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Worcester, Mass., assignors to Heald Machkine Com-
~ pany, Worcester, Mass., a corporation.of Delaware

Application May 27, 1958, Serial No. 738,137
11 Claims. (CL 51—88)

This invention relates to a grinding machine, and more
particularly to automatic grinding machines having means
for controlling the feed rate thereof. ‘

- Internal grinding machines employ various methods for
holding the workpieces. - The workpiece may be chucked
or, in the simplest type of grinder, it may be supported
between rollers or on shoe-type supports. The object is
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to support the work while it rotates about a fixed center

line. The maintenance of a fixed rotational center: line
is essential with certain size-holding methods. - For ex-
ample, the machine may be arranged repetitively -to ad-
vance the abrading surface of the wheel to a. fixed position
relative to the center of rotation of the workpiece, thereby
producing consecutive workpieces of like internal di-
ameter. In. centerless external. grinding machines there
is'a shifting of the work-center in relation to the parts of
the machine. As stock is ground from the external sur-
face, the work centeris caused to. approach. the support
- shoes or'rolls, If, then, external and internal grinding be
carried on simultaneously, the internal operation need
not complicate the external operation, but it is obvious
that the external operation does affect the internal opera-
tion; this is because of the fact that, if the workpiece is
supported on rolls or shoes, this causes a change in the
position of the work center-line and, therefore, compli-
cates the problem of holding size on the internal surface.

The problem is resolved if means be provided for guar-
anteeing that the work center line arrive at a constant

position in relation to the work supports- at the same time .

or before the internal abrading means arrives at its. size-
holding position. The problem is complicated, however,
when the grinding stock allowance fluctuates, as it nor-
mally does, resulting in a variation in the rate of stock
removal due to the resultant variations in spindle work
- and machine deflections which, in turn, are caused by the
abrading means becoming dull or glazed to differing .de-
grees.

One type of grinding feed mechanism that is well
known operates to bring the wheel and work into engage-
ment and then to maintain a definite pre-set force between
the wheel and the work.. ‘The cycle time is a variable
which is dependent on.the magnitude of this force; the
amount of grinding stock, the speed of and condition of
the abrading member, work speed, etc. An alternate feed
method, also well known,-consists in causing the wheel
relatively to approach the work at a present rate. . This
method results in a cycle time which remains constant but
must be longer than the average time of the first. method.,
This is because of the fact that the retracted position of

the feed member must be sufficiently far from the finish -

position to accommodate . workpiece with the maximum
grinding stock: and: the. fact ‘that the feed rate cannot be
set faster than the rate at which the abrading means and
machine are able to.remove stock.: Hence, time is in:
evitably wasted on all workpieces with Tess than the maxi-
mum stock allowance. . Now, in a combination automatic
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grinder where outer and inner surfaces are ground simul-"

