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The present invention relates to automatic ma-
chines for the reduction of workpieces to a pre-
determined size, and although in certain of its
aspects it is applicable to various types of au-
tomatic - machines, its particular utility, as will
hereinafter appear, is in connection with ma-
chines for treating, as by a cutting operation,
the internal surfaces of sleeves, gears, bushings
and like articles.

In prior constructions of ‘automatic machines
of this character, the size of the workpiece be-
ing operated upon is determined either by a gage
mechanism of the type shown in the McDonough
Reissue Patent No. 16,141, issued August 11, 1925,
a later construction of the same type being shown
in the Kempton & Gallimore Patent No. 1,731,718,
issued Octcber 15,1929, or by the movement of the
crossfeed -mechanism- whieh causes the cutting
tool to cutb progressively deeper and deeper into
the surface of the workpiece; as shown in the
Guild Patent No. 1,682,672, granted August 28,
1928.

In the McDonough and Kempton & Gallimore

grinding machine construction's, the gage mem- -

ber is reciprocated relative to the workpiece, and
the grinding operation is interrupted when the
workpiece is ground to stich a size that the gage
may enter the bore therein. While a gaging
mechanism of the above indicated character is
entirely -satisfactory in operation, it has been
found that the continued hammering action of
a gage against the end of successive workpieces
before a given workpiece reaches the predeter-
mined size, in addition to the wear on a gage
as- it enters within the bore of the workpiece,
will impair the accuracy of the gage, necessitat-
ing inspection and replacement thereof in order

‘ {o procure successive workpieces which are re-

duced consistently to a predetermined size.

In a grinding machine construction of the type
disclosed in' the Guild patent, the size of the
workpieces is controlled by the movement of the
crossfeed mechanism which operatgs to terminate
the grinding operation when the cutting surface

of the:grinding- wheel reaches & predetermined

verticdl plane during'the -crossfeed movement. -

The location of ‘this plane:is determined by a

dressing tool which roperates during each grind-’

ing ‘ operation: to-maintain the surface of ‘the
grmdmg wheel smooth and in° the desired posi-
tion relative to said plane, said dressing opera-
tion resulting “in & reduction in diameter of the
grinding wheel, “which . is compensated for by a
transverse compensatory movement of the grind-
ing wheel relative to the workholding “member

(C1 51—165)

to cause said wheel, during successive grinding
operations, to move into the above noted pre-
determined vertical plane before the grinding op-
eration is terminated.  Although machines of
this construetion are also - entirely satisfactory
in operation, the inequalities inherent in grind-
ing wheels and the necessarily involved construc-
tion and operation of the machine are such that- -
frequent inspections and adjustments must be"’
made in order that successive ‘workpieces shall

all be reduced to the same desired size. e

The principal object.of the present invention is':-
to provide a novel arrargement for determining: -
the size of a workpiece, ‘which incerporates the
advantages of the abové described constructions,
without incorporating -any of the disadvantages "
thereof. According to'the present invention, the-~
size of the workpiece is automatically determined
by utilizing variations-in the potential of an elec=.:
trical circuit to control the grinding operations,
such variations_of potential resulting from either
removal of material from ‘the workpiece, or the '’
approach of a grinding wheel toa predetermined -
plane. In carrying out:the invention, the use
of sizing gages that fit the workpiece, or the
utilization of the actual flow of current through
the workpiece is avoided, the invention utilizing"
instead small variations of voltage in an electro-
responsive device resulting from contact with
either the workpiece or the grinding wheel, all 30
as will hereinafter appear from the following de- :
tailed description taken in connection with the
accompanying drawings, in whieh:— :

Fig. 1 is a view in front elevation of an internal
grinding machine embodying the invention.

Fig. 2 is a fragmentary plan view of a portion
of the parts of Fig. 1, on an enlarged scale.

Fig. 3 is a view in front elevation, showing a
portion of the parts of Fig. 2.in a different posi-
tion.

Fig. 4 is a plan view sumlar to Fig. 2, showmg
a modification of the invention.

Fig. 5 is an enlarged transverse secmonal v1eW )
along the line 5—5 of F1g 4, lookmg 1n the dlrec- ’
tion of the arrows.” 45

Fig. 6 is a wiring diagram 111ustrat1ng a.utomatm
control of the machme through varlatlons of po="""
tential obtamed from the annaratus of Fig. 2

Y Figitisa wiring dlagram sumlar to F1g 6 111
tratmg the parts in’ d,lfferent posmons : '

1

40

of potentlal ‘obtained’from the apparatus of F X
Fig. 9 is a fragmentary view, similar to- Flg )
showing a further mod.lﬁcatmn of the mv' ntion.
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Fig. 10 is a wiring diagram. illustrating auto-
matic control of the machine through variations
of potential obtained from the apparatus of Fig. 9.

Fig. 11 is a wiring diagram, similar to Fig. 10,
illustrating the parts in different positions.

Like reference characters refer to like parts in
the different figures.

Referring first to Fig. 1, the machine provides
the usual reciprocatory table | provided in an
internal grinding machine; either the grinding
wheel or the work to be ground may be carried
on said table, the reciprocations of the latter
operating in either case to produce a relative
movement between said grinding wheel and work-
piece. In the construction shown, the table |

. supports and carries a wheelhead 2, and the work
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to be operated upon is held in a workhead 3, the
latter being carried by a bridge 4 which spans the
slideways, not shown, provided by the machine
frame, for the back and forth movement of the
table 1. A grinding wheel 5 is mounted on a
spindle 6 journaled in the wheelhead 2 and a
workpiece a is mounted in g suitable workholding
chuck or other clamping device T journaled in
the workhead. )

The back and forth movement of the table i
to cause the wheel 5 to make the required traverse
of the workpiece & may be procured in any well
known manner, as by the use of the fluid pressure
controlling and reversing mechanism, forming
the subject matter of the Heald & Guild Patent
No. 1,582,468, granted April 27, 1926, Such
mechanism forms no .part of the present inven-
tion; it is sufficient to note that the driving means
employed procures the reversal of the table at
each end of its normal grinding stroke by the use
of spaced adjustable dogs 8 and 9 carried by the

~ table | and adapted alternately to engage and to

40

50

move a reversing member (0. The latter dur-
ing the grinding operation, when the grinding
wheel 5 is moving back and forth within the
workpiece ¢ is situated between said dogs 8 and 9
in position to be alternately struck by said dogs
and, by its consequent movement, effects the re-
versals of the table I. The grinding wheel 5 is
rotated at a high speed in any suitable manner
and the workholding member 7 is also rotated
at a somewhat slower speed by a belt drive, as will
hereinafter appear.

