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by the Japanese Standards Association.
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Japanese Standards Association

4-1-24, Akasaka, Minato-ku,
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TEL. 03-3583-8002
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UDC 669.018.5:539.213
JAPANESE INDUSTRIAL STANDARD JIS

Methods of measurement of the magnetic properties of H 7152-1996
amorphous metals by means of a single sheet tester

1. Scope This Japanese Industrial Standard specifies the methods for measuring
the core loss characteristics and a.c. magnetization properties of thin strip of amorphous

metals at commercial frequencies by means of a single sheet tester b_ased on the H
-coil methods.

For the applicable range in the characteristic tests, the magnetic flux density applicable
to normal core loss measurement shall be up to 1.5 T, and the magnetic field strength
applicable to alternating current magnetization measurement shall be up to 1 kA/m.

Remarks 1. Since the thin strip of amorphous metals is high permeability material,
magnetic flux density B is almost equal to magnetic polarization J.
In this Standard, the magnetic flux density B is used.

2. The following standard is cited in this Standard :

JIS H 7004 Glossary of terms used in amorphous metals

Informative reference : The value measured by using a magnetic flux detecting
coil and an air gap compensating coil in this test method
is magnetic polarization J. The magnetic polarization means
the intensity of polarization per unit sectional area by
which the magnetic flux of a uniformly magnetized sample
is generated. Where the magnetic field strength is H, and
the permeability in vacuum is o, B=J +u.H.

2. Definitions The definitions of main terms used in this Standard shall be as
specified in JIS H 7004.

3. Principle of measurement The measurement of the core loss characterictics and
a.c. magnetization properties is performed by the method of simultaneous detection
of the magnetic field strength and the magnetic flux applied to the sample as follows.

The magnetic field strength is detected with the H-coil placed within a range of
uniform magnetic field and magnetic flux, and the magnetic flux is defected with
the B-coil. The core loss is obtained from output voltages of the H-coil and the B-

coil. A yoke is used in order to enlarge the range of uniform magnetic field applied -
to the sample as far as possible.

4, Test conditions

4.1 Test temperature The tests shall, as a rule, be performed at a temperature
of 23 = 5°C.

4.2  Power supply for test The power supply used for the tests shall be as follows.

(1) In the tests, a power supply capable of satisfying‘ the magnetization conditions
of 4.3 (refer to 2.1 of Annex) shall be used. The stability of voltage and frequency
during the tests shall be within = 0.2 %.
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(2) The impedance of the power supply shall be negligibly smaller than that of
the excitation coil.

4.3 Magnetization conditions The tester is set up so that the longitudinal direction
of a sample crosses at right angles to the direction of terrestrial magnetism, and the
sample is demagnetized. Further, voltage induced in the B-coil shall be sinusoidal,
-and the form factor shall be within a range of 1.10 to 1.12.

Remarks : When the waveforms of the magnetic field and magnetic flux are
unsymmetric on positive and negative sides, the sample is removed from
the tester, and the yoke is demagnetized. Thereafter, the direction of
the tester is finely adjusted so as to satisfy the conditions.

5. Specimen

5.1 Dimensions of specimen For the dimensions of a specimen, the minimum length
shall be at least the outside length of the yoke. The minimum width shall be longer
than the width of the H-coil, and the maximum width shall be less than the inside
size of the spool.

Remarks 1. Though the length of a specimen is at least the outside length of
the yoke, the measured value is not largely influenced therefrom.
However, the specimen shall have a length required for its insertion
and taking out.

2. When only the specimen of a narrow width is obtained, plural
specimens may be placed in one layer so as to satisfy the dimensional
conditions of the specimen. However, this procedure is limited in such
a case only that magnetic characteristics of respective specimens are
almost equal.

5.2 Sampling of specimen A specimen shall be cut by using a suitable cutter
or the like, and any fin and burr shall not be left at the cut part. The specimen
shall be so sampled that its longitudinal direction coincides with the direction of casting.
The angle made by the longitudinal direction of the specimen and the casting direction
shall be within allowable limits of + 0.5°.

