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1 Claim. (CIL 82—48)

This invention relates to methods and apparatus for the
manufacture: of wafer coils, and particularly for the
manufacture of such coils by cutting slices from a roll of
metallic foil wound with insulation between its turns.

In making such coils, a wide sheet of metallic foil and
a wide sheet of insulating material are generally wound
on a core. Several sheets of foil, or several sheets of
insulating material, or several sheets of each, may be
wound together. Instead of using a sheet of 1nsulat1ng
material, an insulating coating may be placed directly on
the foil, if desired, and the insulated foil then wound
directly on itself. But whatever the method of winding
the roll, the result will be a winding of f011 with solid
insulating material between the turns of the winding.
The winding will generally be impregnated with a suitable
insulating material such as wax or a plastic.

Thin wafer coils are then cut from the wide roll of
wound foil. The cutting can be done with a knife if the
roll is impregnated with a sufficiently soft material such

as wax, or with a rotatmg cutter wheel if the impregnating
matenal is a hard resin.

An object of the present invention is to facilitate the
cutting of said coils from the roll. A further object is to
provide automatic means for performing the cutting.

When the cuttmg is done. by a rotating wheel, the
material in the coil is sawed out and lost for a distance
equal to the thickness of the wheel. Since the thickness
of the coil to be cut is in many cases very small, the
thickness of the material cut out between coils by the
wheel can be a considerable portion of the thickness of
the coil. There could thus be a large loss of material,
unless the wheel is .extremely thin compared to the
thickness of the wafer coil to be cut from the roll. Mak-
ing the wheel thin reduces its heat conductivity, but we
find that excessive heating can be prevented by using a
cooling fluid, for example, water, on the wheel and the
coil.

When a knife is used, there is no material Jost in the
cutting. The kaife blade must be extremely thin, how-
ever, and we find that to maintain its shape during the
cut, the blade should be very rigidly held so that it can-
not bend. - In general, this can be achieved by fixing the
blade between two rigid support members, each of which
is secured to the blade along a non-cutting edge thereof,
In the embodiment described, the blade is held at the apex
of a comparatively heavy V-shaped or U-shaped member,
the legs of which spread out sufficiently to clear the coil.

According to our invention, the wound roll is rotated
while the cutter is 1ecrprocated transvers ely against. the
coil, the cutter being moved along the axis of the roll
between cuts a distance about equal to the desired thick-
ness of the wafer coil.

‘We find that the speed with which _
the cutter is moved in cutting the coil is quite important,
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too high a speed rlppmg the layers of foil and paper, and.

too low a speed smearing’ the foil over.the face of the
coil. A speed such that the cutter moves into the toll
during each revolution thereof a-distance about equal to
the distance between turns of the foil is preferable, and
the speed should not ordinarily be more than about twice
that speed nor less than about haif of it.

Since the speed is important, it should also be umform
while the cutter is in contact with the roll.: The cutter
will come to zero speed at each end of the path in which
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it rec1procates and will then build up again to its maxi-
mum speed in the reverse direction. ~For that reason, the
path of the cutter should extend beyond the roll for a
considerable distance in each direction, so that the slow-
ing down and building up of speed will not occur while
the cutter is-in contact with the roll. ' Starting from zero
speed at the begmmng of “its stroke, the cutter should
build up to a maximum constant speed before it con-
tacts the roll and should then maintain that speed until
the roll is cut through, after which the cutter can drop

to zero speed and reverse. )

In the embodiment herein described, a hydraulic check -
valve is used to keep the motion of the cutter uniform as
it passes through the roll.

After the cutter has cut a wafer coil from the roll and
has then withdrawn to its starting position, the cutter is
moved in the direction of the longitudinal axis of the roll
a distance equal to the desired thickness of the coil to be
cut off, proper allowance being made for the thickness
of the cutter. This motion can be achieved by turning a
threaded rod which passes through a correspondingly
threaded portion in the cutter support, the rod being set
in a direction parallel to the longitudinal axis of the roll.
The end of the rod is fixed to a pinion gear which is
turned by a reciprocating rack. The pinion is fixed to
the rod by a slip-clutch, so that the pinion will turn the

rod during the forward motion of the rack, but not during

its backward motion, or vice-versa, depending on whether
the rod bears right-hand or left-hand threads, and whether

20 the rack is placed above or below the plmon

We find the proper conirol of the various movements
described above to be quite important.