The wheel head 2 of the ma<chine is mounted

" on a cross-slide 1 which is arranged to have a

* transverse movement on suitable ways, not shown,
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on the reciprocatory table, movement of said

. cross-slide being procured by rotation of a thread-

ed crossfeed shaft 12, the latter engaging an in-
ternally threaded member, not shown, which .is
secured in any suitable way to the cross-slide.
The crossfeed shaft 12 is rotated in a step-by-
step movement by mechanism of the type dis-
closed in the above noted Guild Patent No.
1,682,672 to procure a feeding movement of the
grinding wheel § to cause said wheel to cut pro-
gressively deeper and deeper into the workpiece
a; for the purpose of the present invention, it is
sufficient to note that a ratchet wheel, not shown,
is engaged by a pawl 13 which is actuated in re-
sponse to the reciprocations of the carriage I,
thereby procuring rotation of said crossfeed shaft

{2 carrying the grinding wheel transversely

against the surface of the workpiece,
In the previous operation of grinding machines
of the type shown and described in the aforesaid

Patent No. 1,682,672, the grinding operation is

interrupted before the workpiece reaches prede-
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termined finished size, the interruption occurring
in response to the movement of the crossfeed
mechanism to procure separation of the grinding
wheel from the workpiece, in order that a dress-
ing operation may be performed on the wheel,
After the dressing operation has been performed
on the wheel, the grinding operation is resumed
until the workpiece is ground to a predetermined

" finished size, whereupon the grinding operation

is brought to a close by a second separation of
the grinding wheel from the work in response to
the crossfeed mechanism. And since the present
invention also contemplates both an initial sep-
aration of the grinding wheel from the workpiece
for truing, followed by resumption of the grinding
to complete the work, there is shown in Fig. 1
as an illustrative embodiment of the invention,
certain of the same wheel controlling mechanism
described in the aforesaid Patent No. 1,682,672,
to which mechanism automatic control through
variations of electrical potential has been applied.

As previously pointed out, in normal operation
of the machine, back and forth movement is im-
parted to the table | by the cooperation of the

spaced dogs 8 and 9 with the reversing member ¢

18, and for the purpose of automatically inter-
rupting the grinding operation on the workpiece
and separating the wheel for the dressing opera-
tion, the machine provides a lever 14 pivotally
mounted on a shaft 15, as shown in the broken
away portion of Fig. 1. The lever 14 has integral
therewith a magnetic armature 16 disposed in
operative relation with respect to the core of an
electromagnet 11, the unbalanced weight of the

lever 14 tending to maintain the armature (6 -

spaced from the end of the electromagnet core as
long as the electromagnet 17 remains in a deener-
gized condition. Upon energization of the elec-
tromagnet 17 in a manner hereinafter described,
attraction of the armature 16 imparts upward
movement to the lever 14 and causes the latter to

Jift a latch 18, assuming that the grinding wheel-

head 2 is then in its left hand position with the
grinding wheel § within the workpiece a.

The latch 18 extends between a block {9 car-
rying the left hand table dog 8, which block (9
is capable of free sliding movement on the table
1, and a stationary block 20 on which the latch
18 is pivotally mounted at 21, Under normal
conditions, the block 19 is held in spaced rela-
tion to the stationary block 20 by the latch i8,
but when the lever 14 is elevated as described
above, the latch (8 releases the block 19 and sub-
sequent right hand travel of the table | involves
relative sliding movement between the table and
the block 19, owing to the obstruction which the
reversing member I0 imposes against the left
hand table dog 8. Continued travel of the table
[ finally brings the stationary block 20 up against
the then slidable block 19, whereupon the dog 8
becomes immovably supported for shifting the
reversing member (0 to procure reversal of the
table. The above described sliding movement of
the block 19 on the table I, when released by
the latch 18, results in an amplified right hand
stroke of the table to withdraw the wheel 5 from
the workpiece ¢ and the disposal in the tem-
porarily amplified path of movement of the wheel
5 of a dressing device 22, in the manner fully
described in the above noted Patent No. 1,682,672.

On the left hand movement of the table fol-
lowing the amplified dressing stroke, the revers-
ing dog 8 is restored to its normal position by
& resiliently supported lug 23 which engages the
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block 19, and as the table moves to the left, 75
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offers enough resistance to movement of the
block 19 with the table to detain the block until
the latch 18 is restored to its normal position in
which it positively holds the block {9 separated
from the block 20. On the above noted amplified
right hand dressing stroke of the table {, in order
to prevent a repetition of the dressing stroke,
an arm 24 mounted on the latch pivot 21 strikes
a lug 25 of a switch member 26 pivotally mounted
above the lever {4, thereby turning the switch
member 26 into the position shown to break the
circuit through the electromagnet {1 and re-
lease the lever {4, as will be hereinaffer more
fully described. )
Upon the resumption of the grinding operation
after dressing of the wheel as described above,
the normal back and forth movement of the table
continues untit the work is reduced to a prede-
termined finished size, whereupon the grinding
operation is brought to a close by a second sepa-
ration of the grinding wheel from the work in
response to the electric potential control of the
present invention. For the purpose of obtain-
ing a final run out of the table f into the posi-
tion shown in Fig. 1, there is provided a second
lever 27 mounted on the same shaft 15 as the
lever 14, the lever 27 having integral therewith
an armature 28 responsive to an electromagnet
29, as shown in Fig. 6. Normally, the unbalanced
weight of the lever 21 maintains the armature 28
away from the core of the electromagnet 28
while the latter is in a deenergized condition, and
such is the condition of affairs during the grind-
ing operation. Upon .energization of the electro-
magnet 29 in the manner hereinafter described,
the lever 27 is raised to move its upper end into
the path of the left hand table dog 8, while the
table is in its left hand position. Since the table
dog 8 is pivotally mounted on its block 18, right
hand movement of the table after elevation of
the lever 27 results in lifting of the dog 8 so
that it is carried clear of the reversing member
{0. Therefore, the table (| is not reversed, but
continues its movement to the right carrying the
grinding wheel § out of the workpiece a, the table
being brought to a full stop by any suitable means,
such as is shown in the aforesaid Heald & Guild
Patent No. 1,582,468.
. "The return of the table I to the working posi-
tion from the fully withdrawn position of Fig. 1
is effected by the shifting of a hand lever 30 oper-
atively connected to the reversing member 10,
and on the left hand movement of the table an
arm 3{ also mounted on the pivot 21 strikes a
second lug 82 on the movable switch member 286,
thereby turning the switch member in a position
to disconnect the electromagnet 29 from its
source. This turning movement of the switch
member 26 upon the initiation of another grind-
ing cycle restores the switch member to the posi-
tion shown in Fig. 6 in readiness for the ener-
gization, at the proper time in the grinding of

