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INTERNATIONAL

Standard Test Method for

Alternating Current Magnetic Properties of Materials Using
the Wattmeter-Ammeter-Voltmeter Method, 100 to 10 000 Hz
and 25-cm Epstein Frame 1

This standard is issued under the fixed designation A 348/A348M; 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 epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope the equipment limitations provided that the impedance of the
1.1 This test method covers the determination of the maga@mmeter shunt is low and its insertion into the test circuit does

netic properties of flat-rolled magnetic materials using Epsteifiot cause appreciably increased voltage waveform distortion at

test specimens with double-lap joints in the 25-cm Epsteirfh€ test induction. _ _

frame. It covers determination of core loss, rms and peak 1.4.5.Incremental P_ropertles-Measu_rem_ent of incremental

exciting current, exciting power, magnetic field strength, and®roperties shall be limited to combinations of ac and dc

permeability. This test method is commonly used to tes€Xcitations that do not cause secondary voltage waveform

grain-oriented and nonoriented electrical steels but may also Jéstortion, as determined by the form factor method, to exceed

used to test nickel-iron, cobalt-iron, and other flat-rolled@ shift of 10 % away from sine wave conditions.

magnetic materials. 1.5 The values and equations stated in either customary

1.2 This test method shall be used in conjunction with(Cgs-emu and inch-pound) or SI units are to be regarded
Practice A 34/A 34M and Test Method A 343. separately as standard. Within this standard, S| units are shown

1.3 Tests under this test method may be conducted witip brackets except for the sections concerning calculations
either normal ac magnetization or with ac magnetization andvhere there are separate sections for the respective unit
superimposed dc bias (incremental magnetization). systems. The values stated in each system may not be exact

1.4 In general, this test method has the following limita- €quivalents; therefore, each system shall be used independently
tions: of the other. Combining values from the two systems may

1.4.1 Frequency—The range of this test method normally résult in nonconformance with this standard.
covers frequencies from 100 to 10000 Hz. With proper 1.6 This standard does not purport to address all of the
equipment, the test method may be extended above 10 000 Hfety concerns, if any, associated with its use. It is the
When tests are limited to the use of power sources havin§eSPonsibility of the user of this standard to establish appro-
frequencies below 100 Hz, they shall use the procedures of TeBfiate safety and health practices and determine the applica-
Method A 343. bility of regulatory limitations prior to use.

1.4.2 Magnetic Induction(may also be referred to as
Induction—The range of induction for this test method is
governed by the test specimen properties and by the available2-1 ASTM Standards: , _
instruments and other equipment components. Normally, for A 34/A 34M Practice for Sampling and ProcurementTesting

many materials, the induction range is from 1 to 15 kG [0.1to _©f Magnetic Material$ o .
15T A 340 Terminology of Symbols and Definitions Relating to

1.4.3 Core Loss and Exciting PowerThese measurements Magnetic Testing _ _
are normally limited to test conditions that do not cause a test A 343 Test Method for Alternating-Current Magnetic Prop-

specimen temperature rise in excess of 50°C or exceed 100 erties of Materials at Power Frequencies Using Wattmeter-
W/lb [220 W/kg]. Ammeter-Voltmeter Method and 25-cm Epstein Test

1.4.4 Excitation—Either rms or peak values of exciting Framé

current may be measured at any test point that does not exceed® 347 Test Method for Alternating Current Magnetic Prop-
erties of Materials Using the Dieterly Bridge Method with

25-cm Epstein Franfe

2. Referenced Documents

1 This test method is under the jurisdiction of ASTM Committee A0O6 on
Magnetic Properties and is the direct responsibility of Subcommittee A06.01 on Test

Methods. —
Current edition approved Oct. 10, 2000. Published December 2000. Originally # Annual Book of ASTM Standardgol 03.04.
published as A 348 — 60 T. Last previous edition A 348/A 348M — 95a. 3 Discontinued, see 1998nnual Book of ASTM Standardgol 03.04.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3. Summary of Test Method TABLE 1 Number of Strips for Various Nominal Specimen
. . L Weight Epstein Frames (Minimum Strip Length is 28 cm [280
3.1 Arepresentative sample of the magnetic material is cut gnt=p ( mm) pend [
into Epstein strips and then annealed or otherwise treated i . .

. R . . . Nominal Strip Thick Number of Strips for Test Specimens of
accordance with the appropriate material specification or as Nominal Strip Thickness Nominal Weight
agreed between producer and user. The strips are weighed anty, g, ) Thick (in) 1259 2509  500g  1000g
loaded into the Epstein frame becoming the transformer core: 0079 0.0310 I 20
The primary coil is then excited with ac voltage and currentat 71 0.0280 - - 12 24
the frequencies and inductions of interest and measurements 0.064 0.0250 12 24
taken. In some cases, a dc magnetic field strength is superim-  >0° o022 5 e 2
posed (incremental dc bias). The magnetic parameters are then (43 0.0170 12 20 36
calculated from the data. 0.039 0.0155 12 20 40

0.036 0.0140 12 24 44

4. Significance and Use oo% oo e o -
4.1 This test method evaluates the performance of flat-rolled  0.025 0.0100 16 32 60
magnetic materials over a wide frequency range of ac excita- 0’23 P 5 I > o
tion with and without incremental dc bias, as used on trans- o018 0.0070 12 24 44 88
formers, motors, and other laminated core devices. 0.015 0.0060 12 24 52 :
4.2 This test method is suitable for design, specification ~ J0:° P o > o h
acceptance, service evaluation, and research. 0.0076 0.0030 24 52 A A
4.3 The application of test results obtained with this test  0.0051 0.0020 40 76 A 5
0.0025 0.0010 76 A A A

method to the design or evaluation of a particular magnetic
device must recognize the influence of the magnetic circuitry “Not recommended.
upon its performance. Some specific items to consider are size,

shape, holes, welding, staking, bolting, bracketing, shortin
between laminations, ac waveform, adjacent magnetic field
and stress.

