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GRINDING MACHINE
Loring Coes, Jr., Princeton, and Emmanuel Milias,

Worcester, Mass., assignors to Norten Company,
Worcester, Mass., a corporation of Massachusetis

Continuation of application Ser. Ne. 163,983, Jan. 3,
1962, This application Jan. 25, 1963, Ser. No. 253,966
24 Claims., (CL 51—165)

This invention relates to grinding machines and more
especially to dressing grinding wheels.

During production grinding a grinding wheel becomes
loaded and dull, hence it is customary to back it away
from the work and then hold a diamond tool against the
surface to restore it to its initial shape, renew its grinding
efficiency and to remove nicks and the like. Cumulatively,
such frequent dressing operations result 1n a loss of ma-
chine production time and to a lesser degree a loss of
abrasive, and hence together constitute a significant factor
in manufacturing costs. .

The principal objects of this invention are therefore to
effect truing and dressing automatically without interrup-
tion of production grinding, and fo provide an apparatus
for accomplishing the same. Other and ancillary objects
are to provide, through automatic dressing, a saving In
abrasive; to provide for maintaining the grinding wheel 1n
o better condition continuously resulting in a more effi-
cient use of the driving power; to provide for maintaining
the grinding ratio between predetermined limits, and thus
by this means to accomplish a greater grinding efficiency;
and to provide for maintaining the surface flatness within
predetermined limits and hence for greater precision.
Still another object is to provide for automatic sizing.

The invention is herein illustrated in combination with
a grinding machine, including a work support and wheel
ovable relative to each other, of means operable to
establish a norm of operation in which grinding is effected
without breakdown of the surface of the wheel, a detector
operably sensitive to a change in performance of the
machine due to loading and/or dulling of the wheel, and
means responsive to operation of the detector to change
the norm of operation so as to effect breakdown and re-
newal of the surface of the wheel. Renewal of the sur-
face of the wheel is effected by cramming more pOwer
into each cubic inch of the wheel per unit of time to etiect
breakdown thereof and such sharpening action operates
to re-establish the initial norm of operation and there 18
means operable by such restoration to render the detector
means inoperative and for restoring the machine to
normal operation. The means put into operation by the
detector may optionally be: means operable to change the
speed of rotation of the grinding wheel; or means oper-
able to change the rate of infeed, or cross-feed, or trav-
erse, or any combination of these. The detector may
optionally be: means operably responsive to an increase
in power input to the wheel shaft due to loading of the
wheel; means operably responsive to a change in the
orinding ratio; means operably responsive to the condi-
tion of the surface: or means operative upon the attain-
ment of a predetermined work size. o

The invention will now be described in greater detail
with reference to the accompanying drawings wherein:

FIG. 1 is a perspective view in section of a typical
erinding machine showing the present invention applied
to a motor-driven grinding wheel, work support, and
means for effecting infeed, cross-feed, and traversing

movements; | .-
FIG. 2 is a wiring diagram of a control circuit for

changing the traverse speed on a signal from the power
drawn by the grinding wheel motor, wherein only the

upper limit is controlled;
FIG. 3 is a wiring diagram of a circuit for conirolling

|

10

15

- 20

29

30

35

40

45

50

55

60

65

3,167,851
Patented Feb. 2, 1965

2

the traverse speed on a signal from the power drawn,
wherein the upper and lower limits are automatically and
separately controlled;

FIG. 4 is a wiring diagram of a field rheostat which
may be substituted for part of the circuit shown in FIG.
3. to effect a decrease in peripheral speed of the wheel
on a signal from the power drawn;

FIG. 5 is a schematic diagram of a device which may
be substituted for the traversing solenoid in the relay cir-
cuit of FIG. 3, to effect control of the infeed on a signal
from the power drawn;

FIG. 5a is an elevation partly in section of the infeed
mechanism;

FIG. 6 is a wiring diagram of a relay circuit which may
be substituted for part of the circuit shown in FIG. 3 to
effect control of the traverse speed on a signal from the
surface finish;

FIG. 7 is a wiring diagram of a field rheostat which
may be used in the circuit shown in FIG. 6 in place of the
table traversing solenoid to effect a change in peripheral
speed on a signal from the surface finish;

FIG. 7a is a wiring diagram similar to that shown in
FI1G. 7 but with the relay set in a normally closed posi-
tion for cooperation with the circuit shown in FIG. 6;

FIG. 8 is a diagram of a relay circuit which is used, to-
gether with the device shown in FIG. 5, to effect control
of the infeed on a signal received from the surface finish;

FIG. 9 is a diagram illustrating the manner in which
the surface grinding ratio is determined,;

FIG. 10 is a diagram of a servo system for measuring
the components of the grinding ratio;

FIG. 11 is a circuit for automatically calculating the
values for the grinding ratio;

FIG. 12 is a diagram illustrating the manner in which
size control is obtained; and

FIG. 13 is a wiring diagram of a servo syste
ing control of size.

The invention herein illustrated is applicable to grind-
ing machines of various kinds wherein there is provision
for effecting relative movement of the work and support
including infeeding, cross-feeding and traversing. For the
purpose of illustration and not by limitation, there is
shown in FIG. 1 a grinding machine providing means for
feeding the wheel toward the work, traverse feeding of the
work, and of cross-feed of the work relative to the wheel.

A typical grinding machine like that shown in the patent
to Wood, 2,080,976, May 18, 1937, is illustrated in the
drawings, and this machine comprises a base 10 which
supports a vertically movable wheel slide 12 adapted
to slide in the vertical slideways 14 and 16. The wheel
slide 12 carries a borizontally positioned wheel spindle
18 journalled in suitable bearings. The wheel shide 12
is adapted to be raised or lowered to feed the grinding
wheel relatively toward and from the work surface by
means of a feeding mechanism comprising a screw 24
which meshes with a nut 26 formed as an integral part
of the base 10 or fixedly mounted thereto. The feed
screw 24 is rotatably supported in a bearing 28 and car-
ries at its upper end a bevel gear 30 meshing with a
bevel gear 32 keyed to a horizontal shaft 34 which is
journalled in a projection of the wheel slide 12. The
shaft 34 carries a manually operable feed wheel 36 which
may be rotated in either direction, depending upon
whether it is desired to raise or lower the position of
the grinding wheel.

