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crease.

A strip of amorphous metal is separated into first and second strips by scribing a line in a surface of the strip, fold-
ing and moving the sides of the strip together along the scribed line in the direction which encloses the scribed line close
enough to form a crease and then at least partly flattening the strip. The strip separates into the first and second parts as
the flattening operation proceeds along the strip. The facing cut edges of the first and second strips are moved apart once
they are separated. To extend the life of the scribing tool, the flattening step may be extended to include reversing the
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METHOD AND APPARATUS
FOR SLITTING AMORPHOUS METAL

BACKGROUND

The present invention relates to amorphous
metals and, more particularly, to a method and apparatus for

slitting an amorphous metal foil.

Amorphous metals are metal alloys in which
the usual crystalline structure is not present. A
resume of amorphous metal materials and their
properties is contained in a paper entitled
METALLIC GLASSES: A MAGNETIC ALTERNATIVE, by
Doqald Raskin and Lance A. Davis, published in IEEE

Spectrum, November 1981, the contents of which are
an

herein incorporated by reference. In brief,
amorphous metal is formed by cooling a molten alloy
at such a high rate (typically exceeding a million
degrees per second) that the usual crystalline
structure of the metal does not have time to form.
Instead, the metal is frozen into a metastable
condition in which the disorder of the molten form is

preserved.
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Amorphous metals exhibit a number of
differences in their properties from the normal
crystalline form of the same alloy which make them -
especially suitablé for certain applications. They
are harder, more abrasive and more sensitive to
mechanical stresses, have higher mechanical strength,
flexibility and electrical resistivity than their
crystalline forms and some alloys of amorphous metal
exhibif the softest magnetic characteristics of any
known materials. This latter property is especially

_ desirable for magnetic core materials since the ease

with which a magnetic material is magnetized and
demagnetized controls the hysteresis losses
experienced when the magnetic material is
repetitively magnetized first in one direction and
then in the other direction as is customarily the
case for magnetic core materials in AC machinery.

An AC distribution transformer, for exanple,
has its primary winding permanently connected to the
AC line. Thus, the primary winding continuously
cycles the transformer core between extremes of
magnetic intensity. The repetitive traversing of the
hysteresis loop of the transformer core produces
hysteresis losses which must be made up by primary
power. These hysteresis losses represent an overhead
cost of operating the transformer which is
independent of load. Even during periods of light or
zero secondary loading, power must be fed to the
primary to supply the hysteresis losses in the
transformer core. Substitution of a suitable
amorphous metal for the magnetic steel normally used

in transformer cores can reduce this hysteresis

-
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overhead by a factor of 4 or more.

Amorphous metals also have characteristics
which have heretofore interfered with their use. One

of the problems in amorphous metals made by the

above-referenced process arises because the need for

an extremely rapid cooling rate during the casting of
a strip of amorphous metal dictates that the

amorphous metal strip must be extremely thin.

Thicknesses of about 0.076 mm are about the maximum

which can be produced, with more typical values on
the order of from about 0.025 to about 0.05 mm.
Normal transformer core laminations are about ten
times thicker. Thus, about ten times as many layers

. of amorphous metal are required to form a transformer

core of the same Cross section as are required with

the steel laminations of the prior art.

Space factor is important in many magnetic
Space factor is defined as the ratio of the

o the physical volume

cores.
actual volume of core material t
consumed by the core. If the layers making up the

core do not lie flat upon each other but‘instead

parated by air or other non-magnetic
the physical volume consumed by the core

remain se

material,
increases without a corresponding increase in

magnetic properties. If burrs or irregularities are

present on the edges or surfaces of the core
the laminations do not lie flat and
The

laminations,
consequently the space factor is degraded.

thinness dictated by the way amorphous metals are

made adds to the problem. For example, edge burrs

and/or surface irregularities which are small enough

to be ignored on the edges of conventional core

laminations may cause severe degradation in the space
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factor when ten or more times as many layer are used.
Amorphous materials are SO hard and abrasive
that it is extremely difficult to cut the as-cast
strip into the sizes and shapes needed to form a
core. Conventional cutting techniques include, for
example, slitting with rotary shearing devices,
scissors-type cutters and pinch-type cutters, all of
which rely on sharp cutting edges for clean cuts.
The required sharp cutting edges of these devices
rapidly degrade due to the hard abrasive material
being cut, even when the cutting edges are made of
hard materials such as, for example, an appropriate
tungsten carbide. Vheel-type slitting devices also
suffer from the thinness of the amorphous metal
strip. That is, if the amorphous metal strip is, for
example, about 0.038 mm thick, then the cutting
wheels must be set for a clearance on the order of
0.0051 mm or less. Such tolerances call for the
best, and most expensive, attainable tolerances and,
even when such tolerances are attained, the cutting
must be performed under controlled temperature
conditions. When the cutting edges wear, they begin
to produce kerfs or burrs which prevent successive
layers of a core from laying in complete contact with
each other and thus result in degraded space factor.
U.S. patents 4,328,411 and 4,356,377 disclose
laser and/or electron beam cutting techniques for
forming complex shépes by either vaporizing and
cutting completely through an amorphous strip or
heating it above its crystallization temperature so
that the desired cutting line assumes the brittle
crystalline form of the alloy which can thereafter be
easily broken to separate the desired shape from the



WO 85/03379 PCT/US85/00117

10

15

20

25

30

remainder of the strip. Although these techniques
avoid the degradation in edge quality resulting from

worn cutting edges of cutting tools, they still

produce reduced space factor due to edge burrs. In

addition, the heating that these techniques produce
along the cutting line leaves crystallized alloy with
a resulting degradation of the magnetic properties in
these areas which use of the amorphous material is

intended to provide.

OBJECTS AND SUMMARY

An object of the invention is to provide a method and
apparatus for cutting strips of brittle and very hard

amorphous alloy that is characterized by

clean, burr-free edges without the production of

crystallized alloy at the edges.

Another object of the jinvention is to provide
a method and apparatus for cutting strips of amorphous metal which
takes advantage of the characteristics of the
amorphous metal jtsel? to produce the cut.

A further object of the invention is to :
provide a method and apparatus for cutting strips of amorphous
metal of unlimited length.