the next workpiece, ‘'of the electromagnet {7 con-

trolling the wheel dressing operation.

The above described mechanism for mechani-
cally controlling the movements of the table |
carrying the grinding wheel is more fully de-

- scribed in the above mentioned Guild Patent No.

1,682,672, and therefore forms no part of the

.present invention per se; the present invention,

as previously pointed out, involving the attain-
ment in connection with the above described: or
similar grinding machine instrumentalities, -of
automatic size determining mechanism primarily
responsive to variations in the potential of an

electrical circuit resulfing from either removal
of material from the workpiecé, or the approach
of the grinding wheel to a predetermined plane.

In other words, the table controlling mechanlsm
described above with reference to Fig. 1 is merely 5
an illustrative -embodiment of the ‘manner in
which any one of the several forms of potentlal
control, next to be described, can be applied to a
grinding machine of the character shown.

As best shown in Figs. 2 and 3, one form of the 10
potential control contemplated by thepresent
invention embodies the use of a gaging finger
33, one end of which provides a head 34 mounted
on a block 35 of piezo-electric material of. such
character that an electro-motive force will be 15
generated therein, in response to twisting of the
block. A Rochelle salt crystal is a well known
example of such material of which the block 35
may be composed, the base of the block 35 be-
ing insulated at 36 from a bracket 37 carried by 20
and movable with the lower portion of the table §.

As indicated in ¥ig. 2, the base 3Ta of the
bracket 37 is laterally adjustable en the table
through the provision of slots 38 receiving the
table bolts 39, so that the free end of the gaging 25
finger 33 may be set so as to cause an inset 33aq,
preferably a diamond or other hard material, to
engage the periphery of the unreduced workpiece
substantially coincidentally with the engagement
of the grinding wheel § at the initiation of the 30
grinding operation. As the finger 33 enters the
workpiece ¢, its initial engagement with the inner
periphery thereof will result in & turning moment
being exerted on the finger in a clockwise direc-
tlon about the'axis of the crystal block 85. This 35
turnmg moment will result in actual twisting of
the crystal b]ock 35 with the generation of an
electro-motive force across leads 80 extending
from the base of the block and the head 34, re-
spectively. Obviously, removal of material from 49
the workpiece ¢ by the grinding wheel § from suc-
cessive working strokes of the wheel will result in
a decrease of the turning moment exerted on the
gaging finger 33 as the internal diameter of the
workpiece increases. Therefore, the -potential 45
generated within the crystal block 88 will vary
with each cut of the wheel, and the invention
contemplates the utilization of such variations of
the crystal block potential to automatically con-
trol the grinding operation, as will next be de- 50
scribed.

Since the electro-motive force impressed across
the leads 40 by twisting of the crystal 356 is rela-
tively small and the range of variation of poten-
tial is limited, the invention provides means for 55
amplifying the effect of potential variations of
the crystal block so as to better control the ener- -
gization of the electromagnets (71 and 29 respec-
tively. One means of readily amplifying the po-
tential of the crystal block is through the use of 60
a grid glow tube designated by the reference
character 41 in Fig. 6. The glow tube 4! com-
prises a filament 42, plate 43 and grid 44, with |
the filament 42 energized from a portion 4%5a of
the secondary winding of a transformer T, the'es
primary winding 86 of which is connected across
a suitable source of alternating current indicated
at 41. One terminal of another portion 45b of
the transformer secondary is connected to the
grid 44 through a resistor 48 so as to give the grid 70
44 a3 negative bias with respect to the anode or
filament 42 of the tube. The plate 43 is con-
nected in series with the energizing coils 49 and
50 of relays that are adapted to control energiza- °
tion of the electromagnets ¢7 and 29 respectively, 55
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in a manner hereinafter described, with one ter-
minal of coil 50 corinected to one side of the pri-

mary winding 48. - Therefore, with the connec-

tions shown, the coils 49 and 50 will be energized
when the glow tube 81 passes sufficient current, as
determined by the characteristics of the coils.
With the connections shown in Fig. 6, in the
absence of any potential across the crystal block
35, that is to say with the crystal in an untwisted
condition, the negative bias of the grid 44 by the
winding portion 450 is such as to effectively pre-
vent the passage of current by the tube 41. How-
ever, when the crystal block 35 is twisted, as a re-
sult of the engagems:t of the finger 33 with the
workpiece a, the lead 40 from the crystal block 35
to the grid 44 gives the grid 44 a positive bias
sufficient to cvercome the basic negative bias and
cause the glow tube 41 to pass enough current to
energize the relay-coils 49 and 53. Obviously, the
amount of current passed by the tube will depend
upon the degree of positive bias by the crystal
block 35, which in turn will be dependent upon
the degree of engagement cf the finger 33 with
the workpiece to twist the crystal block. The

" amount of twisting is at a maximum at the begin-

ning of the grinding operation and decreases

. brogressively as the material is removed, and the
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manner in which the reculiing variations in the
degree of energization of the relay coils 49 and 59
to first cause withdrawal of the wheel from the
workpiece, for truing, and then the final run out
of the wheel when the workpiece is reduced to
finished size will now be describad.