A transversely movable or cross-feed carriage 40 is
arranged to slide toward and away from wheel slide 12.
The carriage is provided with a pair of spaced flat ways
42 and 44 which mate with corresponding flat ways on
the base 19. A suitable transverse guide gib or slideway
46 is provided which is parallel to the ways 42 and

for elfect-

44 and midway therebetween to serve as a guiding means
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to guide the carriage 48 trans sversely relative to the base

16 and toward and away from wheel slide 12,

A longitudinally traversable work supporting table 48

is supported on the usual V-way 58 and flat way 852

) for a longltudmal re01procat1ng movement relatwe to

the carriage 460. A work piece W may be held on the

upper surface of the table 43 while its uppa...r surface:j'

is ground to the desired extent.

- In this type of machine, as 1llustrated the grmdmg,';;""'
wheel is arranged to move in a vertical direction toward

10 -

and - from the work and the work supporting table is
. arranged to-be traversed longitudinally and cross-fed -
) transwersely in order that the entire surface Df a work )

piece may be ground.

A fluid pressure: mechamsm is prowded to traverse and -

reciprocate the. longitudinally movable work table. In
- the form illustrated, a cylinder 54 is fixedly mounted on-
the upper surface of the {ransversely movable or cross-feed -
carriage 40.. The cylinder contains a piston 56 which is .

- fixedly mounted to a piston rod 58 which extends thmughf |

the cylinder 54. Each end of the piston rod. 58 is con-._ -

nected to the longltudmally movable table 48.
The transversely movable carriage 49 is arranged to

~ formed on its outer end.

,_ﬁ.

cylinder 8§ -is. prowded integral ‘with the carriage 4@
This C‘_’{IIII{ICI‘ contains a piston 82 which has a rack 84
The rack 84 meshes with a-

pmmn 86. The pinion 36 is-connected to a pawl-carry-

ing lever 88 having a. pawl 9@ engaging a ratchet wheel

92 which is fixedly connected with the drmng gear 76.

It will be readily apparent that when fluid is. admitted.
froma hydraulic: system, not shown, to move the piston
82 toward the left against the tension of a spring 94, the
rack 84 moves to the left causing the- pmmn 8% to rotate
in a counter-clockwise ‘direction carrying the pawl 98¢
‘which in turn rotates the ratchet wheel 92, gear 76 and
“serves to rotate the feed screw 60 in eﬂher one or the
other dlrection dependmg upon- Whether the gear 68 or
~ gear 69 is in operative mesh therewith. . |

The fofegmm structure as above . stated 18 shown in

Patent 2,080,976 for 'which reference may be. had for
further details of construction ‘and operation. - |
be obvious that the principle of . this-invention may be'-
- applied to- other forms of grmchnﬂ machines such as:.

" a centerless, or cylmdrlcal or other. grinder machine.
Heretofore when using a machine of the. foregmng or-

' -mmﬂar kind, when the wheel became dull or glazed, it

- be driven on its cross- feed movement relatwe to the

~base 10 and the grlndmﬂ" wheel by means of a rotatable
screw 69 which is supported on the carrlage 40. The

screw 68 meshes with a nut 61 which is fixedly mounted

- on the base 1§.
- disclosure that upon rotation of a hand wheel 62 on the

~ outer end of the screw 68, the carriage 49 will be made.
to move transversely to change the position of the work |

~ piece relative to ‘the grinding wheel.. The transverse or

It will be readily apparent from this -. .

cross-feeding movement of the work support is essential:

in a machine of the surface grinder type inasmuch as
it is frequently necessary to grind a plane surface which_
1s of greater width that the width of .the grinding wheel.
- The work table is reciprocated longitudinally relatwe
~ to the wheel and a relative transverse movement or ¢ross- - -

has been the practice when the wheel carriage is retracted
- from the work to apply a diamond dressing tool against -
- the wheel until the surface is reconditioned.

‘Such. undesirable interruption of machine operatlon is

.ehmmated when following the- teachmg of this invention
~ and yet the wheel can be__recon_dltmn_‘ed to have its nor-
mal sharpness and- eﬂ"lCiency This saving can be ac-.
complished very simply by increasing the rate of traverse,
- infeed, crossfeed,. or decreasing speed of rotation of the
wheel relative to the work without retracting it-from the

- work and hence without mtermptmg the productive grind-

Q3
G

fuﬁd 1s at one or both ends of this table mﬁvement so that

on successive strokes the wheel operates on different por-

tions of the work so that the entlre surface of the work
may be ground. |

work piece relative to the grinding wheel.
construction, a fluid pressure actuated power feed is

It s deswable to provide a smtable power. actuated.
‘means for causing ‘a transverse or cross-feed movement.
of the calriagu 40 to cause a transverse movement of the
“In the preferred'

40

49
- glven moment.

provided which is operated in timed relationship with

the table traversing mechanism so that the cross-feeding -
movement of the carriage takes place at the end of a
‘stroke and during the period of reversal of the motion.

of the longltudmally movable work table.

As illustrated in the drawmgs an in and out movement '_

of the cross-feed carriage is obtained by the gear mecha-

- nism comprising gears 68 and 69 mounted.on the outer end

~of the feed screw 60. The gears are mounted on a sleeve .
76 which is shdably keyed to the feed screw 68. The .

sleeve 78 may be moved axmlly by a reversmg lever 72 .

"_ha.vmg a yoked portion engaﬂlnﬂ* a groove in the outer
periphery. of the sleeve 70..

the gear 69 with an idler gear 74 which also meshes

with a driving gear 76 mounted on a shaft 78, to cause .
a cross-feeding movement of the slide 48 towards the

wheel slide 12. If it is desired to move the carriage
~away from the wheel slide the operator shifts the lever

72 which serves to slide the sleeve 70 downwardly so .

 that the gear 68 meshes directly with the driving gear

In the position of parts
“illustrated, lever 72 is in the forward position, meshing

60 ¢

76. If it is desired to cause a manual transverse feeding

movement the lever 72 is moved in a central or neutral .
position, which serves to move the sleeve 70 to a middle.
point for disengaging both gears 68 and 69 so as to allow

70

free rotation of the feed screw WltﬂGLt turning the gear

-~ mechanism. - |
N In order to rotate the dlwen gear 7( a ﬂmd pressure

75

ing operatlons

infeed, increasing the rate of traverse, or cross-feed; or

wheel to expose a fresh underlayer of abrasive.

tire cross-feed cycle on a -surface grinder or other feed
cycle on anﬂther type of machine. -

surface smoothness or finish.