A still further object of the invention is to
provide a method ard apparatus for cutting a strip of amorphous
metal into two strips along a cutting line which is

defined by a scribe line oz the strip.
A yet further object of the invention 1is to

provide a method and apparatus for cutting a strip of amorphous
metal into two strips along 2 line of indefinite
length without requiring special environmental
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control. ;
According to an embodiment of the invention,

there is provided a method for slitting a strip of

amorphous metal comprising scribing a line in a first
surface of the strip, folding opposed sides of the
strip toward each other along the line to form a
folded strip having the line within the fold and
defining an apex of the fold, creasing the fold and
at least partially flattening the folded strip
whereby the strip separates into first and second strips on opposed sides
of the liné. Apparatus for executing this method is also provided.
According to a feature of the invention,
there is provided a method for slitting a strip of
amorphous metal comprising backing up a first surface
of the strip with a hard unyielding back-up surface,
drawing a cutting edge of a wheel-type scribing tool
along a cutting line on a seconq surface of the
strip, applying a scribing force on the wheel-type
scribing tool effective to compress a line of the
amorphous metal beneath 2a cutting edge of the
wheel-type scribing tool to thereby form a depressed
scribed line, spacing first and second parallel
surfaces of first and second mandrels a predetermined
distance apart, folding first and second edges of the
strip toward each other with the scribed line
enclosed therebetween, drawing the strip between the
first and second parallel surfaces whereby 2 crease
is formed in the strip along the scribed line,
progressively at least partly flattening the crease
along the scribed line whereby the strip separdtes
into first and second strips on opposed sides of the
scribed line and separating the first and second
strips during the step of progressively at least
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partly flattening whereby cut edges of the first and second strips are moved
apart. Apparatus for executing this method is also providec.

Briefly stated, the present invention
provides a method wherein a strip of amorphous metal
is separated into first and second strips by scribing
a line in a surface of the strip, folding and
creasing the strip along the scribed line in the
direction which encloses the scribed line and then at
least partly flattening the strip. The strip
separates into the first and second strips as the
flattening operation proceeds along the strip. The
facing cut edges of the first and second strips are
moved apart once they are separated. The flattening
operation may be continued until the crease is L
completely flattened or the crease may' even be partly or completely

reversed. Apparatus for executing this method is also provided.

According to a feature of the invention there
is provided apparatus for slitting a strip of
amorphous metal comprising means for transporting the
strip in a direction, the means for transporting
including means for producing a predetermined tension
in the strip, a wheel-type scribing tool of the type
including a wheel having a cutting edge thereon, the
cutting edge including a cutting edge radius, means
for contacting the cutting edge on a first surface oz
the strip of amorphous metal, a backup surface
contacting a second surface of the strip opposing the
wheel-type scribing tool, the means for contacting
being effective for applying a predetermined scribing
force to the cutting edge, the cutting edge radius
and the predetermined force being jointly effective
for scribing a scribe line in the surface as the
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strip is transported therepast, first and second
mandrels having first and second facing surfaces
spaced a first predetermined distance apart and
disposed a second predetermined distance downstreanm
of the wheel-type scribing tool, the second
predetermined distance being effective to permit the
strip to fold about the scribed line for entry
between the first and second facing surfaces and the
first predetermined distance being effective to
crease the strip about the scribed line, a flattening
surface downstream of the first and second mandrels,
the flattening surface being disposed for contacting
the second surface of the strip, the predetermined
tension being effective for flattening the crease
against the flattening surface, means downstream of
the flattening surface for separating newly separated
edges of the strip and at least some of the cutting
edge radius, the predetermined scribing force, the
first predetermined distance, the predetermined
tenéion and the means for separating being jointly
effective for producing a slit in the strip as it
leaves the flattening surface.

According to a further feature of the
invention there is provided a method for producing a
magnetic core comprising scribing a line in a first
surface of a strip of amorphous metal,folding opposed
sides of the strip toward each other along the.line
to form a folded strip having the line within the
fold, moving the opposed sides sufficiently close
together adjacent the line to form a crease and least
partly flattening the crease wvhereby the strip
separates into first and second strips on opposed

sides of the line and winding at least one of the
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Briefly stated, the present invention
provides a slitting apparatus for an amorphous metal
strip which employs a scribing tool to form a scribed
1ine in a surface of the strip as it 1is transported
past the scribing tool. The scribed strip is folded
toward the scribe& line and creased between mandrels.
Then the crease is flattened out against a flattening
surface, whereupon the strip cleanly separates into

first and second strips. A separating device
e flattening surface moves the newly

A functional relationship

downstream of th

separated edges apart.
between at least some of the radius of the cutting

edge of the scribing tool, the seribing force, the

tension in the strip and the separating device is

described and empirical methods for maintaining these

elements within effective operating ranges are given.
The above, and other objects, features and

advantages of the present invention will become

parent from the following description read in

ap
in which

conjunction with the accompanying drawings,

like reference numerals designate the same elements.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of 2 strip of
amorphous metal to be separated into two strips along
a substantially straigat line.

Fig. 2 is a perspective view of the strip of

amorphous alloy of Fig. 1 after receiving a scribed

line in one surface thereof.
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Fig. 3 is a cross section taken along I11I-III

of Fig. 2.
Fig. 4 is a microscopic view of the amorphous

alloy material.

Fig. 5 is a cross section of an amorphous
strip and a back-up surface showing one type of
scribing tool which may be employed in the practice

o? the invention.
Fig. 6 is a perspective view of a folded and

creased strip of amorphous alloy.
Fig. 7 is a cross section taken along VII-VII

‘of Fig. 6 and showing a pair of opposed mandrels for

creasing the strip.
Fig. 8 is a perspective view showing the

flattening and separating parts of the method in

progress.
Fig. 9 is a simplified schematic diagram of a

slitting apparatus according to an embodiment of the
invention.

Fig. 10 is an enlarged top view of a strip of
amorphous alloy passing between a palr of cylindrical
mandrels.

_ Fig. 11 is an enlarged top view of a strip of
amorphous alloy passing between a pair of stationary
semi-cylindrical mandrels.

