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Standard Test Method for

Alternating-Current Magnetic Properties of Amorphous
Materials at Power Frequencies Using Wattmeter-Ammeter-
Voltmeter Method with Toroidal Specimens’

This standard is issued under the fixed designation A912/A912M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers tests for various magnetic properties of amorphous materials at power frequencies [25 to 400 Hz]
using a toroidal test transformer. The term “toroidal test transformer” is used to describe the test device, reserving the term
“specimen” to refer to the material used in the test. The test specimen consists of toroidally wound flat strip.

1.2 This test method covers the determination of core loss, exciting power, rms and peak exciting current, several types of ac
permeability, and related properties under ac magnetization at moderate and high inductions at power frequencies [25 to 70 Hz].

1.3 With proper instrumentation and specimen preparation, this test method is acceptable for measurements at frequencies from
5 Hz to 100 kHz. Proper instrumentation implies that all test instruments have the required frequency bandwidth. Also see Annex
A2.

1.4 This test method also provides procedures for calculating impedance permeability from measured values of rms exciting
current and for calculating ac peak permeability from measured peak values of total exciting current at magnetizingforees
magnetic field strengths up to about 10 Oe [796 A/m].

1.5 Explanations of symbols and brief definitions appear in the text of this test method. The official symbols and definitions are
listed in Terminology A340.

1.6 This test method shall be used in conjunction with Practice A34/A34M.

1.7 The values and equations stated in customary (cgs-emu and inch-pound) units or SI units are to be regarded separately as
standard. Within this standard, SI units are shown in brackets. The values stated in each system may not be exact equivalents;
therefore, each system shall be used independently of the other. Combining values from the two systems may result in
nonconformance with this standard.

1.8 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:?

A34/A34M Practice for Sampling and Procurement Testing of Magnetic Materials

A340 Terminology of Symbols and Definitions Relating to Magnetic Testing

A343/A343M Test Method for Alternating-Current Magnetic Properties of Materials at Power Frequencies Using Wattmeter-
Ammeter-Voltmeter Method and 25-cm Epstein Test Frame

A901 Specification for Amorphous Magnetic Core Alloys, Semi-Processed Types

C693 Test Method for Density of Glass by Buoyancy

3. Significance and Use

3.1 This test method provides a satisfactory means of determining various ac magnetic properties of amorphous magnetic
materials.
3.2 The procedures described herein are suitable for use by manufaetarersproducers and users of magnetic materials for

! This test method is under the jurisdiction of ASTM Committee AO6 on Magnetic Properties and is the direct responsibility of Subcommittee A06.01 on Test Methods.
ant—adition—anproved—Aay 4 Publiclhad Mo 4 toally papeouad o 100 act—pravionc—edition—approved—in—r008 —ac—AQ 0

H0-1520/A0H2—A0H2M-64-

Current edition approved Oct. 1, 2011. Published November 2011. Originally approved in 1992. Last previous edition approved in 2004 as A912/A912M-04. DOI:
10.1520/A0912_A0912M-11.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.


https://standards.iteh.ai/catalog/standards/sist/34886f4c-076f-48a8-92d6-3d1840007ca5/astm-a912-a912m-11

Ay Ag12/A912M - 11

materials specification acceptance and manufacturing control.
3.3 The procedures described herein may be adapted for use with specimens of other alloys and other toroidal forms.

4. Interferences

4.1 Test methods using toroidal test transformers are especially useful for evaluating the magnetic properties of a material. There
are, however, several important requirements to be met when determining the material characteristics.

4.1.1 The ratio of inside to outside diameter must be 0.82 or greater, or the magnetic field strength will be excessively
nonuniform throughout the test specimen and the measured parameters will not represent the basic material properties.

4.1.2 To best represent the average material properties, the cross-sectional area of the toroid should be uniform and the winding
should be designed to avoid nonuniform induction.