In the embodiment described, the cutter is reciprocated
by a piston operating in a cylinder with air inlets at each
end. When the cutter is at each end of its stroke, it
actuates: mechanism which shifts the air input to the
proper inlet to move the piston in the reverse direction.
At the return end of its- stroke, the cutter actuates
mechanism which moves the cutter longitudinally by the
amount of the desired thickness of coil to be cut, and
the ending of that movement actuates mechanism which
starts the cutter on its cutting stroke. After the cutter
has moved a longitudinal distance corresponding to the
cutting of a predetermined number of coils, it engages a
switch which shuts off all further motion of the cutter.

The cutter itself need ‘not actvate the varicus mecha-
nisms described above; the mechanism can be actuated by
the cutter support or by anything whrch moves with the
cutter.

‘Although the preferred embodiment . described below
uses resilient switches, air cylinders and sclenoid-operated
air valves to control the motion of the cutter, other devices

can be used.

A particular embodiment of the invention is described -

in detail below and shown in the drawings, in' which:
FIGURE'1 is a plan vrew of apparatus embodymg the

"invention;

FIGURE 2 is a side elevation of the air cylinder and

‘check valve used in the apparatus;

FIGURE 3 is a schematic drawing of the apparatus in
conjunction with the electrical circuit;
‘FIGURE 4 is a side view of a cutter accordmg to the

- invention; and

FIGURE 5 is a front view of the same cutter.
FIGURE 6 is'a view 'of another cutter. .
- In FIGURE 1, the foundation for- the device is a

~standard commercial lathe bed 1, having the longitudinal .-

ways. 2, 3 along which the lathe cross-feed carriage 4 a
The chuck 8, with its"jaws-6, rotates on an axis
parallel to the axis of -the ways -and the wound roll-7
of foil and insulation is-held in the chuck 5 by said jaws .
6. “The chuck “is rotated by the belt- 8 . The belt 8,
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driven from one of the pulleys 10, drives one of the
pulleys 9 which transmits motion to the chuck 5. The
pulley 19 is driven from an electric motor 11 through
another belt 12 and pulleys 13, £4. The gear ratios by
which the puliey 9 drives the chuck 5 can be changed
in the usual manner by gear shift lever 15, and the pulley
ratio by belt shift lever 16.

The carriage 4 has the usual threaded portion in en-
gagement with the screw-threaded red or lead-screw 17,
so that turning of the latter will move the carriage longi-
tudinally along the ways 2. The carriage 4 contains a
way 18 raised therefrom, which engage a cross-slide 19
in a sliding fit, so that said cross-slide can move back-
and-forth transversely to the longitudinal axis of the
chuck 5. The tool holder 26 extends upwardly from the
cross-slide 12, and holds the cutting tool.

Thus far, except for the roll 7, and the cutting tool
23, the description has been of an ordinary commercial
Jathe. In what follows, the additions made to the lathe,
and which act in combination with certain parts of the
lathe to cut wafer coils from the roll are described.

In an ordinary lathe, the cross-slide 19 is operated by
hand, through a crank which turns a screw to which the
slide is threaded. In our invention, however, the screw
is removed, and an air cylinder 21 which can be of a
regular commercial type, arranged to reciprocate the
cross-slide 19 and connected thereto by the connecting
rod 31. A hydraulic check valve 22 is also connected
to said connecting rod 31 to make the motion of the
slide uniform as the slide carries the cutting tool 23
through the wound roll 7 to sever a wafer coil therefrom.

The air cylinder 21 has a double solenoid valve 25
at the end thereof opposite to that from which connect-
ing rod 31 extends.