Fig. 12 is a close-up top view of a strip of
amorphous alloy being flattened and separated.

Fig. 13 is a cross section taken along

XIII-XIII in Fig. 12.
Fig. 14 is a cross section taken along

XIv-XIV in Fig. 12.
Fig. 15 is a side view of a spindle-shaped
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crowned roller according to an embodiment of the
invention.

Fig. 16 is a side view of 2 turret-type
wvheel-type slifting tool suitable for use in one
embodiment of the invention.

Fig. 17A is a cross section of one shape ot
magnetic core which may be wound from a strip of
amorphous metal alloy slit by the apparatus of the

present invention.
Fig. 17B is a foreshortened top view of a

strip of amorphous metal alloy slit diagonally to

form the magnetic core of Fig. 17A.
Fig. 18A is a cruciform Cross section of a

magnetic core which may be wound using a strip of
amorphous metal alloy slit by the apparatus of the

present invention.
Fig. 18B is a foreshortened top view of a

strip of amorphous metal alloy slit in step-wise
fashion to form the cruciform magnetic core of Fig.

18A.

Fig. 19A is a round cross section of a
magnetic core ¥Which may be wound using a strip of
amorphous metal alloy slit by the apparatus of the

.present invention.

Fig. 19B is a foreshortened top view of a
strip of amorphous metal afIdy §1it in sinusoidal
fashion to form the round cross section magnetic core
of Fig. 194A.

Fig. 20 is an end view showing apparatus for
controlling the transverse position of the scribing
tool of Fig. 9 whereby the slit shapes of Figs.

17A-19B may be produced.
Fig. 21 is a schematic diagram of a further
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apparatus for controlling the transverse position of

the scribing tool.

DETAILED DESCRIPTION OF THE DPREFERRED EMBODIMENT

Referring now to Fig. 1, there is shown,
generally at 10, a strip of amorphous metal alloy 10.
Although the present invention should not be
considered to be limited to 2 partlicular alloy, for
concreteness of description, one alloy with which the
method of the inventlon has been used; and which is
employed as an exemplary material upon which the
following’description is based, is identified as
alloy 2605 S5-2 manufactured by Allied Corp.; and
consisting of about 78 percent iron, 13 percent boron
and 9 percent silicon. Use of the method disclosed
herein with other suitable amorphous metal alloys
should also be considered within the spirit and scope
of the present invention. Strip of amorphous metal
alloy 10 may be as long as convenient and may have a
width as wide as can be cast using known OF
to-be-developed manufacturing techniques. A desired
cutting line 12 is {ndicated in dashed line.

Although cutting line 12 is shown.to be straight and
aligned with the length dimension of strip of
amorphous metal alloy 10, 2 substantial curvature may
be accommodated in cutting line 12 and the method of
fhe present invention is successfully performed
irrespective of the angle of cutting line 12 with
respect to the length dimension of strip of amorphous
metal alloy 10. That is, cutting line 12 may be

. oriented parallel to the length dimension as shown,
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normal to the length dimension, OF at any angle in

between.

Referring now to Fig. 2,
formed along the line previously defined by cutting
line 12. Scribe 1ine 14 divides strip of amorphous
metal alloy 10 into first and second parts 16 and 18
fold slightly toward each other about

a scribe ilne 14 1is

scribe line 14. Referring now also to the cross
section in Fig. 3, scribe line 14 forms a depression

in strip of amorphous metal alloy 10. If strip of

amorphous metal alloy 10 were of normal crystalline

material, the formation of scribe line 14 would
deform the material of the strip by pressing it to

s and upward along scribe line 14 to form
Such mounds or

the side
parallel linear mounds or berms.
berms, if they existed, would degrade space factor.

As shown in Fig. 3, however, the edges of scribe line

14 do not exhibit more than insignificant mounds, but

{nstead, are substantially f1at and parallel to the

surfaces of part 16 and part 18.
Although we do not intend tha

hould be limited to any

we presently believe that

+ the method ot

the present inventlion s
particular causal theory,
n which the structure of strip of amorphous
al crystalline

the way 1
metal alloy 10 differs from the norm
form of the alloy accounts for the form of scribe

1ine 14 shown in Fig. 3. Yhen 2 normal crystalline

form of an alloy solidifies, the crystals thus formed

reorient themselves as necessary to produce a
substantially solid plece of metal with few, 1f any,
voids. Conversely, when the alloy is rapidly cooled
to form strip of amorphous metal alloy 10, instead of
having time to rearrange itself to produce 2 solid,
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the alloy is trapped in a metastable amorphous state
consisting of alloy particles such as shown at 20 in
Fig. 4 with a percentage of the volume consisting of
volds 22 distributed throughout the mass of the
material. The sizes of particles 20 and volds 22
are, in fact, on the atomic scale but are exaggerated
in Fig. 4 for purposes of explanation. When scribe
1ine 14 is formed, voids 22 may be displaced
laterally away from scribe line 14. This
displacement may nucleate cracks oa the side of strip
of amorphous metal alloy 10 opposite to the side being
contacted by the tool forming scribe line 14 in the regions
alongside scribe line 14 to which voids 22 are displaced.
This permits the formation of scribe line 14 without
displacing material to the sides and upward. The
resulting line of nucleated cracks alongside scribe
line 14 do not propagate into the surrounding
material on their own, but instead, must await a
certain type of tensile stress to mature and pernmit
separation of the material along scribe line 14.
Scribe line 14 may be formed by any
convenlent tool such as an awl, a knife edge and the
like. Even though the material of strip of amorphous
metal alloy 10 is hard and abrasive, the fact that
scribe line 14 does not have to penetrate strip of
ahorphous metal alloy 10, but only confact and préss
aéainst its surface, substantially reduces tool wear
as compared to a cutting method where penetration of
the strip exposes the cutting tool to cut edges of
the strip. We have found that a wvheel-type cutter of
a type similar to a glass cutter, such as shown at 24
in Fig. 5, is particularly effective for forming
scribe line 14. A wheel 26 is rotatably supported on
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an axle 28 between legs of a yoke 30. A back-up
surface 32 supports strip of amorphous metal alloy 10
which is contacted by a cutting edge 34 of wheel 26
to produce scribe line 14. In order to produce a
clean scribe line 14, back-up surface 32 is
preferably hard, unyielding and flat. In the
preferred embodiment, back-up surface 32 is hard
steel. A downward force, indicated by an arrow 36
urges yoke 30 into contact with strip of amorphous
metal alloy 10 to form scribe line 14. .