2

taneously, it has been pointed out that a necessary condi-
tion to successful operation is that the internal and ex-
ternal feed be so synchronized that, irrespective of initial
stock ‘conditions, the arrival of the outer surface at a
given size either earlier ‘than or co-incidental with the
arrival of the internal abrading means at its reference
point is necessary in order to hold a uniform internal size.
This requirement makes it necessary to use feeds having
constant rate so that both rates, internal and external, can
be preset to arrive at the size holding reference point
simultaneously . or in any desired relationship, contin-
vously and repetitively.. The disadvantage of this method
has been shown to be a wastage of time on workpieces
with less than the maximum possible stock but the present
invention combines the advantages of the latter  method
with those of the former method by eliminating the time
wasting feature of the latter methods. The system of
control . embodied in: this invention is particularly ‘well
adapted to cope with the above problem and offers an
easy solution: whether the machine feed actuator be hy-
draulic, electrical or mechanical. The difficulties pre-
sented by ‘the prior art have been obviated in . a novel
manner by the present invention. : . ‘
It is, therefore; an outstanding object of .the invention
to provide an improved means for controlling feed rates
in a grinding machine as a function of the power ab-
sorbed by the grinding wheel or wheels. :
Another object of -this invention is the provision of a
means in a grinding machine whereby the machine is able
to sense the. amount.of grinding stock to be removed
from each workpiece. ’ -
It is a further object of this invention to provide a’
grinding machine having means for governing the feed
in accordance with workpiece stock allowance thus short-
ening the time cycle on every workpiece having less than
the maximum stock to be removed. :
It is a still further object of this invention to provide
a means for controlling wheel forces and machine deflec-
tions and for holding them within definite predetermined
limits in spite: of rough stock variations. :
It is another: object of the instarit invention to provide,
a grinding machine having means to control the feeds
of wheels in the simultaneots grinding of outer and inner
surfaces of revolution; the feeds are so controlled that,
however unequally the grinding stock may be distributed
between ‘outer” and ' inner $urfaces and however many.’
times the feeds are halted and started as a consequence
of maintaining the preset horsepower-level, “the arrivals .
of both inner and ‘outer abrading surfaces at their termi-
nal points relative to the workpiece center line will be co-
incidental. C ’
Another objéct of this invention is to provide a grinding
machine having- an electrical horsepower level control
system of simple design with inherent dependability and
long life expectancy. ' BN R
Although the novel features which are believed to be *
characteristic of this invention will be particularly pointed -
out in- the claims appended hereto, the invention itself
as 1o its objects and advantages, the mode of its opera-
tion and 'the manner of ‘its 'organization,'may be_ befter .
understood: by referring to’ the following - description, .
taken in connection with the accompanying -drawings
forming a part thereof, and in which: ‘ ST
Figure 1 is'a front elevational view of a grinding ma-...
chine embodying the principles of th¢ present invention:. -
Figure 2 is a plan view of the machine; and - L
Figure 3 is'a schematic view of certain electrical :and -
drive apparatus”incorporated in the machine, . .
Referring first to Figures 1 ‘and 2, wherein are best, .
shown the general features. of the invention, the grinding
machine, indicated generally by the reference. numeral, . -

" 10, is shown' as being of the type’ shown and described -



in' the co-pending patent ‘dpplication of William. D.
Schmidt -and - Almon -*F.  Townsend; Serial = Number
445,152, A base 11 has mounted at one end a workhead
12 driven by a motor 13. Mounted on the base 11 for
movement parallel’ to the axis -of  the wheelhead “is"a
table 14 on which'is mounted a ‘wheelhead 15 driven by
a"motot’ 16, ~+A~drive ‘piston 17 is-associated with the
wheelhead 12 and’ a'-work support-18 of ‘the' shoe ‘type
extends upwardly’ “from ‘the base #1; to support & work-
piece 19 which; for the purposes of ‘description, is shown
as being an inner race of a bearing. - An internal abrasive
wheel’ 21-1is associated-:with the- wheelhead 15.  Also
mounted onr-the -base 11 is-a secondary table 22 mounted
for pivotal -adjustment- and carrying an ‘external’ ‘wheel:
héead 23 -driven by a motor 24..and adapted: to-carry an
external - abrasive wheel:25.- “A suitable! ‘wheel" dressng
apparatis 26 is mounted-ofi'the basé and is provided with
ardiamond 27 adapted: to dress the extérnal wheel 25 and

b
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a“diamond . 28 “adaptedito’dress the internal-wheel ‘2%, -

Ar:feed: mechanisim :29 feeds the'internal grinding wheel

21 relatively. to the work:and’is driven through a mag-
netic: clutch: 31:(see Figlire3) by a. ‘motor-32.: A feéd:

mechanism 33 feeds the ‘external grinding wheeél 25-rela~
tive to- the'work and: is:driven: througha’ magnetic clutch
34. by a'motor 35, The machine is otherwise -as'de=
scribed. in’ the above-menttoned patent apphcatmn of
Schmidt and Townsend..

Referring .now to. Flgure 3 power lines 36 37, and

38 are: connected-to a source of 3-phase electrical power;’

not. shown, and are -connected through: fuses 39, 41, and

42 to-leads 43, 44, and 45.:-These leads are connected:

through ‘starter contactors: 46, 47, .and 48 to leads 49,
51;-and-. 52 connected -tothe internal. diameter. wheel
motor-24. . The leads 43, 44,.and 45 are also:connected

respectively through starter contactors.53,:54; and:55 to.

leads 56, 57, and -58 connected to the outsrde drameter
wheel motor 24.