4.1.3 Preparation of test specimens, especially of stress sensitive alloys, is critical. Stresses that are introduced into flat strip
material when it is wound into a toroid depend on the diameter of the resulting toroid, the thickness and uniformity of the material,
and the winding tension. These stresses shall be removed or reduced by annealing. The annealing conditions (time, temperature,
and atmosphere) are a function of the material chosen. The details of sample preparation must be agreed upon between the

| manufacturerproducer and user. Suggested conditions for preparation of amorphous specimens are contained in Annex A2, Annex
A3, Annex A4, and Annex AS.

5. Apparatus

5.1 The apparatus shall consist of as many of the component parts shown in the basic block circuit diagram (Fig. 1) as are
required to perform the desired measurement functions.

5.2 Toroidal Test Transformer—The test transformer shall consist of a toroidal specimen, prepared as directed in Annex A2,
enclosed by primary and secondary windings. When the test specimen is small or especially stressed, the use of a protective case,

J] bobbin, spool, or core form is necessary, see Annex A3.

5.2.1 The primary and secondary windings may be any number of turns suited to the instrumentation, mass of specimen, and
test frequency. A 1:1 turns ratio is recommended. An air-flux compensator is to be used whenever the air flux is a measurable
fraction of the total flux.

5.3 Instruments:

5.3.1 Electronic digital instruments are preferred for use in this test method. The use of analog instruments is permitted provided
the requirements given in 5.3.2-5.5.2 as well as the requirements given in Test Method A343/A343M are met.

5.3.1.1 The electrical impedance and accuracy requirements are given in 5.3.2-5.5.2. The operating principles for the various
instruments are not specified.

5.3.1.2 Combination instruments (volt-watt-ammeters) may be used provided the requirements given in 5.3.2-5.5.2 for the
individual instruments are met.

5.3.1.3 Automatic or data logging equipment may be used. It is preferable for the operator to have a record available of the
specimen identification and measured values of the tests being performed.

5.3.1.4 Although electronic digital equipment usually fails catastrophically and errors are easily detected, it is incumbent upon
the user of this test method to ensure that the instruments continue to meet the performance requirements.

5.3.2 Flux Voltmeter—A full-wave, true-average voltmeter, with scale reading in average volts times \/5 '1T / 4 so that its
indications will be identical with those of a true rms voltmeter on a pure sinusoidal voltage, shall be provided for evaluating the
peak value of the test induction. To produce the estimated precision of test under this test method, the full-scale meter errors shall
not exceed =0.25 % (Note 1). Meters of 0.5 % or more error may be used at reduced accuracy.

Terminal 1
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FIG. 1 Basic Circuit Diagram for Wattmeter Method
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5.3.3 RMS Voltmeter—A true rms-indicating voltmeter shall be provided for evaluating the form factor of the voltage induced
in the secondary winding of the test fixture and for evaluating the instrument losses. The accuracy of the rms voltmeter shall be
the same as specified for the flux voltmeter.

5.3.3.1 The normally high- input impedance of digital flux and rms voltmeters will minimize loading effects and reduce the
magnitude of instrument losses to an insignificant value.

5.3.3.2 An electronic scaling amplifier may be used to cause the flux voltmeter and the rms voltmeter to indicate directly in units
of induction. The input impedance of the scaling amplifier must be high enough to minimize loading effects and instrument losses.
The combination of a basic instrument and a scaling device must conform to the specifications stated above.

Note 1—Inaccuracies in setting the flux voltage produce errors approximately two times as large in the specific core loss.

5.4 Wattmeter—The full-scale accuracy of the wattmeter must not be poorer than 0.25 % at the frequency of test and at unity
power factor. The power factor encountered by a wattmeter during a core-loss test on a specimen is always less than unity and,
at inductions far above the knee of the magnetization curve, approaches zero. The wattmeter must maintain adequate accuracy (1 %
of reading) even at the most severe (lowest) power factor that is presented to it. Variable scaling devices may be used to cause the
wattmeter to indicate directly in units of specific core loss if the combination of basic instrument and scaling devices conforms
to the specifications stated here.