We have discovered that a functional

relationship exists between downwvard force 36 and a

cutting edge radius 38. That is, as cutting edge

radius 38 becomes greater with wear, more downward
force 36 must be applied in order to obtain a
satisfactory scribe line 14 for producing the
slitting action. When cutting edge 34 is freshly
sharpened, giving a cutting edge radius 38 which may
be unmeasurably small, a very small value of downward
force 36 1s sufficlent to produce a satisfactory
scribe line 14. Using a tungsten carbide wvheel 26
having a diameter of 35 mm, for example, a downward
force 36 of about 9 Newtons is effective to produce a
satisfactory scribe line 14 with a freshly sharpened
cutting edge 34 in a strip of amorphous metal alloy
10 having a thickness of about 0.025 mm. The vaIﬁe -
o? downward force 36 required increases with
increasing cutting edge radius 38 to a value of
downward force 36 of about 110 Newtons, at which tinme
cutting edge radius 38 has degraded to slightly less
than about 0.038 mm. A satisfactory range of

values for downward force 36 may be from about 50 to
about 100 Kewtons to provide satisfactory scribing in
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a production environment. When cutting edge radius 38
further degrades beyond a value of about 0.038 mm, a
satisfactory scribe line 14 cannot be made regardless
of the value of downward force 36 applied. ¥hen
cutting edge radius 38 wears beyond this value,
sharpening or replacement is required. It should be
noted that the limiting value of cutting edge radlus
38 beyond which a satisfactory scribe line 14 cannot
be produced is approximately equal to about 1.5 times
the thickness of strip of amorphous metal alloy 10.
This may be a satisfactory approxlmétion for a
relationship between a2 limiting value for cutting
edge radius 38 and a thickness of strip of amorphous
metal alloy 10 over a reasonable range of thicknesses
of strip of amorphous metal alloy 10--

Referring now to Fig. 6, once 2 satisfactory
scribe line 14 has been formed, part 16 and part 18
are folded toward each other by any convenient means
with scribe line 14 1inslide. Scribe line 14 defines
the fold so that strip of amorphous metal alloy 10
tends to fold accurately along it. We have discovered
that attempting to fold strip of amorphous metal
alloy 10 with scribe line 14 on the outside at this
stage is not satisfactory since the fold does not
tend to follow scribe line 14. Strip of amorphous
metél~a110y 10 is then creased aloné the fold by
moving parts. 16 and 18 toward each other to an
effective degree of closeness at least in the
vicinity of scribe line 14.

The folding and creasing may be performed by
a conventional bending brake which folds one side
against the other 1in a single motion or a pair of
spaced-apart stationary or rotating mandrels used

-
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between which strip of amorphous metal alloy 10 is
drawn. In this latter method, which is, in fact, the
preferred embodiment of the method, folding 1s
performed as strip of amorphous metal alloy 10 passes
from wheel-type scribing tool 24 to the mandrels and
the creasing occurs at a single point on strip ot
amorphous metal alloy 10 as that point passes the
mandrels. Referring now also to Fig. 7, a pair of
mandrels 40 and 42 are shown spaced apart and moving
parts 16 and 18 of strip of amorphous metal alloy 10
toward each other along scribe line 14 as strip of
amorphous metal alloy 10 is drawn between them. In

" the most preferred embodiment, mandrels 40 and 42 are

a pair of opposed rotatable rollers. It is also

possible to satisfactorily perform the folding

operation,manually using only the fingers.
We have discovered that part 16 and part 18

need not be moved together into face-to-face contact
with eaéh other for successful performance of the
method. In fact, permitting face-to-face contact
between part 16 and part 18 as strip of amorphous
metal alloy 10 passes between mandrels 40 and 42
causes binding which prevents part 16 and part 18
from adjusting themselves in the direction of motion.
This can tend to force the crease off the cutting
line defined by scribe line 14. Thus, a spacing is
preferaﬁly established between mandrels 40 and 42
which permits a space 44 to exist between facing
surfaces of part 16 and part 18.- Although an optimum
value of space 44 may vary for different alloys and
thicknesses of strip of amorphous metal alloy 10, for

a thickness of about 0.038 mm with the alloy

previously defined, we have discovered that a spacing
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between mandrels 40 and 42 o? about three times the
thickness of strip of amorphous metal alloy 10, or
about 0.075 mm, is satisfactory. This allows space
44 to assume a value about equal to the thickness of
strip of amorphous metal alloy 10.

Referring now to Fig. 8, after strip of
amorphous metal alloy 10 is folded as herelinabove
described, the crease is at least partly flattened
out. As part 16 and part 18 move apart in the
vicinity of the crease, strip of amorphous metal
alloy 10 separates cleanly along scribe line 14 to
provide two separate strips. Flattening can be
performed in ény convenient manner, but in the
preferred embodiment, strip of amorphous metal alloy
10 is flattened at one end and then progressively
flattened toward the other end as shown. The amount
of flattening required varies with the sharpness of
cutting edge radius 38. with a freshly sharpened
cutting edge 34, parts 16 and 18 separate well before
the crease is fully flattened out. As cutting edge
34 becomes duller, more and more flattening is
required before separation occurs. To extend the
1ife of wheel 26, it may be desirable not only to
fully flatten the crease, but also, to at least
partly reverse the crease, Such reversal may
include, for example, moving parts 16 and 18 together
with scribe line 14 on the outside defining the apex”
of a reverse fold. In an extreme case, parts 16 and
18 may be passed between a further pair of mandrels
(not shown) which would complete the reversal by
bringing the former outside surfaces of parts 16 and
18 close together at least in the vicinity of scribe

line 14.
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It should be noted that the progressive

flattening illustrated in Fig. 8 is not in any way
similar to the creasing and tearing process commonly '
used to separate a plece of paper and the like into

5 two pleces. An attempt to tear strip of amorphous

metal alloy 10 along creased scribe line 14 in this

way produces ifregular, and even a serrated, edges

instead of the clean, flaf edges produced by the
method of the present invention.

