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CHARACTERISTICS OF A MOVING WORKPIECE

71 We, ALLEGHENY LUDLUM
STEEL CORPORATION, a corporation
organized under the laws -of Pennsylvania,
United States of America, of Two Oliver
Plaza, Pittsburgh, Pennsylvania 15222, United
States of America, do hereby declare the inven-
tion, for which we pray that a patent may be
granted to us, and the method by which it is
to be performed, to be particularly described
in and by the following statement:—

This invention relates to a method of pro-
ducing steel strip material involving the con-
tinuous testing of strip material for determin-
ing the magnetic characteristics thereof; more
specifically it relates to a method of producing
steel strip material involving obtaining a pro-
file or other characteristic indicating quality
of a coil of steel strip material throughout the
entire length thereof.. It is stressed that the
invention is not limited to testing per se. More-
over, it may be used generally for testing to
enable elimination of material with undesir-
able characteristics and has application in a
test device, e.g., for process control and evalu-
ation purposes during new material trials or
process changes.

The invention is also concerned with appara-
tus which uses a non-contacting coil arrange-
ment and associated electronic circuitry to
monitor the relative magnetic quality of a mov-
ing strip of material with no line restrictions
or interference, i.e. the invention is directed to

a quality monitoring device which would not
require the production line of continuous strip
material to be stopped or otherwise interrupted
or obstructed in order to conduct the test. By
practising the invention it is possible to obtain
a profile or other characteristic(s) 'indicating
quality of a coil of strip material throughout
the 'length thereof.

When a change takes place in magnetic
properties, this usually indicates that a change
has occurred in one of the other variables, such
as steel chemistry, mechanical hardness, gauge,
grain size or structure, stress relief of work-
hardened strip, uniformity and degree of
annealing, the presence of faults or occlusions
or the like. Such changes are not observable by
eye and are generally difficult to detect. A
large quantity of defective steel strip may be
produced, or stated another way, the steel
strip which is produced may not be of uniform
quality throughout, and while it may be suit-
able for one purpose, it may not be suitable
for its primary purpose.

It has also been observed that flux will travel
further from a magnetizing source which pro-
duces said flux in a good quality strip than in
one of poorer quality.

Numerous systems of testing steel strip
materials have been developed over the years
and several systems are in current use, both
in the United States and elsewhere. Most of
these use an open solenoid, a single, or a double
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yoke approach. The magnetizing force is indi-
cated by means of an “H” indicating device
such as Chattock coil, Hall probe or exciting
current. Induction in the strip is indicated by
voltage produced in a coil encircling the strip.
Electronics are employed to indicate core loss,
permeability or a number correlated to mag-
netic quality.

For example, U.S. Patent No. 3,130,363 is
concerned with apparatus for determining the
magnetic condition of a moving strip, and in
particular, the magnetic condition of steel strip
being continuously annealed in order to adjust
for proper annealing temperature. In particular,
use is made of a detector head mounted in a
tube which is placed into a heating chamber of
a furnace to ascertain whether the temperature
of the strip is above or below the Curie point.
The detector head used is a single H-shaped
core having identical coils wound on the legs.
Operation is based on ascertaining when the
system is below the Curie point, and at that
time the detector head indicates an imbalance,
but a balance is indicated when the system is
above the Curie point.

U.S. Patent No. 3,281,678 is also concerned
with determining the magnetic properties of
strip material. It is known that the quality of
sheet or strip steel is dependent upon its
magnetic properties. For this purpose, this
patent is directed to a magnetic core loss
tester and uses only two types of coil which
surround the strip steel. One is a flux density
measuring coil, commonly known as a “B” coil,
and the other is a magnetizing force sensing
coil, commonly known as an “H” coil, which
provides an indication of core loss in watts
per pound. A ratio meter is also used to obtain
magnetic permeability or u and this reads the
ratio of B/H directly. In effect, this patent dis-
closes sophisticated circuitry for obtaining core
loss and permeability.

U.S. Patent No. 3,421,925 is also concerned
with the improvement of the final product of
strip steel as well as to avoid relatively poor
electrical performance of strip steel. For this
purpose, this patent proposes a method and
apparatus to continuously test the strip for
core loss or watts loss per pound as it is being
processed. The test apparatus includes a con-
ventional magnetizing coil, commonly known
as an “M” coil, for applying a magnetizing
force of predetermined magnitude, a “B” coil
for measuring the total flux in the strip and
the surrounding air, and an “H” coil for
measuring the flux in the surrounding air only.
This patent must use the thickness of the steel
as one of its variables, and for this purpose, it
employs an X-ray gauge to determine the
thickness of the stecl, and the signal from the
“B” and the “H” coils are coupled with the
signals from the X-ray gauge to produce a
continuous record of watts loss per pound of
the material, and thereby provide a record of
the electrical quality of the steel.

U.S. Patent No. 3,444,458 is also concerned
with the detection of variations in the magnetic
properties of steel, and more particularly, for
detecting variations in the quality of continuous
steel strip moving in a processing line. This
patent discloses a detecting device which in-
cludes a pair of matched cores for placement
on opposite sides of a strip of ferromagnetic
material with their ends in opposition and pro-
vided with a space or air gap through which a
strip to be tested is passed. The cores are
energized and by passing the strip material
through the air gap, the reluctance of the circuit
is changed. When there is a change in the out-
put voltage, this indicates a change in the
characteristics of the strip. Use is made of two
windings on a single core, but one winding is
used as a reference winding to obtain a zero or
null position on an output meter and the other
winding is used as an excitation winding.

Siemens German Patent No. 1,120,591 is
also concerned with the measurement of the
magnetic properties of electrical sheet strip
which may be of non-uniform cross-section.
When the cross-section is not uniform, then, as
is well-known, variations due to magnetic in-
ductions occur so that the measurements taken
are not exact. This patent proposes the use of
rollers positioned at the yoke ends which can
be raised to provide a voltage proportional to

.the thickness of the material which passes

under the rollers. A number of coils are
arranged in parallel, but are aligned in a tan-
dem relationship as the strip passes through
the coils so that only the strip is magnetically
energized. Since the rollers are vertically mov-
able, correction of the magnetic values in
accordance with thickness is obtained.

U.S. Patent No. 3,748,575 is also concerned
with the testing of the characteristics of a mov-
ing metal strip. A magnetic monitoring device
is located within a hollow member so that any
irregularities in the advancing strip do not
affect the monitoring device. The magnetic
characteristic of the strip is monitored by using
a first magnetic head to record a magnetic
signal onto the strip and then a second magnetic
head displaced from the first magnetic head
is used to sense the signal so recorded as the
strip passes the second magnetic head. The
two magnetic heads are required to be main-
tained at a fixed separation and are angularly
spaced from each other by a fixed predeter-
mined angle. A magnetic screen is also inter-
posed between the two magnetic heads to pre-
vent interaction therebetween. Regular, but
intermittent and non-continuous readings of the
magnetic characteristics are obtained.