The double solenoid valve 25 can be of an ordinary
commercial type, its structure being shown substantially
in FIGURE 3. A piston 8¢ in the air cylinder is con-
nected to a post 30 on the cross-slide 19, by the connect-
ing rod 31. The solenoids 26 and 27, one on each side
of valve 25, actuate the valve, through connecting links
28, 29, to direct air into the cylinder 21 at ome end
thereof or the other, depending on the direction in which
the air cylinder is to move the cross-slide 19. The con-
necting rod 31 carries an extending arm 32, held thereto
by the nuts 33. In line with the path in which said
arm will be carried by movement of the piston, and
at each end of said path, are the switches 34, 35, actuated
by the depressing of push buttons 36, 37 respectively.
The switches 34, 35 are fixed to brackets 38, 39, attached
to the cutting platform 4.

The solenoid valve 25 is supplied with compressed air
through pipe 40, connected to the inlet 41 through the
conduit 42 and one arm on the T-connection 43. The
other arm of the T, through pipe 44, supplies the inlet
24 of another solenoid valve 45 through the elbow 46.
The solenoid valve 48 actuates the air cylinder 47, allow-
ing air to enter at one side or the other of a piston 94
therein to move a comnecting rod 48, extending from
said piston. The latter is not shown in FIGURE 1, since
it is inside the air cylinder 47, but it is shown schemati-
cally in FIGURE 2. The rod 48 is connected at its
end to the rack 49, movable therewith. The connecting
vod 48 and the rack 49 are joined by a threaded rod 58,
the position of the rack being adjustable by turning said
threaded rod in an internally-threaded hole in the end
of rack 4%.. The lock-nut 51 secures the rod 50 in posi-
tion .after adjustment.

The pinion 52 .is in engagement with rack 49 and above
the latter, being rotatable by movement thereof. = Said
pinion is attached to the threaded longitudinal rod 17,
generally called a lead-screw, through the slip clutch
-53 and the adjustable gear train 54, the latter controlling

-the angular speed ratio between pinion 52 and lead screw
. 17. The slip-clutch can be of a suitable' type, well-
known in the art, to transmit power only in one:direc-
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tion of rotation. The levers 55, in the gear train box
56, shift the gears and change the ratio when moved.

The direction of air flow in air cylinder 47 and
hence the direction of motion of the connecting rod 48
is controlled by the solenoid 57 and another solenoid
on the other side of valve 45, and not appearing in FIG-
URE 1, because said solenoid lies under the position of
motor 11. The solenoids are conmected to the valve
45 in the usual manner, by the connecting links 58, 59.

The connecting rod 48 carries the laterally-extending
arm 60, which at the end of the retracting stroke of the
connecting rod 48, depresses the push-buttons 61, 62 in
switches 63, 64 supported from the base plate 65 by
the bracket 66. The switches 63, 64 are so located that
the arm 60 will depress the push buttons at the end
of its retracting stroke.

Switch 67 is attached to the bed plate 1 of the lathe
by bracket 68, which holds the switch in position such
that its actuating push-buton 6% is depressed by the cutter
platform 4, at the end of the latter’s longitudinal motion
along the ways 2 toward the chuck 5.

The motor 11 is attached to the base plate 65 by a
suitable bracket 70, from which extends a U-shaped
bracket 71, whose ends carry the bearings 72, 73, in
which the shaft 74, carrying the pulleys 10, turns.

The air supply to valves 25, 45 is turned on and off
by operation of the solenoid valve 75. The electrical
circuit to the apparatus is turned on and off by switch 76.

In FIGURE 2, the connecting rod 31, projecting from
air cylinder 21, is connected to the connecting rod 77
extending from the hydraulic check valve 22, by the con-
necting arm 32 which is held to the respective connect-
ing rods by nuts 7%, 79, 33, 33, screwed to threaded
portions of the rods 31 and 77.

A bracket 138 is attached to the lathe carriage 4 by
the screws 139, 140. A small angle piece 141 connects
the air cylinder 21 to the bracket 138. The plate 38
extends upward from bracket 4, to which it is attached,
the connecting rods 31 and 77 passing through holes in
plate 38, the holes being large enough to permit easy
motion of said connecting rods therethrough. A small
angle piece 142 attaches check valve 22 to plate 38.

