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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 epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope responsibility of the user of this standard to establish appro-
1.1 These test methods cover the determination of specifigiate safety and health practices and determine the applica-

core loss and peak permeability of single layers of sheet-typRility of regulatory limitations prior to use.

specimens tested with normal excitation at a frequency of 50 or 1.6 The values stated in either customary (cgs-emu and
60 Hz. inch-pound) units or Sl units are to be regarded separately as

_ _standard. Within the text, the Sl units are shown in brackets
Note 1—These test methods have been applied only at the commerciglycept for the sections concerning calculations where there are
power frequencies, 50 and 60 Hz, but with proper instrumentation an%eparate sections for the respective unit systems. The values
application of the principles of testing and calibration embodied in the tes . . o
methods, they are believed to be adaptable to testing at frequenci&l":ltecl in each system E_lre not exact equivalents; therefore-, ?aCh
ranging from 25 to 400 Hz. system shall be used independently of the other. Combining
t’;\lues from the systems may result in nonconformance with

1.2 These test methods use calibration procedures th e
e specification.

provide correlation with the 25-cm [250-mm)] Epstein test.
1.3 The range of test inductions is governed by the propers. Referenced Documents
ties of the test specimen and by the available instruments and 21 ASTM Standards:

other equipment components. Normally, nonoriented electrical : .
A 34/A 34M Practice for Sampling and Procurement Test-
steels can be tested over a range from 8 to 16 kG [0.8t0 1.6 T] ing of Magnetic Materiafs

for core loss. For oriented electrical steels, the normal range . - .
extends to 18 kG [1.8 T]. Maximum inductions in peak Al\?lignzet}ircm'll'gglt?ngg of Symbols and Definitions Relating to
permeability testing are limited principally by heating of the A 343 Test Method for Alternating-Current Magnetic Prop-

magnetizing wmdlng .and tests are limited normally to a erties of Materials at Power Frequencies Using Wattmeter-
maximum ac magnetizing force of about 150 Qe [12 000 A/m]. Ammeter-Voltmeter Method and 25-cm Epstein Test
1.4 These test methods cover two alternative procedures as Framé

follows: e . :
. A 677 Specification for Nonoriented Electrical Steel Fully
Test Method 1—Sections 6-12 Processed Typas

Test Method 2—Sections 13-19 A . .
, . A 677M Specification for Nonoriented Electrical Steel,
1.4.1 Test Method 1 uses a test fixture havirly t{wo Fully Processed Types (Metric)

\évért]i?:ln%Skéhs?:uecrgslrrecﬁ;?ietrevséssgse(?r:zef?dxarﬂe):jr;ergotrr?z\%_d hasA 683 Specification for Nonoriented Electrical Steel, Semi-
Y P processed Typés

low core loss and low magnetic reluctance. T : .
: . A 683M Specification for Nonoriented Electrical Steel,
1.4.2 Test Method 2 uses a test fixture havidy t{wo Semiprocessed Types [Metric]

windings that encircle the test specimeB) & third winding A 876/A 876M Specification for Flat-Rolled, Grain-

located inside the other two windings and immediately adja- Oriented, Silicon-lron Electrical Steel, Fully Processed
cent to one surface of the test specimen, &)da(ferromag- Typeg 1 ,

netic yoke structure which serves as the flux-return path and
has low magnetic reluctance. 3. Terminology
1.5 This standard does not purport to address all of the 3.1 Definitions:

safety concerns, if any, associated with its use. It is the 3.1.1 General—The definitions of terms, symbols, and con-
version factors relating to magnetic testing found in Definitions
A 340 are used in these methods.

These methods are under the jurisdiction of ASTM Committee A-6 on 3.2 Definitions of Terms Specmc to This Standard:

Magnetic Properties and are the direct responsibility of Subcommittee A06.01 on
Test Methods.
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3.2.1 sheet specimena rectangular specimen comprised of flattened, grain-oriented electrical steels at 50 and 60 Hz.
a single piece of material or paralleled multiple strips of Specific core loss at 15 or 17 kG [1.5 or 1.7 T] and peak
material arranged in a single layer. permeability (if required) at 10 Oe [796 A/m] are the recom-

o mended parameters for evaluating this class of material.
4. Significance and Use .