Connected in the' lead 52 is the primary 59 of a current
transformer 61, having a-secondary- coil 62: .The ends

of the secondary coil 62 are: connected to opposite:sides.

of a rectifier 63, one of the-leads having insérted:therein
an A.C. ammeter 64: The output-side of-the: rectifier
63 is connected to:leads 65, and 66 across:which is con-
nected the resistance element 67:of -a rheostat 68. :The
contact arm-69 of-the rheostart ‘is connected back to the
line 65.
resistance. element 71 of a variable resistor:72, the con-

tact arm 73 thereof being connected to-one side of the -

coil 74 .of a normally-open sensitive- relay 75. . One.side

of the switch element 76 of the relay 75 is connected to-a. 50

line 77 by means of a-lead 78. .
Inserted in- the lead 58 -associated wrth the motor 24
is the primary coil 79 of ‘a current transformer 81.: The

secondary coil 82 is connected by leads to the-input sides -

of arectifier 83, one of the leads having an A.C. ammeter
84. To the output side of :the rectifier 83 are connected
leads 85 and 86.across which. is connected the resistance
element-87 of a variable-resistor 88.. The contact arm
89 is connected. back to: the . line 85. -The line 86 is
connected to one end. of the resistance: element 91 of a
variable resistor 92. The contact arm: 93 of the resistor
92 is connected ‘to one side of the .actuating coil 94 of a
sensitive relay 95 and the. other side of-the . coil is-con-
nected- to the lead 85.-
nected across the switch element .76 associated with the
relay 75, so" that one.of. the. leads. from :thé. switch ele-
ment 96, is- connected by the lead- 78 to the line 77.
The other sides of the switch elements 76 and 96 are con-
nécted through a lead 97 to one side of the coil 98 form-
ing part of a normally-closed relay 99.: The other: side
of the coil 98.is’ connected by a lead 101 to_a line 102.
The lines 77 and 102 aré connected to opp051te-polar1t1es
of a source of direct current electricity, not ‘shown; the

The line 65:is also connected to:one end of the-
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polartty is, of course; immaterial to the operation-of the::

apparatus *ACross’ the coil 9815 connected a resistor.

103 m senes w:th a capac1tor 104 One_ side of the 75

paR ety

contactor 105 associated with the relay 99 is connected
to the lifie 77 by a Iead 107, The ‘other side of ‘the con-
tactor 105 is-connected to the coil 108 of the magnetic
clutch 31. “The actuating coil 109 associated with the mag-
netic clutch 34 is also connected to the same side of
the contactor 105 as is the coil 108.  The other sides
of the coils 108 and 109 are connected to the line 102.

The line 77 is connected by a lead 111 to one side of
the rotor of the outside diameter feed motor 35. The
line 77 ‘is also connected by-a'lead ‘112 to one side of
the internal diameter feed motor 32. “The other sides
of each' of thesé -motors- are. connected ‘together ‘and
through a lead 113 to°the line 102.  The field ¢oil 114
associated with the motor 32 is connected on one end
to-the line 77 and on the‘other énd-to @ variable resistor
115, the contact arm of which is connected through the
lead 113 to the line 102. In the same manner, one end
of the:field coil 115 associated with the outside diameter
feéd motor 35 is. connécted to. the lead 111 c'nnectlng
it to the line 77.. The “otHer ‘§ide of the field coil 116
is-connected to-one side ‘of a Variable resistor 117, the
contact’arm of wluch is connected through the Iead 113
to'the line’102. .~

“The operatlon of the apparatus will now be readrly'
understood: in view of the above descrlptlon "The power‘

drawn by the internal diameter. wheel’ “otor. 16 is ‘indi-
cated to the current:transformer by ‘the “passage ‘of Gne
phaseé-of the-curreént throtigh ‘the primary coil 59 thereof,