To this end, one terminal of the electromagnet
{7 is connected to the movable coniact 5! under
the control of the relay coil 49, the contact 51
Leing biased in the direction of a stationary con-
tact 52 by a spring:53. This stationary contact
52 is adapted to be connected to ground, as indi-
cated at 54 by relatively movable contacts 55 and
56, the contact 55 being mounted on the table so
as to engage the sfaiionary contact 5§ just as
the finger 33 carried by the crystal block 35 enters
or leaves the workpiece ¢. 'The oiher terminal of
electromagnet 17 is connecied to a stationary
contact 57 engaged by the movable switch member
28 in the position shown in Fig. 6, the switch
member 26 being in turn connected to the supply
generator §8 shown as being grounded at 54a.
With the circuit connections just described, it is
obvious that the electromagnet 1T will remain in
a deenergized condition as long as the glow tube
Gl pasces enough current to hold the movable
contact 51 out of engagement with the stationary
contact 52 at the time when the finger 33 is en-
gaging the workpiece, and the table controlied
contacts 55 and 56 are in engagement, as.shown
in Fig. 6.

The terminals of electromagnet 29 are similarly
connected to the movable contact 59 under the
control of relay coil 50 and to a staticnary con-
tact 63 adapted to be engaged by the pivoted
switch member 26, when the latter is moved into
the position shown in doited lines in Fig. 7. The
movable relay ccntact 58 is normally biased in
the directicn of a staticnary contact 61 by a
spring 62, s5 that the circuit of the electromag-
nzt 25 is adapted to be completed through the
table eontrolied contacts 55 and 53 oniy when the
current passed by the glow tubz 41 is reduced to
a value In which the relay coil £8 no longer main-
tains it movable contact 59 out of engagement
with the stationary contact 6.

As previously pointed out, each left hand move-
ment of the grinding wheel 5 into contact with

2,023,662

the workpiece @ is accompanied by entrance of the
finger 33 into the workpiece, and at the beginning
of the grinding operation with the diameter of
the workpiece substantially unreduced as indi-
cated in Fig. 6, the twisting of the crystal block 35
is at a maximum. Thereafter during the early
stages of the grinding operation, the erystal block
35 is twisted each time the finger 33 énters the
workpiece to such an extent that the potential
across- its leads 40 is more than sufficient to jg
overcome the basic negative grid bias and cause
the glow tube 21 to pass enough current to fully
energize the relay coils 49 and 50 and hold the
movable contacts 51 and 59 out of engagement
with the corresponding stationary contacts 52 and 15
61, as shown in Fig. 6. Therefore, the engage- .
ment of the contacts 55 and 56, during this phase
of the grinding operation has no effect upon the
electromagnets {7 and 29.

As the grinding operation proceeds and the di- gg
ameter of the workpiece ¢ increases, the amount
of twisting of the crystal block 35 gradually de-
creases, with a correspending decrease in the
amount of current passed by the glow tube 4f.
Therefore, after a number of reciprocations of g5
the grinding wheel 5, sufficient to reduce the
workpiece @ to roughing size, the amount of
twisting of the crystal block 35 will be reduced
to such an extent that not enough current will
be passed by the tube 41 td energize the relay 30 .
coil 48 and hold the movable contact 51 away
from stationary contact 52 as the finger 33 is
about to leave the workpiece on the right hand
strcke of the wheelhead. Therefore, the movable
contact 51 will engage the stationary contact 52 g5
at this moment, and since as previously pointed
cut, the table contact 55 is then in engagement
with the stationary contact 53, the electromagnet
i will be energized as indicated in Fig. 7, thereby
raising the lever 14. Since the lever is raised by 4¢
encrgization of the .electromagnet T after the

[~

" grinding wheel 5 has started on its right hand

movement, the resulting lifting of the latch 18
releases the block 19 and renders the table dog 8
ineffective to turn the reversing member 10 until 45
after the table has run out far enough to with-
draw the grinding wheel 5 from the work for tru-
ing by the dressing tool 22, as previously de-
scribed. The circuit of the electromagnet 17 is
broken as the grinding wheel 5 is withdrawn, due 50
to the engagement of the lug 25 on the movable
switch member 26 by the arm 24, thereby dis-

connecting contact 57 from the generator 58, see
g, 1,

With the switch member 26 in engagement with 53
the contact 68 leading to the electromagnet 29, as
indicated in dotted lines in Fig. 7, the circuit of
the electromagnet 29 is then in condition to be
completed upcn engagement of the movable con-
tact £9 with the stationary contact 1, as will next ¢o
be described. Upocn resumption of the grinding
operation following truing of the wheel 5 as just
described, the re-entry of the finger 33 into the
workpiece «, then reduced to roughing size, is ac-
companied by just enough twisting of the crystal g5
blecck 35 to cause the tube 41 to pass sufficient cur-
rent to energize the relay coil 50, although not
enough to energize coil 49 as previously described.
Therefore, the relay coil 58 still holds its movable
ccntact 59 out of engagement with stationary con- 70
tact 61 as the wheel enters the workpiece for the
final cut, or cuts. The finger 33 carried by the
crystal block 35 is so set that removal of addition- .
al material sufficient to bring the workpiece to its
bredefermined finished diameter finally results in 75
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substantially no contact between the finger 38 and
so that there is no appreciable
twisting of the crystal 35. When this point is
reached, obviously the passage of current by the
glow tube 41 is substantially reduced :to zero by
the basic negative grid bias and the relay coil 50
no longer holds the movable contact 59 out of en-
gagement with contact 61 against the pull of
spring 82. The resulting engagement of the
moveble contact 59 with stationary contact 61
thereupon energizes the electromagnet 28, thereby
raising the lever 27 into the path of movement of

_ the left hend table dog 8. Consequently, on the

succeeding right hand movement of the table, the
dog 8 clears the reversing member {0 and the

. right hand movement of the table continues to the
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extreme run-out position shown in Fig. 1, follow-
ing which the completed workplece is removed.
Upon initiation of the grinding operation upon

e mew workpiece, the left hand movement of -
- the table from the run-out position causes the

arm 3§ to engage the lug 82 on the movable switch
member 28, thereby breaking the eircuit through
the 'electromagnet 29, when the switch member