4.1 Materials Evaluatior—These test methods were devel- > Sampling
oped to supplement the testing of Epstein specimens for 5.1 Lot Size and SamplirgUnless otherwise established
applications involving the use of flat, sheared laminationddy mutual agreement between the manufacturer and the pur-
where the testing of Epstein specimens in either the as-shearéfiaser, determination of a lot size and the sampling of a lot to
or stress-relief-annealed condition fails to provide the mosebtain sheets for specimen preparation shall follow the recom-
satisfactory method of predicting magnetic performance in thénendations of Practice A 34, Sections 4 and 5.
application_. As a prinqipal example, the methods hav_e beerMETHOD 1 TWO-WINDING YOKE-EIXTURE TEST
found particularly applicable to the control and evaluation of METHOD
the magnetic properties of thermally flattened, grain-oriented
electrical steel (Condition F5, Specification A 876) used a$. Basic Test Circuit
lamination stock for cores of power transformers. Inasmuch as 6.1 Fig. 1 provides a schematic circuit diagram for the test

the methods can only be reliably used to determine unidirecmethod. A power source of precisely controllable ac sinusoidal
tional magnetic properties, the methods have limited applicayoltage is used to energize the primary circuit. To minimize
bility to the testing of fully processed nonoriented electricalflyx-waveform distortion, current ratings of the power source
steels as normally practiced (Specification A 677). and of the wiring and switches in the primary circuit shall be
4.2 Specification AcceptaneeThe reproducibility of test such as to provide very low impedance relative to the imped-
results and the accuracy relative to the 25-cm [250-mmpnce arising from the test fixture and test specimen. Ratings of
Epstein method of test are considered such as to render tR@itches and wiring in the secondary circuit also shall be such
methods suitable for materials specification testing. as to cause negligible voltage drop between the terminals of the

4.3 Interpretation of Test ResulsBecause of specimen secondary test winding and the terminals of the measuring
size, considerable variation in magnetic properties may behstruments.

present within a single specimen or between specimens that

may be combined for testing purposes. Also, variations may- APparatus

exist in test values that are combined to represent a test lot of 7.1 The test circuit shall incorporate as many of the follow-

material. Test results reported will therefore, in general, repreing components as are required to perform the desired mea-

sent averages of magnetic quality and in certain applicationsurements.

particularly those involving narrow widths of laminations, 7.2 Yoke Test Fixture-Fig. 2 and Fig. 3 show line drawings

deviations in magnetic performance from those expected frorof a single-yoke fixture and a double-yoke fixture, respectively.

reported data may occur at times. Additionally, application ofA double-yoke fixture is preferred in this method but a

test data to the design or evaluation of a particular magnetisingle-yoke fixture is permitted. Directions concerning the

device must recognize the influence of magnetic circuitry upordesign, construction, and calibration of the fixture are given in

performance and the possible deterioration in magnetic prop#.2.1, 7.2.2, Annex Al, and Annex A2.

erties arising from construction of the device. 7.2.1 Yoke Structure-Various dimensions and fabrication
4.4 Recommended Standard TesfBhese methods have procedures in construction are permissible. Since the recom-

been principally applied to the magnetic testing of thermallymended calibration procedure provides correlation with the
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FIG. 1 Basic Circuit Diagram for Method 1
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Test
Specimen

eration of a reduction in winding resistance versus an increase
in inductive reactance at the third harmonic of the principal test

frequency used. The primary and secondary turns shall be
wound in the same direction from a common starting point at
one end of the coil form. Also, to minimize self-impedances of

the windings, the opening in the coil form should be no greater
than required to allow easy insertion of the test specimen.
Construction and mounting of the test coil assembly must be
Toke such that the test specimen will be maintained without me-
chanical distortion in the plane established by the pole faces of
the yoke(s) of the test fixture.

7.3 Air-Flux CompensaterTo provide a means of deter-
mining intrinsic induction in the test specimen, an air-core
Top Yoke mutual inductor shall constitute part of the test-coil system.