British Patent No. 928,500 is also concerned
with a method and apparatus for the measure-
ment of magnetic properties, such as core loss
and permeability of a moving strip of steel. A
magnetic yoke is brought into contact inter-
mittently with a traveling steel strip which
yoke has an excitation and an induction wind-
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ing. Current is induced into the strip and the
induced current is measured to provide an
indication of the magnetic, and electrical pro-
perties of the steel.

U.S. Patent No. 3,723,859 is also concerned
with the testing of the characteristics of a mov-
ing metal strip and in particular with the
monitoring and recording of steel character-
istics in a continuously moving strip of steel.
However, in this system, thickness is one
‘quantity which is determined as well as perme-
ability and loss of a moving strip of electrical
core steel. Measurements are taken at different
positions. In the system according to this
patent, apparatus is provided to establish the
same flux density at two different positions of
the moving strip of steel.

Presently used standard magnetic quality

_tests are conducted by removing a test panel

or panels from ends of a coil of steel strip
material. The coil is graded by core loss using
these tests. If a coil end is of poor quality, it
is a general practice to remove a portion of the
material and to retest. The “cutback” pro-
cedure is an estimate based on experience and
can be a waste of time, manpower and equip-
ment and may result in scrapping saleable
material. Said cutback procedure involves pro-
gressively removing sections from the end of
a coil of strip material which sections do not
exhibit good magnetic quality, usually meas-
ured in terms of permeability and core loss.
The coil end sections of poor quality are re-
moved until good magnetic quality is indicated,
but these standard tests provide only a test of
the material where the panel is removed and
do not indicate magnetic quality throughout
the coil of strip materjal. Commercial test units
have been developed which are very expensive
($200,000 to $500,000) but strip width, gauge
and quality variations complicate the electronics
and, in general, the units may have variations
in test level accuracy that are caused by changes
in the quality level of the material under test.

In order to take advantage of our apprecia-
tion, during studies of various means to
monitor electrical strip continuously, that flux
will travel further from the source in a good
quality strip than one in a poorer quality, we
have proposed to use this principle to provide
for a non-contacting coil arrangement and
associated electronics to monitor relative
magnetic quality of a moving strip with little
line restrictions.

In general, the invention is usable to elimi-
nate material with undesired characteristics,
such as for “cutback” procedures referred to
above and as a test device to determine relative
magnetic quality throughout a coil of material.
When used as a test device, it is usable for
process control and evaluation purposes during
new material trials or process changes.

Accordingly, it is a purpose of the present
invention to provide a device to indicate rela-
tive “down strip” quality.

»

A further purpose of the invention is to pro-
vide a method of obtaining a profile indicating
quality of a coil of steel strip material through-
out the entire length thereof.

Yet another purpose of the invention is to
provide for a simple, inexpensive device with
littlé maintenance and line restriction problems.

The invention is usable almost anywhere
along the line of travel of the steel strip. For
example, it is possible to use it at the slitter
line, the scrub line, heat flattening line, or
anywhere after the high temperature anneal.

An important aspect of the invention is that
it is possible to obtain a recorded profile of the
strip of material while it is being manu-
factured. This profile may be used to demon-
strate the characteristic of the steel along its
length, Where the profile shows an indication
of quality different from that which is desired,
the portion of undesired quality may be cut
out and removed from the roll. Furthermore,
since a permanent record of the steel quality
and characteristic is obtainable, no wastage
occurs as steel strips of similar quality and
characteristics may be combined to provide for
usable rather than wasted material.

The invention is just as well usable with old
material as with new. ,

Moreover, it is possible to stop the steel
strip processing operation when the strip
quality falls below a predetermined level and
thereby avoid long pieces of strip material of
undesired quality and characteristics.

The invention is usable as a quality control
device, a continuous test apparatus and
method, a magnetic profile determiner, as well
as a static tester. A magnetic profile determiner
is an apparatus or device which can determine
a magnetic profile of strip material; the profile
indicates the magnetic quality and character-
istic along the length of the strip material. In
general, strip width and gauge changes can for
all practical purposes be ignored. Static tests
and line trials at speeds of 100 to 600 feet per
minute give the desired results without compli-
cated electronic circuitry.

The present invention provides a method of
producing steel strip material involving obtain-
ing a profile or other characteristic indicating
quality of a coil of said steel strip material
throughout the entire length thereof, compris-
ing the steps of :

magnetizing a continuous strip of moving
material of said coil to a specific level of
magnetization,

taking a first voltage reading indicative of
the magnetization induced into said moving
strip of material,

taking a second voltage reading indicative
of the magnetization induced into said strip of
moving material to provide a voltage output
different from said first voltage reading;

said first and second readings being taken
over substantially the same portion of said

. strip of material in such a manner that said
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second reading does not exceed 90% of said
first reading, and

obtaining a ratio between said first reading
and the difference between said first and said
second readings whereby to provide a con-
tinuous reading indicative of said ratio for all
positions of said strip.

As will be seen from the description given
below, both the first and second readings indi-
cate the amount of magnetization that is in-
duced into the strip material. To accomplish
this, the B coil voltage is adjusted to arrive
at a selected reading, i.e. chosen, designed and
adjusted to arrive at the desired voltage read-
ings which shall not exceed 90% of that of the
A coil.

The method of the invention may be effected
by also including in it the steps of:

subjecting said strip of material to a level of
approximately 10 ocersteds during said magnet-
isation step,

providing a first output from said first
voltage reading,

providing a second output from said second
voltage reading,

combining said first and second outputs to
provide a third output indicative of the differ-
ence between said first and second outputs,

plotting an analog of the ratio of said first
and said third outputs on a chart for each
position of said coil of steel strip material.

The method of producing strip material
which includes testing to provide an indication
of the quality of the strip material can be ex-
tended to allow deviant sections of the material
to be removed from the coil by including the
steps of:

plotting on a chart a visual indication of said
ratio for each portion of said coil of steel strip
material to provide an indication of steel
quality for each portion of said coil strip
material,

determining the mean average of said ratio
on said chart,

removing those portions of the coil of said
coil of steel strip material which deviate from
said mean average, and

piecing the remaining portions of said coil
together to form a coil of steel strip material
of substantially uniform overall steel quality; .

optionally there may additionally be included!
the step of:

piecing together those portions of the coil of
steel strip material removed therefrom in
accordance with similar characteristics to form
other coils of steel strip material with substan-
tially similar uniform overall steel quality.

The invention further provides a method of
testing steel strip material, comprising thee
steps of :

applying a specific quantity of magnetizing
flux to a predetermined area of the steel strip
material as it is moved past a flux application
position;

obtaining a first measurement of the magnet-

izing force induced due to the flux applied to
said predetermined area;

obtaining a second measurement of the
magnetizing force induced due to the flux
applied to said predetermined area as a pre-
determined percentage of said first obtained
measurement;

combining said first and second obtained
measurements to obtain the difference there-
between to obtain a third measurement charac-
teristic of said combined measurements; and

comparing one of said first and second
measurements with said third measurement to
obtain a ratio of said one measurement to said
third measurement.