%riving the test circuit with an ac sinusoidal waveform voltage
3f desired amplitude and frequency. The series resistance
components, and wattmeter current shunt, in conjunction with
5. Test Specimens the ac source, shall be such as to provide a pure sine wave
voltage either at the test frame transformer primary, or if

5.1 The test Specimens shall consist of Eps;em Strips CLgverall negative feedback is implemented, then the pure sine
from sheets or coiled strips of magnetic materials in accor-

i . . ~wave shall h frame transformer ndary. Th
dance with the test lot and sampling requirements of Practic ave shall be at the test frame transformer secondary. The

; ﬁ/iring and switches shall be selected to minimize current or
ﬁsgéesﬁ:\g{esf)cnons 5and 7, and Test Method A 343, Anne)\/oltage reading errors, for example, the voltage connections

acrosg shall be made precisely at the resistor terminals so that
Note 1—Excessive burr and nonflatness of strips can appreciably affeato wire resistance is effectively added to that of the resistor.
test results. Also, all voltage reading or negative feedback components
5.1.1 If specimen is primarily isotropic, cut one half of the across the secondary of the test frame transformer shall cause
strips with grain and one-half cross grain. If anisotropic, cut allnegligible loading, that is, shall draw sufficiently low currents
with grain. Other ratios of with and cross grain may be choseiio not appreciably affect power or current readings. When a

by agreement. common ground connection is made between primary and
5.2 The test specimen shall consist of multiples of foursecondary of the test frame transformer, the ac source ground
strips. The total number of strips shall be such as to: connection must be isolated to eliminate ground loop current.
5.2.1 Provide sufficient total losses to register within the
range of required accuracy of the wattmeter. 7. Apparatus
5.2.2 Fill the available vertical opening space in the test 7.1 The test apparatus shall consist of as many of the
frame to at leas¥s of its maximum height and following components as required to perform the desired
5.2.3 Contain a minimum of twelve strips. measurement functions:

5.3 Check each strip to assure its length and width are 7.2 Balance or Scale-the balance or scales used for deter-
accurate to+=0.04 cm [0.4 mm]. If the length is not 30.5 cm mining the mass of the test specimen shall weigh to an
[305 mm], use the actual length as described in Sections 9 aratcuracy of 0.05 %. The calculated test volt&ges directly
10. If the width is not 3.0 cm [30 mm], check that all strips are proportional to specimen mass and induction. Errors in induc-
the same width within 0.04 cm [0.4 mm]. tion can cause disproportionately greater errors in the core loss

5.4 Table 1 shows the number of Epstein strips that willand exciting current.
provide nominal weights of approximately 125, 250, 500, and 7.3 Epstein Test Frame

1000 g for various strip thicknesses. 7.3.1 The dimensions of the windings, their spacing, and the
S ) general precautions and construction details of Test Method
6. Basic Circuit (see Fig. 1) A 343, Annex A1, shall apply. The Epstein test frame should be

6.1 Fig. 1 shows the essential apparatus and basic circuselected to be compatible with the desired test specimen size
connections for this test. The ac source shall be capable ¢see 5.4).
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Note 1—The ac source terminals must “float” to prevent ground loop currents. If the wattmeter has a common connection between its V and |
terminals, the rest of the circuit must be connected so as to prevent shorting.
Note 2—If, during demagnetization, current exceeds the wattmeter maximum rating, Switch S1 is required and is closed.
Note 3—A dc winding is required only if incremental properties are to be tested.
Note 4—The voltage and current monitoring oscilloscope may be a dual channel type and is optional equipment. Basic circuit-wattmeter-ammeter-
voltmeter method, 100 to 10 000 Hz and 25-cm Epstein frame
FIG. 1 Basic Circuit-Wattmeter-Ammeter-Voltmeter Method, 100 to 10 000 Hz and 25-cm Epstein Frame

7.3.2 The following numbers of total winding turns are restricted to moderate induction and field strength where test
usually commercially available and are suggested for testing afpecimen relative permeability remains high, the difference

various frequencies: betweenB and B, is small and air flux compensation is
Frequency, Hz No. of Turns (Both Primary and Secondary) unnecessary.
7.4 Flux Voltmeter—A full wave true average responsive
A o 799 or 352 voltmeter calibrated so that its scale reads true average
1000 to 5000 200 (no air-flux compensator) /2 /4, and indicates the same value as an rms voltmeter when
5000 to 10 000 100 (no air-flux compensator) measuring pure sine waves, shall be provided for measuring