The respective primary and secondary windings of the air-core

inductor and the test-specimen coil shall be connected in series

and the voltage polarities of the secondary windings shall be in
e opposition. By proper adjustment of the mutual inductance of

the air-core inductor, the average of the voltage developed

across the combined secondary windings is proportional to the
Coil Form intrinsic induction in the test specimen. Directions for con-
struction and adjustment of the air-core mutual inductor for
air-flux compensation are found in Annex A3.

7.4 Flux Voltmeter, Y—A full-wave, true-average voltme-
Bottom Yok ter, with scale reading in average volts times 1.111 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 method, the full-scale meter errors

5 5 . he mini inside di . shall not exceed 0.25 % (Note 2). Meters of 0.5 % or more
5-cm [250-mm] Epstein test, the minimum inside dimensiony o may he used at reduced accuracy. Either digital or analog
between pole faces must be at least 22 cm [220 mm]. Th

X flux voltmeters are permitted. The normally high-input imped-
thickness of the pole faces should be not less than 2.5 cm [23,.¢ o gigital flux voltmeters is desirable to minimize loading
mm]. It is recognized that pole faces as narrow as 1.9 cm [1

bei d with nickel-i K ith q ffects and to reduce the magnitude of instrument loss com-
mm] are being used with nickel-iron yoke systems with goodyenqations, The input resistance of an analog flux voltmeter
results. To minimize the influences of coil-end and pole-fac

« h K hould be | h h q all not be less than 100Q/V of full-scale indication. A
effects, the yokes should be longer than the recommendeflgigiive yoltage divider, a standard-ratio transformer, or other
minimum. For calibration purposes, it is suggested that the,

. . ) riable scaling device may be used to cause the flux voltmeter
width of the fixture be such as to accommodate a specimen qf v y

) ) indicate directly in units of induction if the combination of

at Iegst 36—pm [360-mm] width V‘.'h'Ch corres_ponds to the asic instrument and scaling device conforms to the specifica-
combined width and twelve Epstein-type specimens. Should < stated above.
the fixture width be less than 36 cm [360 mm], it will be
necessary to test each calibration specimen in two parts andNote 2—Inaccuracies in setting the test voltage produce errors ap-
average the results. proximately two times as large in Fhe specific core loss. Voltage scales

7.2.2 Test Windings-The test windings, which shall consist should be such that the |nst_rument is not used at less than half-scale. Care
of a primary (exciting) winding and a secondary (potentiaI)ShOUId _also b(_a taken to avoid errors caused by temperature and frequency

L . effects in the instrument.
winding, shall be uniformly and closely wound on a honmag-
netic, nonconducting coil form and each shall span the greatest 7.4.1 If used with a mutual inductor as a peak ammeter at
practicable distance between the pole faces of the yoke fixturéductions well above the knee of the magnetization curve, the
It is recommended that the number of turns in the primary andlux voltmeter must be capable of accurately measuring the
secondary windings be equal. The number of turns may bextremely nonsinusoidal (peaked) voltage that is induced in the
chosen to suit the instrumentation, mass of specimen and tes¢condary winding of the mutual inductor. Additionally, if so
frequency. The secondary winding shall be the innermostised, an analog flux voltmeter should have an input resistance
winding and, with instrumentation of suitably high-input resis- of 5000 to 10 00Q)/V of full-scale indication.
tance, normally may consist of a single layer. To reduce 7.5 RMS Voltmeter, \,<—A true rms-indicating voltmeter
self-impedance and thereby minimize flux-waveform distor-shall be provided for evaluating the form factor of the voltage
tion, it is recommended that the primary winding consist ofinduced in the secondary winding of the test fixture and for
multiple layers of equal turns connected in parallel. Theevaluating the instrument losses. The accuracy of the rms
number of such layers should be optimized based on considroltmeter shall be the same as that specified for the flux

Coil Form

Exploded View

FIG. 2 Single-Yoke Fixture (Exploded View)