In this case there may be included also the
steps of :

recording said ratio for each position of said
steel strip to provide a profile of said coil of
steel strip material,

removing portions of said steel strip material
from said coil of strip material which deviate
from the predominant overall ratio of said
coil of steel strip material, and

piecing together portions of said removed
portions which have a ratio related to each
other so that other coils of steel strip material
are provided with a substantially unitorm over-
all ratio;

alternatively, there may be included the step
of :

providing a visual representation of said first
measurement and said third measurement on
a strip chart recorder to provide a visual indi-
cation of the beginning of the change in quality
from the overall quality just prior to the
change in quality of the strip steel.

The present invention further provides con-
tinuous testing apparatus for determining the
magnetic characteristics of a strip of moving
material comprising:

a flux inducing and pick-up device including
means to induce a magnetic flux into said strip
of moving material and means to pick-up twe
quantities (as hereinafter defined) each charac-
teristic of the same flux induced into said strip
of material and to produce a first voltage out-
put and a second voltage output for said
quantities respectively, with said voltage out-
puts differing from each other, and

means responsive to said voltage outputs to
produce a third output voltage which is a ratio
of one of said voltage outputs for said
quantities to the difference between said first
voltage output and said second voltage output,
whereby the overall average ratio is indicative
of overall quality of said material.

By “means to pick-up two quantities” we
mean that the flux inducing and pick-up device
includes a device for receiving, or reading, two
different measurements of the flux that is in-
duced into the strip of material.

The apparatus of the invention may be con-
structed in such a way that said means to
pick-up said two quantities include:
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first and second flux pick-up coils adapted
to pick-up flux induced into said strip of mov-
ing material, each producing a different output
voltage for the same quantity of flux sensed;

said first pick-up coil producing a voltage
greater than the voltage of said second pick-up
coil; and,

said responsive means including:

first and second circuits,

said first circuit being coupled with said
first pick-up coil and including means to pro-
duce a rectified voltage whose magnitude is
characteristic of the voltage induced in said
first flux pick-up coil,

said second circuit being coupled with said
first and said second pick-up coils and includ-
ing means to produce a rectified voltage whose
magnitude is characteristic of said voltage in-
duced in said first flux pick-up coil and the
voltage induced in said second flux pick-up
coil, and

divider means coupled to said first and
second circuits to produce an output voltage
derived from dividing said voltage output from
said first circuit by the voltage output from
said second circuit.

Said first circuit may include:

a first full wave diode bridge connected with
said first pick-up coil, and

a first digital D.C. voltmeter coupled with
the output of said diode bridge to produce an
analog output voltage of the voltage induced
in said first pick-up coil;

said second circuit including:

a second full wave diode bridge connected
with said second pick-up coil and the output
of said first diode bridge to produce a rectified

. voltage output which is the difference between

the voltages induced in said first and said
second pick-up coils, and

a second D.C. digital voltmeter coupled with
said second diode bridge to produce an analog
output voltage of said rectified voltage output.

Said responsive means may include:

a divider coupled with said first and second
circuits,

said divider being coupled with said first
digital voltmeter to apply the output, thereof
as a numerator and being coupled with said
second digital voltmeter to apply the output
as a denominator, thereby producing an output
voltage characteristic of the dividend voltage
of said first and said second circuits.

The apparatus of the invention may also
include:

a recorder to provide a chart display of the
voltage output from said divider in accordance
with the position of said strip of material being
passed through said flux inducing and pick-up
coils,

said recorder including a first input respon-
sive to the line speed of said strip material, and
a second input coupled to the output of said
divider, whereby to produce a direct reading
chart indicating the magnitude of said voltage

output from said divider for each position of
said strip material as it passes said flux induc-
ing and pick-up coils.

In the apparatus of the invention, said flux
inducing and pick-up device may include:

a magnetization coil for inducing said
magnetic flux into said strip of moving
material,

a first flux pick-up coil associated with, as
herein defined, said magnetization coil res-
ponsive to the flux induced into said strip of
moving material, said first coil having a first
characteristic to produce a first output voltage
characteristic of the magnetic quality of said
material passing past said first pick-up coil,

a second flux pick-up coil associated with, as
herein defined, said magnetization coil and said
first flux pick-up coil responsive to the flux
induced into said strip of moving material, said
second coil having a second characteristic
different from said first characteristic of said
first coil for producing an output in accordance
with said second characteristic and the magnetic
quality of said magnetic material in response
to the flux induced therein by said magnetiza-

tion coil, said second coil producing a second .

output voltage which is different from said first
output voltage.

In this case, said first coil may have a greater
number of turns than said second coil, whereby
said first output voltage is of a greater magni-
tude than said second output voltage. As used
herein the term “associated with” in relation to
the first or second pick-up coil and the magnet-
ization coil means that each of said pick-up
coils must be so related or connected with the
magnetization coil that they are able to pro-
vide an accurate indication of the induction in
the strip material. Further, said responsive
means may include:

first circuit means coupled with said first
pick-up coil to produce an analog voltage
Characteristic of the magnitude of said first
output voltage,

second circuit means coupled with said
second pick-up coil and said first circuit to
produce an analog voltage characteristic of the
magnitude of difference voltage between said
first and second voltages, and

divider means coupled to the outputs of said
first and said second circuits to produce a

voltage which is a ratio of said first output -

voltage and said difference voltage;

there may also be provided a recorder to
produce an output characteristic of said ratio
voltage plotted against the position of the strip
as it passes said flux inducing and pick-up
device, said recorder optionally having a chart
including an abscissa illustrating the position
of the strip material and an ordinate indicative
of said ratio voltage, whereby to provide a
visual indication of changes in said ratio
voltage thereby indicating changes in the
characteristic of the strip material as the re-

. cordation on said chart deviates from a sub-
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stantially flat response. Said responsive means
may alternatively include first and second
circuit means, said first circuit means including
first rectification means coupled with said first
coil to produce a first rectified voltage output
having a magnitude characteristic of the flux
picked up by said first coil, and a first analog
digital display device coupled to the output
of said first rectification means to produce
an analog output voltage of the voltage
induced into said first coil as the strip moves
past said flux inducing and pick-up device; and
said second circuit means including second
rectification means and a second analog digital
device, said second rectification means includ-
ing first and second inputs and a single output,
said first input being coupled to the output of
said second coil, and said second input being
coupled to the output of said first rectification
means, the input of said second digital display
means being coupled to the output of said
second rectification means, said second analog
digital display device producing a second analog
voltage output of the difference between the
voltages induced into said first and said second
coils.

The present invention additionally provides
continuous testing apparatus for determining
the magnetic characteristics of a moving work-
piece which comprises a magnetization coil
providing a magnetization force for introducing
magnetic flux into said workpiece; a first pick-
up coil associated with, as herein defined, said
magnetization coil responsive to the flux in-
duced into said workpiece for producing an
output voltage in accordance with the flux
induced into said workpiece; and a second pick-
up coil associated with, as hercin defined, said
magnetization coil responsive to the flux in-
duced into said workpiece, said second pick-up
coil having a relatively greater number of turns
displaced longitudinally from the longitudinal
central portion of said magnetization coil than
said first pick-up coil so as to produce an out-
put voltage in accordance with the flux induced
into said workpiece which is less than the
output voltage of said first pick-up coil, said
coils being arranged in coaxial relationship with
said axis being substantially parallel to the
direction of movement of the workpiece and
means for obtaining a ratio from the pick-up
coil voltages indicative of the quality of the
workpiece. The term “longitudinal central por-
tion” refers to the magnetization coil and is
explained by reference to the accompanying
drawings in the detailed description below.