It will

The effect of drastlcally changing any
| of the operative factors of the wheel named above is to
- break down the surface of the wheel so that a clean layer
~of abrasive is exposed. In the preferred practice of this -
invention such :truing or dressing of the -wheel can be
effected automatically by making use of changes in the
- performance of the apparatus which can be detected dur--
ing a grinding operation. . Changes which may be taken
'advantage of are, for- example, a change in the power -
drawn by the wheel motor, a change in the grinding ra- -
' ,tlo, or the condition of the surface of the work at any'
- When -one of the aforesaid changes in
operative: charactenstics of the wheel is detected, trmnﬂ'_-
and renewing of the surface .may be effected in one or
- several ways as, for example by -increasing the rate of
'50_ _'deweasmg the speed of the wheel Wthh altered- speed of
operation can be utilized to. break down the surface of the
| As soon
‘as the surface of the wheel is restored as manifest by a
return to normal performanae or at the. end of a prede-
termined time of operation; the operation of the wheel or
 machine feed or feeds ‘may return to normal which is
- preferably. accomphshed upon the completion of the en-

~Of course, the wheel .
is usually run during normal- 0perat1011 at a speed such |
that its surface does not break down for such would be
~ wasteful of abrasive and. Would not pmwde an accpptab’fa'j

More specifically, it has been dlscovered by 'tests using -
“a vitrified bonded grinding wheel of ‘a relatively soft grade
and open structure which is operated normally -at a fixed -
wheel speed of approximately 6000 surface feet/mm and
~ traversing at a rate of 400 inches/min., may be recon-
"'--dltmued by increasing its traverse speed to 1200 inches/
~ min; - while - permitting production grmdmg 1o continue -
without time loss for wheel dressing.
eration automatically, a control circuit designed to oper-
ate between these two limits may be provided. - Grinding -
1s permitted at the high traverse speed. fora predetermmed' :

To: effect this op-

o e
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number of cuts, for example 10 cuts or complete cross-
feed cycles, before switching to the lower or normal tra-
verse rate. A circuit to accomplish this is shown in
the diagram of FIG. 2. The wheel driving motor M 1s
supplied with direct current at a constant voltage of 230
volts. Electric power is equal to voltage times current
(P=V 1), and since the voltage is kept constant the
power drawn is directly proportional to the motor arma-
ture current. A sensing device in the form of a low re-
sistance resistor 100 of known resistance is connected in
series with the motor armature. Accordingly, if this cur-
rent is permitted to flow through a resistor 130 of known
resistance the voltage drop across the resistor i1s directly
proportional to the power drawn. A low resistance re-
sistor is employed so as not to disturb the motor
circuit. The direct current voltage across the resistor
is fed into a D.C.—-A.C. chopper 192 (vibrator) which
converts the D.C. direct current signal to a pulsating cur-
rent in the primary coil of a transformer 144. Any type
of D.C.—A.C. converter may be employed. The pulsating
signal, produced in the secondary of the transformer 194,
is first smoothed out in this instance by a low-pass filter
circuit and is then amplified through the circuit including
tubes 108 and 112, and is finally fed into a control relay
circuit 116. A potentiometer 114 controls the signal fed
to the grid of the tube 112 and a potentiometer 116
controls the bias voltage of the tube 112. Between the
two potentiometers 114 and 116 a desired control is at-
tained so that it is possible to actuate a relay CR1 in
circuit 119 in response to any predetermined power level
attained by the direct current motor M. The control of
relay CR1 depends on the plate current of tube 112 and
the potentiometer 116 is operable to change the current
necessary to effect its operation. The potentiometer 114
permits saturation of the tube 108 depending upon the
input signal level which, in turn, increases its plate cur-
rent.

When the grinding cycle is started with a freshly dressed
wheel the motor requires only the minimum power input
to effect grinding. However, as grinding continues the
- wheel face usually becomes loaded {o a certain degree
and the exposed abrasive grains become dull, hence the
power required for grinding increases. When the power
increases to a predetermined level, which is set by adjusi-
ing the potentiometer 114, control relay CR1 is energized
thus starting the control cycle. Energization of relay
CR1 closes contacts SCR1g and SCR15 which, in turn,
energize relays CR2 and CR4. Energization of relays
CR2 and CR4 closes corresponding contacts SCR2a and
SCR4a which lock the two relays in so that they no longer
depend upon relay CR1 and hence will not de-energize
if relay CR1 de-energizes. It is not desirable to change
the traverse speed while the wheel is actually engaged with
the work and until a particular feed cycle under way has
been completed, hence the circuit is designed to take effect
only when the wheel is off the workpiece at either side.

|
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To this end, limit switches S1 and S1’ are placed at either

side of the workpiece and closing of either switch, while
relay CR2 is energized, energizes relay CR3 which locks
itself in by closing contacts SCR3a. A second set of con-
tacts SCR3b, closed by relay CR3, operate to energize
a table traverse speed controlling solenoid 118, which
changes the table speed from its normal 400 inches/min.
to its higher rate of travel, The solenoid 118 controls the
valve supplying fluid pressure to the cylinder 54 which re-
verses movement of the table. A rotary switch S is en-
ergized by limit switches S2aq and S2b sifuated at each side
of the work picce as the wheel traverses from side-to-side
through contacts SCR4b closed by relay CR4, ahich
switch S counts ten (10) and when the tenth complete
cross-feeding cycle or cut is finished, operates {o energize
a relay L. Energization of relay L opens a normally
closed switch SI., thereby de-energizing the complete cir-
cuit so that the traversing feed is restored to its normal

80

65

70

75
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speed. When this occurs the rotary switch S jumps to
position 2 and is ready to count the table traverse strokes
again when called upon to do so. | .

The circuit diagram illustrated in FIG. 3 provides an-
other means designed to effect dressing of the grinding
wheel automatically by controlling traverse speed on a
signal from the power drawn. The circuit is essentially
the same as that shown in FIG. 2, however, the counting
switch S used in the circuit shown in FIG. 2 is omitted
herein and the circuit is made responsive in sequence to the

upper and lower limits whereby the grinding operation 1s

automatically controlled. The circuit operates as follows:
The current through the resistor 18¢-X is directly propor-
tional to the power drawn. Consequently, the voltage
across the resistor is also proportional to the grinding
power. This voltage is changed to a pulsating signal by
any conventional device 102-X and supplied to the trans-
former 184-X through a suitable filter 106-X and the
transformer output is amplified by the tube circuit in-
cluding 168-X and 112-X. The amplified signal is fed
into the relay control circuit 110-X. A potentiometer
116a-X provides for adjusting the bias of the tube 112-X
for the upper power limit and a potentiometer 1166-X
provides for the lower power limit.

