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GRINDING

‘Arthur F. Moul, Buffalo, N. Y. _
Application August 8, 1945, Serial No. 609,520 '

- _ 1 ,

This invention relates to improvements in
grinding surfaces of materials in such a man-
ner as to avoid heating the materials to such
an extent as to damage the same. .

Tt is well known that when surfaces of cer-
tain materials are ground in such a manner that
the temperature of portions of the material is
materially increased, such material may become
damaged due to local heating and in the case
of steels and other metals, the tempers of the
same may be destroyed. The temperatures at
which steels of various kinds lose their tempers
vary considerably. Furthermore, steels are not
always of uniform texture and sometimes the
steel may contain hard spots which become ex-
cessively heated during grinding while other
parts of the steel became heated to a materially
less extent, thus causing internal strains in the
molecular structure of the steel, which may re-
sult in damage to or fracture of the steel.

One of the objects of this invention is to pro-
vide a method of and means for employing tem-
perature responsive means in connection with
grinding surfaces or edges of work, whereby
damage to the work which is being ground due
to excessive temperatures can be avoided.. A
further object of this invention is to provide a
heat responsive device which is arranged to con-
tact the material which is being ground in the
immediate vinicity of the pertion thereof which
is being subjected to the grinding action, and by
means of which accurate information as to tem-
perature can be obtained. A further object is to
provide & heat responsive device, which is con-
nected with an indicator for indicating the tem-
perature of the portion of the work which is

13 Claims. (CL 51—2)
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Fig. 3 is a diagram showing electrical connec-
tions employed for modifying the operation of
a grinding machine’ when the work becomes

» heated beyond the desired extent.
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being ground. Another object is to provide a .

temperature responsive device of this kind which
is arranged to modify the operation of a grind-
ing machine when the work which is being ground
attains a temperature in excess of that desired.

- Another object is to provide a mechanism includ-

ing a temperature responsive device contacting
the work in the immediate vicinity of the por-
tion thereof which is being ground and which

is connected with the grinding machine in such .

a manner as to interrupt the operation of the
machine when the work becomes heated to a
point beyond which it is not safe to continue.
Other objects and advantages of this invention
will appear from the following -description and
claims. - .

In the accompanying drawing, in which is
shown by way of example one embodiment of
this invention: )

Fig. 1 is a front. view of a grinding machine

having & heat responsive device embodying this :

invention appled thereto. :
 Fig. 2 is a fragmentary end view thereof, show-
ing the abrasive wheel in operative relation to
the work ‘and showing a heat responsive device
.embodying this invention spplied thereto,
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Fig. 4 is a fragmentary enlarged sectional view
showing a thermocouple applied to a workpiece.

The machine shown in Figs. 1 and 2 is of the
type. commonly employed for grinding large
knives, such for example as paper cutter knives,
metal shear blades and the like, but it will be
understood that this-invention may be applied
to any other type of grinding machine. This
machine has g .horizontal bed (0 suitably sup-
ported by legs or pedestals i1 from a floor. Oon
the bed of the. machine is mounted a suitable
support 2 for the work, which in the construc-
tion illustrated is mounted to move back and
forth lengthwise of the bed i0 of the machine.
{4 represents the work, which may be a paper
cutting knife or sheet metal shear, or cutter,
or any other article to be ground. {5 repre-
sents the grinding or abrasive wheel which is
mounted to rotate in the fixed guard or housing
16. 'The grinding wheel may be rotated in any
suitable or desired manner, and in the construc-
tion shown, an electric motor 7 is directly con-
nected with the shaft of the grinding wheel. The
motor may be mounted on any suitable support
(not shown) mounted in fixed relation to the bed
of the machine, for example, on the middle
pedestal I1. ,

The work support 12 includes a lower part 19
which is slidably mounted on the bed 10 of the
machine; and on which a work supporting table
20 is mounted. The table is adjustable to various
angular relations with reference to the plane of
the grinding surface of the grinding wheel I5;
which, as shown, is of the cup type of which the
radial edge only is used for grinding. The work
supporting table 20 may be adjusted by any suit-
able mechaniSm, not shown in detail, and in-
cluding a hand wheel 21 by means of which the
table may be moved from the horizontal position
shown in Figs. 1 and 2 to any desired angular po-
sition. * Consequently, if a beveled edge is to be
ground on the work, the angular adjustment of
the table 20 determines the angle of the bevel.
The table 20 is also movable toward and from the
grinding wheel in a direction transverse of the
longitudinal movement of the work support 12,
and means may be provided as is customary in
machines of this type, for advancing the table