The testing apparatus of the invention may
be constructed in such a way that said coils
surround said workpiece when in use, said
magnetization coil and said first pick-up coil
have substantially the same length and extend
over substantially the same longitudinal dis-
tance with respect to said workpiece, and said
second pick-up coil is of greater length than
said first pick-up coil and extends longi-

tudinally beyond each end thereof; alterna-
tively, it may be constructed in such a way that
said coils surround said workpiece when in use
and have substantially the same length and
extend over substantially the same longitudinal
distance with respect to said workpiece and
said second pick-up coil having a greater num-
ber of turns adjacent each longitudinal end
thereof than said first pick-up coil.

The present invention also provides a method
of obtaining a profile indicating quality of a
continuous steel strip which comprises: moving
said strip longitudinally; sequentially magnet-
izing sequential portions of said continuous
strip to a controlled level of magnetization;
sequentially providing a first output voltage
signal indicative of the flux induced into said
portions of said moving strip; sequentially pro-
viding a second output voltage signal indicative
of the flux induced into said portions of said
moving strip; said first and second output
voltage signals being provided by flux induced
from generally the same portion of the strip
but with a greater proportion of the second
voltage being obtained from areas longi-
tudinally remote from the transverse center of
said portion of the strip than the first voltage
signal, said magnetization and said output
voltages being obtained from coils arranged in
coaxial relationship with said axis being sub-
stantially parallel to the direction of movement
of said strip, and obtaining a ratio from said
output voltage signals indicative of the quality
of the strip. The last mentioned method may
include the step of comparing said ratios to
provide a continuous reading indicative of the
quality of said strip throughout its length.

The second measurement of the flux applied
to the predetermined area is adjusted to arrive
at the desired voltage reading which shall not
exceed a maximum of ninety percent (90%) of
the first obtained measurement as a matter of
electrical convenience. The device will operate
and the method can be carried out at different
percentages.

The nature of the invention will be more
fully understood from the following description
of preferred embodiments of the invention,
shown, by way of example, in the accompanying
drawings; wherein: ’

¥IG. 1 is a block diagram in schematic form
of the continuous testing apparatus according
to the invention;

FIG. 2 is a circuit diagram of the block dia-
gram of FIG. 1;

FIG. 3 is a schematic representative of a
sectional view taken on line 3—3 of FIG. 4
of a test strip being passed through a magnet-
ization coil and dual pick-up coil arrangement
according to one embodiment of the invention;

FIG. 4 is a sectional view taken on line
4—4 of FIG. 3;

FIG. 5 is a view similar to FIG. 3, but show-
ing another embodiment of the magnetization
coil and dual coil pick-up arrangement;
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FIG. 6 is a graphical representation of an
atypical strip profile of a coil of experimental
steel strip material to demonstrate a condition
that might be picked up by the continuous
testing apparatus of FIG. 1; and

FIG. 7 is a graphical representation of a
calibration curve which relates the stress-relief
annealed Epstein test to test results obtained
according to the invention. )

Referring to the drawings which show the
preferred apparatus for carrying out the inven-
tion, FIG. 1 shows a strip of material 10 which
forms part of a large coil of strip material, only
a portion of which is illustrated, being moved
past a flux inducing and pick-up device which
is generally comprised of magnetization coil
12 and pick-up coils A and B. FIG. 1 shows
the magnetizing coil 12 and pick-up coils A and
B in schematic form, and reference is made to
FIGS. 3 and 4 to show their constructional
configuration and special relationship. The out-
puts of coils A and B are coupled to ratio pro-
ducing voltage output circuit 14 and a con-
tinuous recorder 16.

Referring now more particularly to FIGS.
1 and 2, magnetization coil 12 to magnetize
strip material 10 is connected across, for ex-
ample, a single phase 230 volt, 60 Hertz supply
and in circuit with primary coil 18 for air
compensation as part of the means to eliminate
air pick-up in the coil system. Voltage adjust-

. ment is made with a variable control or a cur-

rent control of the conventional type in circuit
with magnetization coil 12, not shown, in order
to adjust the magnetization current in the
magnetization coil so that it will magnetize
strip material 10 at or near the 10H (10
oersted) level. While a particular power source
has been shown for purposes of explanation, it
is to be understood that it is within the scope
of the invention to use a 110 volt supply or
any other suitable convenient power supply.
Induction level in strip material 10 is not
critical, but experience has shown that if the
strip material is magnetized to or near the
10H (10 oersted) level when the Epstein test
result at 10 oersteds is used as the quality
indication, then a better correlation is achieved.
The current level can change slightly as the
strip 10 moves through the apparatus or test
device without detrimental effect. As is well
known, with any given strip quality, the current
in the excitation or magnetization coil 12 is
proportional to the magnetizing force. This
means that if the current level changes, the
magnetizing force (10 oersteds) would change.
This change is not critical, but in order to
avoid a large change, a constant current source
should be used.

Coils A and B are also connected with
secondary compensating coils 20 and 22, res-
pectively, which together with primary coil
18 form the air compensation system, and the
voltage outputs from coils A and B are con-
nected across full wave diode bridges or recti-

fiers 24 and 21, respectively. The rectified out-
put voltage from rectifier 24 is desirably fed to
an analog meter to obtain an analog of the
voltage A (D.C.) obtained from coil A, and as
an example a digital D.C. Voltmeter 28 may
be used to provide such analog of the voltage A
(D.C.) obtained from coil A. The voltage from
coil B and the rectified voltage of coil A from
rectifier 24 are fed to rectifier 21 in phase
relationship to obtain a rectified voltage output
from rectifier 21 which is a difference voltage
between the voltages of coils A and B. The
rectified difference voltage of coils A and B
is fed to another analog meter, such as, for
example, a digital D.C. voltmeter 30 to obtain

an analog output A — B (D.C.) therefrom -

which is indicative of the difference between
the voltages obtained from coils A and B. As
will be explained subsequently, coils A and B
are so related that the voltage output of coil
A will always be greater than the voltage out-
put from coil B. Stated another way, coils A
and B are so designed that for the same flux
quantity induced into strip 10 by magnetiza-
tion coil 12, coil A will always have a greater
voltage output than coil B.