The check valve 22 has the adjusting screen 146.

The electrical and mechanical circuit is shown sche-
matically in FIGURE 3. The solenoid valve 25 is at the
end of air cylinder 21, in which the main piston 80 can
reciprocate. The valve pistons 81 and 82 are fixed to-
gether mechanically so that they move as a unit, Valve
piston 81 is shown in closed position, cutting off air flow
through the passage 83. Valve piston 82 is shown open,
allowing air flow through passage 84 to .one side of the
piston.

The main piston is shown at the end of its return
stroke, with arm 32 closing switch 35. The latter is in a
series circuit with the solenoid 57 and the secondary 85
of transformer 86, the primary 87 of said transformer be-
ing connected to a suitable power line through the double
pole switch 76. The solenoid 57 cperates the valve pis-
ton 88, the latter opening the passage 89 to air flow when
the solenoid 57 is energized. The opposite valve piston
99 is fixed mechanically to valve piston 88 and moves
therewith, so that when one valve is open the other closes.

The valve piston 99 can be brought to open position,
that is, a position opening passage 91 to air flow, by the
passage of current through solenoid 92, which actuates
it. One end each of solenoid 57, solencid 92, and sec-
ondary 85 is shown connected to ground, which means
thai there is a common connection joining one end of
each of them. The switch 63 is in the series circuit con-
necting solenoid 92 to transformer secondary 85.

Switch 64 is in series with solenoid 27 and the power
line, and switch 34 is similarly in series with solenoid 26
and the power line, that'is the power line which supplies
the primary 87 of the transformer 86. Switch 67, at the

-end of the. longitudinal travel of cross slide 1%, is in
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series with solenoid 93, which closes valve 76 when the
switch 67 is closed.

The piston 94, reciprocable in air cylinder 47, is at-
tached to the connecting rod 48, which moves rack 49.

In operating the apparatus, the carriage 4 is moved to
a position suitable for making the first cut, by turning
the crank 13 which rotates the lead screw 17. The slip-
clutch 53 on pinion 49 will permit backward motion of
the lead-screw without motion of said pinion. The car-
riage 4 will then be in its starting position, as shown in

10

FIGURE 2. Switch 76 is then closed, and since switch .

35 is held closed by arm 32, the relay 57 will be en-
ergized, pulling aside the valve piston 88 and allowing
air to flow through passage 89 to one side of air cylinder
piston 94, thus driving it forward. For convenience, mo-
tion toward the top of the drawing in FIGS. 1 and 2 is
considered as being in the forward direction.

Rack 49 moves with piston 94, turning p;mon 52 and
hence turning lead-screw 17 to move carriage 4 the dis-
tance of the desired thickness for the wafer to be cut. At
the end of the forward stroke, arm 60 closes switches 63
and 64. The closing of switch 63 actuates solenoid 92,
thereby pulling valve piston 96 aside to open the passage
91, allowing air to fiow therethrough to the other side of
piston 94 forcing it backward. On the backward stroke
the motion of this piston will move the rack 49, which
will rotate the pinion 52; but the rotation of said pinion
will not rotate the lead-screw 17, because slip-clutch 53
permits motion only in the other direction.

Meanwhile, the closing of switch 64 at the end of the
forward stroke, actuates solenoid 27, which retracts valve
piston 81, allowing air-to flow to the rear of piston 80,
thereby driving the latter forward. The cross-slide 19,
being attached to the piston 80 by connecting rod 31, also
moves forward. This is the cutting stroke, because the
cross-slide carries the cutting tool with it.