5.3 Treatment of specimen The specimen shall be subjected to the following heat
treatment in a magnetic field.

(1) Heat treatment The heat treatment shall be carried out as follows.

(a) Temperature—raiéing speed and cooling speed The temperature-raising speed
and cooling speed shall be 3 C to 10°C per min.

Informative reference: The temperature-raising speed and cooling speed shall
aim at 5°C per min.

(b) Heating  Since the optimum heating condition of a specimen varies according
to material, the optimum temperature and time are preliminarily determined
by an experiment or conditions recommended by the manufacturer are adopted.
As an exmple, the sample is held at 350 C to 380°C for 30 min to 120 min.
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Remarks : Practically the temperature of heat treatment furnace may be

controlled so that the temperature of the specimen is within the
prescribed range.

(¢) Taking out of specimen The specimen is taken out from the furnace after
cooling to 100°C or under. '

(2) Applied magnetic field A magnetic field shall be applied in the longitudinal
direction of a specimen, and the magnetic field strength inside the specimen

shall be at least 800 A/m. The magnetic field shall be applied until the specimen
is taken out.

Remarks 1. Though the power supply for generation of a magnetic field may
be a.c., in that case cares shall be taken for occurrence of local
super heating by an eddy current in steel wrought products or
the like adjacent thereto.

2. Since the specimen has a limited length, the end in the length
direction of the specimen is influenced from a diamagnetic field.
Therefore, the following countermeasures are taken.

@ The magnetic field shall have large strength as far as possibl_e
so that the magnetic flux density of the specimen is saturated.

@ A closed magnetic circuit containing the specimen is formed.
® The number of sheets of the specimen is limited.

3. When a specimen is excited in an open magnetic circuit, a
sufficiently long solenoid coil shall be used so that the magnetic

field becomes as uniform as possible over the whole length of the
specimen.

(3) Atmosphere The atmosphere in heat treatment shall be nonoxidizing one.

Informative reference : Though there are nitrogen, hydrogen, vacuum, etc., as
nonoxidizing atmosphere, nitrogen gas of at most -50°C
dew point is convenient for use in general because it
is available comparatively easily.

(4) Retention of flatness In order to retain the flatness of the specimen, the

specimen is put between nonmagnetic metal flat sheets, and a suitable load is
applied thereto.

Remarks : When plural sheets are simultaneously heat treated, the above flat sheet
should preferably inserted every 2 to 3 sheets of the specimen in
order to obtain the specimens of good flatness.

54 Demagnetization of specimen The specimen is demagnetized prior to meas-
urement.

Informative reference : For demagnetization, such a method is effective that a.c.
magnetic field is gently decreased from a magnetic field
sufficiently higher than the measuring magnetic field.

5.5 Effective cross-sectional area of specimen The effective cross-sectional area
of a specimen A; (m®) is obtained according to the formula (1) from the length, the
mass, and the density of the specimen. The mass and length are measuzed f
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sheet of specimen and recorded. The measured value shall be obtained to significant
four figures in 0.1 % precision.

A = e mesesseecssearesereserttrtrrrerriererarteietatentrresereerasetare (1)

Dl

where, m : mass of specimen (kg)
Dw : density of specimen (kg/m°) .
[ :length of specimen (m)

5.6 Setting up of specimen A specimen shall be placed at the center in the lateral
direction of the spool.

6. Measuring circuit The magnetic characteristic measuring apparatus used for the
core loss characteristic test and the a.c. magnetization characteristic test shall be
composed of a single sheet tester, a power supply, each amplifier, and a measuring
instrument, and they are used being connected as given in Fig.l. The specification,
assembly, and calibrating method of the apparatus shall be as described in Annex.

Fig. 1. ' Magnetic characteristic-measuring circuit
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7. Magnetic test

7.1 Number of specimens In the measurement, one sheet of specimen shall, as a
rule, be used. However, when only the specimen of a narrow width is obtained, the
number of specimens shall be as described in Remarks 2. of 5.1.

7.2 Method for measurement of core loss The core loss shall be measured as‘follows.

(1)  Output voltage Es (V) of the B-coil at peak value B (T) of magnetic flux density
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