Rectifier 24 is directly connected across coil
A to rectify the voltage sensed thereby and to
feed the same to digital voltmeter 28 and
rectifier 21 is directly connected across coil B
to rectify the voltage sensed thereby, and in
series opposition with rectifier 24 to feed the
difference voltage between coils A and B to
digital voltmeter 30. It is also possible to con-
nect rectifier 21 directly across coils A and B,
but in phase opposition so that rectifier 21
will rectify and produce an output which is
the difference between voltages A and B.
Digital voltmeters 28 and 30 may also include
a display portion to provide a visual indication
of the voltage picked up by coil A, and the
difference voltage A — B picked up by coils
A and B. Digital volimeters 28 and 30 have
their common or ground connection joined by

- line 32, and the net magnitude of the voltage

from rectifier 24 is fed to digital volimeter 28
by means of line 34, and the net magnitude of
the voltage from rectifier 21 is fed to digital
voltmeter 30 by line 36. Coupled to the output
of voltmeters 28 and 30 is a divider 38 which
is so connected that a ratio of the outputs

A
A—B

is obtained.

In FIGS. 3 and 4, magnetization coil 12 and
pick-up coil A are shown as substantially the
same size with pick-up coil B somewhat larger.
In FIG. 5, all three coils, the magnetization
coil and pick-up coils A and B are shown as
the same size. In the embodiment of FIGS. 3
and 4, magnetization coil 12, provides the

. source of magnetizing force and is wound of
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insulated heavy copper wire over the two pick-
up coils, all three of which are wound on a
form 52 which encircles the strip under test.
The A coil is composed of a uniformly wound
coil of sufficient turns to give an adequate
voltage pick-up in the operating induction
range of the strip and is generally concentrated
over the more or less uniform induction range
produced by the exciting coil in the strip. The
B coil is wound over a longer “down strip”
distance than the A coil and thus extends
beyond the exciting coil and the A coil into the
non-uniform flux area of the strip. The B coil’s
pick-up voltage is partially obtained from areas
where the induction level falls below that of
the area beneath the A coil. Changes of B coil
length and turns distribution change the shape
of the calibration curve of the equipment. Tests
have indicated that the B coil should produce
a voltage approximately 90% that of the A
coil in the highest quality strip for best results

so that turns and spacing are adjusted
accordingly.
Since, as the strip magnetic quality

deteriorates, the B voltage pick-up will drop
relatively more than the A coil, because more
flux escapes detection by the B coil, the ratio
of voltages will indicate strip quality. Since the
ratio A/B or B/A is small, it is the practice to
determine the solution of the equation
A/( — B) electrically and relate this solution
to strip quality as measured by the standard
stress-relief annealed Epstein test. Thus, strip
condition at the time and condition of test is
related to the final evaluation test of coil
properties.

Because a ratio of voltages over a relatively
short distance of strip is used as the indication
of strip quality and the A and B coils obtain
their voltages from the same general strip area,
strip width and thickness variations, as set
forth heretofore, may be ignored.

It should be noted that the two pick-up coils
A and B do not have to be any specific length,
but for manufacturing purposes, it is desirable
for coil A, which is wound on form 52, and
magnetization coil 12 to be of the same length.
In fact, it may be desirable to make all three
coils the same length as shown in FIG. 5’s
embodiment. What is important is that coil B
at its ideal size as mentioned earlier is designed
such that it only sees 90% of the voltage that
coil A sces, and that the pick-up coils be
different. In consequence of this requirement,
coil B must always have an effective number
of turns which is less than the effective number
of wurns of coil A so that the B coil will always
pick up less voliage than the A coil. Neverthe-
less, it is also important that the B coil see
the same width and thickness of the strip as
the A coil in order to eliminate the width and
thickness considerations from the testing.

It was indicated in an earlier portion of the
specification, that the invention was usable at
the slitter line, the scrub line, the heat flatten-

ing line, or anywhere after the high tempera-
ture anneal, and it should also be noted that
while use may be made anywhere, the curve or
graphical representation which is obtained as a
recorded profile of the strip may require
interpretation based on the condition of the
strip. Nevertheless, an immediate visual indi-
cation related to the steel strip is obtained from
the recorded profile thereof as the steel strip is
manufactured.

In addition, it is within the scope of the
invention to place the B coil “down strip” or
at a place other than under the A coil so that
the readings from the A coil and the B coil may
be taken at different portions of the strip
material. In this last-mentioned situation,
where the B coil is placed “down strip”; then
additional electronic considerations of width
and thickness must be entered into the equip-
ment or the assumption made that the variation
does not exist. For this reason, it is important
and desirable that the B coil see the same
width and thickness of the strip as the A coil
in order to eliminate the width and thickness
considerations from the testing.

As known from the following formula:

do
E=N—dt
dt
4
where N is the number of coil turns; — is the
dt

rate of change of flux with time; dt is the time
interval; E is the induced voltage; and for the
B coil to have slightly lower induction, it has
to be exposed to an area of less average flux
density than the A coil so that the B coil will
have a lower induced voltage. It is also known
that the maximum flux which is induced into
strip 10 will generally occur at the center of

magnetization coil 12 and that as one moves .

away from the center less flux due to losses will
be induced. If the voltage that coils A and B
pick up both get larger then the quality of the
steel improves. If the voltage that coil B picks
up goes up faster than the voltage that coil A
picks up, then the stecl quality is better. There-
fore, with the following ratio formula:

A
A—-B

as the ratio goes up, this means that the perme-
ability increases, and the steel quality increases.
Stated another way, as the core loss decreases,
a better magnetic quality steel is obtained with
a higher permeability.

When the embodiment of FIGS. 3 and 4 is
used, not only is it important that coil A have
more voltage producing turns than coil B, but
coil B must have more turns displaced from
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the center of the combined unit formed of the
magnetization coil 12 and coils A and B. The
center here referred to is the distance between
the axial extent of the combined or composite
unit and not the geometric center through
which strip 10 passes for testing purposes:
this means that one coil must have a greater
number of turns displaced longitudinally from
the longitudinal central portion of the magnet-
ization coil than the other coil. In FIG. 3 this
is done by having coil B extend beyond each
end of coil A. In FIG. 5 this is done by pro-
viding coil B with more turns at each end than
coil A. Because the flux induced into the work-
piece is the maximum at the axial center of the
workpiece and decreases axially or longitudin-
ally therefrom and a greater proportion of the
voltage signal from coil B than from coil A
is obtained from areas longitudinally remote
from the transverse center of coil 12, the signal
from coil B is less than from coil A. Because
the flux will travel further from the source in
good quality material than in poorer quality
material, the output of coil B will decrease
proportionally to the decrease in quality.

When coils A and B have the same physical
size as exemplified in the FIG. 5 embodiment,
then the turns of coil A must be greater at the
center of the coil than coil B, and for this pur-
pose coil A is shown on Form 52 as having a
double layer of turns at 40 and a single layer
of turns at 42. Coil B is shown as having a
single layer of turns at 44 near the center
thereof and a double layer of turns at 46 at
the ends thereof to provide a greater density
of turns at the ends of the coil rather than at
the center. In this manner, while coils B and A
are of the same size longitudinally of the axial
extent of the composite unit, coil B is exposed
to an area of less average flux density than
coil A, so that a lower voltage will be induced
into coil B than into coil A. Because of the
position of the turns, if the steel quality varies
in the area and length 48 in FIG. 3 or 50 in
FIG. 5 of the coil passing through the com-
posite unit, then the ratio between the voltage
induced into coil A and the voltage induced
into coil B would be less.

