[‘IM/) Designation: A 773/A 773M — 01

ull

INTERNATIONAL

Standard Test Method for
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This standard is issued under the fixed designation A 773/A 773M; 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 erties of Materials at Power Frequencies Using Wattmeter-

1.1 This test method provides dc hysteresigraph procedures Ammeter-Voltmeter Method and 25-cm Epstein Test
(B-H loop methods) for the determination of basic magnetic ~ Framé _ _
properties of materials in the form of ring, toroidal, link, A 596/A596M Test Method for Direct-Current Magnetic
double-lapped Epstein cores, or other standard shapes that may Properties of Materials Using the Ballistic Method and
be cut, stamped, machined, or ground from cast, compacted, RiNg Specimerfs
sintered, forged, or rolled materials. It includes tests for normal 2-2 Other: ) )
induction and hysteresis taken under conditions of continuous 'EC Publication 404-4: Magnetic Materials—Part 4: Meth-
sweep magnetization. Rate of sweep may be varied, either ods of Measurement of dc Magnetic Properties of Iron and
manually or automatically at different portions of the curves Steel (1995)
during tracing. Total elapsed time for tracing a hysteresis Ioo% Summary of Test Method
is commonly 10 to 120 s per loop. ' , ) ) .

1.2 The values and equations stated in customary (cgs-emu3-1 AS in making most magnetic measurements, a specimen
and inch-pound) or SI units are to be regarded separately 48 Wound with an exciting winding (the primary) and a search
standard. Within th is standard, S units are shown in bracket&ll (the secondary) for measuring the change in flux. When an
The values stated in each system may not be exact equivalenfXCiting current, |, is applied to the primary winding, a
therefore, each system shall be used independently of the oth&f@gnetic field,H, is produced in the coil, and this in turn

Combining values from the two systems may result in nonconProduces magnetic flug in the specimen. In uniform speci-
formance with this standard. mens that do not contain air gaps, such as ring samples, all of

1.3 This standard does not purport to address all of theth€ €xciting current is used to magnetize the specimenj-aind
safety concerns, if any, associated with its use. It is thdS proportional td in accordance with the following equation:

responsibility of the user of this standard to establish appro- H=KI
priate safety and health practices and determine the applica- @
bility of regulatory limitations prior to use. where:

I current in the exciting coil A; and

2.1 ASTM Standards:

' ) K constant determined by the number of primary turns
A.34/A 34M Pre_lctlce fo_r Sampling and Procurement Test- the magnetic path length of the specimen and system
ing of Magnetic Materiafs of units.

A 341/A 341M Test Method for Direct Current Magnetic 37 1 The magnetic flux may be determined by integration
Properties of Materials Using D-C Permeameters and thg ihe jnstantaneous electromotive force that is induced in the

A%ilgsfll'c Te'at Mhe:jh?O%Al 0 " P secondary coil when the flux is increased or decreased by a
est Method for Alternating-Current Magnetic Prop- yaryving H. The instantaneous voltage, is equal to:
d
e=—NK 1d—dt’ 2

1 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.
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or usually necessary to use a permeameter. This is shown in the
1 block diagram of Fig. 2. When using permeameters, the value
¢ :K—leedt of H in the gap is generally not proportional tathat flows
through the exciting coil of the yoke. In these cases, the value
where: . ) of H is determined by integration of the electromotive force
dt = time differential, that is induced in al coil (or Chattock potentiometer) or from
N = nun]ger of turns, and the signal developed by a Hall probe which is placed near the
Ki = 10 "“for cgs-emu system, df, = 1 for SI system.  qpacimen. When using a coil, the determination of is

accomplished with ahl integrator in exactly the same manner

! : as that used to determine flux with tBentegrator described in
can be accomplished by several means, as describ®8TM 3 1 \hen using a Hall sensor, thé values are determined

STP 526 (1) * The most common method uses an electronicom the voltage output which is proportional k In some
integrator consisting of a hlgh—gam dp ampl!fler with resistive-cases. thed versusl relationship may be sufficiently linear
capacitive feedback. The relationship fedtis: from 0 to the coercive field strengthi() of the material under
E:icf et 3) test. In such cases, it is acceptable to determine the second
R quadrant of the hysteresis loop by determinidgfrom the
value ofl in the exciting winding.