5.4.1 Electronic Digital Wattmeter—An electronic digital wattmeter is preferred in this test method because of its high
sensitivity, digital readout, and its capability for direct interfacing with electronic data acquisition systems.

5.4.1.1 The voltage input circuitry of the electronic digital wattmeter must have an input impedance high enough that connection
of the circuitry, during testing, to the secondary winding of the test fixture does not change the terminal voltage of the secondary
by more than 0.05 %. Also, the voltage input circuitry must be capable of accepting the maximum peak voltage, which is induced
in the secondary winding during testing.

5.4.1.2 The current input circuitry of the electronic digital wattmeter should have as low an input impedance as possible,
preferably no more than 0.1 €}, otherwise the flux waveform distortion can be corrected for as described in 9.3. The current input
circuitry must be capable of accepting the maximum rms current and the maximum peak current drawn by the primary winding
of the test transformer when core-loss tests are being performed. In particular, since the primary current will be very nonsinusoidal
(peaked) if core-loss tests are performed on a specimen at inductions above the knee of the magnetizing curve, the crest factor
capability of the current input circuitry should be 4 or more.

5.4.2 Waveform Calculator—A waveform calculator, in combination with a digitizing oscilloscope, may be used in place of the
wattmeter for core-loss measurements, provided that it meets the accuracy requirements given in 5.4. This equipment is able to
measure, compute, and display the rms, average, and peak values for current and flux voltage, as well as measure the core loss
and excitation power demand. It is convenient for making a large number of repetitive measurements. See Appendix X2 for details
regarding these instruments.

5.4.2.1 The current and flux sensing leads must be connected in the proper phase relationship.

5.4.2.2 The normally high input impedance of these instruments (approximately 1 M()) reduces possible errors as a result of
instrument loading to negligible levels.

5.5 Ammeters—Two types of current measurements are used in conjunction with this test method=Rmsmethod: rms current
values are used for calculating exciting power and impedance permeability while peak current values are used for calculating peak
permeability. The preferred method for measuring exciting current is to measure the voltage drop across a low value, noninductive
resistor in series with the primary windings.

5.5.1 RMSrms Ammeter—A true rms voltmeter in parallel with the series resistor is required if measurements of rms exciting
current are to be made-—Rmsmade; rms exciting power, rms specific exciting power, and impedance permeability are calculated
from rms exciting current values. A nominal 1 % accuracy is required for this instrument.

5.5.2 Peak Ammeter—The peak ammeter consists of a voltmeter whose indications are proportional to the peak-to-peak value
of the voltage drop that results when the exciting current flows through a low value of standard resistance connected in series with
the primary winding of the test transformer. This peak-to-peak reading voltmeter should have a nominal full-scale accuracy of at
least 3 % at the test frequency and be able to accommodate a voltage with a crest factor of 5 or more.

5.6 Series Resistor—The standard series resistor (usually in the range 0.1 to 1.0 () that carries the exciting current must have
adequate current-carrying capacity and be accurate to at least =0.1 %. It must have negligible temperature and frequency variation
with the conditions applicable to this test method. If desired, the value of the resistor may be such that the peak-reading voltmeter
indicates directly in terms of peak magnetizingforeemagnetic field strength provided that the resistor conforms to the limitations
stated herein.

5.7 Power Supply—A source of sinusoidal test power of low internal impedance and excellent voltage and frequency stability
is required for this test. The voltage for the test circuit may be adjustable by use of a tapped transformer between the source and
the test circuit or by generator field control. The harmonic content of the voltage output from the source under the heaviest test
load should not exceed 1 %. For testing at commercial power frequencies, the volt-ampere rating of the source and its associated
voltage control equipment should be adequate to supply the requirements of the test specimen without an excessive increase in the
distortion of the voltage waveform. Voltage stability within =0.1 % is necessary for precise work. For testing at commercial
frequencies, low-distortion line voltage regulating equipment is available. The frequency of the source should be accurately
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controlled within =0.1 % of the nominal value.