" automatically toward the grinding wheel, Since,
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however, this invention is not concerned with

any particular type of grinding machine, these
detailed parts of the machine are not shown or
described. It is also possible to construct the
machine with a stationary work support and with

_ a grinding wheel which reciprocates lengthwise

60

of the work and the improvements herein de-
scribed may be applied to such type of grinding

“machine or to any other tyne.
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In accordance with this invention, a tempers-
ture responsive member of any desired type is
applied in contact with the work in such a man-
ner that any change in temperature of that part
of the work which is subjected to grinding, will
immediately affect the heat responsive unit. Any
type of heat responsive unit may be employed,
which responds quickly to any changes in tem-
perature, and in the particular construction
shown, there is shown by way of example a ther-
mocouple, which includes two wires or rods 25
and 26 of different metals or alloys and welded
or otherwise secured together at their ends, as
shown at 21.  These connected ends of the two
wires or rods are caused to bear against the work.
The bearing of the heat responsive device against
the work may be accomplished in any suitable or
desired manner. For example, a series of these
thermocouples may be placed at spaced intervals
lengthwise of the work and may remain in fixed
relation to the work, or one or more heat respon-
sive devices may be arranged to slide lengthwise
of the work in contact therewith in such a man-
ner that the thermocouple or other heat respon-
sive device will bear against the work as near as
possible to the portion thereof which is engaged
by the grinding wheel. For example in Figs. 1
and 2, the heat responsive device is mounted in
a suitable holder or casing 29 made of insulating
material, and which is mounted in turn on an
adjustable bracket 30 suitably secured to the
guard 16 of the grinding wheel. In the case of
dry grinding, it is merely necessary that this
holder support the thermocouple or other heat
responsive device. If water or other cooling me-
dium is supplied to the work, this guard or holder
may be made of rubber or other material to keep
the moisture out of contact with the heat re-
sponsive device. Also the holder 29 may have
the end thereof contacting the work about the
heat responsive device and wipe away any abra-
slve particles or liquid on the work so as to save
the thermocouple from excessive abrasion or from
contact with the cooling liquid. The two wires
or rods of the thermocouple are connected by
suitable electrical conductors 31 and 32 for car-
.rying the thermo-electric current generated by
the thermocouple. In the construction shown in
Figs. 1 and 2, an edge of the work 14 is ground,
which is approximately at a right angle to the
opposite faces of the work, and thermocouple is
shown in contact with one of the flat faces of

the work in immediate proximity to the edge

£,427,064

7.

5

10

- the thermocouple.
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ample, in Fig. 2, the temperature responsive de-
vice may engage the lower surface of the work
I4, or the edge which is being ground, adjacent
to the abrasive wheel,

If a thermocouple is used, the thermocouple will
generate a thermo-electric current which is ap-
proximately proportional to the temperature to
which the end of the thermocouple is exposed.
This current is supplied to an instrument of any
sujtable or well known type which will indicate
the amount of the electric current generated by
In the particular construc-
tion illustrated, the two conductors 3t -and 32
leading from the thermocouple pass to a measur-
ing instrument 35 of this type, Fig. 3, which has
& needle or pointer 36 which is movable in propor-
tion to the amount of electricity developed in
the thermocouple. The needle 36 may be used
merely to indicate the amount of thermo-electric

-current generated in connection with suitable

graduations 81, Fig. 3, upon a dial or card which

- may be calibrated to read directly the tempera-
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ture of the part of the work contacted by the
thermocouple.

As thus far described, this invention is very
useful in connection with the grinding of mate-
rials. It is generally well known to what tem-
perature a material, such for example as a steel
or an alloy, may be raised, without becoming
damaged, but heretofore no means have been de-

- vised for determining when a temperature is
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reached beyond which it is not safe to continue
the grinding. These excessive local temperatures
may in the case of certain materials cause unequal
expansion of different parts of the work, and thus
cause failure due to cracking or checking of the
work. In the case of steels or other metals which