The flux ¢ can be obtained ifedtcan be determined. This

where:
E output voltagey,

4. Significance and Use

R input resistance of the integrator in the secondary _ _ _ _ _
circuit, Q; and 4.1 Hysteresigraph testing permits more rapid and efficient
C = the feedback capacitande, collection of dc hysteresiBBfH loop) data as compared to the
By combining the two equations: point by point ballistic Test Methods A 341/A 341M and
ERC A 596/A 596M. The accuracy and precision of testing is
ONK, o i
b= morE =RC (4)  comparable to the ballistic methods. Hysteresigraphs are par-

. . _ ticularly desirable for testing of semihard and hard magnetic
If the voltage E, is applied to thé¥ axis of anX-Yrecorder,  aterials where either the entire second quadrant (demagneti-

the ¥ deflection of the pen is propqrthnal to the fluk, zation curve) or entire hysteresis loop is of primary concern.
3.1.2 Measurements of magnetic field strength and flux by 4 5 proyided the test specimen is representative of the bulk

the hysteresigraph method is illustrated in the block diagram °§ample or lot, this test method is well suited for design,

Fig. 1. The system consists of a magnetizing power source, at,qification acceptance, service evaluation and research and
exciting current controller, an electronic flux integrator, and adevelopment

data recorder. As exciting current is applied to the coil, a
voltage proportional td is produced across the shunt resistors |nterferences
which is connected in series with the primary coil. This voltage

determines the value 4. referred methods for determining the basic magnetic proper
3.1.3 In the testing of hard magnetic materials, or SOftges of a material. However thigs test methodg has spevgral
magnetic materials in the form of wire, bars or rods, it is. . ' S )
important requirements. Unless adequate inside diameter to
outside diameter ratios are maintained in the test specimens,

4 The boldface numbers in parentheses refer to the list of references at the endgf’e magnetic field Strength will be excesswely nonuniform
this test method. throughout the test material and the measured parameters

5.1 Test methods using suitable ring-type specimens are the
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TABLE 1 Permeameters Recommended for Use With

cannot be represented as material properties. The basic quality Hysteresigraphs

of materials having directional sensitive properties cannot be
tested satisfactorily with punched rings or laminations. With Note 1—Other permeameters may be suitable for use with dc hyster-
them it is necessary to use Epstein specimens cut with theisé%rf/&hgﬂhfre appropriate modifications are made. Refer to Test Method
. . . g . or other permeameters.
lengths in the direction of specific interest or use long
Iink—shqped or Spi_ral_ly Woun_d core test SpeCimenS ths_e Iong Permeameter Magnetic Field Strength Range H Measurement
dimensions are similarly oriented. The acceptable minimum Device
. . . . . . Oe KA/m
width of strip used in such test specimens is also sensitive to— ,
the material under test. At present, it is believed the silicorﬁjﬁ?'tsﬁ;;)ex 455 e 328 e Ciment Hcol
steels should have a strip width of at least 3 cm [30 mm]rany Simplex Super  100/2500 8/200 H coil
Unless ring specimens are large, it is difficult to provideH Adapter(6) _
sufficient magnetizing turns or current-carrying capacity to,cc %ggg 1500 1200 1 cor. el probe
reach high magnetic field strengths. In general, magnetiGtmus (s, 7) 100/20 000 +  8/1600 + H coil, Hall probe
materials tend to have nonuniform properties throughout the
body of the test specimens; for this reason, uniformly distrib-
uted test windings and uniform specimen cross-sectional area
are highly desirable to average nonuniform behavior to dest specimen. The field gradients in both of these directions
tolerable degree. will differ in the various permeameters. Also thiesensing and
5.2 When conducting permeameter tests on bars, rods, arsensing coils of the different permeameters are not identical
other appropriate specimens, this test method covers a rangeiofarea, in turns, or in length or identically located. Although
magnetic field strengths from about 0.05 Oe [4 A/m] up totest specimens are prepared to have uniform physical cross
about 20 000 Oe [1600 kA/m] or more, depending on thesection, they may have undetected nonuniform magnetic prop-
specimen geometry and the particular permeameter that &rties radially or axially along the specimen length adjacent to
used. In general, the lower limit of magnetic field strength isthe H or B coils. Some permeameters may also introduce
determined by the area-turns of tHecoil (or the sensitivity of ~ clamping strains into the test specimen. For these reasons test
the Hall probe if it is used), the sensitivity of the integrator, andresults obtained on a test specimen with one type of permeame-
the sensitivities of the measuring and recording componentser may not compare closely with those obtained on the same
The upper limitation in magnetic field strength is determinedspecimen from another type permeameter, and both may differ
by the type of permeameter appropriate for the specimen, thigom more precise testing methods.
power supply, and the heat generated in the yoke windings. 5.2.2 The limitation in theB measurement by this test
Recommendations of the useful range of magnetic fieldnethod is determined by the number of turns on the specimen,
strength for the various permeameters are shown in Table the cross-sectional area, the permeability, and the sensitivities
Other types may be used with appropriate precautions. of the B integrator andX-Y recorder. In general, normal
5.2.1 In general, permeameters do not maintain a unifornmduction and hysteresis data may be determined from a flux
magnetic field in either the axial or radial directions around thdinkage corresponding to 1000 Maxwell turns [TOWeber
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turns] to an upper induction that corresponds to the intrinsic 7.2 When the test specimen represents a test lot of material,
saturation for most materials. its selection shall conform to the requirements of Practice
5.2.3 Some permeameters use compensation coils and r8-34/A 34M or of an individual specification.
quire continual adjustment of the current flowing through these 7.3 To qualify as a test specimen suitable for evaluation of
coils. This may not be compatible with commercially availablematerial properties, the effective ratio of mean diameter to
hysteresigraphs and can be a source of significant error.  radial width shall be not less than 10 to 1 (or an inside diameter
5.2.4 The magnetic test results, particularly for high permelo outside diameter ratio not less than 0.82). When the test
ability alloys, may not exactly agree with test results obtainecsPecimen has smaller ratios than the above requirements, the
by the ballistic methods, Test Methods A 341/A 341M andtest data should not be represented as material properties but
A 596/A 596M. This is due to the influence of eddy currentsshould be called core properties because of nonuniform flux
and the different nature of the magnetizing waveform betwee#istribution.