7.3.3 The primary winding is uniformly distributed along thg peak value of the test induction. To meet the precision of
the magnetic path and may be wound in mu|t|p|e |ayers ovefhls test method, meter error shall not exceed 0.25 % (see Note
the secondary winding. The secondary winding shall be th&). If the meter impedance is not sufficiently high at the
innermost winding on the coil form and shall be a single layerfrequency of test, it is necessary to compensate for its loading
winding. The primary and secondary shall be wound in th@ffect. To evaluate how much the meter loads the circuit, read
same direction and their starting end connections shall be made rms ammeter and rms voltmeter before and after discon-
at the same corner. necting the flux voltmeter. When dc bias is applied to the test

7.3.4 Air Flux Compensat%” the Epstein test frame has frame tranSfOfmer, the flux voltmeter must be able to reSpond
more than 200 turns, it shall contain an air flux compensatoifue average.
which opposes and balances out the air flux voltage induced in Nore 2—inaccuracies in setting the test voltage produce errors dispro-
the secondary winding. Such compensation is necessary wheportionately larger in core loss and exciting current. Evaluate meter error
ever the permeability of the test specimen is low under highn accordance with the manufacturer’s information, for example, percent
magnetic field strength conditions to avoid serious errors irff range, temperature, and frequency.
setting the flux voltage. The air flux compensator allows the 7.5 RMS VoltmeteA RMS voltmeter shall be provided for
true intrinsic inductionB; to be measured. When tests are evaluating the exciting power and also the form factor of the
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voltage induced in the secondary winding of the test framdoscope also makes it possible to recognize current waveform
transformer. The meter error shall not exceed 0.25 % at thaonsymmetry with positive and negative polarity. Such non-
frequency of test. The meter burden shall have no more thasymmetry results when a dc component is present along with
0.05 % effect on the test frame transformer voltage or currenthe ac in the primary winding of the test frame, causing
To evaluate how much the meter loads the circuit, read th@onsymmetricaB versusH excitation. This condition causes
RMS ammeter and flux voltmeter before and after disconnectserious peak current reading errors. Temporarily inverting the
ing the RMS voltmeter. When dc bias is applied to the testvaveform by flipping the oscilloscope” invert” switch is an
frame transformer, the RMS meter must be able to indicate trueffective way to observe waveform symmetry. Some oscillo-
RMS ac voltage. scopes have a provision for automatically and digitally display-

7.6 Oscilloscope Voltage Monitor (OptionahAn oscillo-  ing the peak of a waveform and thus may be used to read the
scope may be provided to monitor the waveshape of th@eak current instead of a peak reading voltmeter. An oscillo-
secondary voltage. Connection of the oscilloscope shall ngtcope, when used, shall not cause unwanted shorting of any
affect the voltage or current more than 0.05 %. part in the circuit through its dual input ground.

7.6.1 The oscilloscope dual input common ground connec- /-11 ac Sourcgsee Fig. 2)—A precisely controllable source
tions shall not cause ground |Oop currents in any part of th@f sinusoidal test VOltage characterized by low internal imped-
circuit. ance, low harmonic distortion (1 %), excellent voltage stability

7.7 Wattmeter—The wattmeter error shall not exceed (0-1 %), and excellent frequency stability (0.1 %) is requireq.
0.25 % at unity power factor at the frequency of test. Error 7-11.1 The ac source shall be ac coupled to prevent dc bias
shall not exceed 1 % of reading at the lowest power factol the test fixture transformer. The ac source would typically

encountered. If desired, the reactive power may also bgonsist of some or all of the following components:
measured or calculated. 7.11.1.1 Sine Wave Generator

7.11.1.2 Power Amplifier

7.7.1 The voltage sensing terminals of the wattmeter shall : . .
9 9 7.11.1.3Isolation Transformer or Coupling Capacitor

have an input impedance sufficiently high that the voltage or ;
current is changed no more than 0.05 %. tot7rélr]1§fld:1rr|1rgrpedance Matching Tapped Transformer or Au-

7.7.2 The current sensing terminals (I shunt) of the wattme- 7.11.2 Sine Wave GeneraterA sinusoidal wave generator

ter shall have a Iow.|mpedance SO as to not changg the teg} synthesizer capable of generating the signal described above
fixture transformer primary current waveshape appreciably. An

X i . shall be provided. This signal is input to the power amplifier.
input impedance o_f 0.0is pref_erred. The wattmeter shall be 7.11.3 Power Amplifier—An amplifier of voltage and cur-
capable of accepting the maximum peak current encountered :

. N ' rent to be fed to the test frame transformer shall be provided.
without exceeding its crest factor rating.

- ¢ It shall be capable of amplifying the signal while maintaining
7.8 RMS Ammeter-A RMS ammeter consisting of a RMS o \aveform and meeting specifications described above. It

voltmeter connected across the terminals of the current sensir;lﬁay use negative feedback to meet the low source impedance
resistor (in Fig. 1) shall be provided. The RMS voltmeter ,,q oy waveform distortion requirements. It may consist, for

shall_ have an error no greater than 0'25% Considerir_wg thgxample, of an audio amplifier with several hundred watts
maximum crest factor and all frequencies and amplitudes,iing if it is a dc-coupled amplifier, an ac isolation trans-
encountered in the measurement. Connection to the circujf ar or capacitor shown in Fig. 2 is required

shall not cause appreciable changes in voltage or waveform. 7.11.4 Isolation TransformerThe isolation transformer, if

The current sensing resistor shall be accurate to 0.1 % and t?@quired, shall have sufficient bandwidth, coupling, and power-

essentially noninductive at the frequency of test. It shall hav?landling capacity to maintain signal integrity and low source

] X qmpedance, even with dc offset of a dc coupled amplifier
experienced during the test. Voltmeter connections to th?