The wheel in good condition continues grinding at a
normal rate until it loads and/or dulls which causes the
power to effect grinding to increase and when it reaches
a predetermined upper limit the control relay CR1-X un-
der the influence of potentiometer 1164—X and tube 112-X
becomes energized to close contact SCR1-X. The closing
of contact SCR1I-X energizes relay CR2-X which be-
comes locked in by closing switch SCR2a-X, so that relay
CR2-X is now independent of relay CR1-X. Energiza-
tion of relay CR2-X also closes switch SCR2p-X. The
cross-feed continues at its normal rate until a cycie is com-
pleted whereupon one or the other of the one way acting
limit switches Sig or S1g’ is actuated to clear the solenoid
control circuit. Then upon further movement either limit
switch S2 or S2’ is actuated and since relay CR2-X is
energized and contact SCR2¢-X is closed, relay CR3-X
becomes energized, locks itseif in through contact
SCR3a-X and energizes relay CR4-X through SCR35-X,
which effects operation of the table traverse speed control
solenoid 138-X. This changes the traverse speed to 1its
higher rate. It also changes the bias of the tube 112-X
by switching the potentiometer 131656-X in and the poten-
tiometer 1164—3X ouf of the circuit by way of contacts
SCR4-X. The new bias sefting permits activation of
relay CR1-X down to the lower point limit level. The
cross-feed cycle continues in the same direction until either
one of the limit switches S3 or S3’ is actuated to de-ener-
gize relay CR2-X so that sensing will again take place if
the grinding power remains between the two limits since
relay CR3-X is locked 1n.

At the end of each cross-feed cut or cycle which is now
taking place at the faster rate of feed, one or the other of
the one-way acting limit switches Sia and Sla” will be
opened to de-energize relay CR3-X. However, if the
power to the motor has not decreased below the lower
power limit setting of 1160-X and tube 112-X, the relay
CR1-X is again energized which, in turn, energizes and
locks in relay CR2-X and, as previously related relays
CR3-X and CR4-X, by way of the swifches S2Z or SZ’,
energize the table traverse speed control solenoid so as to
maintain it at the high speed level. But when the power
falls below the lower power limit sefting of 112-X the
relay CRI1I-X will not be energized, hence SCRI-X is
not closed and when one of the switches Sig or Sia’ is
opened, the control circuit is cleared. When CR4-X 1s
deenergized SCR4-X is operated to reestablish the high

setting on the potentiometer 116a—X and tube 112-X.
When switches S2 or S2’ are subsequently actuated, they
will not energize the solenoid CR3-X because of the
fact that relay CR2-X is not energized. Relay CR4-X re-
mains deenergized in this instance and the traverse speed
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- will refurn. to 'its low rate of travel whéﬁ 118-X 18 re-

turned to- 1ts initial setting upon clearing of the contlol_
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One typical example of a wheel dressed in accordance_. -

'_Wlth the teaching of this invention made use of a 734"
- diameter wheel, ¥2’" thick, mounted on a 1¥4"" spindle.

The wheel was made .with-a 46 mesh alumina abrasive .

grain, the wheel being of a relatively soft grade, of a rela-

Gt

- piston-132 to the left.-

136, Liniit---sv?it_t:hes "S@E:::_ and SGe’ situafad- at;{oppqsite_; |

sides of the work for actuation by the work support are

provided for controlling the supply of hydraulic pressure -
to the eylinder 338 to actuate the rack 124 by movmg the |

Dressing: of the: wheel

1ay be contmlled by contml— ;

ling the- 513.....ed of the croqs—feed on a signal from the

power drawn, for ehample on a surface grmder by way

tively porous structure, and having a vitrified bond.. This -

wheel was run on a Norton 6" x 18" surface grinder, the

‘wheel being operated at a speed of approximately 6060
Cross- -
The downfeed was at the rate of
10.002"” per cross-feed cycle and a water coolant was used.
A traverse rate was established under one:test of 400" per.
-in.an-

~surface feet/min.- A Vega steel was ground at a
feed of 0.050” per pass..

minuie and a dressing rate of 1200’ per minute.

<10

of :a circuit which: is identical with that. just descnbed_

with reference to FIG. 5. For a cylindrical or a center-
less grinder where- there is no- cross-feed, the speed of
the work drive. motor. or the speed- of the regulating -

~wheel respectively, may be con rolled by a mrcmt which .

is 1dentical to that shown in FiG.-4.

other test a change of traverse rate from 400’ per minute

to 1400” per minute was used. - The power used to drive..

- Dressing of :the: wheel: may: be- effected ina’ sunr_laru

'-manner by coniz oﬂmﬂ' traverse speed on a.signal from
the surface finish. ~This may be. accomphshed with the

- control circuit- shown in FIG. -3, by the use-of a trans-.

the wheel was: continuously fed into a control circuit like - |

that disclosed in FiG. 3.

~ditions had been reestablished.

~while continuing its grinding cycle may be e

controlling the peripheral speed of the wheel itself on a .
- signal from the power drawn. - This may be accomplished:

“The wheel surface was auto- ¢
- matically renewed upon becoming: dulled and/or loaded:
by an. increase-in the rate of traverse, and it was observed
-that invariably the wheel surface was renewed efiiciently -
‘whereupon the traverse rate was automatically returned to:
~the rate of 400" per minute when normal grinding con-

‘ducer in the form of a tracer-type profilometer- for
‘uring surface roughness.

1cas-

factured by the Micrometrical: Manufacturing Companyi*.

and may be. connected into the circuit of FIG. 3 to actu-

ate relay CRI-X in response to the surface condition.

~ To this end, the relay circuit of FIG. 3 is modified by -

- substituting the circuit illustrated. in. FIG 6, which con-
o - - tains a switch SCR1d which is closed by relay CR1-X"
The dressing of the wheel b‘y causing: 1t to break down.!

Tected also by -

to :energize  a relay: CR2d to operate holding switch
SCR2d and close -a switch: QCRM to actuate a traversing -

~ solenoid 1184, Limit switches Sid and Sid’ and S24

.30

by using the circuitry illustrated in FIG. 3, modified by
“substituting for the solenoid 118-X therem ‘means: for

- changing the perlpheral speed of the wheel.
as shown in FIG. 4, a field rheostat 120 mcludlng a con-

~tact SCR4b is placed across.the field of the D.C. motor ¢

To this end,

| _Tmlhng the  peripheral speed of the: wheel -on a signal -

M. When the switch SCR4b is -open the motor runs at

hlgh speed .and when it is closed it runs at lower speed
“When this
control is used, the traverse and cross-feed means for the:
- work are usually continued at their normal rate, but of
~course relay 118 or 118-X of either FIG. 2 or 3 could be..