hysteresigraph and ballistic testing. 7.4 When link, oval-shaped, or rectangular test specimen
forms are used, the requirements of 7.3 apply to the end or
6. Apparatus corner sections where flux crowding occurs. When straight-

. sided test specimens are very long relative to the length of the
6.1 The apparatus shall consist of as many of the compg P ylong g

d hed in 6.2-6.6 ired : h corner or end sections, they are suitable for basic material
nents described In 6.2-6.6 as required to periorm the tests. _properties evaluation with relatively unoriented materials,

6.1.1 All apparatus used in this test method shall be caliprgyided the uncertainty in determination of true-path (effec-
brated against known standards to ensure the accuracy |Im|fﬁ,e) length is less than 1 % of the total path length. When this

given below. uncertainty in path length (shortest or longest relative to the
6.2 Balance or Scales mean-path length) exceeds 1%, the test values should be
6.2.1 The balance or scales used to weigh the test specimegported as core properties and not basic material properties.

shall be capable of weighing to an accuracy of 0.2 %. 7.5 The test specimen may be constructed of solid, lami-

6.2.2 The micrometer or dimensional measuring scales useathted, or strip materials and in any of the shapes described in
to determine specimen dimensions for calculation of crossi.l.
sectional area shall be capable of measuring to an accuracy of7.6 Test specimen cores made from strip may be laminated,
at least 0.1 %. machined, spirally wound, or Epstein specimens (the method

6.3 Magnetizing Power SoureeThe power source may Of selection for Epstein specimens is described in Annex A3 of
range from simple batteries to sophisticated regulated, lowTest Method A 343). When the material is to be tested half
ripple, protected, programmable types. It shall have sufficientransverse and half longitudinal, the material shall be cut into
capacity to produce the maximum currents required for magEpstein strips or square laminations of adequate dimensional
netization of the specimen under test. ratio.

6.4 Exciting Current ControllerInstantaneous value of 7.7 Test specimens used for basic material evaluation shall
magnetizing current, and its rate of change, may be controlleB€ cut, machined, ground, slit, or otherwise formed to have a
entirely manually by means of rheostats, potentiometersSross section that remains sufficiently uniform that its nonuni-
shunts, reversing switches, and so forth; semiautomatically b{prmity will not materially affect the accuracy of establishing
means of variable-speed motors or sweep generators, and 88d measuring inductior, or magnetic field strengtt, in
forth; or entirely automatic by means of rate sensors, and sH'€ test specimen. . .
forth. In all cases, components shall be capable of carrying the 7-8 When required for material properties development, the
required currents without overheating, and controls shall be oSt specimen shall have received a stress relief or other anneal
such design that magnetizing current may be increased Giter preparation. This anneal is subject to agreement between
decreased in a uniform manner so that smooth traces af@anufacturer and purchaser.
plotted on theX-Y recorder.

6.5 B or H Integrator—The flux integrator(s) may be any of
the types described iIASTM STP 52@or other) and should
have sufficient sensitivity, stability, linearity, and freedom from
drift to ensure an accuracy of at least 0.5 % of full scale.

6.6 Data RecorderThe B andH values can be recorded
and displayed by either analog or digitélY chart recorders,
dataloggers, or computers. The recording device shall b
capable of resolvind or H values of 1 % of the full-scale
value. For analog to digital converters, twelve-bit resolution i
desirable.

8. Test Specimens for Permeameter Measurements

8.1 The specifications in 8.2-8.11 cover the general case for
specimens in which the magnetizing force is not proportional
to exciting current and the specimen must be tested in
conjunction with a suitable permeameter.

8.2 Where possible, test specimen cross-sectional area shall
be directly measured using calipers or micrometers. If not
5ossible because of cross-sectional shape or surface roughness,
then the cross-sectional area shall be determined from the
Smass, length, and assumed density of the test specimen.