As indicated above the term “longitudinal
central portion” refers to the magnetization
coil. What is necessary in the present invention
is that one coil has a relatively greater num-
ber of turns displaced longitudinally from the
longitudinal central portion of the magnetiza-
tion coil than the other coil. In FIG. 3 this is
accomplished by having coil B extend beyond
each longitudinal end portion of coil A, In
FIG. 5 this is done by providing coil B with
more turns at each end than coil A. Because
the flux induced into the workpiece is the
maximum at the axial center of the workpiece
and decreases axially, or longitudinally, there-
from, and a greater proportion of the voltage
signal from coil B than from coil A is obtained
from areas longitudinally remote from the

transverse center of coil 12, the signal from
coil B is less than the signal from coil A.
Because the flux will travel further from the
source in good quality material than in poorer
quality material, the output of coil B decreases
proportionally to the decrease in quality of the
strip material.

Because the voltage from coil A and coil B
are determined by the flux change per unit
time in the strip material, the voltages induced
into these coils are proportional to the induction
level in the strip material. With uniform steel
quality throughout the length L, coil A would
sense, for example, 10 volts and coil B would
sense 9 volts to provide the following ratio:

A 10

= =10
A—B 10—9

but, if coil B now only sensed 8 volts because

of a decreased coil quality, the ratio would be
as follows:

A 10 10

A—B 10-8 2

and thereby show a considerable drop. These
voltages are derived from the analog meters
28 and 30 which in turn are proportional to the
inductions produced, or to the voltages as seen
by coils A and B. Furthermore, if the maximum
amount to which the steel strip 10 could be
magnetized was a magnetizing force in strip L
which would produce an output voltage of 9
volts, then coil A would only sense 9 volts and
coil B would only sense 8.1 volts, assuming
uniform coil quality throughout the length L,
and the following ratio would be obtained.

A 9 9
= = — = 10.
9 — 81 9

A—B

But, if the quality in the length L changed,
and coil A indicated that strip 10 was being
magnetized to a magnetizing force which
would produce an output voltage of 10 volts at
one point in the length L, and to a magnetizing
force which would produce an output voltage
of 9 volts at another point in the length L, then
the ratio would vary or deviate from the mean
average. If coil A were sensing 10 volts and
coil B started to sense a lower value than 909,
of the 10 volts, the ratio would then deviate
from the mean average.

While two embodiments have been shown,
one with coil A smaller than coil B in axial
extent, and another with coil A and coil B, the
same size in axial extent, it is to be noted that
coils A and B must pick up different voltages
for the same permeability. It is therefore pos-
sible to design a pair of pick-up coils A and B

. in such a manner that coil A has a larger axial
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extent than coil B, or to design coils A and B
in such a manner that coil B is split into two
coils and is placed on opposite sides of coil A
or to extend beyond the axial extent of coil A.
In any event, in such designs, coil B should be
designed so that it will only pick up 90% of
the voltage which coil A picks up when the
magnetic quality of the steel is uniform
throughout the portion thereof passing past
coils A and B. And, as noted heretofore, both
coils A and B should sense the same width and
thickness of the steel strip material 10 in order
to eliminate strip width and thickness varia-
tions entering into the electronics.

FIG. 6 shows a graphical representation of
an atypical strip profile of a coil of strip
material. The strip profile was obtained from
a coil of experimental material in order to
magnify and to accentuate various conditions
which the tester according to the invention is
adapted to pick up. It will be noted that the
ratio of A/(A — B) is plotted as the ordinate
and the coil length is plotted as the abscissa.
It will be noted that the coil length from 0 feet
to about 6,000 fect at point 62 on graph 54
shows substantially uniform overall quality.
From point 62 to point 64, the steel strip may
be cut out, and the portion from point 64 to
66, might be cut and joined with a piece from
peoint 68 and 70, with the portion between 66
and 68 removed. For certain purposes, the por-
tion between points 62 and 72 might be joined
to the portion between 68 and 70 to provide
a coil of substantial uniform minimum quality.
It will be obvious from the profile as to which
portion of the coil was good and which was not.

FIG. 7 is a graphical representation of a
calibration usable with the continuous tester
according to the invention. The abscissa indi-
cates permeability at 10 oersteds so that it
can be compared to the stress-relief-annealed
Epstein test, and the ordinate indicates the
ratio of A/A — B as determined from the cir-

cuit according to the invention. As is well-
known, the Epstein test measures the total core
loss, which is the sum of eddy current and
hysteresis current losses. The Epstein test was
performed in accordance with the procedure
by cutting test panels at specific locations into
strips as indicated in ASTMA—343—69.
Accordingly, for grain oriented material, a
30.5 cm sample is used which is cut with the
rolling direction, and for the non-oriented
silicon steel product, a test sample of 28 cm
in length and the conventional 3 cm width is
cut half parallel to the direction of final rolling
and half across the direction of rolling. The
data obtained from the cut strips were obtained
from the conventional Epstein test method.
The data obtained from the continuous test
device was obtained from the strip material
before the samples were cut by observing the
ratio on the strip chart recorder 16. These
figures were plotted as ordinate values against
abscissa values obtained from the Epstein test
in order to obtain curve 90. It will be noted
that those portions which indicate a low perme-
ability also indicate a low ratio figure. The coil
for which the profile in FIG. 6 is drawn is
generally a high grain oriented coil with several
poor areas, particularly between 72 and 64, and
70 and 76. Also note low points at 78, 80 and
82 where the ratio is 6. In order to obtain the
quality profile of the coil shown in FIG. 6, it
was necessary to use experimental material
consisting of several poor areas so as to empha-
size the ability of using the ratio of A/(A — B)
to obtain characteristics related to the Epstein
test.

When samples of the coil were taken at
different points and subjected to the Epstein
test and compared with the ratio A/(A—B)
derived according to this invention, the follow-
ing results were obtained as set forth in
Table 1:

TABLE 1
SRA Epstein
Sample Ratio p10H 17kG WPP
1 9.0 1858 763
2 6.30 1737 .992
3 8.25 1818 837
4 7.25 1796 .862
5 7.00 1777 .888
6 6.00 1667 1.15
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Regarding the units used, digital D.C. volt-
meter 28 is a 5230 multimeter and D.C. volt-
meter 30 is a 5900 multimeter obtainable from
Dana Laboratories. Divider 38 is a D—211
Divider obtained from Intronics, Inc. A digital
meter model 8375 A for the ratio readout or
recorder 16 is obtained from John Fluke Mfg.
Co. The rectifiers 24 and 21 are IN—646
Bridge Diodes, and the recorder strip chart is
a Model 7100B obtainable from Hewlett
Packard. With the aforesaid units, the best
mode known to obtain the results herein set
forth and practice the invention has been
disclosed.