Exploded View

FIG. 3 Double-Yoke Fixture (Exploded View)
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voltmeter. Either digital or analog rms voltmeters are permit-circuitry must be capable of accepting the maximum peak
ted. The normally high-input impedance of digital rms voltme-voltage that is induced in the secondary winding during testing.
ters is desirable to minimize loading effects and to reduce the 7.6.2.2 The current input circuitry of the electronic digital
magnitude of instrument loss compensations. The input resisyattmeter must have an input impedance of no more th@n 1
tance of an analog rms voltmeter shall not be less thadBV0  preferably the input impedance should be no more tha)0.1
of full-scale indication. if the flux waveform distortion otherwise tends to be excessive.
7.6 Wattmeter, W-The full-scale accuracy of the wattmeter Also the current input circuitry must be capable of accepting
must not be poorer than 0.25 % at the frequency of test and #ite maximum rms current and the maximum peak current
unity power factor. The power factor encountered by a wattdrawn by the primary winding of the test fixture when core loss
meter during a core loss test on a specimen is always less thé@sts are being performed. In particular, since the primary
unity and, at inductions far above the knee of the magnetizatioaurrent will be very nonsinusoidal (peaked) if core-loss tests
curve, approaches zero. The wattmeter must maintain adequéite performed on a specimen at inductions above the knee of
accuracy (1% of reading) even at the most severe (lowesthe magnetization curve, the crest factor capability of the
power factor that is presented to it. Variable scaling devicegurrent input circuitry should be three or more.
may be used to cause the wattmeter to indicate directly in units 7.7 Devices for Peak-Current Measuremeph means of
of specific core loss if the combination of basic instrument andietermining the peak value of the exciting current is required
scaling devices conforms to the specifications stated here. if an evaluation of peak permeability is to be made by the
7.6.1 Electrodynamometer WattmeteA reflecting-type  peak-current method.
dynamometer is recommended among this class of instru- 7.7.1 An air-core mutual inductor and a flux voltmeter
ments, but, if the specimen mass is sufficiently large, acomprise the apparatus most frequently used to measure peak
direct-indicating electrodynamometer wattmeter of the higheséxciting current. Use of this apparatus is based on the same
available sensitivity and lowest power-factor capability may betheoretical considerations that indicate the use of a flux
used. voltmeter on the secondary of the test fixture to measure the
7.6.1.1 The sensitivity of the electrodynamometer wattmeP€2ak induction; namely, that when a flux voltmeter is con-
ter must be such that the connection of the potential circuit off€cted to a test cail, the flux voltmeter indications are propor-
the wattmeter, during testing, to the secondary winding of thdional to the peak value of the flux linking the coil. In the case
test fixture does not change the terminal voltage of théf an air-core mutual inductor, the peak value of flux (and
secondary by more than 0.05 %. Also, the resistance of thBénce the indications of the flux voltmeter connected to its
potential circuit of the wattmeter must be sufficiently high that S€condary winding) will be proportional to the peak value of its
the inductive reactance of the potential coil of the wattmeter ifPfimary current. A mutual inductor used for this purpose must
combination with the leakage reactance of the secondar)2ve reasonably low primary impedance so that its insertion

circuit of the test fixture does not result in appreciable defectVill ot materially affect the primary circuit conditions and yet

angle errors in the measurements. Should the impedance of tHiUSt have sufficiently high mutual inductance to provide a

combined reactance at the test frequency exce@cdér 1000 satisfactorily high vqltage to the flux voltmgter for primary.
Q) of resistance in the wattmeter-potential circuit, the potentiaFurrentS correspondmg 1o the desired range in peak magnetiz-
circuit must be compensated for this reactance. ing force. The mutual inductor secondary impedance should be

) i low if any significant secondary current is drawn by a low
7.6.1.2 The impedance of the current coil of the electrody;mhegance flux voltmeter. The addition of the flux voltmeter
namometer wattmeter should not exceed. If flux waveform  ghq 1 not change the mutual inductor secondary terminal
distortion otherwise tends to be excessive, this |mpedanc\(?0|tage by more than 0.25 %. It is important that the mutual
should be not more than 0.Q. The rated current-carrying jnqyctor be located in the test equipment in such a position that