The voltage appears across the output coil 62 whichis pro-,

portional to'the current in the lead 52 and therefore is ap-
proximately’ indicative of the' H,P

nating.but, after treatment by the rectifier 63, emerges

as ‘a‘series of-direct curréent pulses of a magmtude indic-’

ative of the power drawn by the motor.” The relay 75

is"so constructed that, when' the size ‘of the pulses reach-.

ing itis’ great enough the switch elernent 76 will close

In“the same ‘way, the’ current drawn by the motor 24 is°

felt by the primary coil 79 of thé current transformer
81. " An alternating voltage appears on the output leads

of the -coil ‘82 indicative - of the power drawn by ‘the’

miotor - 24." This. alternating. signal  is rectified by the

rectifier 83 and is 1mpressed on the coil 94 of the relay~
95."‘When a -given pulse-is large enough, the switch”

96 ‘closes: - The closure of  either 'or both of the switch
elements 76 and 96" causes a flow of current through the
coil 98 of the relay 99, The current passes fromi the line

77 ‘through the lead 78; through one of ‘the two switchies”
76 and 96, and -through-the- lead 97 the coil 98 and’ the'’
‘A similar: current passes’
through the resistor 103 and the capacitor 104. A suﬁ‘i- i

lead 101 ‘to -the  line 102,

cient flow of current through the coil 98 causes an open-

ing“of ‘the contactor- 105 thus cutting off ‘the’ flow. of -
current’ to ‘the coils 108 and" 109 associated with “the’
clutches 31 and 34 respectively.. As is evident from a”

study of Figure 3, the ‘motors -32 and ‘35 operate ‘con-

tinuously ‘but the : de-activation' of -the’ cluiches- 108 and-
109 causes “the cutting -off- of power transmittal’ from“j
these motors to the feed ‘mechanisms 29 and‘33. It will ’

be understood: that the relays 75-and 95- ‘are very- sensitive.

The varxable reststance 68 acts as.a means of ad]ustmg'j

88 performs a srmllar functlon in connectlon wrth the

relay 95::An’ additiondl adjustnient-of sensitivity is"pro-

vided "by‘'the variable resistances-72. and ‘92:" ‘Supbose
that the control ‘be set: at' 3'hp:“'As the wheel feeds into’™

the. work the’ power loaditig increases” from-its free-
running. value: towards: the 3. hp:' value.

spring.tries to maintain:the relay: contact-open-while the

increasing -magnetic: field “from the “coil : 74 :0pposes ‘the.-
spring- and-aitempts to:close the contact. - It'is obvious.zt .
this point:that: the-force-acting on-the switch-element. 76 is: >
not-substantial;, particularly: since: the: magnetic force. is

."drawn_by the motor..
The output signal of the’ current transformer 61 is ‘alter--

The ‘contact:"
carrying armature ‘of the.sensitive: relay .or solenoid-acti
ated switch 75 is subject to. two opposing forces; the relay™
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pulsing at twice the supply current frequency, and only
the differernice between the magnetic force and the spring
force is available to effect closure. If this switch element
be used to control the feed through an on-off device such
as a magnetic clutch, a rapid functioning results. ‘This
becomes- especially true if ‘two clutches (as for an in-
ternal feed and external feed, such as we have in the
present case) be operated from one ordinary sensitive
relay.” At the threshold of operation the switch element
76 (and the switch element 96, for that matter) behaves
like a faulty rheostat with a large voltage drop across
the contact. This, in turn, results in feeding of the
clutch which operates at the slightly lower energy level,
while the other clutch fails to drive. This situation
could not be tolerated on a machine for simultaneously
grinding outer and inner surfaces for the previously-de-
scribed reason that a necessary condition of the operation
of such a machine .is accurate synchronization of the
internal and external feeds. To. avoid- this difficulty the
operation of the sensitive relay is converted from an
erratic to a positive action by providing the relay. 99

which is shunted. by an' integrating . capacitor 104 and,

resistor 103. The function of the integrating capacitor
is to accumulate the pulse energy delivered by the switch
elements 76 and 96 and, when the energy level reaches
that required by the resistor 103 and the relay 99, it
causes a sustained (unpulsed) actuation of the relay 99.
The positive action on the relay 99 efficiently and cleanly
interrupts both feeds, whereupon the power loading of
the spindle motors diminishes until the switch elements
76 and 96 are both open.. The energy accumulated in
the capacitor 104 dissipates meanwhile through the re-
sistor 103 and the coil 98 of the relay 99 until it réaches
the level where release of the contactor 105 occurs. The
contactor then closes with a. positive action and the
energization of the coils 108 and 199 and the operation
of the feed mechanisms 29 and 33, respectively, are
again actuated.