> wmoves from the dotted to the full line position of

¥ig. 7 to reengage the contact 57. This partislly

restores the circult of the electromagnet {7, end

the saging finger 98 associated with the crystal
block 95 resumes control of the grinding cycle in
the menner previously described; so as to auto-
maiieally cause the tool to be withdrawn for tru-
ing when the work reaches predetermined rough-
ing size and to cause the tool to be finally run out
from the work when the predetermined finished
size is reached. . ’
In the sutomatic control of the grinding cyele
just described, variations of voltage indirectly re-
sulting from removal of material from the work-
piece have been utilized, but as previously pointed
out, the invention slse contemplates utilization
of the actual approach of the periphery of the
srinding wheel {0 g predetermined plane by the
cross feed movement to obtain the desired varig-
tlons of voltage velues. In Figs.4and 5,8 crystel
block 95’ is shown carried by a holder 63 that is
mounted on o bracket 64 by & resilient member 68.
The resilient member 65 is shown as a leat spring,
with one end received in the bracket 64, so thet
the member 65 tends to meintain the holder 88 in
2 substentially. horizontel position. The crystal
plock 35’ extends in the dizeciion of the grinding
wheel § and terminates in g head 68 carzying 2

Jeclar 67 of wear-resistent material adepied to be c

engazed by the periphery of the grinding wheel
when the latter has been fed 2 yredetermined
omolnt with respect to the workplece . The
end of the holder 68 opgosite to the head 87 carries
o stud 60 that is sdapted to lmit movement of
the right hand end of the holder 63 in response
t0 o horizontsl thrust exerted on Jthe oppasite
end by reason of engagement of the fecler 87 by
the periphery of the grinding wheel B. The ex-
ach position of the feeler 67 with respect to the
whesal B is adjustable through the provision of
bolts 69 cooperating with slots 70 provided in the
bracket 64, as shown in Fig. 4. ’

At the beglnning of & cycle of grinding opera-
tions on & workplece @, it is obvious from Fg.
% {hat the holder 63 extends substaniially hori-
zontally with the end of the feeler 67 spaced an
apprqciable’distance from the periphery of the
grinding wheel 6. As the grinding proceeds, each

operation of the cross feed mechgnism brings-

the periphery of the grinding wheel nearer the

fecler 87, and the bracket 84 Ais‘so set that when

5

the workpiece has been reduced to roughing size,
the next succeeding cross feed of the wheel head
will cause the periphery of the wheel % to engage
the feeler 67. When this occurs, & substantially
horizontal thrust is exerted on the holder such &
as to tend to move the head 68 away from the
wheel 5, but the setting of the stud 68 is such
that any shifting of the holder 68 is prevented,
and there results an axisl compression of the.
crystal block 8%’ sufficlent to generate an.electro-
motive foree therein. Cbviously, the voltage gen-
erated within the crystel block 38’ will vary with
the pressure exerted by the wheel §, and the man-
ner in which such voltage variafions mey be
employed to control energization of the electro- 16
magnets 17 and 29 will next be described. .

Referring to Fig. 8, & lead 40’ from the crystal
block 35’ is shown as connected o the grid 44
of a glow tube 41 that is adapted to be energized
from g source 47 in exactly the same manner as 20
described with reference to Fig. 6. Furthermore,
the relay coils 49 and 56 are connected in serles
with the plate 83, as shown in Fig. 6, so that the
flow of current through these coils is directly
controlled by the output of the tube 4.

The electromagnets |7 and 28 are connected to
‘the stationary contacts 57 and 80 under the con-
trol of the movable switch member 26 in the
meanner previously described with reference to
Fig. 6, while the other terminals of the electro- 30
magnets are connected to movable contacts T4
and 72 under the control of the relay colls 49
.and 58, respectively. With the coils 49 and 58

ie

26

in @ deenergized condition as shown In Fig. §,

_the -movable contacts 1{ and 72 are held agalnst 35.
stops 78 and 74 by springs 75 and 76 respective-
ly. Consequently, the movable contacts 71 and
72 sre adapted to engage their stationary, con-
tacts 52 and 6f respectively, leading to the table
.controlled contacts 55 and 86, only upon ener~ 40
gization of the corresponding velay coils 49 and
58. ‘

At the beginning of a grinding cycle the parts
occupy the position of Fig. 8, af which time the

- grinding wheel is operating with tts periphery 45

a5 an appreciable distance from the end of the
feeler 671. Consequently, there being no voltage
generated in the crystal block 85’, the basic nega-
tive grid bias prevents the passage of current
by the tube 41, and the coils 49 ‘and 59 reimain 50
compleiely deenergized. During this stage of the
grinding cycle engagement between the table con-
trolled contacts 55 and B8 has no effect on the
eireuits of the clectromagnets (7 and 29, in view -
of the fact that the movable contacts 70 and 72 55
are maintained out of engagement with the cor-
responding Stationary contacts §2 snd G, as
shown in Fig. 8. :
As the grinding proceeds and the diameter of
the workplece increases, the wheel 5 comes closer 60
and closer to the feeler 67, and the bracket 64
is so set that when the workpiece has been re-

_~duced to roughing size, the feeler 67 is engaged

by the wheel § and the crystel biock 38’ axially
compressed. The resulting voliage generated in 65

- the block 35’ imparis a positive bias to the grid.
44 sufficient to overcome the negative bias and

cause the tube 4! to pass enough current to en-
ergize the coil 49, the coll 49 being ' designed to
pull up its armature carrying the movable con-
tact member 71 on considerably less current than
is required for the coil 58 to pull up its arma-.
ture. ‘When the movable relay contact 7 en-
gages its stationary contact 82, the resulting en-
ergization of the electromagnet 17 raises the lever 75
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18 and automatically causes separation of the
grinding wheel from the workpiece, for truing,
in the manner previously described with refer-
ence to Fig. 7,

Upon return of the grinding wheel to the work-
Diece for completion of the grinding operation, it
is evident that the feeler 61 will be engaged by
the grinding wheel with a ‘greater pressure than
before, so that sufficient voltage will be gener~
ated in the crystal block 35’ to cause the tube to
bass enough current to energize the coil 50. That
is to say, the coil 59 is so designed that when
the periphery of the grinding wheel reaches a
Vvertical plane corresponding to the position it
occupies when the workpiece has been reduced to