; . . ; eeding it. Its output shall be routed to the test frame trans-
resistor shall be made precisely at the resistor terminals so th

wire resistance does not add to the known resistor value an rmer primary.
- i 7.11.5 Coupling Capacito—The coupling capacitors,
cause error. The resistor value shall beQ.ar, if higher, shall ping P ping P

I q han 5% of th ‘ which are an alternate to the isolation transformer, shall be a
Cgltt;;éjse a voltage drop greater than 5% of the test framg.i. ¢ electrolytic capacitors connected back to back with

sufficient effective capacitance to maintain the low source
7.9 Peak Ammeter-A true peak, or peak-to-peak, ammeter
consisting of a true peak or peak-to-peak voltmeter connected
across the terminals of the current sensing resistor ig. 1) overall NEG. F B (optionah

shall be provided to measure the peak value of the current ; from se¢, oftest ame

waveform. Accuracy shall be 2 %. Alternatively, an oscillo-

scope with voltage measurement capability can be used. Ap 523, amér) Souca
. - inewave; o or ac; 1o Test

oscilloscope, when used, shall not cause shorting of any part df “™"** Frame

the circuit through its dual input common ground.

Isotation Transformer Impedance

7.10 Oscilloscope Current Monitor (Optionah-Extreme e Marching
current wave peaking occurs as the magnetic core material — I — e Tenstomer
goes into saturation. This is readily observable on an oscillo- Coupling Capasitor
scope connected across the current sensing resistor. An oscil- FIG. 2 Circuit Diagram of Typical ac Source
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impedance of the power amplifier. Alternatively, an ac-rated 8.4.2 When frequency is varied at constant induction, begin

capacitor may be used. the tests at the lowest frequency and test in order of increasing
7.11.6 Impedance Matching Tapped Transformer orfrequency.

AutotransformerA transformer or autotransformer with fixed  8.4.3 Repeat the demagnetization before determining a test

or variable taps shall be provided if necessary to match theoint at either a lower induction or lower frequency than that

power amplifier source impedance to that of the test framef the previous test point.

transformer. It shall have bandwidth and power-handling 8.5 Meter Readings-Once the induction level is correct

capacity to maintain signal integrity. If this is a transformerand steady, proceed to record the following:

with isolated primary and secondary windings, the isolation

transformer or coupling capacitor mentioned above may beE

omitted. f
E,

8. Procedure w

8.1 Check the specimen strips to assure that no dentecf’q
twisted, or distorted strips showing evidence of mechanical
abuse have been included. Strips having readily noticeable burr”
(greater than 0.0005 in. [0.02 mm]) may also be unsuitable for®
testing. Verify that the strips are of uniform length and width , P
and that the appropriate number of strips with the appropriatelz—p'p
grain direction are available (see Table 1). Weigh strips on a "~ "'
scale or balance capable of determining the mass to withiry
+0.05 %.

flux voltage (secondary),

rms voltage (secondary),

core wattage,

core volt-amperes reactive (optional),

rms exciting current (primary), or

rms voltage across

peak exciting current (primary), or

peak voltage across or

peak-to-peak exciting current (primary), or
peak-to-peak voltage across

frequency (if more than one frequency), and
shunt resistance.

8.2 Calculate Inductior-Calculate and record the flux , NOTe 4—Voltagesk, andE, ., may also be observed or measured or
both with an oscilloscope. Gather information on test frame transformer

voltage values corresponding to all the induction levels to b%econdary voltmeter and wattmeter burdens and record them so correc-

tested (See. Sections 9 and 10). A data _Sheet form Shquld B8ns can be made if necessary, that is, if they affect accuracy by more than
prepared with spaces to enter every required meter reading and %.

other data (see Note 3). 8.6 Incremental Properties-Incremental properties are

Note 3—The calculations may be performed and a data sheet printoutore loss, exciting power, permeability, and so forth taken
obtained by use of a computer appropriately programmed. Use of datander conditions of a superimposed constant dc magnetic field.
aC‘tJUiSiti_O” ins”ume”tattion a”ol‘l"’s_f%UtO_mZ“CRS?m”tg (t)f: ”f appzfa‘UfTa”%he test frame shall have a separate winding for this purpose
automatic measurement as weil, 1f desired. Reter to the Appendix of 1€Ysaa Fig. 3). This winding is to be uniformly distributed over
Method A 343, CompUter'zat'o_n of Magr,‘et'c_TeSt Data. the othgr v3indings. The gc supply shall beya constant current

8.3 Insert the test specimen strips into the test frame andqrce with good current regulation. A constant direct current
prepare them for test as described in Test Method A 34354 rce feeding the dc bias winding has no shorting effect on the
Connect the apparatus as indicated in the circuit diagram of¢ field because its ac source impedance approaches infinity.
Fig. 1 and perform the various tests following the procedurespoyig the dc come directly from a voltage-regulated source,
outlined below. It is recommended to check for symmetry ofits |ow impedance would effectively short the other windings
the current waveform when initially setting up the equipment.ang produce low ac voltages not characteristic of true incre-

~ 8.4 Demagnetizatioa-The specimen should be demagne-mental properties. See Fig. 4 for a typical constant dc source
tized before measurements of any magnetic property are madgcyit diagram (see Note 5).