8.3 Test specimens in bar form may be of round, square, or
rectangular cross-sectional shape. In some permeameters, the
bar specimen may be a half round or any shape having a

7.1 The specifications in 7.2-7.8 cover the general case fanniform cross-sectional area. Permeameters must have a good
specimens in which magnetic field strength is proportional tanagnetic joint between the ends of the test specimen and the
the exciting current, that i$f = KI. permeameter yoke or pole faces. Generally, to achieve a good

7. Test Specimens for Ring-Type Measurements
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magnetic joint, the test specimen must be of square 00.5%. Calibration may be accomplished by means of a
rectangular cross section and must be machined or ground tertified Maxwell-turns generator, or volt-seconds generator, or
have straight and parallel surfaces. For permeameters usimgutual inductor, or by verification of input resistors and
specimens butted to the pole tips, the specimen ends must feed-back capacitors in operational amplifier-type integrators.
smooth and parallel.
8.4 When the material is in flat-rolled form and is to be 10. Calibration of Magnetizing Circuit

evaluated as half transverse-half longitudinal, the test sample 19 1 |n cases in which the magnetic field strength is
shall be sheared to have strip specimens in multiples of four i.gportional to current, such as in ring specimens, long
accordance with Table 2. When flat-rolled material is to begglenoids, special permeameters, and so forth, the shunt

evaluated in only one direction, the test specimen shalfgsistor(s) through which the magnetizing current flows shall
conform to Table 2 or to the requirements for best test qualityye yerified to at least 0.1 %, at rated current.

for the particular permeameter being used. For flat-rolled
materials of thickness 0.0100 in. [0.254 mm] or thinner, the tes§q calibration of Data Recorder

specimen cross-sectional area shall be not less than 0.310 .
in.2[200 mn?] and not more than 0.620 Aj400 mnf). 11.1 The various scales of the data recorder shall be

8.5 When the test specimen for strip materials is to be h(,j“?alibrated by means of a verified _voltage source to at least the
transverse and half longitudinal, the strips shall be positionet‘]UOted accuracy of the recorder in use.
to be composed of alternately transverse and longitudin
throughout the specimen and a transverse strip shall be placaig' Procedure
adjacent to the permeameters yoke or pole face. 12.1 The following test procedure is based on a hysteresi-

8.6 For full testing accuracy, the length and size of the tesgraph which features both manual and automatic control of
specimen must meet the requirements of the permeametgfagnetizing current, operational amplifier-type integrators,
being used. Generally for most permeameters, a test specim@fd an analo-Y recorder. The use of other hysteresigraphs,
length of 10 in. [254 mm] or more is required. Shorter including fully computerized units, is permissible and detailed
specimens with some permeameters require the use of poleperating steps will vary. However, the general test procedure
piece extensions and may cause a reduction in testing accuradg.similar in all units. The following procedure covers manual
Other permeameters are designed for short specimens withogiirrent sweeping, automatic current sweeping, and automatic
loss of testing accuracy. current sweeping with symmetrical tracing.

8.7 When the test specimen is short and is to butt endwise 12.2 Setup—The procedures of 12.2.1-12.2.6 should be
directly against the pole piece or pole piece extensions, it shaibserved for all methods of current sweep.
have ends with flat, smooth, and parallel surfaces. 12.2.1 Before beginning a test, allow a minimum warmup

8.8 All test specimen forms shall be cut, machined, orperiod of 10 min for all apparatus and instrumentation.
ground to have a uniform cross-sectional area along the active 12.2.2 Connect the specimen, observing polarity so that the
length of the test specimen. The cross-sectional area shall f¢n of the recorder moves in the first quadrant on initial
sufficiently uniform so that its nonuniformity does not materi- application of exciting current. (It is imperative that proper
ally affect the accuracy of establishing and measuring inducPolarity be established before demagnetization of the test
tion in the test specimen. specimen.)

8.9 When required for development of material properties, 12.2.3 Before test, demagnetize the specimen through the
the test specimen shall receive a stress relief or other anne@®ils by ac or dc techniques by establishing a magnetic field
after preparation. This anneal is subject to agreement betweé&trength sufficiently large to reach a point well above the knee
manufacturer and purchaser. of the magnetization curve. Then, while continuously cycling

8.10 Specimens of permanent-magnet material shall b#he magnetization, slowly reduce the magnetizing current to
processed previous to testing in accordance with a procedu#ero. (In the demagnetization process, down-switching of

acceptable to both the manufacturer and the purchaser. voltage taps to reduce current may result in current surges. It is
8.11 The test specimen shall conform to the requirements cdvisable to select voltage sources and controls that have the
Practice A 34/A 34M. ability to reduce current to a low value without switching taps,
preferably to a current level that does not exceed a value of 0.1
9. Calibration of Integrator(s) times the coercivity of the material.)

9.1 The integrator(s) may be calibrated by any convenient 12.2.4 For theB measurement, set th# integrator range

means that will ensure an integration accuracy of at leasind scaling potentiometer so that B is read directly on‘the
axis of the recorder.

12.2.5 For theH measurement, select the appropriate shunt
resistor (current range) and set the scaling potentiometer so that
H is read directly on th& axis.