10 When parts 16 and 18 separate from each
other, separated edges 46 an@ 48 are preferably moved

away from each other so that mechanical interlocking

of edges 46 and 48 js avoided. VWhen the scoring,
flattening, and separating are
resent disclosure, edges

folding, creasing,

15 performed according to the p
46 and 48 are clean without burrs, bumps or other

artifacts of the slitting operation which would be

detrimental to the space factor of a core wound from,

the separated strips.
20 The flattening and separating alluded to in

the preceding paragraph can be performed
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manually. In one manual separation technique, parts
16 and 18 are pulled laterally away from each other
substantially as shown in Fig. 8 starting at one end
and moving progressively to the other. VWhen the
length to be cut is>re1ative1y short such as, for
example, when cutting across strip of amorphous metal
alloy 10, we have discovered that it is only necessary
to pull outward uniformly on the outer edges of parts
16 and 18. When an amount of pulling force is
reached which is enough to sufficiently flatten the
fold, the parts separate all along their lengths at
substantially the same time in an almost explosive
separation. An exanination of the newly separated
edges produced by this method shows that the same .
excellent edge cleanness is achieved as with the
other flattening techniques.

One suitable apparatus for performing the
scribing, folding, creasing, flattening and separating
is shown in Fig. 9. A spool 50 holds a roll 52 of -
anmorphous metal alloy 54 which is paid out under
control of conventional feeding apparatus which may
include, for example, first and second idler rolls 56
and 58 for forming a feed loop 60. Conventional
sensing and control devices (not shown) may be
employed to control the length of feed loop 60 in
order to ensure-a-reliable supply of amorphous metal
alloy 54 for subsequent operations.

A braking device which may be, for example, 2
pair of braking rollers 62 and 64, apply a
predetermined braking force to amorphous metal alloy
54 passing between them. Braking rollers 62 and 64
may be of any conventional type such as, for example,
a magnetic particle brake. "heel-type scribing tool



w0 '
85/03379 ~ PCT/US85/00117

10

15

20

25

30

" repla

21

24 is disposed on a first side of amorphous metal
alloy 54. A back-up roll 66 is disposed on the
opposite side of amorphous metal alloy 54.
Wheel-type scribing tool 24 produces scribe line 14

on the upper surface of amorphous metal alloy 54 in

Fig. 9.
Although any convenient means may be employed

for producing downward force 36 (see Fig. 5), one
embodiment jllustrated in Fig. 9 includes a

replaceable weight 68 which may be placed on, for

example, a platform 70. As the radius of the cutting

edge of wheel 26 increases with use, the mass of
ceable weight 68 may be increased as previously

described until, when the radius of the cutting edge

increases to the point where 2 satisfactory scribe
line 14 can no longer be performed, a freshly
sharpened wheel-type scribing tool 24 must be
substituted for the wheel-type scribing tool 24 in

use -and the mass of replaceable weight 68 reduced

appropriately to begin a further sequence of use.
One skilled in the art would recognize that

other appropriate devices would be satisfactory for

maintaining a desired value of downward force 36 on

wheel-type scribing tool 24 without departing from
Resilient means such as,

may be substituted

the scope of the invention.
for example, a spring (not shown)
for replaceable weight 68 to produce downward force
36. Ve have observed that, as the cutting edge
radius of wheel-type scribing tool 24 increases with
wear, the width of scribe line 14 also increases.
Thus, the width of scribe line 14 may be employed as

an indicator of the required value of downward force

36.
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More precise and responsive control of
downward force 36 may be obtained using a feedback
control system (not shown) which dynamicalli ad justs
the value of downward force 36 according to the width
of scribe line -14. In‘sucﬁ a feedback control
system, the width of scribe line 14 is measured using
conventional apparatus such as, for example, a
photo-optical sensor. The width is then employed to
derive, or look up, a required value of downward
force 36 using, for example, a lookup table, and this
value of downward force 36 is applied to wheel-type
scribing tool 24 using, for example, a conventional
mechanical or hydraulic force actuator. Although we
consider that measuring the width of scribe line 14
and using the measurement to establish a
corresponding value of downward force 36 is an
inventive part of the present disclosure, the
apparatus required for measuring the width of scribe
i1ine 14 and for transducing such width into a
corresponding value of downward force 36 is well
known and is therefore not further shown or described
herein.

After passing wheel-type scribing tool 24,
amorphous metal alloy 54 is folded as it moves toward
mandrels 40 and 42 where a crease 1s formed along the
line defined by scribe line 14. An along-stream
spacing 72 between wheel-type scribing tooi 24 and
mandrels 40 and 42 is sufficient to permit the edges
of amorphous metal alloy 54 to curve upward without
excessively lifting the edges alongside wheel 26 of
wheel-type scribing tool 24, In the absence of
constraints on amorphous metal alloy 54 between
wheel-tjpe scribing tool 24 and mandrels 40 and 42,
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the required value of spacing 72 varies with the
width of amorphous metal alloy 54. A minimum value
of spacing 72 is about two or three times a width of
amorphous metal alloy 54. A maximum value is
established by the dimensions of the facility in
which the slitting operation is being performed. For
practical purposes, a value of spacing 72 of about
ten times a width of amorphous‘metal alloy 54 is more

than adequate.

Mandrels 40 and 42 are illustrated as a pair
of spaced-apart rollers. We have discovered that,
due to the relatively wide spacing of mandrels 40 and
42, that is, a spacing of about three times @he
material thickness of amorphous metal alloy 54, the
contact forces between amorphous metal alloy 54 and
mandrels 40 and 42 are so light that, even when
rollers are employed, they seldom, if ever, are
rotated by the passage of amorphous metal alloy 54
therebetween. Referring now to Fig. 10, the mandrels
40 and 42 of the embodiment of the invention
illustrated in Fig. 9 is shown. Since the contact
forces, and consequently the wear, on mandrels 40 and
42 are so light, the cost and complexity of providing
rotatable mandrels 40 and 42 may not be warranted.