The power differential between pull-in and drop-out
of the relay 99 is related to the values of the capacitor
104 and the resistor 103 which are in parallel with the
relay, and related as well as to the internal resistance of
the relay itself. These elements can be so chosen -that
the feed advances by small or large increments, each
type of performance having its own advantages in specific
cases. In the preferred embodiment a relay. 99 is used
having a high internal resistance and a resistance is placed
in series with the capacitor to reduce the .current flow-
ing through the sensitive relays 75 and 95. The switch

element 76 and 96, because of the low pressure vibratory.

type of operation (with consequent arching) would not
otherwise have a long nor dependable life expectancy.
In a specific example the relays 75 and 95 have an in-
ternal resistance of one ohm, the resistor 103, a re-
sistance of 10,000 ohms, the capactor 104, a capacity
of 4 microfarads, and the relay 99 an internal resistance
of 10,000 ohms. = Suppose that it is desired to set up the
grinding machine to simultaneously grind the outer and
inner surfaces of a ring where the maximum stock found
on the outer surface is .030" on the diameter and .025"
on the inner diameter. Suppose further that it is pos-
sible to remove 028" from the outer surface in 28 sec-
onds and .026'" on the inner surface in 26 seconds, these
rates being close to, but safely under-the critical point
where the abrading surface might be severely crushed
or damaged. This would allow..002” for further finish-
ing of each surface. Instead of setting the rates on in-
ternal and external feeds to a 28th second cycle (the
slower of the two) the present invention makes it pos-
sible to set the feed rates of each at'a much faster rate,
say, 4-times faster or 7 seconds.. At the same time the
danger of exceeding the critical wheel pressure is over-
come by setting the external and internal power load
adjustments to values which are consistent with that face
value produced by the 28 second cycle on the outer sur-
A
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comparison can now be made between the time. taken
by two machines, one equipped with this invention and
one without. The average grinding stock will be as-
sumed to be .014”” on the outer surface and .013” on
the inner surface. Without this power control the cycle
time would be an unvarying 28 seconds. With this con-
trol the.7 seconds pre-set rate would accomplish the first
014" of feed (where no stock is emcountered) in one
half the 7 seconds or 3% seconds. The second half of
the feed would require 14 seconds. The total average
time with the use of this invention would be 14 plus 3%
or 172 seconds, compared to the 28 seconds for the
machine without it: This is a large saving in time and
the machine is rendered 60% more preductive in rough
grinding. -

While certain novel features of the invention have beeri
shown and described and are pointed out in the annexed
claims, it will be understood that various omissions, sub-
stitutions,” and changes in. the forms and details of the
device illustrated and-in its operation may be made by
those skilled in the art w1thout departing from the spirit
of the invention.

The invention 'having ‘been thus - described what is
claimed as new and desired to secure by Leiters Patent is:

1. A grinding machine, comprising an internal grind-
ing wheel, an-internal wheel motor, an external grinding
wheel; an external wheel motor, an internal feed mecha-
nism, an external feed mechanism, a first means for driv-
ing the internal feed mechanism, a second means for
driving the external feed mechanism, and means opera-
tive when the power consumed by either motor éxceeds
a predetermined value to render both the first and the
second means inoperative. .