TABLE 2 Number of Test Strip

Nominal Thickness Electrical Sheet Number of . . e -
_ Gage Number Strips 12.2.6 Before starting the current sweep, adjust the drift in
n. mm the integrators to minimum.
g-gggg o g-gig‘s’ g-gi‘ 1 ngg gg b ig 1; 12.3 Manual Sweep Methedlf a specimen is completely
B 0 0. . 0 1. (0) . oy e . . . .
0.0500 and over 1970 and over 18 and thicker 4 demagnetized, it is possible to obtain a normal induction curve

and symmetrical hysteresis loop by using manual sweep
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methods. However, since it is difficult to obtain smooth traces 12.4.3 Select the appropriate current range (shunts) and set
by manual control, recording by manual sweep is recomthe H-scaling control to give the desired full-scale magnetic
mended only when the test specimens have relatively loviield strength.

permeabilities, large cross sections, and a large number of 12.4.4 Set the controK control, to give the desired peak
secondary turns. (This permits coar&eandH calibrations, magnetic field strength. (THe,,, (%)) helipot may be varied to

and sweep control is not so crucial.) give any whole or fractional part of the full-scale magnetic
12.3.1 Before testing, follow the setup procedure describeéield strength).
in 12.2.1-12.2.6. 12.4.5 Setthe sweep speed of the controller to 20 s or longer

12.3.2 The controller shall be used in the manual mode. Theer loop, adjust the drift to a minimum, and place the pen of the
sweep current is controlled manually by tHesweep control.  recorder in the down position at the origin.

12.3.3 With the origin at the center of théY coordinates 12.4.6 Begin the current sweep. If the specimen is com-
and with the recorder pen in the down position, setHiswveep  pletely demagnetized, a normal induction curve will be traced
control at zero (center tap of control). Trace the normalin the first quadrant to (., B,), then H is automatically
induction curve by turning the control until the pen reaches theeduced and the trace proceeds@p+B,). The current sweep
desired +H,, on the recorder. At H,, turn the control to is automatically switched in polarity, and the second and third
decrease the magnetic field strength until the pen traverses tpadrants are traced. Atit;, — B,,) the current sweep is again
point B, (center tap of control) where the current reversesreduced, and the remaining half of the hysteresis loop is traced.
Continue to turn the control, increasing the current negativelyit is advisable to trace at least two complete loops to ascertain
until the pen reaches points H. and —H,,. Then turn to +H,,  if significant drift has occurred during the plot.
to complete the loop tracing. Minor loops are obtainable at any 12.4.7 If the loop traced in 12.4.6 is symmetrical about the
point of the major loop by reversing the control in incrementalorigin, the trace from the origin tél,,, is similar to a normal
amounts. induction curve; any point on the major loop is valid and may

12.3.4 If the loop obtained in 12.3.3 is symmetrical aboutbe read directly. If the loop is significantly displaced because of
the origin, the trace from the origin td,, is similar to a normal  incomplete demagnetization, the initial curve is not valid. If the
induction curve; any point on the major loop is valid and maymajor loop is only moderately displaced, approximate values
be read directly. However, if the loop is significantly displacedfor pointsB,, H., (H, B,) or any other may be obtained by
as a result of incomplete demagnetization, the initial curve isveraging corresponding positive and negative values.
not a valid normal induction curve. If the major loop is only  12.4.8 If theH, values of the specimen is very small relative
moderately displaced, approximate values for poikts 8,),  toH,,so thatH. andB , cannot be resolved with high accuracy,
H. and B, may be obtained by averaging correspondingthe H scale may be expanded to give increased sensitivities for

positive and negative values. accurate reading oB, and H.. Follow the procedures as
12.3.5 In obtaining magnetization and hysteresis data byescribed in 12.3.5.
hysteresigraph methods, very often tHgvalue of the speci- 12.4.9 Minor hysteresis loops are obtainable at any point of

men is very small relative tél,, so thatH, and B, cannot be the major loop by reversing the current sweep in incremental
resolved with high accuracy. However, this is overcome byamounts.
expanding theH scale (increasing the sensitivity) whenthe 12 5 Automatic Sweep With Symmetrical Trace Method
pen reaches, (or H = 0). When recording manually, stop the The preferred method for obtaining magnetization and hyster-
current sweep at 8, then change the current range settingesis data by hysteresigraph methods is to use symmetrical trace
(shunts) to give the appropriate sensitivity to measHte  cjrcuitry which enables automatic tracing of symmetrical
accuratelly (ratios to 2.5 to 300 are _p_o;sible). An altema“V%ysteresis loops about the origin. By this method, a loop is
method is simply to change thesensitivity on the recorder raced symmetrically about the origin regardless of the degree
when the pen reachesB. If extreme changes in sensitivity of residual magnetism in the specimen. In using the automatic
are required, a combination of both methods may be used. symmetrical method of hysteresigraph testing, a normal induc-
12.3.6 In obtaining a major hysteresis loop, a minimum oftion curve is determined (point by point) from the positive tips
two loops shall be traced to assure that the specimen is in & major hysteresis loops. The curve is obtained by tracing a
symmetrically cyclically magnetized state and to assure thatumber of symmetrical loops, starting at low valuesHo&nd
significant drift has not occurred during the test. progressively increasing the size of the loops in convenient
12.4 Automatic Sweep Methedln obtaining magnetization steps. Plots of the various loop tips will give the normal
and hysteresis data by hysteresigraph methods, automaiisduction curve. For greater sensitivity and maximum use of
sweeps are preferable because of better control of sweefhart area, the automatic symmetrical mode may be used to
current for tracing smooth loops. If a specimen is completelyadvantage by tracing half loops by placing the origin at a
demagnetized, it is possible to obtain curves similar to normatonvenient location in the lower left hand section of the chart