Demagnetize by applying a voltage from the power source to
the primary circuit that is sufficient to magnetize the specimen Note 5—In Fig. 4, if V4= 50 V, andV;, =6 V, thenV, = 5 V. For

to an induction above the knee of its magnetization curvee=> & lac=1.0 A. Adust R, for exact current. Circuit source
(where the exciting current increases sharply for small in-'m'oedamce s eXtre.mely high. )
creases in induction)_ At this point7 decrease the app“ed 8.6.1 Alternatlvely, other methods to raise the dc Sour(.:e

voltage slowly and progressively during an elapsed time of 5 t4mpedance may be used. For example, an inductor with

10 s (or longer) so that the induction is reduced smoothly to &ufficient inductance and bandwidth to present a high imped-

point below the lowest induction at which tests are to beance at the ac frequency can be placed in series with the dc
performed and near zero induction. Demagnetization to near

zero induction is especially critical when measuring properties

at very low induction (for example, 100 G). After demagneti-

zation, take care not to jar or move the specimen in any waygsperate a

that will destroy the desired reproducible magnetic state of;7%, . o
negligible induction. Tests should be made immediately afterEpstin Frame Curent |- — —~’ omen
demagnetization (within 2 to 3 min) for the desired test pointSpaes " Source
using the following sequence of testing:

8.4.1 Begin the tests at the lowest test induction and test in |
order of increasing maximum induction. Do not overshoot the . 3 circuit Diagram dc Biasing of Test Frame Transformer for
target induction level appreciably, especially at low inductions. Measurement of Incremental Properties



A8y A 348/A348M - 00

DC

e.g. 1.0 ADC

1 D

CONSTANT CURRENT
THRU LOAD

beta= S0

RECOMMENDED
ZENER
R1 CURRENT
17 . 25w
dc
POWER beta=|00
SUPPLY
R2
e.g.
v : S0V /ZS/ 100K pot.
de
. TEMP. <
STABLE
ZENER v 17
DIODE in

100K
.25V

R
4
T
e

FIG. 4 Typical Constant dc Source

power supply. As exciting current may rise sharply under g_
incremental conditions, watch carefully the ammeter ande
wattmeter readings to avoid damage to the equipment. F
8.6.2 Use the following incremental testing procedures tof
obtain good repeatability of test values: first, demagnetize ai,
low frequency (see 8.4), then establish in the biasing windingHy.
the lowest value of biasing current, without overshooting,
which is to be used. Then without any change or variation in
the biasing current, slowly raise the ac voltage, without Hp
overshoot, to the desired test induction. Set other inductions at
the same level of dc bias in ascending order of induction. Fort:
each separate biasing level again demagnetize the test speci-
men. Warning—Switches in series with the dc bias current
should never be opened or closed until the dc bias suppl;)"Az
voltage has been reduced to zero.) h
8.6.3 dc biasing tends to cause waveform distortion. Do not
make measurements when the ac flux waveform distortion
exceeds 10 % as determined by the form factor method (see 9.
and 10.4). An oscilloscope monitoring the secondary voltage,
waveform is recommended. I,

9. Calculations (Customary Units) m

9.1 Symbols—Use the symbols listed below in the equations Ni, N,
or descriptions of this test method. For the official complete list

of symbols and definitions, see Terminology A 340. P. (B:f)
A _ . . , P, (B:f)
= effective cross-sectional area of test specimen
in the Epstein frame, crh R
B = normal induction, G
B, = intrinsic induction, G
E = rms voltage, V
E, = rms voltage in an unloaded secondary wind- "
ing, V p
E = flux voltage, V Wi
E, = peak value of voltage, V

peak-to-peak voltage, V

eddy-current loss, %

error in form factor, %

frequency, Hz

dc biasing magnetic field strength, Oe
inductance magnetic field strength from the
reactive component of rms exciting current,
Oe

peak magnetic field strength from measured
peak value of exciting current, Oe

apparent ac magnetic field strength from mea-
sured rms exciting current and assumed value
I, = V21 o

apparent ac magnetic field strength from rms
exciting current with dc incremental bias, Oe
hysteresis loss, %

rms exciting current, A

peak value of exciting current (measured), A
voltage ratio squared=g/Ey)?