2. A grinding machine, comprising an internal grind-
mg wheel, an internal wheel motor, an external grind-
ing wheel, an external wheel motor, an internal feed
mechanism, an external feed mechanism, a first means
for driving the internal feed mechanism, a second means
for driving the external feed mechanism, a third means
giving a signal proportional to the power consumed by
the internal wheel motor, a fourth means giving a signal
proportional - to the power consumed by the external
wheel motor, and means operative when the signals from
either the third or the fourth means exceeds a prede-
termined value to render both the first and the second
means inoperative;

3. A grinding machine for use in 51multaneous]y abrad-
ing external and internal surfaces of a workpiece, com-
prising an internal grinding wheel, internal wheel motor,
and external grinding wheel, an external wheel ‘motor,
an internal feed mechanism, an external feed mechanism,’
a first motor for driving the internal feed mechanism,
a second motor for driving the external feed mechanism,
a first means giving a signal proportional to the power
consumed by the external wheel motor, and a relay opera-
tive when the signal from either first or the second
means exceeds a predetermined value to render both the
first and second motors moperatlve

4. A grinding machine, comprising an internal grind-
ing wheel, an internal wheel motor, an external grinding
wheel,-an external wheel motor, an internal feed mecha-
nism, an external feed mechanism, a first means includ-
ing a motor and clutch for driving the internal feed
mechanism, a second means including a motor and clutch
for driving the external feed mechanism, a third means
giving the signal proportional to the power consumed by
the internal’ wheel motor, a fourth means giving a signal
proportional- to the power consumed by the external
wheel motor, and means operative when the signals from
either the third or the fourth means exceed a predeter-
mined value to render both clutches associated with the
first and second means inoperative. .

5. A grinding machine for use in s1multaneously
abrading external and internal surfaces .of a workpiece,
comprising an internal grinding wheel, an internal wheel



motor, an external grinding wheel, .an external wheel
motor, an internal” feed “miechanisin,. an external feed
mechanism;, & first ‘means for driving the internal feed
mechanism, a second means for driving the external feed
mechanism, a third -means giving a signal proportional
to the power consumed by -the internal wheel motor,
a first relay operated when the signal from the third
means exceeds a predetermined value, a fourth means
giving “a signal proportional ‘to the power-consumed by
the external wheel motor, a second relay operatéd when
the'signal from the fourth means exceeds a predetermined
value, and a third relay. actuated by the operation by
either the first or the second relay to render both the
first and second means inopérative to drive thelr respec-
tive feed mechanisms.

6. A grinding machine for use in snnultaneously abrad-
mg external and internal surfaces of a workpiece com-
prising an internal  grinding wheel, an internal wheel
motor, an external grinding wheel, an external wheel
motor, ‘an internal feed ‘mechanism, an, external feed
mechanism; a first ' means including -2 meotor. and clutch
for driving the internal feed mechanism, a second means
including a motor and clutch for driving the external
feed mechanism, the third means giving a signal propor-
tional to the power consumed by .the internal wheel
metor, -a first relay operated when the: signal from the
third means exceeds a predetermlned value, a fourth
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means giving a' signal proportional to the power con- -

sumed by the external wheel motor; a second relay oper-

ated when the signal from the fourth. means. exceeds a.

predetermined value, and ‘a third relay actuated by the
operation by ‘either the first or the second relay to render
both the clutches of the first and second means 1nopera-

tive to connect their respective motors to their respectlve,

feed mechanisms.

7. A grinding machine for use in simultaneously abrad—,

mg external and internal surfaces of a workpiece, com-
prising an internal grinding wheel; an internal wheel
motor, an external grinding wheel, an external ‘wheel
motor, an internal feed mechanism, an. external feed
mechanism, -a first means-including a.motor and clutch

for driving the internal feed mechanism, a second means.

including the motor and clutch for driving'the external
feed mechanism, a first current transformer connected in

a lead to the internal wheel motor giving a signal. pro- 4;

portional to the power consumed thereby; a first. relay
operated when the signals from the first current trans-
former- exceeds a predetermined value, -a second current
transformer connected-in a lead to the external wheel
motor giving a signal proportional to the power con-
sumed thereby, a second relay operated when ‘the signal.
from the second current - transformer- exceeds a prede-
termined value, and a third relay actuated by the opera-

tion of either the first or second relay:to render both.

clutches of ‘the. first and second ‘means. inoperative .to
connect their respectlve motors to their respective feed
mechanisms.