- are tempered, an excessive heating of the work
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which is being ground. If a beveled edge is

ground on the work, it is preferable to have the
temperature responsive element contact the edge
portion on the face opposite to that which is
being ground and as near as possible to the thin
portion of the beveled edge, since this part of
the edge becomes heated most rapidly to nearly
the same temperature as the surface which is sub-
jected to the abrasive action. It is, however, also
possible to have the thermocouple contact and
move along the surface which is being ground,
and this may be accomplished by mounting a
thermocouple at either side of the grinding wheel,
or in the case of cupped grinding wheel, within
the cupped portion so as to be as near as possible
to the part of the work which is being ground.
However, it is not intended to limit this inven-
tion to the particular position to which the heat
responsive element is mounted, since any posi-
tion of the same where it is readily responsive to
changes in temperature of the portion of the work
which is being ground may be selected. For ex-
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may result in loss or impairing of the temper of
the metal. It also frequently happens that steels
or other metals have spots or areas therein of
varying size which may be of slightly different
composition or physical structure and which dur-
ing grinding become more heated than adjacent
parts of the metal. Without any indication as
to the temperatures of the work which is being
ground, a considerable percentage of the work
which is ground is damaged. Furthermore, be-
cause of the possibility of damaging work by ex-
cessive temperatures, there is a decided tendency.
on the part of the operators of grinding ma-
chines to grind the work very slowly to avoid such_
temperatures, and this results in unnecessary in-
efficiency and loss of time in grinding. By means
of this invention, as thus far described, the tem-
perature of the article can be accurately deter-
mined by merely observing the needle or hangd 38
with reference to its scale 81. If at any time dur-
ing grinding, the needle 36 indicates high tem-
peratures approaching the danger point, steps
may be taken to reduce this temperature, either
by supplying more cooling liquid if a liquid is
being used, by slowing the rotation of a grind-
wheel, or by decreasing the rate of feed of the
work to the stone, or by stopping. the machine
long enough to let the work cool off. By means
of the temperature indicator, it is also possible to
increase the efficiency of the grinding operation,
in the event that the indicator shows the temper-
atures to be so low that an increase in the rate
of grinding could be safely adopted.

- The improved ‘method of grinding here de-
seribed, therefore, not only saves work from dam-'
age by excessive temperatures, but also makes it
possible to increase the efficiency of grinding by
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conducting & grinding operation at higher tem-
perstures which, nevertheless, are . not high
"enough to damage the work, thus reducing the
time required for the grinding operation..

1t is -also readily possible to use the device de-
scribed for the purpose of modifying  grinding
operations in case dangerously high temperatures
are indicated. For this purpose, the pointer-or
needle 38 of the meter 35 may be connected to a
-suitable source of power and provided with an
adjustable contact for closing the circuit when
the high temperature is reached. In the con-
struction shown for this purbose, a contact 80.is
provided with which the needle 36 may contact
when. it reaches ‘a temperature beyond which
grinding cannot be continued safely, and this
contact 40 is preferably adjustable along the scale
87 so that the operation of grinding may be mod-
ified at various temperatures. This adjustability
is desirable if the grinder may at times operate

on dlﬁ'erent ‘steels or ‘other materials wlnch may :

be ground at drfferent temperatures
In order to make the contact posxtlve and re-
liable, the contact member 40 may be in the form
of a magnet and a small piece of magnetic ma-
terial 41 may be secured on the needle 36. The
needle i§ connected with a conductor 23 which
in turn connects with a source of current supply,
‘and the contact 80 is connected with a conductor
48 which is connected to one terminal of a relay

" 43 controlling a switch 46 which is normally held

irf circuit closing positioh by means of a spring
41, but which is moved into open posmon when
current ‘is supplied to the relay 45. 'The other
terminal of the relay 45 is connected by a con-

ductor 88 to the other side of the supply line,

"~ g branch 48a of conductor 48 being connected to
the movable switch member 48.