5.7.1 An electronic power source consisting of a low-distortion oscillator (Note 2) and a linear amplifier makes an acceptable
source of test power. The form factor of the test voltage should be as close to \/f o / 4 as practicable and must be within =1 %
of this value. The line power for the electronic oscillator and amplifier should come from a voltage-regulated source to ensure
voltage stability within 0.1 %, and the output of the system should be monitored with an accurate frequency-indicating device to
see that control of the frequency is maintained to within *0.1 % or better. It is permissible to use an amplifier with negative
feedback to reduce the waveform distortion.

Note 2—It is advisable when testing at power line frequency to have the oscillator synchronized with the power line.

5.8 Test Fixture—A test fixture (board, panel, or console) is recommended for convenience in testing. The test fixture shall
consist of terminals for connecting a power source, instrumentation, the test transformer, and necessary switches. It may also
contain the standard series current-sensing precision resistor.

6. Basic Circuit

6.1 Fig. 1 shows the essential apparatus and basic circuit connections for this test. Terminals 1 and 2 are connected to a source
of adjustable ac voltage of sinusoidal waveform and sufficient power rating to energize the primary circuit without appreciable
voltage drop in the source impedance. The primary circuit switches, S; and S,, as well as all primary circuit wiring, should be
capable of carrying much higher currents than normally are encountered to limit primary circuit resistance to values that will not

J] cause appreciable distortion of the flux waveform in the specimen when relatively high nonsinusoidal currents are being drawn.
A primary circuit current rating of 10 A is usually adequate for this purpose.

6.1.1 Although the current drain in the secondary circuit is quite small, the switches and wiring of these circuits should be rated
for at least 1 A to ensure that the lead resistance is so small that the voltage available at the terminals of all instruments is
imperceptibly lower than the voltage at the secondary terminals of the toroidal test transformer.

6.2 Fig. 2 shows an alternate set of instruments that may be used for this test.

7. Sampling and Test Specimens

7.1 The test specimens for this test method shall be selected and prepared for testing in accordance with provisions of Section
6 of Practice A34/A34M. Recommended practices are given in Annex A2, Annex A3, Annex A4, and Annex A5 of this test method.

8. Procedure

] 8.1 Determine the mass, inner diameter, and meanouter diameter of the toroidal test specimen with sufficient accuracy that the
induction may be calculated to =0.1 %. Record these values so that the tests may be repeated or verified.

8.2 Demagnetization—The specimen should be demagnetized before measurements of any magnetic property are made. With

the required apparatus connected as shown in Fig. 1, and with switches S; and S, closed and S; open, accomplish this

demagnetization by initially applying a voltage from the power source to the primary circuit, which is sufficient to magnetize the

spec:1men to an 1nduct10n above the knee of its magnetlzatlon eﬂfve—(-rnd-ueﬁeﬂ—may—bfrdetemﬁﬁed—frem—curve and then decrease

the rea voltage slowly and smoothly (or

in small steps) to a very low mductlon (Inductlon may be determmed from the Vﬁage—sbwb—aftd—ﬁmthﬁ-(ﬁﬁfrsmaﬂ—sfeps-)
to-a—verytow-induetionrreading of the flux voltmeter by means of Eq 1 or Eq 14). After this demagnetization, test promptly for

the desired test points. When multiple test points are required, perform the tests in order of increasing induction values.

Flux

@ ac Source Voltmeter

Digitizing
Oscilloscope

|

Waveform
Calculator

FIG. 2 Basic Circuit Diagram for Waveform Calculator Method
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8.3 Setting Induction—With the required apparatus connected as in Fig. 1, and with Terminals 1 and 2 connected to the power
source, then with switches S, and S, closed and S, open, adjust the voltage of the power supply to a point at which the flux
voltmeter indicates the value of voltage calculated to give the desired test induction in accordance with equations-9-1Eq 1 or 16+
Eq 14.