Refefring to Fig. 11, a stationary,
non-rotating embodiment of mandrels 40'and 42' is
shown which is effective for producing the crease
along scribe line 14 in amorphous metal alloy 54.

Referring again to Fig. 9, after being
creased in mandrels 40 and 42, amorphous metal alloy
54 passes along a downstream spacing 74 and then over
a flattening roller 76. A suitable combination of
contact angle of amorphous metal alloy 54 with
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flattening roller 76 and a tension in amorphous metal
alloy 54 causes amorphous metal alloy 54 to flatten
in the transverse direction just as it makes contact
with flattening roller 76. At some point before,
during or after its contact with flattening roller
76, amorphous metal alloy 54 splits to form first and
second part strips 78 and 80. Part strips 78 and 80
pass on opposite sides of a vertex 81 of a pyramidal
prism 82 which tends to move the newly separated
egdges of part strips 78 and 80 apart and to thereby
avolid mechanical keying together of the newly
separated edges. In addition to preventing unwanted
mechanical keying of newly separated gdges, pyramidal
prism 82 at least partly reverses the fold after
strip of amorphous alloy 54 loses contact with
flattening roller 76. The partial reversal of the
crease may be useful in achieving separation under
certain conditions, particularly of the combination
of the sharpness of cutting wheel 26 and the value of
downward force 36.

A drive roller 84 and a pinch roller 86, on
opposed sides of part strips 78 and 80, cooperate to
pull amorphous metal alloy 54 through the slitting
apparatus as hereinabove described. A tension drive
motor 88 applies a torque to drive roller 84 which is
effective to apply a predetermined tension to
amorphous metal alloy 54. After beiig tensioned and
pulled through the slitting apparatus by drive roller
84 and pinch roller 86, part strips 78 and 80 pass on
to conventional take-up reels (not shown).

The illustration in Fig. 9 is highly
schematic and simplified in order to support a clear
and complete disclosure of the elements which we
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the art would recognize that additlional conventional
components would be desirable in a practical machine.
For example, a conventional device (not shown) for
measuring tension in amorphous metal alloy 54 is
preferrably included to permit dynamic control of
tension drive motor 88 in order to maintain the
tension in amorphous metal alloy 54 at the
predetermined value. Alternatively, tension drive
motor 88 may be manually controlled to produce 2
tension in amorphous metal alloy 54 which satisfies
empirical parameters to be explained hereinafter.

The positioning and shape of pyramidal prism
82 is established to produce an amount of separating
force on amorphous metal alloy 54 and a partial
reversal of the fold acting at about the
location where amorphous metal alloy 54 moves out of
contact with flattening roller 76 effective to move
part strips 78 and 80 apart without applying so
little separating force that poor edge quality is
produced or so much that the edges of part strips 78
and 80 become distorted. The use of pyramidal prism
82 has the advantage of simplicity since pyramidal
prism 82 is a purely passive component interposed in
the path of part strips 78 and 80. One skilled in
the ért would recognize, however, that 6ther devices
may be used to perform this function. Referring to
Fig. 12, an embodiment of the invention 1s shown in
which pyramidal prism 82 of Fig. 9 is replaced with
first and second angled separation rollers 90 and 92.
Angled separation rollers 90 and 82 may be stationary

or rotatable and, if rotatable, may be passive or

driven.
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The separating force and partial fold
reversal produced by angled separation rollers 20 and
92 (or pyramidal prism 82) is combined with the
tension ln amorphous metal alloy 54 and the sharpness
and downward force on wheel 26 to produce clean slit
edges. The point at which separation occurs can vary
from upstream of flattening roller 76, particularly
when wheel 26 is freshly sharpened, a point in
contact with flattening roller 76 or a point
downstream of flattening roller 76. It is even
possible that separation may even take place
downstream of angled separatlion rollers 90 and 92,

The most stable operation of the apparatus is
achieved when the parameters are adjusted so that
separation takes place just before, during or after
amorphous metal alloy 54 first contacts flattening
roller 76.

The sequence of cross sections in Figs. 13
and 14 show the empirical result of the correct
combination of the tension and separating-force
parameters. Amorphous metal alloy 54 first contacts
flattening roller 76 along a line indicated by a
dashed 1line 94 in Fig. 12, remains in contact with
flattening roller 76 over a portion of the rotational
angle of Ilatienlng roller 76 and then moves out of
contact with flattening roller 76 at a second dashed
line 96. .Just before reaching dashed line 94}
amorphous metal alloy 54 is only partially flattened
as shown in Fig. 13. Referring now to Fig. 14, just
as amorphous metal alloy 54 contacts flattening
roller 76 at dashed line 94 it becomes substantially
flattened against flattening roller 76 thus
straightening out the crease previously existing
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about scribe line 14. When the correct values of
tension and separating force are applied, just at the
point indicated in Fig. 14, a clean slit 102 starts

and remains stable in this position whereby clean

separation of amorphous metal alloy 54 into two part

strips 78 and 80 is attained.
Although the present description employs the

surface of a rotatable flattening roller 76 against
which amorphous metal alloy 54 is flattened, other
types of flattening surfaces are equally within the
contemplation of the invention, For example,
flattening roller 76 may be replaced with a suitably
shaped stationary surface (not show) against which
amorphous metal alloy may be flattened in a manner
etely analogous to the above detailed

In accordance with a further embodiment
ns of flattening roller
ers 90 and 92 (or

by a spindle-

compl
description.
of the jnvention, the functio
76 and angled separation roll

pyramidal prism) may both be performed

shaped crowned roller 98 such as shown in Fig. 15.

In addition to the tension and
the preceding,

between these
edge 34 and

separation-force parameters recited in
a certain amount of interaction exists

parameters and the keenness of cutting

the value of downward force 36 employed in forming

scribe line 14. However, with the disclosure given

in the preceding, one skilled in the art would

require no experimentation to make and use thé

slitting apparatus of the present invention.

Referring now to Fig. 16, there is shown an
type scribing tool 24' which may be
In order to

improved wheel-

employed in the present invention.

permit longer slitting runs, the single wheel-type
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scribing tool 24 of Fig. 9 is replaced by multiple
wheel-type scribing tools 24' in a turret arrangement
so that, upon one cutting edge 34'becoming dull or
damaged, a new cutting edge 34 can be swivelled into
place without loss of running time of the apparatus.