The switch 46 is urged by the spring §1 into
contact with a terminal 48 connected to a con-
ductor 58 which passes to a holding coil 51 of a
control switch 52 in the circuit of the motor {7.
The motor control switch 52 is normally held in
open circuit position by means of a spring 53, but
may be moved into and held in closed p051tion by

. means of the holding coil §! when the switch 46
is closed. The movable member of the switch 52
~ is connected to one terminal of the motor 11 by
'conductor 58, the othér terminal of the motor be-
ing connected by a conductor 56 to the line or
source of power.. The stationary contact with
which the motor control switch 52 engages when
in eireuit closing position is connected by means
.of a conductor 57 to the other side of the line.
It will be obvious from the foregoing that when

the needle 36 of the thermo- electric current’

meter or sensitive relay 35 is in engagement with
the contact 40, through the relay 45, the relay
switch 46 will be opened, thus interrupting the
supply of current to the holding coil 51 of the

motor switch 52, and thus permitting the motor’

switch to be moved into open position to ston
the operation of the motor. It is, however, very
advisable not to stop the operation of the motor,
at any time except when the grinding wheel is
out of engagement with the work, since other-
wise a scoring of. the work results. For this pur-
pose, it is preferable to apply limit switches to
the circuit shown in Fig. 3, which limit switches
are in parallel arrangement with the relay oper-
ated switch 86, so that the motor will not be
stopped unless both the relay switch &6 and one
or the other of the limit switches is in open cir-
cuit position. These limit switches, which sre

arranged at the opposite ends of the travel of the
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grinding wheel or the work, depending upon the
type of grinding machine which is used, each.
include a movable switch member 60 dand a sta-

tionary contact member 61, the movable switch

member being located in the path of movement
of the grinding wheel or the work. The two sta-
tionary switch members 61 are connected by a
conductor §2.and the movable switch members
60 are connected to:conductors 63 - and 64, the

conductor 53 being connected to the conductor
‘60 and the conductor 56 being connected with
‘the branch conductor 48a which is connected to

the relay -operated switch member 88. ‘The two
limit ‘switches are, consequently; connected in
series with each other and in parallel with the
relay switch 46. Consequently, if the relay ac-
tuated switch 46 is moved into open position
because of high temperature of the work, the
grinding operation will not be stopped until either
limit switch 68 is moved into open position, which

“will oceur when the grinding wheel is out of en-

gagement with the work.
- The connections disclosed in Fig. 3 are merely
illustrative of oneé type of actuating means for

“using the heat responsive device for interrupting

the grinding operation. - It will be obvious, how-
ever, that other ways of utilizing the heat respon-
sive device may be employed. o

By means of the apparatus described, a ma-
chine may be set up for a grinding operation
and started, and will require no further atten-
tion unless the machine is stopped, so that one

. operator can attend a considerable number of

machines without danger of damaging the work.
If the needle 35 indicates a relatively low tem-
perature the grinding operation may be speeded
up. Since the temperature responsive device or
the thermocouple cannot be placed in contact

" with the actual surface which is being ground,

40

but only in proximity to such surface, or on a

_ surface immediately after the grinding wheel has
“moved away from it, suitable aliowance must be .

45

made for.the readings indicated by the needle
36 of the meter, since these readings’ will be some-
what lower than the actual’ temperatures at the

" part on’ which the grinding wheel is acting.

While this invention is shown in the drawings

"_as applied to a machine for grinding edges of

b0

"~ work, yet it will ‘be obv1ous that this invention
' is equally apphcable to any other type of machine

- for grinding metals ‘and non-metalli¢’ materla]s

65

and for grindmg any surfaces thereof

T claim 4§ my invention:

1. A method of grinding work by. means of a
grinding wheel ‘which includes applying a heat

.. responsive device to the work adJacent to the

portmn thereof which is being ground, and modi-

_'fying the grinding of the  work when said heat

60
_.at which the: work can be ground w1thout dam- ‘

86

70

_responsive device encounters. temperatures ap-

proaching closely to the . maximum, temperature

aging the same. ... .

2. A method of grindmg work by means ‘of an
abrasive wheel on a machine in which said wheel
and the work move relatively to each other, com-

prising holding a heat responsive device in mov-

ing contact with the work at portions thereof
immediately adjacent. to the portion which is

‘acted upon. by the wheel, and modifying the

grinding action when said heat responsive device
encounters.a temperature of a.part of the work -

- which approaches. the temperature at which the

work may be damaged by heat.
3. A method of grinding work by means of a

78 grinding wheel, which includes applying a heat
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responsive device to the work adjacent to the
portion thereof which is being ground, and stop-
ping the grinding of the werk when the temper-
ature indicated by said heat responsive device
encounters a temperature above which the work
may be damaged.