_controlled by the adjustment of the rheostat:

FIG. 7, ‘or FiG.
- SCR3e may be | used in: place: of: -the solenoid hgd and

(i
o

~and:S2d’ are provided, the latter serving to: make the de- . '

sired  surface condition measurement of the product. - |
 Dressing of the wheel may be effected also- by con-

Irom the surface finish and to this end, as shown mn
Ta a field rheostat - 122(3 and - switch

switch SCR&d of the circuit shown in FIG. 6.

 retained and utilized to operate a second switch SCR4b. -
and/or the fraverse or crossfeeds mmultanewsly W1th a.

coordinated relative wheel slow down. -
Wheel sharpening or dressing may be ¢

-

- signal from the power drawn. .

| ected  also. byr:
controlling the infeed of the wheel into the work on a

Again, the circuitry shown

4.55::

Dressing of the wheel may be e

fecied also by control-

_img the infeed: on a signal from. the: surface finish: and
“to this end the relay circuit of FIG. 6 may be changed
“ito that shown in FIG. 8 in assoc:latmn with the: device

shown in. FIG. 5. The- circuit contains - rel'ay CRZf,
switches SCR1f, SCREJ‘ SCRE)‘ Oif, Sif’, and solenoid

1E8f for actuatmg relay 2@@ under the mﬁuenee of S1f '

and:S1f..
Dressing may be eﬁ“ected also by controhmg the Speed

- of the cross-feed of a surface grmder on the signal from

~in FIG. 3 may be employed by omitting the solenoid -
118-X and substituting” therefor the device . shown in

- FIG: 5, and additional limit switches.

normally: employed for effecting manual mfeed

Conveniently, the
~device. .is adapted to effect -infeed . through the. géaring

As
- shown, (FIG. 5q) the shaft 34 has an extended portion

50

129 connected by a one-way clutch 122 to.a gear 124, -

‘the latter being engaged with a rack bar 126 (FIG. 5).

~The rack bar 126 has a portion 128 extending through

one end:of a cylinder 139 to which there is _secursde a
piston 132. By supplying fiuid to the cylinder the piston

may be moved therein and, in turn, move the rack bar

126, rotate the gear 124 and hence effect infeed through gg -

the one-way cluich 122. A collar 134 is adjustably
fixed to the extension 128 and is movable therewith be- -

tween. the end of the cylinder and a fixed stop 136. Be- -

| tweefl the end of the cylinder and the fixed stop 136 there
is ‘a 'solencid-operated limit block 138." The distance

X2 between the collar 134 and the limit stop 138 repre-

 sents: the normal condition for grinding at a low . rate

~of infeed.  Spring 140 .tends to hold the piston in the
-right hand position in the cylinder with the collar 134
.engaged with the cylinder 130. When the relay CR4-X-
al from the power drawn,

- is energized in response to a sig

- contact SCR4c, FIG. 5, is opened to deenergize -relay

200, allowing the limit pin 138 to be retracted by spring

201, so that the collar 134 may move past the end of

- the limit pin 138 and into engagement with the fixed stop.

55 cal grinder by making
- of FIG. 7a whln.,h hkerse may be used to speed- up the

the . surface: finish . with: the same- circuit ras shown in

FIG. 8, and with a centerless grinder a circuit like that

shown in FIG.-7 wherein the relay SCR3¢ is normaily -
open, and which closes to speed up the regulating wheel

- of the centerless grinder to-dress the grinding wheel by

changing the relative speed between the grinding wheel
and the work.. Dressmg can be effected with a cylindri~ -
use of-the normally closed circuit

motor for driving the work to accomplish a change in the

relative motion between the work and: the grmclmrr wheal N

to produce. the desired wheel dressing.
Self-dressing of the wheel may be. ef’fected by control—

ling the traverse speed from a signal derived from the -
instantaneous grinding ratio..  For example, in a surface

- grinder the grinding ratio is equal to the number of cubic
- inches of metal removed divided by the number of cubic
65 _111ches of wheel wear WhICh is lepresented conveniently

by the foﬂawm g :Eormula | |

4

| B- |
Referrmg now to FIG.. 9, A -bra-y Where b the__

Metal removed in-in.?
Grmdmﬂ' ratm“ GR =
- Wheel ﬁ"(}&l nins |

f -Ienﬂth of the work, a=the width of the WOI‘I{ and y==the -

thickness of the metal portion removed; ¥, however is

-equal to the movement of the wheel .toward the. work

. which is (H——h) minus the reduction in the diameter of -

3 the: th"el Wthh 18 R—F

Accordlngly,

Such an ‘instrument is manu-
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&
A=bay=ab[(H—h)—(R—r)] and B=t(xR2—nr?)

where 7 is the thickness of the wheel and R and r are the
respective diameters of the wheel prior to and after wear.
Accordingly, B=fr(R-+r)(R—r). Employing the fore-
going values for A and B, the grinding ratio 1s:

ab [(H~—h)— (B—71)]
(R+7r) (B—7)

The quantities H, k, R and r may be continuously meas-
ured by the simultaneous operation of the two servos i
and F2 as shown in FIG. 10. Diagrammatically the
wheel 24 is shown engaged with the work W. The servo
F1 serves to constantly measure the radius of the wheel
and comprises a motor M1 which drives a gear 15¢ sup-
ported on the frame 150’ and rack 1352, the Jatter mount-
ing a magnetic or capacitance pick-up 153 adjacent the
surface of the wheel which is sensitive to a change In
radius. This change is fed to the motor M1 through
an amplifier Al. As the radius diminishes and the gear
150 is driven, the wiper of potentiometer 154 is propor-
tionately adjusted and the voltage range picked off of the
wiper of the potentiometer 154 thus changes proportion-
ately. The servo F2 serves to constantly measure the po-
sition of the center of the wheel relative to the surface
being ground and includes a motor M2 which drives a
gear and rack 156, 158, the latter mounting a position
pick-up 160 which determines the relative position of the
center of the wheel at any given moment. The gear 1S
supported in a fixed position relative to the surface of the
work support table and the pick-up 160, by movement
relative to a coil 162 carried on frame element 162’ in-

GR=

i

tegral with the wheel support, provides a signal which is

fed to the motor M2 through an amplifier A2. As the
center of the wheel descends with coil 162 and servo FZ
adjusts pick-up 168 by driving gear 156 In response 1o
the change in signal from coil 162, the wiper of the
potentiometer 154 is simultaneously adjusted propor-
tionately by servo F2 and the voltage range picked off of
the wiper of the potentiometer 164 changes proportion-
ately. As long as the values r and & do not alter the
value of GR in the aforementioned formula, the appara-
tus will operate in its normal manner; however, as soon
as the value of GR is changed to a predetermined extent,
a signal is produced which may be used in the circuit
shown, for example, in FIG. 2 to increase the speed of
traverse. In this last described control means, the grind-
ing wheels used for grinding must be made magnetically
susceptible to operate an electromagnetic pick-up 153 or
must be electrically conducting to operate a capacitance
pick-up.