- Predetermined finished size, compression of the
crystal block 3%’ is such as to cause energization
of the coil 50. The resulting engagement of the
movable contact 12 with the stationary contact 61
serves to energize the electromagnet 29 and lift
the lever 21. When this occurs, the succeeding
righ* hand movement of the table is continued
until the tool reaches the full run-out position
shown in Fig, 1, following which the completed
workpiece is removed. Upon initiation of the
grinding operation upon a new workpiece, the cir-
cuit through the electromagnet 29 is broken by
the switch member 26, as previously described,
thereby partially restoring the circuit of the elec-
tromagnet {7, whereupon the feeler 67 associated
with the crystal block 35’ resumes control of the
grinding cycle. T

Referring now to Pigs. 9 and 10, there is illus-
trated a further modification of the invention,
whereby variations in the voltage impressed on
the grid of a glow tube may be obtained in a man-
ner different from that previously described
with reference to Figs. 6 and 8, for the purpose
of automatically controlling the grinding cycle.
In Fig. 9, an arm 17 is'shown as being yieldingly
supported on a bracket 18 by a resilient member
19, the arm 11 normslly extending in a substan-
tially vertical direction. The bracket 18 is ad-
Jjustably mounted on g portion of the machine
base; a screw 80 serving to shift the bracket 18
and its arm 71 with respect to the axis of the
grinding wheel 5. The lower end of the arm 11

carries. an inset 11a¢ of wear resistant material,

and feeding movement of the grinding wheel 5
with respect to the workpiece a will cause the
periphery of the wheel to engage the inset 11g
. and to shift the arm 11 on its flexible support 19

in such a direction as to swing the upper end .

‘of the arm away
of the bracket 78.

With the grinding wheel 5 spaced from the
lower end of the arm 11, as at the beginning of
the grinding cycle, the upper end of the arm 117
is in engagement with a contact 8f adjustable
within an insulating bushing 81a on the bracket
extension 78a (while 3 flexible contact finger 82
also carried by the arm 171 but insulated there-
from is in engagement with a contact 83 carried
by the bracket extension 18¢ and insulated there-
from, as by a bushing 82q. With the parts in
the position shown in Fig. 9, the contact finger
82 is under a slight initial compression, so that
when the grinding wheel 5, due to its feeding

from an upward extension T8¢

, movement, engages the arm: 11 as shown in Fig.

70

(3

11, the end of the arm 77 will be disengaged from

the upper contact 81, whilé the contact finger -

-82 remains in engagement with the contact 83.
The contact 83 is- so adjusted with respect to
the finger 82 that a very slight further movement
- of the arm 77 from the position shown in Fig, 11

2,023,662

will cause the finger 82 to leave the contact 83.
With the above described arrangement, it is ap-
parent then that the arm 17 will leave the con-
tact 81, when the periphery of the grinding wheel

-9 reaches a predetermined plane, and that the §

contact finger 82 will leave the contact 83 when
the periphery of the wheel § reaches another
plane parallel to but slightly removed from the
first plane. - .

Referring now to PFig. 10, the plate 43’ of a 10
grid glow tube 41’ is connected directly to one
terminal of the electromagnet {1, the other ter-
minal of the electromagnet 17 being connected -
to one side of the primary winding 46*.of a trans-
former T’, so that the electromagnet 17 will be 15
energized when the tube 41’ passes sufficient cur-
rent. The filament 42’ of the tube 41’ is ener-
gized from a portion 84 of the secondary of trans-

. former T, and with the parts in the position of

Fig. 10, a negative bias is maintained on the grid 20
44’ by a secondary winding portion 85 having
one terminal thereof connected through the en-
gaged arm 11 and contact 81 to one end of the
grid 44’ through the usual resistor 48. The sec-
ondary winding of fransformer T’ also provides 25
& third portion 86, the function of which is to
place a positive bias on the grid 44’ through an
adjustable potentiometer connection at 86a, so
set that normally the negative bias from winding
85, through the contact 81, is more than suffi- 30
cient to overcome the positive bias and prevent
the tube 4{’ from passing any appreciable cur-
rent. This condition of affairs is maintained
during the first part of the grinding cycle and
as long as the arm 17 engages contact 81. 8
The electromagnet 29 controlling the lever 21
has one terminal thereof connected to a plate
43’’ of a second grid glow tube 41’’, the other
terminal of the electromagnet being connected to
one side of the primary winding 46’ of a second 4o
transformer T”’. The filament 42’ of this tube
41°’ is energized from g secondary winding por-
tion 87 in substantially the same manner as is
the filament 42’ of tube 41’ energized from wind-
ing 84. With the parts in the position of Fig, ¢35
10, the tube 41’’ is prevented from passing any
appreciable current by reason of the fact that
a negative bias is placed on the grid 44’ by means
of a secondary winding portion 88 connected to.
one end of the grid 44’’ through the then closed 50
contact finger 82 and contact 83. It is to be

-noted that one terminal of the negative bias

winding 88 is connected directly to the contact.
finger 82, and that the latter is insulated from
the arm 11, so that the circuits for controlling the 53

_negative bias of grids 44’ and 44’ are main-

tained independently of each other. A positive
bias is adapted to be placed on the grid 44’’ from
& secondary winding portion 89 through an ad-
justable potentiometer connection at 89a, so set 60

- that the positive bias is less than the negative

bias, and the tube 41’/ therefore passes no current
at the beginning of the grinding cycle. With the )
parts arranged as described with reference to
Fig. 10, it is apparent that while the electromag- 65
nets 1T and 29 are directly under the control of
the glow tubes 41’ and 41’’, these tubes are both
maintained in such a condition that they will not
pass sufficient current to energize either the elec-
tromagnet IT or the electromagnet 29 during the 70
first part of the grinding cycle. E

Referring now to Fig, 11, it is evident that

. when the grinding cycle proceeds to the point

that the workpiece a has been reduced to rough-
ing diameter, the wheel 5 will engage the lower 75
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end of the arm 77, whereupon shifting of the arm
71 on its resilient supporting member 78 will
cause the upper end thereof to leave the station-
ary contact 8{, as indicated. When this occurs,
the basic negative bias on the grid 48’ is imme-