Another possibility for extending the run
time for a2 cutting edge 34 includes continuous
sharpéning of cutting edge 34 while it is in use. A
diamond-impregnated sharpening wheel (not shown) may
be urged against wheel 26 and optionally rotated to
maintain_cutting edge 34 in satisfactorily sharp
condition for an extended cutting run.

As previously noted, one reason for slitting
amorphous metal alloy 54 is to obtain a separated
shape which, when wound on a mandrel provides a cross
section which conforms more closely to the shape of a
wire coil wound around it than is possible if only
square or rectangular cross sentions were available.
One possibility is shown in Figs. 174 and 17B wherein
the length dimension is greatly foreshortened for
purposes of illustration. Amorphous metal alloy 54
i1s separated by a single diagonal slit 102 into two
triangular part strips 78 and 80. Each of part
strips 78 and 80 may be wound on a mandrel (not
shown) to produce a core with a triangular cross
section or they may be wound end-to-end as shown in
Fig. 17A to produce a core 104 with a squaré cross
section and with the laminations of the core running
in the dlrection'of the cross hatching.

The single diagonal slit 102 of Fig. 17B has
the advantage that all of the slit nmaterial is .
usable. Since the cost of amorphous metal alloy 54
is currently quite high, normal applications may not
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support the cost of a core whose production requires
a substantial scrap rate of the material. . Certain
applications which are cost inelastic may warrant the

improved cross-sectional shape afforded by the
19a and 19B at

In the

slitting patterns of Figs. 18A, 18B,
the expense of a substantial scrap rate.
embodiment shown in Figs. 18A and 18B, a stepped slit
102 along one edge of amorphous metal alloy 54 and a
corresponding stepped slit 102' along an opposite
edge of a second amorphous metal alloy 54' produce
two strips which, when wound on a mandrel with

their uncut edges 103 in abutment, produce a

1tab1g
stepped cross section. The slitting technique of
Figs. 18A and 18B can reproduce substantially any
desired polygonal cross section.

Referring now to Figs. 19A and 19B, 2
slitting pattern is shown which can produce a
substantially round core 108. Slits 102 and 102'
on opposed sides of amorphous metal alloys 54 and
54' follow a long sinusoidal path which, when
amorphous metal alloys 54 and 54' are wound on a
mandrel with their uncut edges 103 in abutment,
produce a round or ovate core 108.

The slitting patterns and resulting core
shapes described in the preceding should be taken as

exemplary only and not as an exhaustive set of the
possibilities. The present invention provides
cufficlent flexibility to create a finished strip
from which virtually any desired core cross-sectional
shape can be wound.

Since the length of amorphous metal alloy 54
may be measured inkilometers and the width in, at most a
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few cm, controlling the transverserposition of

's1it 102 to produce the desired core Cross section is

not a trivial task. Referring now to Fig. 20, there
is shown one embodiment of an apparatus which may be
used to control the side-to-side movement of a
wheel-type scribing tool 24". A lead screw 110 is
threaded into a body 112 of wheel-type scribing tool
24", Lead screw 110 is rotated by a scriber drive
motor 114 which is responsive to control signals from
a control system 116 to thereby drive wheel 26
transversely across amorphous metal alloy 54 and to
thereby produce the desired shape of scribe line 14
which results in a corresponding shape of slit 102.

A sensing wheel 118 contacts a peripheral surface of
back-up roll 66 as shown, or alternately, contacts a
surface of amorphous metal alloy 54 to produce a
length signal responsive to the passage of amorphous
metal alloy 54 through the apparatus. The length
signal is applied to control system 116 wherein it is
translated into a command for application to scriber
drive motor 114. At its simplest, control system 116
may be a conventional pulse generator which produces
a single pulse each time sensing wheel 118 senses the
passage of a predetermined length of amorphous metal -
alloy 54. Scriber drive motor 114 may be a stepping
motor which responds to each pulse from control.
system 116 with a small unidirectional rotational
step which, in turn, produces a small unidirectional
translational step of wheel-type seribing tool 24"v.
Such a simple embodiment is satisfactory for
producing the diagonal slit of Figs. 17A and 17B.

For more complex slitting patterns, control system
116 may contain a length-to-width lookup table using,
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for example, a microprocessor, for providing
bi-directional drive signais to scriber drive motor
114. Since the hardware for implementing a lookup
table and for producing a bi-directional drive signal
in response thereto is well known in the art, further
description thereof is omitted. '

It would be clear to one skilled in the art
that an equivalent apparatus to that described in the
preceding includes one in which wheel-type scribing
tool 24" remalns stationary while amorphous metal
alloy 54 is moved transversely by the equivalent of
control system 116.

Due to the gradualness with which wheel-type
scribing tool 24" is translated across the width of
amorphous metal alloy 54 compared to the relatively
great length of amorphous metal alloy 54 passing
between steps, no difficulty may be encountered in

maintaining desired tracking of cutting edge 34 along

the desired cutting line 12. 1If a tendency develops

for the lateral translation of wheel-type scribing
tool 24" to physically shift amorphous metal alloy 54
sideways rather than to move scribe line 14 with
respect to the edges of amorphous metal alloy 54, 2a
slight trailing-arm caster (not shown) may be added
to wheel-type scribing tool 24" to aid in permitting
scribe line 14 to track the desired cutting line 12.