As above explained, knowing the H, 4, R, r values the
instantaneous grinding ratio can be calculated automati-
cally by the circuit shown in the diagram of FIG. 11,
wherein the legend SB represents a conventional elec-
tronic subtracter, the legend = a conventional adder, the
lesend Me a known multiplier and the legend Dv a known
divider. The other letters used in this diagram corre-
spond to those disclosed in FIG. 9. This circuit which
calculates the grinding ratio instantaneously may be used
as an infeed to the chopper 10-X of the circuit shown
in FIG. 3.

Dressing of the wheel may be effected in this last de-
scribed situation by controlling the peripheral speed grind-
ing wheel on a signal from the grinding ratio circuit by
employing the circuit shown 1n FIG. 4.

Dressing of the wheel may be effected also by con-
troliing the infeed on a signal from the grinding ratio cir-
cuit using the circuits of FIGS. 3, 10 and 11 with the cir-
cuit shown in FIG. 5. For the cross-feed control of a
surface grinder integrated with the grinding ratio, the cir-
cuit shown 1n FIG. 5 including means shown in FIGS 3,
10 and 11 may be employed, while for a cylindrical or
centerless grinder control, the circuit shown in FIG. 4
may be used with that shown in FIGS. 3, 10 and 11.
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The circuits described above in FIGS. 3, 10 and 11
may be used incidentally for an alternative purpose, 10
wit to effect a size control of the work. By taking advan-
tage of the magnetically susceptible or electrically con-
ducting properties of a grinding wheel, the reiation of the
grinding wheel to the work in a suriace grinder can be
measured continuously as the wheel removes material
from the work and is itself reduced in diameter. Where
H represents the initial position of the center of the grind-
ing wheel and /4 the position of the center of the grinding
wheel as a result of the amount of downfeed or infeed
of the wheel into the work and R represents the initial
radius of the grinding wheel and r the instantaneous radius
of the grinding wheel, from the drawing shown in FlG.
12, it is apparent that the initial size of the work is & —R
and the desired size of the work piece is some value of
h—r. Using the circuitry shown in FIG. 13, the values
of h and r may be compared at all times to a set rate
thereby to control size. Referring to FIG. 13, there 1s
shown a wheel radius servo F3 comprising a motor M3
which drives a gear 166 and rack 168, the latter mount-
ing a magnetic or capacitance pick-up 178 adjacent the
surface of the wheel. A second servo F4 consisting of a
motor M4, gear 172 and rack 174 mounts a position
pick-up 176 situated in a follower coil 178. The sig-
nals from the two servos are suitably related through
potentiometers 179 and 181 and are continuously com-
pared in a circuit including a subtracting network 189 and
a comparator 182 which may be adjusted to have a pre-
determined setting by means of rheostat 184, When a
predetermined relationship is established between the in-
dications received from the sensing devices 17¢ and 176
the circuit is operative to terminate operation of the
machine through network 196.

The technique described above may be used on a cylin-
drical erinder or a centerless grinder with obvious modi-
fications, to accomplish the self sharpening action of a
orinding wheel without discontinuing the grinding cycle.

In all of the foregoing illustrations, the variables have
been employed to effect self dressing of the wheel; how-
ever, these same variables also can be used for the fol-
lowing purposes:

(1) To effect a grinding machine operation under cir-
cumstances in which the power supplied to the motor 1s
maintained within limits by automatic change in one or
more of the following:

(a) traverse rate of the work by the wheel; and/or

(b) peripheral speed of the grinding wheel; and/or

(¢) infeed of the wheel to the work and/or cross-feed
of the work by the wheel.

(2) To effect a grinding machine operation under cir-
cumstances in which the grinding ratic is maintained
within limits by effecting an automatic change of one or
more of the following:

(a) traverse rate of the wheel by the wheel; and/or

() peripheral speed of the grinding wheel; and/or

(¢) infeed of the wheel to the work and/or cross-feed
of the work relative to the grinding wheel.

(3) To effect a grinding machine operation in such a
manner that the surface finish is maintained within pre-
determined limits by effecting an automatic change of
one or more of the following:

(a) Traverse rate of the work by the grinding wheel;
and/or |

(b) Peripheral speed of the grinding wheel; and/or

(¢) Infeed of the grinding wheel to the work and/cr
cross-feed of the work by the grinding wheel.

(4) To effect a grinding machine operation in which
the wheel size and work finish may be maintained within
predetermined limits by either capacitance or electro-
magnetic sensing elements used in conjunction with either
electrically conducting or magnetically susceptible wheels
respectively.

It should be understood that the present disclosure is
for the purpose of illustration only and that this invention
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‘includes all modifications and eqmvalents which fall wﬁh-'_

in the scope of the appended claims.

This application is a continuation of apphcatmn Serial -

' No. 163,983 filed Jmuary 3, 1962, now abandoned.
We claim:

1. The combination in a grinding machme having . a
work support and a grinding wheel movable re_l_atwe to.

c;'.'t"_-'

12

for pmducmg a signal.of predetermlned level dulmg nor-
mal operatmn said sensing means being operable to pro-
duce -an-increase in the signal. when there is a change in
the performance of. the machine due to a change in the

“grinding characteristics-of the wheel such as are produced

by loadmg and dulling; and control means - operable by

each other, of means for establishing a norm of opera- |
~ tion in which conventional ﬂrmdmg is effected, a detector -

~ operably sensitive to a |change in the performance of the

10

machine due to a change in the grinding characteristics

of the whesl such as are produced by loading and dulling

of the wheel, means responsive to operation of the detec-

tor ‘to_change-!thﬂ-ﬂarm-of operation to effect a breakdown

~and renewal of the surface of the wheel, and means for

rendering the last-named means moperatwe after a pre-

 determined length of time.