length of test strips, cm

effective magnetic path length, cm

mass of test specimen, g

active mass of test specimen, g

total number of turns in Epstein frame primary
or secondary windings, respectively

specific core loss, W/lb at inductioB and
frequencyf

specific exciting power, VA/Ib at inductioB
and frequency

effective resistance of secondary instrument
burden and circuit including wattmeter poten-
tial resistance, voltmeter resistance. and any
other burden{)

shunt resistance for the peak ammefer,

total reactive power, vars

total power measured by the wattmeter, W
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- ili i a flux voltmeter is used to establish the value of the induction) but that the
Msubscript gzrrnrge:g'm)grgﬂnﬁl HsubscriptWheresypscriptls eddy-current component of core loss, being a function of the)rms value of
5 = density. g/crﬁ the voltage, will be in error for nonsinusoidal voltages. While it is true that
. ’ frequency or form factor separations do not yield accurate values for the
9.2 Induction hysteresis and eddy-current components, yet they do separate the core loss
9.2.1 The intrinsic inductiom ; is related toE; by: into two components, one which approximately varies as the second
E = 'n'\/? B, Asz(10‘8) power of the form factor and the other which is relatively unaffected by

To eliminate Epstein strip stacking factor considerations andprm factor variations. Regardless of the academic difficulties associated
since mass, density, and length of the specimens can f[h characterizing the_:se components as hysteresns and ed_dy-current I_oss,
v d ined. th | § lculated f h iUis observed that this method does accomplish the desired correction
accur‘,”‘,te y determined, the va ug/@ S, calculated from ,t ese under all practical conditions if the distortion is not excessive.
quantities and the sample density. Since the sample is divided Note 7—It is recommended that tests made under conditions in which

into _four parts, then each leg of the test frame has a crossne percent error in form factoF, is greater than 10 % be considered as
sectional area: likely to be in error by an excessive amount and that such conditions be
A = mi(4l5) avoided.
1) Note 8—Core loss separation into separate hysteresis and eddy-current

components may be determined by “Two Form Method” for example. See
HenceE; becomes: Annex A2.

E; = m\/2BN,fm/[413(1C°)] @ 9.5 Specific Exciting Power

If the test frame secondary meter burdens are not negligible, 9.5.1 The specific exciting power at a particular flux density
they will cause a voltage drop in the winding resistance. If thisand frequency is calculated from the rms current in the primary
voltage drop is 0.1% or greater, it lowers the apparenpf the test frame and the rms voltage induced in the secondary
induction and reduces accuracy. Calculgtdor all values of  as follows:
induction to pe tested and enter into the data sheet. Py = 453.6,1/my, V—Allb

9.3 Specific Core Loss

9.3.1 To obtain the specific core loss of the specimen iqs
vyatts per unit mass, I IS necessary to suptrapt "’}" seCOIqda%nger. For the purpose of computing exciting power, the active
circuit power included in the wattmeter indication before : .

L . . o mass is assumed to be:
dividing by the active mass of the specimen. The specific core
loss at a particular flux density and frequency is: m = |ym/(al) = 94m/(4l) = 23.5ml, g

Pysy = 453.8W — EZR)m, Wilb 9.6 Exciting Current and Magnetic Field Strength

) o 9.6.1 Exciting current is assumed to be the rms vdlue
9.3.2 In the 25-cm Epstein frame, it is assumed that 94 cmnjess otherwise specified.

is the effective magnetic path length with specimens 28 cm or
longer. For the purpose of computing core loss, the active mass
is assumed to be: The magnetic field strengtHl determined froml is based
m, = 1,mV(4l) = 94mi(4l) = 23.5ml, g upon the assumption that the peak value of currem{@l. In
) _ fact, this is not true because the current waveform is generally
9.4 Form Factor Correctior-The percent error in form gistorted and nonsinusoidal for sine voltage waveforms. This is

9.5.2 In the 25-cm Epstein frame, it is assumed that 94 cm
the effective magnetic path length with specimens 28 cm or

| =measured rms currer,

factor is given by the equation (see Note 6): due to the nonlinear induction characteristics of ferromagnetic
F = 100E, — E)/E materials. However, this is accepted practice. Hence:
The corrected core loss, that shall be computed whées H, (impedance magnetic field strength 0.4m /2N, l/1;, Oe
greater (see Note 7) thahl %, is: where:N; is number of turns in the test frame primary.
correctedP g = (observed®,g) 100(h + eK) 9.6.2 Peak Exciting Currert-This is the measured peak
current:
where:
observedP. gy = specific core loss calculated by the lp = measured peak currer,
equations in 9.3, _ _ =1l 2 A
h = percentage hysteresis loss at induction _ Ejr ‘A
B, =E, J2r, A
e = percentage eddy-current loss at induc- P
tion B, Hence:
K = (E,/E)? and H, (peak magnetic field strength= 0.4mN,l/I;, Oe
h = 100 -e.

9.6.3 Inductance Exciting Current (Optionah}This is the

Values ofh ande for materials may be obtained using core inductance or reactance component of the exciting current
loss separation methods (see Note 8) and are a matter o

agreement between the producer and the user. |, =reactive component df
. o This is usually measured &, vars on WATT/VAR meters,
Note 6—In determining the form factor error, it is assumed that the y @‘3

hysteresis component of core loss will be independent of the form factoWhere:
if the maximum value of induction is at the correct value (as it will be if I, =Py/E;, A
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Hence: H,
H_(inductance magnetic field strength 0.4m\ /2Nyl /1, , Oe

9.7 Permeability H

9.7.1 Several different types of ac permeability may be
calculated using data collected from tests described in this testl,
method. These different permeabilities are based upon several
different definitions of magnetic field strength. The general
form of the equation for permeability is: Az