From the above, it should be apparent then
that the continuous test device is based on a
completely different principle. There is no
concern with the magnetizing force other than
putting a certain current through an excitation
coil and holding it relatively steady. This means
that the material is working above the knee of
the B—H curve in most cases, although it can

- work below, and that the A and B coils are
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simply an indication of induction in the strip
underneath the coil itself. With the assumption
that the gauge or width does not change radi-
cally in a strip in the length of the span of the
B coil, it is possible for all practical purposes
to eliminate the width and thickness para-
meters. It should be pointed out that if the
gauge or width does change radically in a very
short distance, the device will indicate a
change. If one assumes that the change is
suddenly under one portion of the B coil and
not yet under the A coil, it can be seen that
the A — B difference may change resulting in
a ratio change if the A coil has not responded
to the change of conditions. The overall average
ratio should remain indicative of overall
quality. This is not likely to occur in a mill
situation or if it does occur, the device should
return to the original ratio as soon as the width
and thickness return to uniform dimensions.

WHAT WE CLAIM IS:—

1. A method of producing steel strip material
involving obtaining a profile or other character-
istic indicating quality of a coil of said steel
strip material throughout the entire length
thereof, comprising the steps of :

magnetizing a continuous strip of moving
material of said coil to a specific level of
magnetization,

taking a first voltage reading indicative of
the magnetization induced into said moving
strip of material,

taking a second voltage reading indicative of
the magnetization induced into said strip of
moving material to provide a voltage output
different from said first voltage reading;

said first and second readings being taken
over substantially the same portion of said
strip of material in such a manner that said
second reading does not exceed 90% of said
first reading, and

obtaining a ratio between said first reading
and the difference between said first and said
second readings whereby to provide a con-
tinuous reading indicative of said ratio for all
positions of said strip.

2. The method as claimed in Claim 1, in-
cluding the steps of :

subjecting said strip of material to a level of
approximately 10 oersteds during said magnet-
ization step, )

providing a first output from said first
voltage reading, providing a second output
from said second voltage reading,

combining said first and second outputs to
provide a third output indicative of the differ-
ence between said first and second outputs,

plotting an analog of the ratio of said first
and said third outputs on a chart for each posi-
tion of said coil of steel strip material.

3. The method as claimed in Claim 2, where-
in the coil can be cut to remove sections of
material which deviate from a predetermined
set standard, including the steps of:

plotting on a chart a visual indication of said
ratio for each portion of said coil of steel strip
material to provide an indication of steel quality
for each portion of said coil of strip material,

determining the mean average of said ratio
on said chart, ]

removing those portions of the coil of said
coil of steel strip material which deviate from
said mean average, and

piecing the remaining portions of said coil
together to form a coil of steel strip material
of substantially uniform overall steel quality.

4. The method as claimed in Claim 3, in-
cluding the step of:

piecing together those portions of the coil
of steel strip material removed therefrom in
accordance with similar characteristics to form
other coils of steel strip material with substan-
tially similar uniform overall steel quality.

5. A method of testing steel strip material,
comprising the steps of :

applying a specific quantity of magnetizing
flux to a predetermined area of the steel strip
material as it is moved past a flux application
position;

obtaining a first measurement of the magnet-
izing force induced due to the flux applied to
said predetermined area;

obtaining a second measurement of the
magnetizing force induced due to the flux
applied to said predetermined area as a pre-
determined percentage of said first obtained
measurement;

combining said first and second obtained
measurements to obtain the difference there-
between to obtain a third measurement charac-
teristic of said combined measurements; and

comparing one of said first and second
measurements with said third measurement to
obtain a ratio of said one measurement to said
third measurement.

6. A method of producing steel strip material
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involving a method of testing as claimed in
Claim 35, including the steps of :
recording said ratio for each position of said

. steel strip to provide a profile of said coil of
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steel strip material,

removing portions of said steel strip material
from said coil of strip material which deviate
from the predominant overall ratio of said
coil of steel strip material, and

piecing together portions of said removed
portions which have a ratio related to each
other so that other coils of steel strip material
are provided with a substantially uniform
overall ratio.

7. The method as claimed in Claim 5, in-
cluding the step of providing a visual
representation of said first measurement and
said third measurement on a strip chart
recorder to provide a visual indication of the
beginning of the change in quality from the
overall quality just prior to the change in
quality of the strip steel.

8. Continuous testing apparatus for deter-
mining the magnetic characteristics of a strip
of moving material comprising:

a flux inducing and pick-up device including
means to induce a magnetic flux into said strip
of moving material and means to pick-up two
quantities (as hercinbefore defined) each
characteristic of the same flux induced into
/said strip of material and to produce a first
voltage output and a second voltage output for
said quantities respectively, with said voltage
outputs differing from each other, and

means responsive to said voltage outputs to
produce a third output voltage which is a ratic
of one of said voltage outputs for said
quantities to the difference between said first
voltage output and said second voltage output,
whereby the overall average ratio is indicative
of overall quality of said material.

9. Apparatus as defined in Claim 8, said
means to pick-up said two quantities including:

first and second flux pick-up coils adapted
to pick-up flux induced into said strip of mov-
ing material, each producing a different output
voltage for the same quantity of flux sensed;

said first pick-up coil producing a voltage
greater than the voltage of said second pick-up
coil; and,

said responsive means including:

first and second circuits,

said first circuit being coupled with said first
pick-up coil and including means to produce a
rectified voltage whose magnitude is character-
istic of the voltage induced in said first flux
pick-up coil,

said second circuit being coupled with said

- first and said second pick-up coils and includ-

60

ing means to produce a rectified voltage whose
magnitude is characteristic of said voltage in-
duced in said first flux pick-up coil and the
voltage induced in said second flux pick-up
coil, and

divider means coupled to said first and
second circuits to produce an output voltage
derived from dividing said voltage output from
said first circuit by the voltage output from
said sccond circuit.

10. Apparatus as defined in Claim 9, said
first circuit including:

a first full wave diode bridge connected with
said first pick-up coil, and

a first digital D.C. voltmeter coupled with
the output of said diode bridge to produce an
analog output voltage of the voltage induced
in said first pick-up coil;

said second circuit including:

a second full wave diode bridge connected
with said second pick-up coil and the output
of said first diode bridge to produce a rectified
voltage output which is the difference between
the voltages induced in said first and said
second pick-up coils, and

a second D.C. digital voltmeter coupled with
said second diode bridge to produce an analog
output voltage of said rectified voltage output.

11. Apparatus as defined in Claim 10, said
responsive means including:

a divider coupled with said first and second
circuits,

said divider being coupled with said first
digital voltmeter to apply the output thereof
as a numerator and being coupled with said
second digital voltmeter to apply the output
thereof as a denominator, thereby producing an
output voltage characteristic of the dividend
voltage of said first and said second circuits.

12. Apparatus as defined in Claim 11,
including:

a recorder to provide a chart display of the
voltage output from said divider in accordance
with the position of said strip of material being
passed through said flux inducing and pick-up
coils,

said recorder including a first input respon-
sive to the line speed of said strip material, and
a second input coupled to the output of said
divider, whereby to produce a direct reading
chart indicating the magnitude of said voltage
output from said divider for each position of
said strip material as it passes said flux induc-
ing and pick-up coils.