8.4 Core Loss—When the voltage indicated by the flux voltmeter has been adjusted to the desired value, read the wattmeter.
The combined resistance load of the flux voltmeter, rms voltmeter, and potential circuit of the wattmeter will constitute the total
instrument burden on the wattmeter. When instruments other than high impedance electronic types are used, exercise care so that
the combined current drain of the instruments does not cause an appreciably large voltage drop in the secondary circuit resistance
of the test frame. In such a case, the true induction in the specimens may be appreciably higher than is apparent from the voltage
measured at the secondary terminals of the test frame. In any event, power caused by any current drain in the secondary circuit
at the time of reading the wattmeter must be known so it can be subtracted from the wattmeter indications to obtain the net watts
as a result of core loss.

8.5 Secondary (Induced) RMS Voltage—Measure the rms value of the secondary voltage by having both S, and S, closed and
the voltage adjusted to indicate the correct value of flux voltage. On truly sinusoidal voltage, both voltmeters will indicate the same
value, showing that the form factor of the induced voltage is /2w /4 . When the voltmeters give different readings, the ratio
of the rms value to that of the form factor of the induced voltage deviates from the desired value of \/§ Tr / 4 . Determining the
induction from the readings of a flux voltmeter assures that the correct value of peak induction is achieved in the specimen, and
hence, that the hysteresis component of the core loss is correct even if the waveform is not strictly sinusoidal. But the eddy-current
component of the core loss, being due to current resulting from a nonsinusoidal voltage induced in the cross section of the strip,
will be in error depending on the deviation of the induced voltage from the desired sinusoidal wave shape. This error in the
eddy-current component of loss can be corrected for some materials by calculations based on the observed form factor and the
approximate percentage of eddy-current loss for the grade of material being tested, if the correction is reasonably small. The
equations involved in determining this correction are given in 9.3.

8.6 RMS Exciting Current—Measure the rms exciting current, when required, with S, closed and S, and S; open; adjust the
voltage from the power source to the desired test induction and read the ammeter. If the current drain of the two voltmeters in the
secondary circuit is not negligible, they should be disconnected when reading the ammeter—Rmsammeter; rms exciting current may
be used to calculate values of exciting power or specific exciting power (see 9.4 or 10.4)—rms—exettingforee{see-9-5)yrms
magnetizingforee(see-), rms exciting force (see 9.5.1 er—+6-50r 10.5.1), ac magnetic field strength (see 9.5.2 or 10.5.2), or
impedance permeability (see 9.7.2 or 10.7.2).

8.7 Peak Current—When peak permeability at a given peak magnetizing-foreemagnetic field strength is required, open S, and
S, for a peak current measurement. The peak current is measured using a peak-to-peak reading voltmeter across a standard resistor
(R,) in the primary circuit. Adjust the voltage of the power supply such that the peak-to-peak reading voltmeter indicates that the
necessary value of the peak exciting current (calculated using the equations in 9.6.1 or 10.6.1) has been established, and then read
the corresponding induction on the flux voltmeter. The equation for determining the (relative) peak permeability, p,,, is given in
9.7.3 and 10.7.3.

9. Calculation (Customary Units)

9.1 Calculate the value of the flux volts, E, at the desired test induction in the specimen in accordance with the following basic
equation discussed in X1.1.1.4 of this test method: Ef

H—Ef=2wBiAN2 <10—8
E; =\/2nB,AN,fx 10 * €h)

where
E, = flux voltage, V;
B;, = maximum intrinsic flux density, G;
A = effective cross-sectional area of the test specimen, cm?:
N, = number of turns in secondary winding; and
f = frequency, Hz.