induction curves and symmetrical hysteresis loops. and recording only the positive tips of the hysteresis loops in
12.4.1 Before testing, follow the setup procedure describethe first quadrant. In this case, the pen is over driven inthe
in 12.2.1-12.2.6. andY directions, but this does not alter the accuracy.

12.4.2 Switch the controller to the automatic mode. This 12.5.1 Before testing a specimen, follow the setup proce-
introduces the controller circuitry for automatic control of the dure described in 12.2.1 to 12.2.6. The use of symmetrical
sweep current. tracing does not eliminate the need for demagnetization when
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maximum inductions less than those corresponding to the knemagnetic field strength is not proportional to the current flow in
of the magnetization curve are to be measured. the magnetizing yokes, the current flow in the magnetizing
12.5.2 Switch the controller to the automatic symmetricalcoils for a particulaH value must be determined by trial and
mode. This introduces the circuitry for automatic control oferror. Since this is normally done with the test specimen in
sweep current and automatic tracing of symmetrical hysteresilace, demagnetization may be required before conducting the
loops. actual test.
12.5.3 Select the appropriate current range (shunts) and set . _
the H-scaling control to give the desired full-scale magneticl3- Calculations When Using Permeameter Procedures
field strength. 13.1 Where possible, test specimen cross-sectional area
12.5.4 For maximum use of chart area, select the origin at &hall be directly measured using calipers or micrometers. If not
convenient location in the lower left-hand section of the chartpossible as a result of cross-sectional shape or surface rough-
12.5.5 Set the sweep speed of the controller to 20 s or longdless, then the cross-sectional area shall be determined from the
per loop and adjust the drift to a minimum. mass, length, and assumed density of the test specimen as
12.5.6 Set thed control to give a small value of magnetic follows:
field strength for tracing a small loop. Start the current sweep.
12.5.7 If the secondary leads are connected with proper
polarity, the pen (in the up position) will first move to the right Where:

A= ®)

ol 3

cross-sectional area, ém?;

move through the fourth quadrant then tdH(; -B,,) in the specimen mass, g, [kg]:

third quadrant. As the pen returns fronHg, —B,)), the tracing material density, g/cAikg/m 3]; and
will be in a symmetrical position with respect to the origin and | specimen length, cm [m].
the pen may be placed in the down position. The positive tip of 13 2 In many permeameters, tBecoil area is much larger
the loop represents one point of the normal induction curve. than the test specimen area; when this occurs, a correstion,
12.5.8 To obtain additional test points, increase Hyg  for air flux in the B coil is required. Make this correction as
settings by convenient amounts to obtain successively largggllows:
loops by repeating the procedure in 12.5.7. A plot of the tips of 13.2.1 Determine the correctiok,, as follows:
the various hysteresis loops will give a normal induction curve. “A
12.5.9 To ascertain if significant drift has occurred and to K, =3“T (6)
assure that the specimen is in a symmetrically cyclically
magnetized state, it is required that a minimum of two loops bewhere:
traced for each test point. a, = cross-sectional area of test coil, €fm? and
12.5.10 If theH_ value of the specimen is very small relative Ac = Cross-sectional area of test specimen;’ fmr].
to H,, so thatH, andB, cannot be resolved with high accuracy, 13.2.2 Determine the induction in the test specin&nas
theH scale may be expanded to give increased sensitivities fdPllOws:
accurate reading dB, and H; as described in 12.3.5. When B = By — Kol H
testing in the automatic symmetrical mode, the procedure for (7
obtainingH, is identical to that in 12.3.5 with the exception
that the change in sensitivity is made &,-in which case the
value of 4 is recorded on the chart. An alternative and _ magnetic field strength, Oe [A/m]; and
preferred method for obtaining, is to stop the current sweep I, = magnetic constant of free space (in cgs-emu system

as the pen approacheB from (+H,, + B,,). The pen will fall to I’ = 1 gauss/oersted; aiit}, = 47 X 10" "H/m in the
the B, value. Srlnsystem. ,

12.5.11 The procedures described in 12.5.1-12.5.10 cover 13 2 3 For hysteresis loops:
the point-by-point method for obtaining normal induction

in the first quadrant then fall sharply ®= 0. The pen will A,
m
d

= induction in test specimen, G [TJ;

properties when using hysteresigraphs with automatic symme- Brue = B~ (ABops ~ Kol nAH) ®)
try. Full loop properties, including minor hysteresis loops, may \yhere:

be obtained by the same procedure by placing the origin atthgs, . = induction at the test point on hysteresis curve, G
center of the chart and recording the entire loop. Minor [T];

hysteresis loops may be traced at any point of a major loop by, = maximum value of induction for hysteresis, G

reversing the current sweep in incremental amounts. [T];