‘diately removed, so that the positive bias from

the secondsry winding portion 86 immedistely
becomes effective on the grid 44’. The tube 41’
thereupon passes suficient current to energize the
electromagnet 17, the resulting lifting of the lever

. 14, as shown, automatically causing separation of

the wheel 5 from the workpiece g for truing. The
circuit of the electromagnet 7 is broken as the
grinding wheel is withdrdwn, due to the engage-
ment of the lug 25 on the movable switch member
26 by the arm 24, see Fig. 1, thereby disengaging
o bridging contact 8¢ on the switch member 23
from the spaced stationary contacts 82 in the cir-
cuit of the electromsagnet, as indicated in dotted
lines in ‘Fg. 11, Upon resumption of the grind-
ing operation after truing, it is evident that fur-
ther removal of material from the workpiece to
bring it to predetermined finished diesmeter will
cause the wheel 5 to further shift the arm 7
from the position of Fig, 11, so asto separate the
fexible contact fnger 82 from the contact 83.
YWhen this occurs, removal of the negative bias
from winding portion 88 on the grid 44’ imme-
diately causes the tube §{’’ to pass current, .due
to the positive bias impressed ox the grid 44’’ by
the secondary winding portion 89. This passage
of current by the tube 48’ is sufficiént to ener-
zize the electromagnet 80 and cause the grind-
ing wheel § to be moved to the final run-ouf po-
sition of Fig. 1. At this time the circuif from
the electromagnet 29 is maintained by & bridging
contact 93 on switch member 26, which bridging
contact 88 is In engagement with stationary con-
tacts 93 when the switch member 28 is in the
dotted line position. Upon the initiation of the
srinding operation upon & NEw- worlkpiece, obvi-
ously the above described cycle of operations will
ke repeated. .

From the foregoing, it is apperent thai by the
present invention there is provided » size deter-
mining mechanism of thé above indicated type,
characterized by the automatic control of the
entire grinding cycle through variations of elec-
¢rical potential resulting from either removal of
material from the workpiece, or the approach of
the zrinding wheel to & predetermined plane. In
other words, the control of the grinding cycle is
obiained without the use of sizing gages that 4t

within the workpiece, or without utilization of .

the actual fow of current through the workpieee
or the grinding wheel. -

T claim: .

1. In 2 mechanism of the class described, the
combination with a cutting tocl, means for hold-
ing & workpiece, means {o procure a cutiing oper-
ation between said tool and workpiece by feeding
movement of the tool relative to the workpiece,
and an electromagnet adapted to bring about the

.separation of said tool from sald workpiece, of &

slow tube for controlling the energization of said

_electromeagnet, and mesns dependent upon vari-

" aiions in the internsl condition of an electro-

70

responsive maberial for sutomstically subjecting.

the grid of said tube to 2 voltage such as to cause
it to pass enough current to energize said mag-
net and cause separation of the tool from the
workpiece when said workpiece reaches g prede-~
termined diameter.

9. In mechanism of the ‘class described, the
combinstion with a cutting tool, means for hold-

operation in accordance

7
ing g workpiece, means to procure a cutting oper-
ation between sald tool and workpiece by feeding
movement of the tool relative to the workpiece,
and an electromagnet adapted to bring about the
separation of said tool from said workpiece, of
a glow tube for energizing said electromagnet,
said tube having a basic negative grid bias to
restrict its passage of current, and means de-
pendent upon variations in the internal condi-
tion of an electro-responsive material resulting
from the removal of material from said workpiece
for creating a voltage sufficient to overcome the
negative grid bias and cause said tube to pass

‘sufficient current to energize said electromagnet.

3. Tn mechanism of the class described, the

" combination with a cutting tool, means for hold-

ing a workpiece, means to procure a cutting oper-
aion between said tool and workpiece by feeding

movement of the tool relative to the workpiece,

and an electromagnet adapted to bring about the
separation of said tool from said workpiece, cf
o glow tube for energizing said electromagnet,
said glow tube having a basic negative grid bias
to resirict its passage of current, and means'de-
pendent upon variations in the internal condi-
tion of an electro-responsive material resuiting
from the approach of said tool to a predeter-
mined plane for overcoming said negative grid
bias and causing said tube to pass sufficient cur-
rent to energize said electromagnet. '

4. In s mechanism for performing & cutting
operation on a workpiece by a cutting tool, in-
volving feeding movement of the tool relative to
the workpiece, an electrical circuit, piezoelectric
material in said circuit and means for automati-
cally controlling the progress of the cutting oper-
ation in accordance with variations of the volt-
age generated in said electrical circuit by said
piezoelectric material, as a result of such feeding

. novement between tool and -workpiece.

5. In 5 mechanism for performing a cutting
operation on a workplece by reciprocatory move-
ment between the workpiece and a cutting tool,
accompanied by feeding of the tool relative

‘to the workpiece, an electrical circuit, piezoelec-

tric material in 'said circuit and means for auto-
matically controlling the progress of the cutting
operation in accordance with variations of the
yoltage generated in said electrical circuit by
said piezoelectric material when subjected to va-
riations of its internal condition resulting directly
from such reciprocatory movement.
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6. In s mechanism for performing & cutting

operation on o workpiece by reciprocatory move-
ment between the workpiece and & cutting tool,
accompanied by feeding of the tool relative to
the workpiece, an electrical circuit, piezoelectric
material in said circuit and means for automati-
cally controlling the progress of the cutting oper-
ation in accordance with variations of the volt-
age generated in said electrical circuit by said
plezoelectric material as a result of the applica-
tion of force tending to deform the material due
to reciprocatory movement of the cutting tool.

7. In a2 mechanism for performing a cutting
operation on a workpiece by rec.procatory move-
ment between the workpiece and a. cutting fool,
accompanied by feeding of the tool relative to
the workpiece, ‘an electrical circuit, a piezoelec-
tric crystal in said circuit and meauns for auto-
matically controlling the progress of the cutting
with variations of the
voltage generated in said electrical circuit by the
deformation of said piezo-electric crystal résult-
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8
ing from direct engagement of said crystal with
the workpiece. .