9.1.1 The cross-sectional area for a toroidal specimen is calculated by: A=mAs

2) A=mld
where
A = area of specimen, cm?;
m = total mass of specimen, g;
[ = the mean magnetic path length, cm; and
8 = specified density (by agreement between producer and user either as given in Specification A901 or as measured by Test

Method C693), g/cm’.
9.1.2 The mean magnetic path length is determined from mean diameter of the test specimen:



https://standards.iteh.ai/catalog/standards/sist/34886f4c-076f-48a8-92d6-3d1840007ca5/astm-a912-a912m-11

Ay Ag12/A912M - 11

inside diameter, cm and

d

outside diameter, cm.

9.2 Total Core Loss or Specific Core Loss—To obtain the total core loss or the specific core loss of the specimen, it is necessary
to subtract all secondary circuit power included in the wattmeter indication as follows:

c(Bif)=Pc/m
where:
Pop.g = specific core loss, W/lb and
c (B;
nrm = mass, Ib.

9.3 Form Factor Correction—The percent error in form factor is given by the following equation:

assuming (Note 3) that:

The corrected core loss, which shall be computed when F' is greater than + 1 % (Note 4)-than+t+%;is-), is:

CorrectedP=(observedPe(B:HH00H+Ke)

where:

h = percentage hysteresis loss at induction B, %;

e = percentazge eddy-current loss at induction B, %; and
K = (E,/E)~.

Obviously, 2 =100 — e if residual losses are considered negligible; the values of /# and e in the above equation are not critical
when waveform distortion is low. Typical values for the class of material being tested may be used, or values may be obtained by
core-loss separation tests made by the two-frequency method in which the two frequencies are within the range of not less than
half and not more than double the desired test frequency.

Note 3—In determining the form factor error, it is assumed that the hysteresis component of core loss will be independent of the form factor if the
maximum value of induction is at the correct value (as it will be if a flux voltmeter is used to establish the value of the induction) but that the eddy-current
component of core loss, being a function of the rms value of the voltage, will be in error for nonsinusoidal voltages. While it is strictly true that frequency
or form factor separations do not yield true values for the hysteresis and eddy-current components, yet they do separate the core loss into two components,
one which is assumed to vary as the second power of the form factor and the other which is assumed to be unaffected by form factor variations. Regardless
of the academic difficulties associated with characterizing these components as hysteresis and eddy-current loss, it is observed that the equation for
correcting core loss for waveform distortion of voltage based on the percentages of first power and second power of frequency components of core loss
does accomplish the desired correction under all practical conditions if the form factor is accurately determined and the distortion not excessive.

Note 4—It is recommended that tests made under conditions in which the percent error in form factors, F, is greater than 10 % be considered as likely
to be in error by an excessive amount, and that such conditions be avoided.

9.4 Rmsrms Exciting Power P, and Specific Exciting Power, P ,—The rms exciting power is the product of the induced rms
secondary voltage and the ac (rms) exciting current, while the specific exciting power is the rms exciting power per unit mass at
a given frequency. Thus: Pz=F£

TandAOH2-AOH2M-04—13
PRl
where
P- = rms exciting power, VA;
E,- = rms secondary voltage, V; 1
1 = rms primary current, A;
P_p.s = specific exciting power, VA/lb; and
z (B:)
m = mass of specimen, lb.

9.5 Rmsrms Exciting Current—Rms—rms exciting current is often normalized for circuit parameters by converting to the
following forms:
9.5.1 Rmsrms exciting force, which is widely used in design of electromagnetic apparatus, is calculated as follows (Note 5):

(Rlﬁgﬂ ettin gfe ,SE)_AH A

Note 5—The customary units of rms exciting force are A/cm (the definition and symbol are not included in Terminology A340.)

V § A arcaratioilr—o Magnc Tg 10 Cs z
9.5.2 This quantity then appears in the calculation of ac magnetic field strength, H_, as (Note 6): He=04m2NHA



https://standards.iteh.ai/catalog/standards/sist/34886f4c-076f-48a8-92d6-3d1840007ca5/astm-a912-a912m-11