2. The combination in a-grinding achme havmg

' work support and a gundmg wheel movable relative to.

cach other, of means for establishing a norm of operation

20

- in which conventional grinding is effected, a detector oper-
~ably sensitive to a change in the. performance of: the:

- machine due to a change in .the grinding characteristics
of the wheel such as are produced by loading and dulling -
of the wheel, means responsive to the operation of the
detector -to increase the rate of afttrition between the

~ wheel and the work sufficiently to effect a breakdown and

- renewal of the surface of the wheel, and a timer operable

to render the last-named means 1noperable at the end of

a predetermmed time. |
. The combination in a grinding machine having a

a0

) L support and a grinding wheel movable relative to

| ea-r.-":hf other, of means for establishing a norm of operation

in wiich conventional g’rindinﬂr 1s- effected, a detector

operably sensifive to a change in the performance of the
- machine due to a change in the grinding characteristics

of the wheel such as are producud by loading and dulling =
-~ of the wheel, means responsive to the operation.of the

detector to decrease the surface speed of the wheel rela-
ect a breakdown -and
- renewal of the surface of-the wheel, and means operable
to increase the surface speed of the wheel relative to the
work to appmmma‘[ely 1ts initial rate at the end of a pre-

 tive to the work sufficiently to eff

- determined time.

4. The combination in a grmdmﬂr machme hz—wmg a -

work support and a grinding wheel movable relative to

40

the increase in the signal, when it reaches a predetermined
level, to change the norm- of operation in a direction fo

'eﬁ”ect a breakdown and renewal of the surface: of the
wheel, -said sensing means |
of smd surface to decrease the signal approximately to
- its initial. predet&muned level, and said control means be-

eing operable upon renewal

ing rendered moperaiwe by the decrease 111 the 51gnal to
said- predetermined level. o |
© 7. The combination in a’ ﬂrmdmg machme hmmg a

~ work support-and a grinding wheel mavable relative to
- each other, of means for: estabhshmg a norm. of operation
in which conventional grinding is effected,. -sensing 1

gans
for producing a signal.of predeternuned level during nor-
mal operatmn -said means. being 0perable to produce an

- increase in the signal due to-a change in the performance

of the machine; means for monitoring the’ mgnal said

- means being operable on the one hand, to increase the
" norm of operation sufficiently fo effect a breakdown and
“renewal of the surface. of the wheel when - the s1gnal in-
creases to a predetermined- upper._level and, on.-the other

hand, to restore the norm of operation appro’ximately' to

its initial level- When the signal decwases to a predeter- '-

mined lower level. .
8. The- comblnatmn in-a prmdmﬂ machme, ha‘vmg a
WOrK suppf_:)rt and a grinding wheel movable relative to

each other, of means for establishing a norm-of operation
-in which conventional grinding is effected, means produc-

ing a signal of predetermined level at the established wheel

o speed; said means 'b;ing'operabi‘e to produce an increase
~1in the signal dioe to a

cnnnge n perfarma:*lce of the ma-
chine due to a change in the grinding characteristics of

the wheel suc;h as are produced by loading and dulhng of
the wheel, and means for monitoring the increase in the -

signal, said means being operable; on the one hand, when

the signal reaches a predetermined upper level to decrease

- the speed sufficiently to effect a breakdown and renewal

of the surface of thé wheel and, on the. other hand when -

- the signal decreases to a prede‘irﬁrmned lower Ievel by

. rencwal of the surface of the whuel to restore the speed

to.its initial amount,

~ each other, of means for establishing a norm of operation
- in which conventional grinding 1s eiiected, ‘a detector - -
~ operably sensitive to a change in the performance of the -

- machine due toc a change in the grinding characteristics

- of the wheel such as are pr’odl.ced by loading and dulling

- of the wheel, means responsive to the operation of the

detector to increase the speed of traverse of the work:

relative to the wheel sufficiently to effect a breakdown and

renewal of the surface of the wheel, and a timer operable

to restore the speed of traverse to ifs 'nornmal.rate after

a predetermined number of passes.

89

5. The combination in a grinding machme having a -
work support and a-grinding wheel movable 1elat1ve to

each other, of means for establishing a norm of opera-
tion -in" which conventional grinding  is effected, and a
detector operably semsitive to & change in performance

60
~ fion in the signal, said means being operable, on the one

- of the machine due to a change in the grinding character-
1stics of the wheel such as are produced by loading and -

dulling of the wheel, and means responsive to the opera-

65

tion of the detector to change the norm of operation to
effect a breakdown and renewal of the surface of the
wheel, said detector being operably sensitive to the change
in performance of the machine due to remewal of the -

surface of the wheel to resmre said 1n1tlal norm of oper-

ation..

WOI‘L support and a -grinding wheel movable relative to

6. The combination in' a - grinding machine havmg a -

70
- work support with a piece of work thereon, and a grind- -
_ ing wheel movable relative to the work mcludmﬂr a Cross-:

-~ each other, of means for establishing a norm of operation

in which conventional grinding is effected, sensing means

5

“eration in which conventional grinding is e

9. The combination in a grmdmg machme havmﬂ a

work support and a grinding wheel infeed means to move
the grinding wheel and the: work support: relatively to-

ward.one another, drive means for controlhng the rate of -

infeed movement of the wheel relative to a piece of work
on said support of means for- estabhshmg a norm oi op-

Tected without
breakdown. of the surface of the wheel, means producing

~a variable signal of predetermined level at the normal
rate of infeed, said

variation in the signal due to a change in performance of

means being opemble to produce a.

the machine due to a change - in the- grinding characier-
istics of the wheel such as are produced by madw"ng' and
du‘hng of the wheel; and means for monitering the varia-

hand, when the. signal reaches a predetermined level of
variation -in one direction to increase the infeed of the
wheel relative to the work; su "c1ent1y to effect a break-

down and a renewal of the surface of the wheel and, on -
the other hand; when the signal. varies to a predetermined .
level of variation in an opposite direction by renewal of

the surface .of *‘he wheel to restore the mfeed t0 113 m.,.hal |
amount.

10. The combmahon in a grmdmg machme havmﬂ a

feed- means, means. for establishing - a norm of operation

in ‘which convenuomal grinding is effectea without break- .

down :of the surfau...e of the wheel mearns praducmg a
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variable signal of predetermined level at the normal rate

of cross-feed of the work relative to the wheel, said means
being operable to produce a variation in one direction in

the signal due to a change in performance of the machine

due to a change in the grinding characteristics of the
wheel such as are produced by loading and dulling of
the wheel, and means for monitoring the variation in the
signal, said means being operable, on the one hand, when
the sienal reaches a predetermined level of variation to
increase the rate of cross-feed sufficiently to effect break-
down and renewal of the surface of the wheel and, on the
other hand, when the signal varies to a predetermined level
of variation in the opposite direction by renewal of the
surface of the wheel to restore the cross-feed to its initial
rate.