8. In a machine of the class described, the
combination with a cutting tool, means for hold-
ing a workpiece, and means to procure the re-
moval of material from the workpiece by a cut-
ting operation resulting from relative feeding
movement bstween said tool and workpiece, of
an electrical circuit, piezoelectric material in said
circuit and means for automatically controlling
the cutting operation of the machine in response
to variations, in the voltage of said electrical cir-
cuit, with said piezoelectric materia] being sub-
Ject to variations of its internal condition result-
ing from the removal of material from said
workpiece. _

9. In a machine of the class described, the com-
bination with a cutting tool, means for holding a
workpiece, and means to procure the removal of
Material from the workpiece by a cutting opera-
tion resulting from relative feeding movement
between said tool and workpiece, of an electrical
circuit, plezo electric material in said circuit and
means for automatically interrupting the cutting
operation when the workpiece reaches a predeter-
mined size in response to g voltage generated in
said electrical control circuit with said piezo elec-
tric material being subject to variations in its
internal condition resulting from the removal of
material from said workpiece,

10. In a machine of the class described, the
combination with g cutting tool, means for hold-
ing a workpiece, and means to procure the re-
moval of material from the workpiece by a cut-
ting operation resulting from relative feeding
movement between said tool and workpiece, of
an electric eircuit, piezo electric material in said
circuit and means for automatically interrupting
the cutting operation in response to the genera-
tion of a voltage in said electrical control circuit,
with said piezo electric material being subject to
variations in its’internal condition by the:ap-
proach of the cutting tool -to g predetermined
plane due to its feeding movement toward said
workpiece. . .

11. In a machine of the class described, the
combination with g cutting tool, means for hold-
ing a workpiece, and means to procure the re-
moval of material from the workpiece by a cut-
ting operation resulting from relative feeding
movement between said tool and workpiece, of
an electric circuit, piezo electric materia] in said
circuit and means for automatically interrupting
the cutting operation in response to the genera-
tion of a voltage in said electrical control circuit,
with said °piezo electric material being subject. to
variations in its internal condition due to reduc-
tion in the size of the workpiece.

12. In a machine of the class, described, the
combination with a cutting tool, means for hold-
ing a workpiece, and means to procure the re-
moval of material from the workpiece by a cut-
ting operation resulting from. relative feeding
movement between said tool and workpiece, of a

control circuit for said machine, and an electro-

responsive material in said circuit adapted to
generate a voltage in said circuit due to deforma-
tion of the material by engagement with the

cutting tool as the latter approaches a predeter- -

mined plane in its feeding movement with re-
spect to the workpiece. :

13. In a machine ‘of the class described, the
combination with a cutting tool, means for hold-
ing a workpiece, and means to procure the re-
moval of material from the workpiece by a cut-
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ting operation resulting from relative feeding
movement -between said tool and workpiece, of a
control circuit for said machine and an electro-
responsive material in said circuit adapted to
generate a voltage in the circuit as a result of &«
deformation of the material due to its engage-~
ment with the workpiece. o

14. In a machine of the class described, the
combination with a cutting tool, means for hold-
ing a workpiece, and means to procure the re- 19
moval of material from the workpiece by a cut-
ting operation resulting from relative feeding
movement between said tool and workpiece, of a
gaging member supported by 2 block of piezo~
electric crystal and an electrieal circuit for con- 15
trolling the operation of the machine, said cir-
cuit including said crystal and being responsive
to voltages generated through the deformation
of said crystal as a result of the relative feed- °
ing movement between said tool and workpiece. 20

15. In a machine of the class described, the
combination with a cutting tool, means for hold-
ing a workpiece and means to procure the re-
moval of material from the workpiece by, a cut-
ting operation resulting from relative feeding 25
movement between said tool and workpiece, of
an electrical control circuit, piezo electric ma-
terial in said ciréuit subject to variations in its
internal condition due to relative feeding move-
ment between said tool and workpiece, which 30
variations are reflected in said control circuit,

‘and means under the supervision of said circuit

for automatically interrupting the cutting opera-
tion when the workpiece reaches a predetermined
size. ) - 35
16. In a machine of the class described, the
combination with a cutting tool, means for hold-

" ing a workpiece and means to procure the removal

of material from the workpiece by a cutting oper-
ation resulting from relative feeding movement 40
between said tool and workpiece, of an electrical
control circuit, piezo electric material in said
circuit subject to variations in its internal con-
dition by the approach of the cutting tool to a
predetermined plane due to its feeding movement 45
toward said workpiece, which variations are re-
flected in said control circuit, and means under
the supervision of said circuit for automatically
interrupting the cutting operation when the
workpiece reaches a predetermined size. 50
17. In a machine of the class described, the )

combination with a cutting teol, means for hold-
ing a workpiece and means to procure the re-
moval of material from the workpiece by a cut-
ting operation resulting from relative feeding 66
movement-between said too! and workpiece, of
an electrical control circuit, piezo electric material
in said circuit subject to variations in its internal
condition due to reducton in size of the work-
piece, which variations are reflected in said con- 60
trol circuit, and means under the supervision of
said circuit for automatically interrupting the
cutting operation when the workpiece reaches a
predetermined size. S

. 18. In & grinding machine, the combination 65
with a workholder, a grinding wheel, and means

to procure a grinding cycle on a workpiece carried
by said holder, of an electric circuit, piezo electric
material in said circult subject to variations in
its internal condition due to relative feeding 70

‘movement between the workpiece and the grind-

ing wheel, and means under the influence of said
circuit to.automatically control the progress of
the grinding cycle, said cycle being characterized
by temporary separation of the wheel from the 75
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workpiece for truing, when the workpiece is re-
duced to roughing size, and final separation of the
wheel from the workpiece when the latter réaches
a predetermined finished size. :

.19, In a grinding machine, the combination
with a workholder, a grinding wheel, and means
to procure a grinding cycle on a workpiece carried
by said holder, of an electric circuit, piezo electric
madterial in said circuit subject to deformation due
to relative feeding movement between the work-
piece and the grinding wheel, and means respon-

9

sive to variations in the voltage of said clrcuit
resulting from deformation of said piezo electric
material to automatically control the progress of
the grinding cycle, one voltage value causing
temporary separation of the wheel from the
workpiece for fruing, when the workpiece is re-
duced to roughing size, and a second voltage value
causing final separation of the wheel from the
workpiece when the latter is reduced to predeter-
mined finished size.
HAROLD L. BLOOD.
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