4. A method of grinding work by means of an
abrasive wheel, which includes applying a tem-
perature responsive indicating device to the work
adjacent to the portion thereof. which is being
ground, and regulating the grinding of the work
in accordance with the temperatures indicated
by said device, by increasing the rate of grinding
when the temperatures indicated are materially
below the maximum safe grinding temperatures,
and decreasing the rate of grinding when the
temperatures indicated approach closely to the
maximum safe grinding temperatures.

5. A method of grinding work by means of an
abrasive wheel on a machine in which said wheel
and the work move relatively to each other, com-
prising holding a heat responsive device in mov-
ing contact with the work at portions thereof
immediately adjacent to the portion which is
acted upon by the wheel, and stopping said ma-
chine when said heat responsive device encounters
a temperature gbove which further grinding may
damage the work.

6. A device for use in connection with the‘

grinding of work by an abrasive wheel, which in-
cludes a temperature responsive member ar-

. ranged to contact the work in such close prox-
imity to the portion thereof which is being ground
as to be subjected to changes in temperature of
said portion of the work, means connected with
said member and having a part which is moved by
variations in the-temperature of the portion of
the work contacted by said member, and means
actuated by said part for stopping said abrasive
wheel when said temperature responsive mem-
ber encounters a temperature above which further
grinding may damage the work.

7. A device for use in connection with the grind-
ing of work on a machine by an abrasive wheel,
which includes s temperature responsive member
arranged to contact the work in such close prox-
imity to the portion thereof which is being ground
as to be subjected to changes in temperature of
said portion of the work, and means connected
with said member for modifying the operation
of said machine when said member encounters a

- temperature above which further grinding may
damage the work,

8. A device for use in connection with the grind-
ing of work on a machine by an abrasive wheel,
which includes a temperature responsive member
arranged to contact the work in such close prox-
imity to the portion thereof which is being ground
as to be subjected to changes in temperature of
said portion of the work, and means connected
with said member for stopping the operation of
said machine when the portion of the work con-
tacted by said member reaches a temperature
above which further grmdlng may damage the
work,

9. A dévice for use in connection with the grind-
‘ing of work by an abrasive wheel on a machine
providing relative reciprocatory motion between
said wheel and the work and in which said wheel
moves out of contact with the work at the end
of each reciprocation,
temperature responsive member arranged to en-
gage the work in such close proximity to the por-
tion thereof which is being ground as to be sub-

said- device including a -
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jected to changes in temperature of said portion
of the work, a part which is moved by variations
in the temperature of the work contacted by said
member, and means for interrupting the opera-
tion of sald machine when said part encounters a
temperature above which further grinding may
damage the work and when said abrasive wheel
is out of engagement with the work.

10. A device for use in connection with the
grinding of work by an abrasive wheel on a8 ma-
chine providing relative reciprocatory motion
between said wheel and the work and in which
said wheel moves out of engagement with the
work at the end of each reciprocation, said device

‘including a thermocouple contacting the work

adjacent to the portion thereof which is being
ground, a switch for controlling the operation of
said machine and controlled by said thermocouple
for opening said switch when said thermocouple
encounters a temperature above which further
grinding of the work may damage the same, and
& limit switch on said machine connected in par-
allel with said first mentioned switch for stop-
ping the operation of said machine when said
abrasive wheel passes out of engagement with
the work, for stopping said machine when both
of said switches are open. -

11. A device for use in preventing overlieating
of work during grinding of the same by an abra-
sive wheel, which includes a thermocouple, means
for maintaining said thermocouple in sliding cpn-
tact with the work in such close proximity to the

" portion of the work which is acted on by said
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abrasive wheel that said thermocouple will be
subjected to changes in temperature of said por-
tion of the work, and electric means connected
with said thermocouple for indicating the tem-
perature of the portion of the work contacted by
said thermocouple.

12. A device for controlling the grinding of work
by an abrasive wheel to prevent overheating of the
work, including a thermocouple, means for main-
taining said thermocouple in sliding contact with
work which is being ground in such close prox-
imity to the portion of the work acted upon by
said abrasive wheel that said thermocouple will
be subjected to changes in temperature of said
portion of the work, and electrical connections
actuated by said thermocouple for interrupting
the grinding operation when said thermocouple
encounters a temperature above which further
grinding may damage the work.

13. A device in accordance with claim 12 and
including a casing enclosing said thermocouple
and slidable in contact with the work for keeping
abrasive particles and cooling liquid out of con-
tact with the thermocouple

ARTHUR F. MOUL.
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