1 = B/H (a dimensionless quantity h
|

p

whereB =B, + H,. For convenience in calculating perme-
ability, the intrinsic inductionB;, may be used instead of the lp
normal induction,B, for most testing. This entails no loss of
accuracy untiH, becomes appreciable in magnitude relative to |

B,. If greater accuracy is requireB, should be used. !

inductance magnetic field strength from the

reactive component of rms exciting current,

Oe

peak magnetic field strength from measured
peak value of exciting current, A/m

apparent ac magnetic field strength from mea-
sured rms exciting current and assumed value
I, =\/2l, Alm

apparent ac magnetic field strength from rms
exciting current with dc incremental bias, Oe

hysteresis loss, %

rms exciting current, A

peak value of exciting current (measured), A

voltage ratio squared=g/Ey)?

length of test strips, m

effective magnetic path length, m

- m mass of test specimen, kg
9.7.2 Impedance Permeability m, active mass of test specimen, kg
W = B/H, N;, N, total number of turns in Epstein frame primary
N or secondary windings, respectively
9.7.3 Peak Permeability P.(B:f)y = specific core loss, W/kg, at inductid® and
M, = B/H, frequencyf _
- P, (B:f) = effective resistance of secondary instrument
9.7.4 Inductance Permeability burden and circuit including wattmeter poten-
W = B/H, tial resistance, voltmeter resistance and any
— - other burden{}
9.8 Incremental dc (Biasing) and Magnetic Field Strength R = specific exciting power, VA/kg at inductioB
H,(dc magnetic field strength= 0.4mw Nydy/l;, Oe and frequency
here- r = shunt resistance for the peak ammeter,
where: . Py = total reactiveP, vars
lNdC B gc \t/)v_lndmg trns of the tedst frame and w = total power measured by the wattmeter, W
qc = dc bias current (measure ) “subscript = permeab”ity fr0r‘rB/HsubscriptWheres.ubscriptiS

When the dc magnetic field strendtl is present, the values
of core loss, exciting current, var, and so forth measured and density, kg/m
their derived properties, specific core loss, specific excitingl',, magnetic constant@x 10~ H/m
power, and permeability are all considered to be incremental 10.2 Induction

values, for exampleR,e, 1, Pag, Pac(B:f), PaAB:f), and W 10.2.1 The intrinsic inductiom, is related toE; by:
These are measured and calculated as though the dc bias was
E; = m\/2B;AN,f

not present.

To eliminate Epstein strip stacking factor considerations, and
since mass, density, and length of the specimens can be
accurately determined, they are used to calcufat8ince the
ample is divided into four parts, then each leg of the test frame
as a cross-sectional area:

same as that dfl

10. Calculations (S| Units)

10.1 Symbols—-In the equations or descriptions of this test
method, use the symbols listed below. For the official complet%
list of symbols and definitions, see Terminology A 340.

A = m/(4l3)

A = effective cross-sectional area of test specimen HENceE; becomes:

in the Epstein frame, f E; = m\/2BN,fm/(413)
B = normal induction, T
E‘ _ mgn\i')?t;%%u%lon of test specimen, T If the test frame secondary meter burdens are not negligible,
E, = rms voltage’ in an unloaded secondary wind- they will cause a voltage drop in the wjnding resistance. If this

ing, V yoltagg drop is 0.1% or greater, it causes the apparent
E = flux voltage, V induction to be lower than actu'al and reduces accuracy.
Ep = peak-to-peak voltage, V Calculatek; for all values of induction to be tested and enter
Epp = peak-to-peak voltage, V into the data sheet.
e = eddy-current loss, % 10.3 Specific Core Loss
F = error in form factor, % 10.3.1 To obtain the specific core loss of the specimen in
L N geqbl?ency’ Hz iic field strenath. A/ watts per unit mass, it is necessary to subtract all secondary

b ¢ biasing magnetic ield strength, A/m circuit power included in the wattmeter indication before
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dividing by the active mass of the specimen. The specific core Hy(inductance magnetic field strength \ /2Nyl /I;, A/m
loss at a particular flux density and frequency is: 10.7 Relative Permeability

Py = (W= ERIMy;, Wikg 10.7.1 Several different types of ac permeability may be
. . calculated using data collected from tests described in this test
: tlr? '3'f2f Ir;_the 25—cmt_Epst(tar|]n| frar?r:a ’ IFtIhS assumed thgtz(é.94 ethod. These different permeabilities are based upon several
IS the etfiective magnetic path 1ength with SDECIMENS Y26 M Ofigarent definitions of magnetic field strength. The general
longer. For the purpose of computing core loss, the active Mass i of the equation for relative permeability is:
is assumed to be: :

= B/(HT
m, = [,m/(4l) = 0.941/(4]) = 0.235m/l, kg H (HT".) _ . _
. whereB =B; + H_I';,. For convenience in calculating peak
10.4 Form Factor Correctior-See 9.4. permeability, the intrinsic inductior;, may be used instead of
10.5 Specific Exciting Power the normal inductionB, for most testing. This entails no loss