The thickneéss of amorphous metal strips made

by current processes 1s variable. Due to the great

number of layers which must be built up of such thin
material, the variability in thickness can translate
into a substantial variation in core shape and
magnetic propertlies 1f only the length of amorphous
metal alloy 54 passing wheel-type scribing tool 24"
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is used as an input to control system 116 for
controlling the transverse position of wheel-type
scribing tool 24". A preferred technique is
jllustrated in Fig. 21 wherein half strip 78, instead
of being wound on a take-up reel, instead is wound
directly on a mandrel 122 for forming a core 122 as
the slitting operation is being performed. A sensing
device 124 senses the thickness or build of core 122
as it is being wound and transmits 2 signal
representing this value to control system 116.
Control system 116 employs the existing build of core
122 in settiﬂgra transverse position of wheel-type
scribing tool 24" in the manner previously explained.
Sensing device 124 may be of any convenient
type such as, for example, electromechanical,
electromagnetic or electrooptical. For purposes of
concreteness, sensing device 124 is shown to include
a variable resistor 126 whose resistance is varied by
an actuating arm 128 connected to an idler roller 130
which is resiliently urged to contact a surface of

core 122.
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Claims:

1. A method for slitting a strip of
amorphous metal comprising:
(a) scribing 'a line in a first surface of
sald strip;
5 (b) folding opposed sides of sald strip
toward each other along saild line to form a folded

strip having said line within the fold;
(¢) moving sald opposed sides sufficlently

close together adjacent said line to form a crease;

10 and .
(d) at least partly flattening said crease

whereby said strip separates into first and second separated
strips on opposed sides of sald line.
2. A method as defined in claim 1 further

15 comprising the step of winding at least one of said first

¥

and second strips to form a magnetic core.
3. A method as defined in claimlor 2 wherein

the step of at least partly flattening sald crease
includes at least partly reversing salid crease.
20 4. ‘A method as defined in claim 1 or 2 wherein

the step of scribing includes:
(a) backing up a second surface of sald strip

with a hard, unylelding back-up surface; and
(b) scribing said line into said first
25 surface without substantial removal of materiazl fronm

sald strip.
5, A method according to claim 4 wherein the

step of scribing includes scribing with a wheel-type
scribing tool having a cutting edge radius.
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6. A method according to claim 5, further
comprising maintaining said cutting edge radius less
than about 0.038 mm.

7. A method according to claimég, wherein the
step of scribing further includes applyinga scribing
force on said wheel-type scribing tool of between
about 5 and about 110 Newtons.

8. Apparatus for slitting astripof amorphous

metal comprising:
means for transporting said strip in a

direction; .
sald means for transporting including means
for producing a predetermined tension in said strip;

a wheel-type scribing tool of the type
including a wheel having a cutting edge thereon, sald
cutting edge including a cutting edge radius;

means for contacting said cutting edge on a
first surface of said strip of amorphous metal;

a backup surface contacting a second surface
of said strip opposing said wheel-type scribing tool;

said means for contacting being effective for
applying a predetermined scribing force to sald
cutting edge;

said cutting edge radius and said
predetermined force being jointly effective for
scribing a scribe line in sald surface as sald strip
is transported therepast;

tirst and second mandrels having first and
second facing surfaces spaced a first predeternined
distance apart and disposed a second predeternined
distance downstream of said wheel-type scribing tool;
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Claim 8 (continued)

sald second predetermined distance being
effective to permit said strip to fold about sald
scribed line for entry between said first and second
facing surfaces and sald first predetermined distance
being effective to crease said strip about said
scribed line;

- a flattening surface downstream‘ot said first
and second mandrels, said flattening surface beling
disposed for contacting sald second surface of said
strip, said predetermined tension belng effective for
flattening salid crease agalinst said flattening
to form separated first and second strips;

means downstream of sald flattening surface
said first

surface

for separating newly separated edges of

and second strips: and
at least some of sald cutting edge radius,

sald predetermined scribing force, said first
predetermined distance, sald predetermined tension
and said means for separating being jointly effective
for producing a slit in sald strip as it leaves sald

flattening surface.
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9. Apparatus according to claim 8, whereln
said means for applying a variable scribing Zforce
includes a replaceable weight and means for
transmitting a downward force of sald welight to salid
wheel-type scribing tool for supplying at least part
of said scriﬁing force, replacement of sald
replaceable weight with a replaceable weight having a
different mass beling effective for varying said
scribing force.

10, Apparatus according to claim 8, wherein
said wheel-type scribing tool includes a plurality of
wheels each including a cutting edge and means for
selectively applying a cutting edge of one saild
wheels to sald strip.

11. Apparatus according to claim 8 further com-
prising means for transversely moving said scribing
tool relative to said strip ,including means for
systematically varying the transverse position of sald
scribing tool with respect to sald strip as a function

of the build-up of & ¢ore being wound from one of sald

£irst and second strips.

12. Apparatus according to claim 11 wherein
said means for transversely moving includes a
transverse lead screw engaging sald scribing tool and

means for systematically driving sald lead screw.
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13. Apparatus according to claim 12
wherein sald means for systematically driving said
lead screw includes means for measuring the build-up of the
core being wound from one of said first and second
strips and means responsive thereto for producing 2a
control signal, sald means for systematically driving
including a scriber drive motor, sald scribver
drive motor beling responsive to said control
signal for driving said lead screw.

14. Apparatus according to claim 13 wherelin
said means for producing a control signal includes
means for generating a pulse in response to the
passage of a predetermined length of salid strip past
said scribing tool, said scriber drive motor being a
stepping motor responsive to each pulse for producing
a predetermined jncrement. of motion of sald lead
screw and a related motion of sald scribing tool.

15, Apparatus according to clailm 8 wherein
sald first.predetermined distance exceeds twice the
thickness of said strip whereby facing surfaces of
said strip do not bind agalnst each other while sald
strip is drawn between said first and second
mandrels, said first predetermined distance being

small enough to form a crease which, when flattened

by sald flattening surface is effective to produce

separation of sald strip into said first and second

strips.
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16, Apparatus according to claim 8 wherein
said means for moving apart anludes'a prism having a
vertex disposed between said newly separated edges
downstream of sald means for flattening.

17. Apparatus according to claim 16 wherein
said means for moving apart includes first and second

angléd separation rollers contacting said first and

second strips.
18. Apparatus according to claim 8 wherein

said flattening surface includes a peripheral surface
of a rotatable flattening roller, said strip
contacting said peripheral surface over a substantlial
angular portion of said peripheral surface, said
tension being effective for producing sald flattening
against said peripheral surface.

19. Apparatus according to claim 8, wherein
said means for producing 2a predetermined tension
tncludes opposed drive and pinch rollers disposed on
opposite sides of said first and second strips
downstream of said flattening surface ,and comprising

means for driving sald drive roller.
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