in the ap-
pended claims.

What is claimed is:

76 1. A grinding machine having a frame and a
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grinding wheel rotatably mounted thereon, a pair
of rotatable crushers sequentially operable on the
grinding wheel to true the surface of the wheel, a
common holder for said crushers, a slide o which

sald holder is mounted, a slide connection between -

said holder and slide and a slide connection be-

tween said slide and frame, means including one.

of said slide connections for moving said holder
to adjust one of the crushers relatively to the
grinding wheel for crushing the grinding wheel
to the approximate form desired, and means in-
ciuding the other of said slide connections for

-moving the crusher holder rectilinearly in a plane

. transverse of the grinding wheel axis to bring the

-

econd crusher into operative engagement with

the grinding wheel to finish the trueing operation. .

2. A grinding machine having a frame and a
grinding wheel retatably mounted thereon, a pair

‘of rotatable crushers, a holder for said crushers,

means supporting' said holder for - rectilinear
movement - towards the grinding wheel, means
supporting said holder for rectilinear movement
in a direction substantially transverse to the first
direction, said two means comprising a slide on
the frame slidably supporting said holder, means
providing for yielding movement of the holder
with respect to the grinding wheel and means for
operating said holder on said slide to disengage
cne of the crushers and cause the engagement of
the second crdsher with the grinding wheel.

3. A grinding machine having a frame and a
grinding wheel rotatably motunted thereon, a
crusher holder, rotatable crushing means on said
holder for trueing the surface of the grinding
wheel, means supporting said holder on said frame
for movement in a plurality of directions sub-
stantially transverse of one another, and means

- for moving said holder sequentially first in one

direction at a controlled rate to cause approach
of the axes of the grinding wheel and the crush-
ing means, and then in a second direction sub-
stantially transverse of said one direction to grad-
ually change the distance between the axes of the
grinding wheel and the crushing means.

4. A grinding machine having a frame and a
grinding wheel rotatably mounted thereon, g pair

of rotatable crushers, a crusher holder, slide

means slideably supporting said holder for move-
ment in one direction in a plane transverse of
the grinding wheel axis, means slideably support-

ing said slide means for movement in a second .

direction in a piane transverse of the grinding
wheel axis and at a substantial angle to said first
direction, an adjusting motor carried by one of
said means, drive mechanism operably connected
to said motor for adjusting the slide means and
adjusting the holder on the slide means to vary
the distance between the axes of the crushers with

respect to the grinding wheel axis, and clutch 6

means controlling said drive mechanism.
5. A grinding machine having a frame and a
grinding wheel rotatably mounted thereon, a
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: 8 _
roughing crusher operable to form the surface of
the grinding wheel to the approximate shape de-
sired, a finishing crusher for accurately finishing
the wheel after the roughing crusher has been

5 appplied to the wheel, a common holder on which

said crushers are rotatably mounted, means pro-
viding for ylelding movement of said holder with
respect to the grinding wheel, and means com-
prising mechanical ‘adjusting devices and elec-
trical control switches operable in conjunction
therewith for controlling said holder to sequen-
tially move the roughing crusher into yielding
- bressure engagement with the wheel, then posi-
" tively move the roughing crusher towards the
grinding wheel axis, then move the finishing
- crusher into yielding pressure engagement with
the wheel and then positively move the finishing
crusiier towards the grinding wheel axis.

. 6. A crusher mechanism adapted to be used to
form a grinding -wheel comprising a pair of ro-
tatable crushers, a holder for said crushers and
slide means slidably supporting said holder. for

* movement in a plane transverse of the crusher

axes in one direction generally towards the grind-
ing wheel axis and in a second direction sub-
stantially transverse of said cne direction, an ad-
justing motor carried by said slide means, drive
mechanism operably connected to said motor for
adjsting the slide means and the holder on the
slide means, and clutch means controlling said
drive mechanism to sequentially move one of the
crushers into crushing engagement with the
grinding wheel and then move said crusher out of
engagement with the grinding wheel and bring
‘the other crusher into crushing engagement with
the grinding wheel. .

7. A crusher mechanism adapted to be used to
‘form a grinding wheel comprising a pair of ro-
tatable crushers, a holder for said crushers and

40 slide means slidably supporting said holder for

movement in a plane transverse of the crusher
axes in one direction generally towards the grind-
ing wheel axis and in a second direction substan-
tially transverse of said one direction, an adjust-
ing motor carried by said slide means, drive mech-
anism operably connected to said motor for ad-
justing the slide means and the holder on the
slide means, means for yieldingly urging the
holder towards the grinding wheel axis and lock

50 means periodically operable to overcome the go-

tion of said urging means.

LOUIS F. POLK.
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