capacity of the current coil must be compatible with thejis windings will not be linked by ac leakage flux from other
maximum rms primary current to be encountered duringynnaratus. Care should be taken to avoid locating it so close to
core-loss testing. Preferably the current-carrying capacn)ény magnetic material or any conducting material that its
should be at least 10 rms amperes. calibration and linearity might be affected. Directions for
7.6.2 Electronic Digital WattmeterElectronic digital watt-  construction and calibration of the mutual inductor for peak-
meters have been developed that have proven satisfactory fearrent measurement are given in Annex A4.
use under the provisions of this test method. Usage of a 772 peak-to-Peak AmmeterEven at commercial power
suitable electronic digital wattmeter is permitted as an altemafrequencies, there can be appreciable error in the measurement
tive to an electrodynamometer wattmeter in this test methodyt peak exciting current if winding capacitances and induc-
An e|eCtI’0niC d|g|tal wattmeter Oftentimes iS preferred in thiStanCeS and ﬂux Vo'tmeter errors begin to become important at
test methOd because Of ItS d|g|ta| I’eadout and |tS Capabl|lty fogome Of the high_harmonic frequencies Occasioned by the
direct interfacing with electronic data acquisition systems.  extremely nonsinusoidal character of the voltage waveform
7.6.2.1 The voltage input circuitry of the electronic digital induced in the secondary of the mutual inductor by the
wattmeter must have an input impedance sufficiently high thahonsinusoidal exciting-current waveform. In such cases, the
connection of the circuitry, during testing, to the secondarypeak-current measurement may be made with a voltmeter
winding of the test fixture does not change the terminal voltagevhose indications are proportional to the peak-to-peak value of
of the secondary by more than 0.05 %. Also the voltage inputhe voltage drop that results when the exciting current flows
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through a low value of standard resistance connected in seri®& Procedure

with the primary winding of the test fixture. This peak-to-peak- 9.1 Initial Determinations—Before testing, check length of
reading voltmeter should have a nominal full-scale accuracy of ;-, specimen for conformity withir0.1 % of the desired
at least 3 % at the test frequency and be able to accommodag, , " piscard specimens showing evidence of mechanical

voltages \_Nithacrest factor of up to approximately 5_. Care musky, ce. Weigh and record the mass of each specimen to an
be exercised that the standard resistor (usually in the rangé'ccuracy of 0.1 %.

from 0.1 to 1.0Q)) carrying the exciting current has adequate 9.2 Specimen LoadingWhen loaded into the test fixture,

current-carrying capacity a_npl Is accurate fo at least 0.1 % iﬂ\e test specimen must be centered on the longitudinal and
value. It must have negligible temperature and frequean

o L SRR ransverse axes of the test coil. When using a single-yoke
characteristics under the conditions applying in this method. If. ffici f . iahts shall b
desired, the value of the resistor may be such that the'Xture' sufficient pressure from nonmagnetic weights shall be

Lo L . ; Used to bring the specimen into close contact with the pole
peak-reading voltmeter indicates directly in terms of peakr
magnetizing force provided that the resistor conforms to the
limitations stated previously. Normally this resistor will re-
place the mutual inductor in the circuit of Fig. 1 and the
shorting switchS,, is used to remove this extra resistance from
the primary circuit when not in use.

7.8 Power SupphA precisely controllable source of sinu-

aces of the yoke.

9.3 Demagnetization-The specimen should be demagne-
tized before measurements of any magnetic property are made.
With the required apparatus connected as shown in Fig. 1 and
with switchesS; andS, closed S, closed to the test fixture side,
and S; and S open, accomplish this demagnetization by

soidal test voltage of low internal impedance and excellen'tn'_tIaIIy apply_lngrj] a_voltafﬁge_ from the power hsource to the
voltage and frequency stability is mandatory. Voltage stabilityp”m.ary circuit that Is sufficient to magnetize the specimen to
within 0.1 % and frequency accuracy within 0.1 % should bedn induction above the knee of its magnetization curve

maintained. Electronic power sources using negative feedbac,(fpducnon may be determined from the reading of the' flux
voltmeter by means of the equation of 10.1 or the equation of

from the secondary winding of the test fixture to reduce flux :

waveform distortion have been found to perform quite satis-ll'l) and then decrease th? volta_ge slowly af?d smoothly (_or n

factorily in this test method small steps) to a very low induction. After this demagnetiza-
' tion, test promptly for the desired test points. When multiple