10.5.1 The specific exciting power at a particular fluxof accuracy untilH,I',, becomes appreciable in magnitude
density and frequency is calculated from the rms current in theelative toB,. If greater accuracy is requireB,should be used.
primary of the test frame and the rms voltage induced in the 10.7.2 Impedance Relative Permeability

secondary as follows: W= BI(H,T",)
Pag:p) = Eal/my,V—Alkg 10.7.3 Peak Relative Permeability
10.5.2 In the 25-cm Epstein frame, it is assumed the 0.94 m Wy = BI(H, I

is the effective magnetic path length with specimens 0.28 m or
longer. For the purpose of computing exciting power, the active
mass is assumed to be:

my = |,m/(4l) = 0.941(4l) = 0.235nl, kg

10.6 Exciting Current and Magnetic Field Strength

10.6.1 Exciting current is assumed to be the rms vadlue where:
unless otherwise specified. Ngc = dc winding turns of the test frame and

| = measured rms currem lqc = dc bias current (measured). _
o . . When the dc magnetic field strendil is present, the values

The magnetic field strengtHl determined froml is based  of core loss, exciting current, and so forth measured and their
upon the assumption that the peak of the current//2 1 . In gerived properties, specific core loss, specific exciting power,
fact, this is not true because the current waveform is generallynq rejative permeability are all considered to be incremental
distorted and nonsinusoidal for sine voltage waveforms. This i§a|yes, for exampleR,, |, Pag Pac(Bif), PsB:f), and .
due to the nonlinear induction characteristics of magnetierhese are measured and calculated as though the dc bias were
materials other than air. However, this is accepted practiceyot present.
Hence:

H, (impedance magnetic field strength /2N,1/1;, A/m

10.7.4 Inductance Relative Permeability
M= BI(H )
10.8 Incremental dc (Biasing) and Magnetic Field Strength
Hy(dc magnetic field strength= Nyd /11, A/m

11. Precision and Bias of Measurement
11.1 Estimated Reproducibility Between Laboratories

whereN; is number of turns in the test frame primary. 11.1.1 At low frequencies and moderate inductions: core
10.6.2 Peak Exciting Currert-This is the measured peak |oss +3 %, relative permeability-5 %.
current: 11.1.2 At low frequencies and high inductions: core loss
IP = measured peak currem, +4 %, relat've permeabl|lt)t5 %.
11.1.3 At 5000 Hz: core losg4 %, relative permeability
=lp-p A +5 %.
11.1.4 At 10 000 Hz: core loss5 %, relative permeability
=EB/nA +5 %.

11.2 Note that the above are estimates of the between-

=E,_J2r, A o . .
oo/ laboratory reproducibility for tests according to this test
Hence: method. The within-laboratory repeatability should be much
H, (peak magnetic field strength= NI /1;, A/m better than the above values.

11.3 Bias—At date of this revision, no accepted reference
material and data covering the scope of this test method is
available. Therefore, no statement of bias can be made.

10.6.3 Inductance Exciting Current (Optionah This is the
inductance or reactance component of the exciting current:

I, = reactive component df
12. Keywords

This is usually measured &, vars on WATT/VAR meters, )
12.1 alternating-current; ammeter; core loss; customary

where: : . o
3 units; Epstein; exciting power; flux voltage; form factor;
L= PofBa A incremental magnetization; induction; magnetic; magnetic ma-
Hence: terial; magnetic test; permeability; voltmeter; wattmeter
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ANNEXES
(Mandatory Information)

Al. RECOMMENDED STANDARD TEST INDUCTIONS AND TEST FREQUENCIES

Al.1 Recommended Standard Test Poiaténless other- to test frequencies listed in Table Al.1. Standard test inductions
wise specified, the test frequency shall be 400 Hz. If test valuefor the various standard test frequencies are also shown.
at higher frequencies are required, preference should be given

TABLE Al1.1 Recommended Test Inductions for Standard Test

Frequencies
Induction
Frequency, Hz
kG T

400 10 or 15 1.0 orl5
800 5or 10 0.5 orl0
1000 5or 10 0.5 or1.0
1600 2or 5 0.2 or05
3200 2or 5 0.2 or0.5
5000 lor 2 0.1 or0.2
10 000 050r 1 0.050r 0.1

A2. EXAMPLE OF LOSS SEPARATION CALCULATION USING THE “TWO FORM FACTOR METHOD”

A2.1 In the following equations, “core loss” designates E;, andE,, are the rms values of the secondary voltage at
either net core loss as measured or specific core loss in eithdistortion Levels 1 and 2, respectively.
customary or Sl units. It is necessary, of course, to be

consistent in the quantities. . )
E; = flux voltage at the specified flux density,

A2.2 The “Two Form Factor” method assumes that the € percent eddy-current loss,
corrected core loss at either form factor will be the same, thush percent hysteresis loss, and also

P,(100)/(h + eKy) = P,(100/(h + eky) e =100h. _ , _
Substituting in the above equation and solvingdpyields:
where: e=100F, = P/[P1(K; = 1) =Py(K, = 1)]
P, = observed core loss (specific core loss) at distortion
Level 1, Note A2.1—Although there are several methods mentioned in litera-

P, = observed core loss (specific core loss) at distortionture, the “Two Form Factor” and “Two Frequency” methods are com-
monly used. The" Two Form Factor” method is preferred because the

Level 2, .
K, = (E r/Ef)2 measurements made at each form factor value are those encountered in
Kl — (ElrlEf)z’ this test method. It also is easy to achieve two different levels of form
2 2 factor with most test equipment.
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