12.6 The procedures for obtaining magnetization propertiesAB,s change in induction fronB,, to By, G [T]; and
of rod- and bar-type specimens on either soft or hard magnetiéAH change in magnetic field strength, Oe[ A/m].
materials typically require the use of an appropriate permeame- ]
ter. However, the procedures are identical to the method4- Report When Using Permeameter Procedures
described in 12.1-12.5 with the following exceptions: First, the 14.1 When normal induction or hysteresis tests are made in
H measurement is made with aA coil (since H is not a permeameter, report the following along with the test data:
proportional to exciting current); hence, the hysteresigraph 14.1.1 Name or type of permeameter used.
must be equipped with a second integrator. Secondly, since the14.1.2 Size and shape of the test specimen.
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14.1.3 With hysteresis data, when coercive field strengthyyhere:
residual induction, or other specific hysteresis test points areq
reported, the value of cyclically symmetrical peak magnetic N
field strength or induction is required. I

14.1.4 When values are reported, as those for saturatiomy, mean magnetic path length, cm [m]; and
induction, the corresponding value of magnetic field strengthKz = constant equal to Omfor cgs-emu units and 1 for Sl
shall also be reported. units.

16.1.1 For aring specimeh, is determined from the mean
circumference. For the Epstein frame, the mean magnetic path

length is assumed to be 94 cm (940 mm), and this equation for
15.1 The reliability of the results of magnetic tests inthe 700-turn Epstein test frame is as follows:

permeameters depends not only upon the method or apparatus 0.4m X 700
used, but also upon the nature of the specimen. The most H=—3g7—=93580e (10)
common sources of variations in magnetic properties as a result
of the test specimen aré€l) lack of uniformity in magnetic H = 7447 [A/m]
properties along the length of the specimé2), mechanical 16.1.2 For the 352-turn Epstein frame:
strain, and(3) temperature variations. Variations because of 0.4% X 352
these causes are difficult to measure and may be large. H=—g7—=47080e (11)

15.2 In comparing the results of dc magnetic tests, it should H = 374.5 [A/m]
be recognized that flux densityg, and magnetizing field
strength,H, are independently determined quantities, each of 16.2 When nonlaminated test specimens have very smooth
which is separately subject to experimental error. Brerors surfaces and precise uniform dimensions, the cross-sectional
include those caused by nonuniform induction and nonunifornrea shall be determined from physical measurements. In all
properties along the specimen length. Field distortion irother cases, the effective test specimen area shall be deter-
permeameters may be severe around the test specimed andnined from measurements of mass, length, and density as
coils. For this reason, the determination f in the test follows:

magnetic field strength, Oe [A/m];
number of turns in magnetizing cadi,;
current through the magnetizing coil, [A];

15. Precision and Bias When Using Permeameter
Procedures

specimen is inherently less accurate than the determination of m

B induction. With some permeameters the use ofHlipoils or A1 (12)
multiple H coils with extrapolation to the specimen surface or

Hall effect devices may improve the accuracybfletermina- ~ Where: . . —

tion. However, the field around these devices and the tes _ :gi :pgg:mgﬂ rcnrg::-sec[:lt(lo]r?al area? ]
specimen is distorted in both the axial and radial directions. To _ test sBecimen Iengtﬁ gcm?rﬁ]' and

be effective they must be used in such a manner as to integratg = density of test specirﬁen maferial gfiky/md.

the field around the test specimen and over the same length 3516 51 Eor the Epstein test frame: '

that covered by thB coil. The magnitudes of the various errors - '

are peculiar to the test permeameter and the characteristics of A = m (13)
the material under test. For a given set of corresponding 415

measured values @& andH wherein the errors are:AB and wherel is the length of the Epstein strips.

+AH in B andH, respectively, the true characteristic curve of 163 The Epstein test frame coils are built considerably
the test specimen may lie anywhere within the boundaries Ofrger than the test specimen cross-sectional area. To avoid the
the region defined by the two curves £ AB) versustl —AH)  need for manual air-flux correction, a compensating mutual
and @ - AB) versus (i + AH). inductor is built into the test frame. This means that the
15.3 For specimens having a satisfactory degree of uniforingyction measurements are intrinsic inducti@, measure-

mity, clamped or mounted so as to be free from mechanicahents. To obtain normal inductioB, the following equation
strain, and kept at a constant temperature within 5°CHor must be used:

greater than 1 Oe [80 A/m], the methods may be expected to
determine average inductioB, to a precision oft1 % and to

determine average magnetic field strengithto the precisions  where:
of =4 % or better. When these values are combined toB
calculate permeability, H, its precision may be expected to fallB
within the limits imposed by the sum of the precisions of H

B=B +I,H (14)

normal induction in test sample, G [T];
intrinsic induction in test specimen, G [T];
magnetic field strength, Oe [A/m]; and

measurement for the correspondiBgndH values. I'n magnetic constant of free space (in cgs-emu system
) ) ) r,=1 gauss/oersted in Sl system
16. Calculations When Using Ring Test Procedures I, = 4w X 1077 Him).