8. A grinding machine for wuse. in simultaneously
abrading external and internal surfaces of a. workpiece,

an internal grmdmg wheel, an internal wheel motor.

of -the alternating current type, an external -grinding
wheel,

feed mechanism, a first means including a.motor and,
clutch. for driving the internal feed .mechanism, a sec-
ond means including a motor and clutch for drlvmg
the  external feed mechamsm, a third means. glvmo a

signal proportxonal to-the power consumed by the in- -
ternal . ‘wheel ‘motor,. a _first _sensitive relay operated:”

wlien the_sigrial from the third means. exceeds. a. prede-

termiined value, a fourth theans giving, a signal propor-,
tional to the power consumed by the external wheel

motor; a second sensitive relay operated ‘when the signal

an external wheel - motor _of - the alternating
current type, an internal feed,mechanism,, an- external
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from' the fourth means exceeds a predetermmed value,

a ‘third - relay -actvated: by ‘the’ operation : of ‘eithei "the™
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ﬁrst or the second relay to rénder. both clutches of the
first and seécond means, moperatwe to connect their- re-
spect1ve motors’ to their. respective feed - mechanisms,
and a capac1tor connected across- the -third relay to
render it insensitive to high frequency opening and. clos-
ing of the first and second relays.

9. A grinding machine : for use in simultaneously
abrading internal -and. external surfaces of a workpiece,
comprising an internal: grinding wheel, an internal wheel
motor of the alternating current type, an external grind-
ing. wheel, an external wheel motor of the alternating
current type, an internal -feed- mechanism, an external
feed -mechanism, a first means including a motor and
clutch for driving the internal feed mechanism, a second
means-including. a - motor. and clutch for driving the ex-
ternal feed mechanism, a first current transformer con-
nected in.a lead to. the- internal wheel motor giving a
signal proportional to: the power. consumed thereby, a
first _sensitive. relay operated when the signal from the
first current: transformer exceeds ‘a predetérmined value,
a.second current-transformer connected.in a lead to the
external wheel motor giving a signal proportional to ‘the
power. consumed- thereby, a second sensitive relay op-
erated when the. signal from. the second- current trans-
former exceeds: a - predetermined. value, a third relay
actuated . by the operation of either the first or second
relay to render both cclutches of the first and second means
inoperative to connect their respective motors to their
respective .feed” mechanisms, and-a capacitor connected
across: the coil of the third relay to render it insensitive
to high frequency opening.and closing of the first and
second relays.

10. A grinding machine, comprlslng a-grinding wheel,
a wheel motor of the alternatmg_current type, a feed
mechanism, a first means for driving the feed mechanijsm,
a second means giving a signal proportional to the power
consumed by the wheel motor, a sensitive relay operated
when the signal from' the second means exceeds a pre-
determined value, a-second relay actuated by the opera-
tion of the sensitive relay to render the first means in-
operative to drive the feed mechanism, and -a capacitor
connected across the coil of the second relay to-render it
insensitive to high frequency opening and closing of the
first and second relays.

11. A grinding machine for use in simultaneously
finishing external and mternal surfaces of revolution of a
workpiece, ‘comprising. an intérnal grinding wheel, an
internal wheel motor for carrying on the finishing opera-
tion-on the internal surface; an external grinding wheel,
an external wheel motor for carrying on the finishing
operation on the external surface, an internal feed mech-
anism, an external feed mechanism, the feed mechanisms
being arranged to bring the internal and external finish-
ing operations to a conclusion at approximately the same
ume, a first means for driving the internal feed mech-
anism, a second mieans for driving the external feed
mechanism, a third means giving a signal proportional
to the power consumed by the internal wheel motor in
carrying on_ the ﬁnlshmg operation of the internal sur-
face, a fourth means giving a signal proportlonal to the
power consumed by the external wheel motor in carrying
on the ﬁmshmg operation on’ the external surface, the
feed rates being substantially greater than the rate which
will ‘maintain the power consumed by the wheel motors
below the said predetérmined values during the: finishing
cycle, the predetermlned values being those above: which
operation is destructive. of the wheel, and means opera-
tive when the signals from either the third or the fourth

~ means. exceed. a predetermlned value to render both the
70°

first. and second means. moperatlve._
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