At the end of the cutting stroke, the arm 32 closes
switch 34, thereby actuating solenoid 26 and opening the
passage 84 allowing air to pass therethrough and force
the piston back to its original position at the other end of
its stroke. The switch 35 is then closed by arm 32, and
the process repeats itself, cutting another wafer:

The cuiting of wafers proceeds in the above-described
manner, until near the end of the useful portion of roll
7, the cross-slide engages switch 67, closing the same and
thereby energizing solencid 93, which actuates valve 75
and shuts off the air supply, leaving the cross-slide sta-

tionary until the machine is restarted with another roll 7. -

The. cutting tool 23 of FIGURE 1 is shown.in more
detail in FIGURES 4 and 5. 'The thin knife blade 78,
of the razor blade type, is clamped firmly between the
flat-sided U-shaped yolks 25, 36 by the screws 97-100,
inclusive. The open ends 181, 162 of the yolks 95, 96,
extend slightly beyond the cutting edge 163 of the blade
78, shown just ahead of the roll 7, which appears in
phantom.

The blade is thus held firmly against bending, so that it
will retain its shape when in contact with the roil.  The
middle of the yolk is held firmly to the metal post 104
by the screw 185 and the-lock-washer 106. The arm 107
extends from post 104 in a direction out of the paper, and
is wider near post 104 than it is at its free end. The arm
107 passes through an opening in latter holder 20, and
is held in the wusual manner by a screw whosé square
head is shown at 108, .

In FIGURE 6, a thin rotating wheel 116 is used as a
cutter, ‘The wheel is fixed at its center to a shaft 111,
which is held in the elongated bearing 112, in: which it
turns and which holds it in position. - The  bearing is

fixed to the latter cross-slide 19. The shaft 112 carries '

a pulley 113 which is driven from the. electric motor 114

through the latter’s shaft- 115, the- pulley. 116 thereon,
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6
and the belt 117 which transmits motion from one pulley
to the other. The motor 114 is held fo the cross-slide 19
by the bracket 118.

The transparent plastic enclosure 119 fixed to the car-
riage 4 by the bracket 123, extends around the wheel 110
and the roll 7, to collect water which drops onto the
wheel 110 from the nozzle 120, which enters the en-
closure 119.. An outlet 121 is provided at the bottom of
the enclosure 119, so that the water will run out of said
enclosure, thereby avoiding accumulation of water there-
in,

At one end of the enclosure 119, there is an opening
124 (shown dotted) through which the front of the roil-
holding chuck 5 extends. At the other end, there is an
opening 122 through which bearing 112 and shaft 111
extend. This opening 122 must be great enough trans-
versely to the axis of roll 7 to permit the necessary trans-
verse motion of the bearing 112 which moves with the.
cross-slide 19.

The water leaving enclosure 119 through outlet 121
drips through the open space between the ways of the
lathe 1, into the drip pan 125, from which it is carried
by outlet 126 and hose 127 to the reservoir 128, from
which it is pumped out by the pump 129 and reaches the
nozzle 126 through rubber hose 130. - -

The wheel 132, with the crank 131 forming part of
it, can be used to move the lathe carriage along the ways
2, 3 in the manner customary with lathes, The lever 133

‘locks the carriage in position, also in a manner well-

known for lathes.

The cross-slide 19, as used herein, includes the num-
ber 134 slidable in slide 135 and the piece 136 slidable
in the slide 137. Members 134, 135 and 136 all move
together along the main slide 137, and can be considered
as a single piece in the present invention, although they
could be used separately in ordinary lathe practice.

The cutting wheel 110 is preferably hollow ground.

What we claim is:

A machine for cutting wafer coils from a wound roll,
said machine comprising: means for holding said roll
along a predetermined axis; a cutting tool; means com-
prising a solenoid-actuated air cylinder for advancing said
cutting tool transversely against said roll for a predeter-
mined distance to cut the same; means comprising an
electrical switch, actuated by the arrival of the cutting
tool at the end of its -forward stroke, for actuating a

" solenoid to reverse the direction in which the air cylinder
© moves the cutting tool to retract: the same; and means

including an electrical switch. actuated by arrival of the
cutting tool at the end of its retracting stroke for shifting
said tool a predetermined distance in a direction paraliel
to said predetermined axis, the direction in which this
switch must be moved for actuation being opposite to

" the direction in which said first-mentioned switch must
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