8. Specimen Preparation test points are required, perform the test in order of increasing

8.1 The type of test fixture and its dimensions govern thdnduction values.
dimensions of permissible test specimens. The minimum 9.4 Setting Inductior-With switchesS, and S, closed,S,
length of a specimen shall be no less than the outsidélosed to the test fixture side, aSgdandS; open, increase the
dimension of the distance between pole faces of the test fixtur&oltage of the power supply until the flux voltmeter indicates
With a double-yoke fixture, the amount of projection of the the value of voltage calculated to give the desired test induction
specimen beyond the pole faces is not critical but should be ni& accordance with the equation of 10.1 or the equation of 11.1.
longer than necessary for convenient loading and unloading ddecause the action of the air-flux compensator causes a voltage
the specimen. For a single-yoke fixture, the length of theequal to that which would be induced in the secondary winding
specimen must equal the length of the specimens used fy the air flux to be subtracted from that induced by the total
calibration of the fixture. This length preferably is the mini- flux in the secondary, the induction calculated from the voltage
mum permissible length. For maximum accuracy, the specimetdicated by the flux voltmeter will be the intrinsic induction,
width should, as nearly as practicable, be the maximum thd8;. In most cases, the values of intrinsic inducti@, are not
can be accommodated by the opening of the test coil. As aufficiently different from the corresponding values of normal
minimum, it is recommended that the specimen width be atnduction, B, to require that any distinction be made. Where
least one half of the maximum width that can be accommol'»H, is no longer insignificantly small compared By as at
dated by the test coil. very high inductions, determine the value®by adding toB;

8.2 The specimens shall be sheared as rectangular as pr&ither the measured value BfH, or a nominal value known
ticable to a length tolerance not exceeding 0.1 %. Excessivi® be reasonably typical of the class of material being tested.
burr and mechanical distortion are to be avoided in the shearing 9.5 Core Loss—When the voltage indicated by the flux
operation. For tests of grain-oriented electrical steel parallel teoltmeter has been adjusted to the desired value, read the
the direction of rolling, the angular deviation from the rolling wattmeter. Some users, particularly those having wattmeters
direction produced by shearing shall not exceed 1.0°. compensated for their own losses (or burden), will desire to

8.3 Where it is desirable to minimize the effects of slitting open switchS, before reading the wattmeter to eliminate the
or shearing strains on the magnetic properties of an as-shearfldx voltmeter burden from the wattmeter indication. Others
test specimen, minimum width shall not be less than 100 mmwill likely choose to haves, andS; closed when measuring the

8.4 Unless otherwise agreed upon between the producer afakses, so that all instruments may be read at the same time. In
the user, it is recommended that sufficient specimens bthe latter case, the combined resistance load of the flux
prepared so as to represent substantially the entire width of theoltmeter, rms voltmeter, and potential circuit of the wattmeter
sheet samples taken from a test lot. If such samples are of lessll constitute the total instrument burden on the wattmeter.
than optimum width (see 8.1), the samples should be oExercise care so that the combined current drain of the
sufficient length that consecutive specimens may be preparddstruments does not cause an appreciably large voltage drop in
for testing in a paralleled, single-layer configuration. the secondary circuit impedance of the test fixture. In such a
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case, the true induction in the specimen may be appreciablyame procedure as in 9.8.1 except &eonly on the test-
higher than is apparent from the voltage measured at thfixture side and adjust the voltage of the power supply such that
secondary terminals of the test fixture. In any event, power athe peak-reading voltmeter indicates that the necessary value of
a result of any current drain in the secondary circuit at the timehe peak exciting current (calculated using the equations of
of reading the wattmeter must be known so it can be subtractet0.4.2 and 10.5 or the equations of 11.4 and 11.5) has been
from the wattmeter indication to obtain the net watts caused bgstablished. The equation for determining peak permeability is
core loss. given in 10.6 and in 11.6.