11. The combination in a grinding machine having a
work support with a work piece thereon and a grinding
wheel movable relative to the work including a traverse
feed means, of means for establishng a norm of operation
in which conventional grinding is effected without break-
down of the surface of the wheel, means producing a vari-
able signal of predetermined level at the established rate
of traverse feed of the work relative to the wheel, said
means being operable to produce a variation in one direc-
ion in the signal due to a change in performance of the
machine due to a change in the grinding characteristics
of the wheel such as are produced by loading and dulling
of the wheel, and means for monitoring the variations in
the signal, said means being operable, on the one hand
when the signal reaches a predetermined level of varia-
tion to increase the rate of traverse sufficiently fo efiect
breakdown and renewal of the surface of the wheel and,
on the other hand; when the signal varies to a predeter-
mined level of variation in the opposite direction by
renewal of the surface of the wheel to restore the traverse
to its initial rate.

12. The combination in a grinding machne having a
work support and a grinding wheel movable relative to
each other and a motor for driving the wheel, of power
driven means including a motor for establishing a norm
of operation in which conventional grinding is effected
without breakdown of the surface of the wheel, sensing
means producing a signal of predetermined level during
normal grinding, said sensing means being operable in
response to an increase in power drawn by the motor to
produce an increase in the signal, and means for monitor-
ing the increase in the signal, said monitoring means
being operable, on the one hand, to effect an increase in the
norm of operation of the power driven means when the
signal reaches a predetermined upper level, said increase
being sufficient to break down and renew the surface of
the wheel, and said monitoring means being operable on
the other hand, when the signal reaches a predetermined
Jower level to restore the machine approximately to its
initial norm of operation.

13. Apparatus according to claim 12, wherein there is
means for adjusting the upper and lower levels of the
signal.

14. The combination in a grinding machine having a
work support and a grinding wheel movable relative to
each other, of power driven meaus including a motor for
establishing a norm of operation in which conventional
grinding is effected without breakdown of the surface of
the wheel, sensing means for producing a signal of pre-
determined level at said predetermined norm for grind-
ing, said sensing means being responsive to change in the
erinding ratio to change the signal, and means for moni-
toring the signal, said monitoring means being operable,
on the one hand, to change the grinding ratio sufficient to
break down and renew the wheel when said signal changes
in a predetermined degree and, on the other hand, when
the signal changes to a predetermined level said monitor-
ing means is opéerative to restore the norm of operation
of the machine to its normal grinding ratio.

15. The combination in a grinding machine having a
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work support and a grinding wheel movable relative to
each other, of means for establishing a norm of operation
in which grinding is effected without breakdown of the
surface of the wheel, a detector operably sensitive 1o a
change in the surface characteristic of the work being op-
erated upon, said detector being operable to produce a sig-
nal of a preset value, and means for monitoring the sig-
nal, said means being operable to alter the norm of opera-
tion when the signal undergoes a predetermined change
produced by a variation in the condition of the surface
characteristics resulting from a change in the grinding
characteristics of the wheel such as are produced by load
and dulling of the wheel, sufficiently to effect breakdown
and renewal of the surface of the wheel and being fur-
ther operable when the signal returns to approximately
the preset value to restore the machine to its approxi-
mate initial norm of operation.

16. Apparatus according to claim 15, wherein the de-
tector is a profilometer. |

17. The method of dressing the surface of a rotatably
driven grinding wheel during performance of a grinding
operation which comprises establishing a rate of work
attrition which is not destructive of the wheel; changing
said rate to produce a greater degree of attrition when
the grinding characteristics of the wheel change such as
when the wheel has become loaded and dulled to effect
breakdown of the surface of the wheel; and after the
surface of the wheel has been renewed, restoring the norm
of operation to its normal condition.

18. The method of dressing the surface of a driven
grinding means during 2 grinding operation which com-
prises, increasing the rate of grinding attrition of the
beyond that normally employed for grinding to effect
simultaneous grinding and breakdown of the surface of
the grinding means and then restoring the normal grind-
ing condition.

19. The method of dressing the surface of a rotatably
driven grinding wheel during a grinding operation which
comprises, establishing a norm for the grinding opera-
tion, detecting a change in the norm and employing the
change to increase the grinding action performed by the
wheel on the work for a time period long enough to
break down the surface of the wheel and then restoring
the established norm of operation.

20. The method of dressing the surface of a rotatably
driven grinding wheel during a grinding operation which
comprises, establishing a norm for the grinding opera-
tion, detecting a change from the normal and employing
the change to decrease the speed of rotation of the wheel
relative to the work long enough to break down the sur-
face of the wheel and then restoring the speed of the
wheel approximately to its inifial rate.

21. The method of dressing the surface of a driven
grinding means during a grinding operation which com-
prises; establishing a norm for the grinding operation;
continuously measuring the norm and when a change in
the norm of operation is detected, changing the rate of
attrition of the work accomplished by the grinding means
to effect a breakdown of the surface of the grinding
means; and then restoring the operation to its normal
condition.

22. The method of dressing the surface of a rotatably
driven grinding wheel during a grinding operation which
comprises; establishing a norm for the grinding opera-
tion; continuously measuring the norm and when a
change in the norm is detected, increasing the rate of
traverse of the wheel relative to the work to break down
the surface of the wheel; and thereafter returning the rate
of traverse to its original rate. |

23. The method of dressing the surface of a rotatably
driven grinding wheel during a grinding operation which
comprises; establishing a norm infeed of the wheel rela-
tive to the work for the grinding operation; continuously
measuring the norm and when a change in the norm is
detected, increasing the rate of feed of the wheel relative
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to the WOI‘k untﬂ the surface of the wheel is broken dewn, o

‘and then restoring the rate of infeed to its initial amount;

24, The combination in a grinding machine having a |
‘work support with a piece of woik thereon and a grind- .

'. ing - wheel movable relative to the work support, means

- for continuously driving the wheel while holding it in con-- .

- tact with the work on said support, means for establish-

ing a norm of operation involving the establishment of

15

| of the wheel, and means responswe to the operauon of
- the detector to change: the norm of operation while con-
_'t1nuous1y maintaining the . grmdmg operatmn said last .

named means being operative periodically in response to

‘said detector to! change the norm of operatlon while
maintaining said- Wheel and work on said support in con- -

- tact to effeet breakdown and renewal of the surface of

- a reasonable wheel speed: to work speed relationship in -

which conventional grinding is effected, a detector op-

10
erably sensitive to a ehange in the performance of the

~ machine due to.a change in the grinding characteristics
) ef the wheel such as are. produced by loa,dmg and dullmg.._ |

2,168, 596
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