13. Apparatus as defined in Claim 8, said
flux inducing and pick-up device comprising:

a magnetization coil for inducing said
magnetic flux into said strip of moving
material,

a first flux pick-up coil associated with, as
herein defined, said magnetization coil respon-
sive to the flux induced into said strip of mov-
ing material, said first coil having a first charac-
teristic to produce a first output voltage
characteristic of the magnetic quality of said
material passing past said first pick-up coil,

a second flux pick-up coil associated with,
as herein defined, said magnetization coil and
said first flux pick-up coil responsive to the
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flux induced into said strip of moving material,
said second coil having a second characteristic
different from said first characteristic of said
first coil for producing an output in accordance
with said second characteristic and the
magnetic quality of said magnetic material in
response to the flux induced therein by said
magnetization coil, said second coil producing
a second output voltage which is different from
said first output voltage.

- 14. Apparatus as defined in Claim 13, said
first coil having a greater number of turns than
said second coil, whereby said first output
voltage is of a greater magpitude than said
second output voltage.

15. Apparatus as defined in Claim 14, said
responsive means including:
first circuit means coupled with said first

_pick-up coil to produce an analog voltage

characteristic of the magnitude of said first
output voltage,

second circuit means coupled with said
second pick-up coil and said first circuit to
produce an analog voltage characteristic of the
magnitude of difference voltage between said
first and second voltages, and

divider means coupled to the outputs of said
first and said second circuits to produce a
voltage which is a ratio of said first output
voltage and said difference voltage.

16. Apparatus as defined in Claim 15, in-
cluding a recorder to produce an output charac-
teristic of said ratio voltage plotted against the
position of the strip as it passes said flux in-
ducing and pick-up device. )

17. Apparatus as defined in Claim 16, said
recorder having a chart including an abscissa
illustrating the position of the strip material
and an ordinate indicative of said ratio voltage,
whereby to provide a visual indication of
changes in said ratio voltage thereby indicating
changes in the characteristic of the strip
material as the recordation on said chart devi-
ates from a substantially flat response.

18. Apparatus as claimed in Claim 13, said
responsive means including first and second
circuit means, said first circuit means including
first rectification means coupled with said first
coil to produce a first rectified voltage output
having a magnitude characteristic of the flux
picked up by said first coil, and a first analog
digital display device coupled to the output of
said first rectification means to produce an
analog output voltage of the voltage induced
into said first coil as the strip moves past said
flux inducing and pick-up device; and said
second circuit means including second rectifi-
cation means and a second analog digital
device, said second rectification means includ-
ing first and second inputs and a single output,
said first input being coupled to the output of
said second coil, and said second input being
coupled to the output of said first rectification
means, the input of said second digital display
means being coupled to the output of said

second rectification means, said second analog
digital display device producing a second analog
voltage output of the difference between the
voltages induced into said first and said second
coils.

19. Continuous testing apparatus for deter-
mining the magnetic characteristics of a mov-
ing workpiece which comprises a magnetization
coil providing a magnetization force for intro-
ducing magnetic flux into said workpiece; a
first pick-up coil associated with, as herein
defined, said magnetization coil responsive to
the flux induced into said workpiece for pro-
ducing an output voltage in accordance with
the flux induced into said workpiece; and a
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second pick-up coil associated with, as herein -

defined, said magnetization coil responsive to
the flux induced into said workpiece, said
second pick-up coil having a relatively greater
number of turns displaced longitudinally from
the longitudinal central portion of said magnet-
ization coil than said first pick-up coil so as to
produce an output voltage in accordance with
the flux induced into said workpiece which is
less than the output voltage of said first pick-
up coil, said coils being arranged in coaxial
relationship with said axis being substantially

parallel to the direction of movement of the’

workpiece and means for obtaining a ratio from
the pick-up coil voltages indicative of the
quality of the workpiece.

20. Apparatus according to Claim 19 in
which said coils surround said workpiece when
in use, said magnetization coil and said first
pick-up coil have substantially the same length
and extend over substantially the same longi-
tudinal distance with respect to said workpiece,
and said second pick-up coil is of greater length
than said first pick-up coil and extends longi-
tudinally beyond each end thereof.

21. Apparatus according to Claim 19 in
which said coils surround said workpiece when
in use and have substantially the same length
and extend over substantially the same longi-
tudinal distance with respect to said workpiece
and said second pick-up coil having a greater
number of turns adjacent each longitudinal
end thereof than said first pick-up coil.

22. A method of obtaining a profile indicat-
ing quality of a continuous steel strip which
comprises: moving said strip longitudinally;
sequentially magnetizing sequential portions of
said continuous strip to a controlled level of
magnetization; sequentially providing a first
output voltage signal indicative of the fux
induced into said portions of said moving strip;
sequentially providing a second output voltage
signal indicative of the flux induced into said
portions of said moving strip; said first and
second output voltage signals being provided
by dux induced from generally the same por-
tion of the strip but with a greater proportion
of the second voltage being obtained from
arcas longitudinally remote from rthe trans-

- verse center of said portion of the strip than
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the first voltage signal, said magnetization and
said output voltages being obtained from coils
arranged in coaxial relationship with said axis
being substantially paralle!l to the direction of
movement of said strip, and obtaining a ratio
from said output voltage signals indicative of
the quality of the strip.

23. The method of Claim 22 including the
step of comparing said ratios to provide a con-
tinuous reading indicative of the quality of said
strip throughout its length.

24. A method of producing steel strip
material involving obtaining a profile or other
characteristic indicating quality of a coil of
steel strip material throughout the entire length
thereof substantially as described with reference
to Figures 1 to 4 of the accompanying
drawings.

25. A method of producing steel strip
material involving obtaining a profile or other
characteristic indicating quality of a coil of
steel strip material throughout the entire length
thereof substantially as described with reference
to Figures 1, 2 and 5 of the accompanying
drawings. :

26. Apparatus for determining the magnetic
characteristics of a strip of moving material
constructed and arranged substantially as here-
in described and shown in Figures 1 to 4 of
the accompanying drawings.

27. Apparatus for determining the magnetic
characteristics of a strip of moving material
constructed and arranged substantially as here-
in described and shown in Figures 1, 2 and 5
of the accompanying drawings.

28. A coil of steel strip material whenever
obtained by carrying out the method claimed
in any one of Claims 1 to 7, 22, 23, 24 and 25.

29. Continuous testing apparatus for deter-
mining the magnetic characteristics of a moving
workpiece constructed and arranged substan-
tially as herein described and shown in Figures
1 to 4, or Figures 1, 2 and 5 of the accompany-
ing drawings.

30. Steel strip material whose magnetic
characteristics have been determined by the
apparatus claimed in any one of Claims 8 to
18, 27 and 28.

31. A workpiece whose magnetic character-
istics have been determined by the apparatus
claimed in any one of Claims 19 to 21 and 29.

For the Applicants,

G. H. MUNSTER & CO,,
Chartered Patent Agents,
Munster House,
31c Arterberry Road,
London, SW20 8AG.

Printed for Her Majesty’s Stationery Office by the Courier Press, Leamington Spa, 1981.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
7 which copies may be obtained.
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