9.6 Specific Core Loss-Obtain the specific core loss of the _ _
specimen in watts per unit mass at a specified frequency by0. Calculations (Customary Units)

dividing the net watts by that portion of the mass of the 10.1 Flux Volts—Calculate the flux voltsg;, induced in the
specimen constituting the active magnetic flux path in thesecondary winding of the test fixture corresponding to the

specimen. Equations and instructions for computing the activ@esired intrinsic test induction in the test specimen from the
mass of the specimen and the specific core loss are given Eyuation as follows:
10.2 and 11.2.

-5
9.7 Secondary RMS VoltageRead the rms voltmeter with B =\/2m BANS X 10 @
the switchS, closed to the test fixture side, swit& closed,  where:
and the voltage indicated by the flux voltmeter adjusted to theB, = maximum intrinsic induction, kG;
desired value. On truly sinusoidal voltage, both voltmeters will A = effective cross-sectional area of the test specimen,
indicate the same value, showing that the form factor of the cm?;

induced voltage is 1.111. When the voltmeters give differentN, number of turns in secondary winding; and

readings, the ratio of the rms value to the value indicated by thef frequency, Hz.

flux voltmeter reveals the amount by which the form factor of Cross-sectional area in square centimetres, of the test
the induced voltage deviates from the desired value of 1.11%pecimen is determined as follows:

Determining the induction from the reading of a flux voltmeter A= mies @
assures that the correct value of peak induction is achieved in

the specimen and, hence, that the hysteresis component of thghere:

core loss is correct even if the waveform is not strictly M = total mass of specimen, g;

sinusoidal. However, the eddy-current component of the corel actual length of specimen, cm; and _
loss (caused by current resulting from a nonsinusoidal voltagé® standsard assumed density of specimen material,
induced in the cross section of the strip) will be in error glem®.

depending on the deviation of the induced voltage from the Nore 3—information on standard assumed densities for commonly
desired sinusoidal wave shape. This error in the eddy-currenised magnetic materials will be found in Practice A 34/A 34M, Section 8.
component of loss can be readily corrected by calculations e . - .
basepd on the observed form fgctor and they approximate 10.2 SpeC|f|c Core Loss-To Ot.)tam specific core Ioss.m
percentage of eddy-current loss for the grade of material being""tts per unit mass of the specimen, power expended in the

tested if the correction is reasonably small. The equation econdary of the test circuit and included in wattmeter indica-

involved in determining this correction are given in 10.3 and lon must be eliminated pr_ior fo dividing py the ac.ti.ve mass of
11.3 the specimen. The equation for calculating specific core loss,

9.8 Peak Current P.(B:f) in watts per pound, for a specified inductid®, and

frequencyf, is as follows:

9.8.1 Mutual Inducto—When peak permeability at a given )
peak magnetizing force is required, op&p to insert the Poein = 453.6(N.P/N, — ETR)Im, &)
primary of the mutual inductor, clos&, to protect the
wattmeter from the possibility of excessive current, of3n
andS; to minimize secondary loading, and cld§gtoward the rms volts for the secondary circuit;
mutual-inductor side. Then adjust the voltage of the powerR parallel resistance of wattmeter potential circuit and
supply such that the flux voltmeter indicates that the necessary all other loads connected to the secondary cirduijt,
value of the peak exciting current (calculated using theN; number of turns in primary winding;
equations of 10.4.1 and 10.5 or the equations of 11.4 and 11.5)\, number of turns in secondary winding; and
has been established. At this point, thré8y towards the my active mass of specimen, g.
test-fixture side and observe on the flux voltmeter the value of The active massn, in grams, of the specimen is determined
flux volts induced in the secondary winding of the test fixture.as follows:
The induction corresponding to the observed flux volts may be

>
@
=
@

P core loss indicated by the wattmeter, W,
E

. . . My = €aye 4)
computed using the equation of 10.1 or the equation of 11.1.
The equation for determining peak permeability is given in where:
10.6 and in 11.6. ¢, = effective core-loss path length as determined by the
9.8.2 Peak-Reading Voltmeterlf the peak-reading voltme- calibration procedures of Annex A2, cm;

total mass of specimen, g; and

ter and standard resistor are used instead of the mutual induct ;
actual length of specimen, cm.

and flux voltmeter for determining peak current, follow the
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