16.1 The average magnetic field strength applied to the test 16.4 When ring testing is conducted at high field strength,
specimen by the current through the magnetizing coil isand particularly when th& coil surrounds an appreciable air

determined from the equation: flux in addition to the core flux, the test values shall be
KNI corrected for air flux as follows. Wind a duplicate set of
H= I ©) windings around a nonmagnetic core of identical size. Connect
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the magnetizing windings in series aiding and Bsensing instrumentation is used, the determinatiornias within 1.0 %.
windings in series opposition with the respective test-cord-or the Epstein frame, caused by the corner joints, there is
windings. This provides air-flux compensation and the measome uncertainty as to the true path length, and the determi-
surements become intrinsic inductid, as for the Epstein test nation ofH is within 2.0 %. When the effective inside-outside
frames. This method is usually more accurate than estimatindiameter ratios are allowed to fall below 0.82, additional errors
the air-flux linking theB-sensing winding. in path length occur, which may reach 10 % or more for poor

16.5 When the air-flux corrections must be calculated fronratios. Under these conditions, test data should not be reported
estimated coil areas, the procedures described in 13.2.1 ard material properties.
13.2.2 should be used. 18.2 The precision of determining inductioB, is depen-

) i dent on the quality of the integrator and recorder calibration, on

17. Report When Using Ring Test Procedures the uniformity of material, and accuracy of determining the

17.1 When normal induction values or hysteresis-loopcross-sectional area of the test specimen. When the best
points have been measured for the purpose of reporting basiestrumentation and calibrations are used, the average induc-
material properties, report the following along with the testtion B, is determined within 1.0 %.

data: 18.3 If the inside-outside diameter ratios are held to 0.82 or
17.1.1 Complete identification of test specimen type orabove, the nonuniformity of flux distribution over the test

shape. specimen is minimized. With lower ratios the flux distribution
17.1.2 Size and dimensions of the test specimen. is excessively nonuniform and it is no longer proper to describe
17.1.3 Mean diameter to radial width ratio or the inside tothe sample material as being tested at a given induction level.

outside diameter ratio of the test specimen. For this reason such test values should not be reported as

17.1.4 Type test and corresponding values of magnetic fielehaterial properties but as core properties at the indicated
strength and induction or their ratio in terms of permeability.induction.
When permeability is reported, the corresponding value of 18.4 When permeability is calculated, the errors associated
eitherB or H shall also be shown. with both B and H are included. For ring specimens having
17.1.5 When hysteresis-loop properties are reported, thiaside-outside ratios of 0.82 or higher, the basic material
value of peak magnetic field strength or peak induction usegermeability will be determined within 2 %. For the Epstein
for the cyclic reversals or test shall also be reported. test frame, the material permeability determinations should be
17.1.6 When saturation or other high induction values arevithin 3 %. When inside-outside diameter ratios are allowed to
reported, the value of magnetic field strength shall also belrop below 0.82, large errors in determination of material
reported. permeability may appear. (With poor ratios, such as those
. ) ) ) found in many punched lamination stacks, the errors in
18. Precision and Bias When Using Ring Test Procedures  yatermination of the basic material permeability may exceed
18.1 The precision of determining magnetic field strergth 25 95,)
is usually dependent on the accuracy of current measurement,
and ability to maintain identical current after reversal and in thel9- Keywords
accuracy of determining magnetic path length. When the inside 19.1 dc hysteresigraph; dc hysteresis; Epstein test; Hall
diameter to outside diameter are known precisely and the beptobe; hysteresis loop; permeameter; ring-type specimen

APPENDIX
(Nonmandatory Information)

X1. SYMMETRICAL HYSTERESIS LOOPS WITH D-C ELECTRONIC HYSTERESIGRAPHS

X1.1 General adjusting theY axis of the recorder to position the loop, and

X1.1.1 When tracind3-H loops on a recorder, it is difficult then restoring the output of.the integrator to its original state
to obtain symmetricaB-H characteristics because of residual @nd proceeding to plot the final loop.
magnetism in the test specimen. It is desirable for efficient X1.2.2 With the recorder pen off the paper, plot an imagi-
operation that the controller either be provided with electronicnary loop by cycling the test specimen several times
circuitry for centeringB-H loops or a simple manual procedure from +H,,., to —H,,., t0 ensure that the material under test is
be established to accomplish the centering. When digital datan the major hysteresis loop. During these several cycles, the
acquisition is used, centering can be done mathematically. Thategrator sensitivity should be adjusted to yield the desired

manual procedure is outlined in Section X1.2. excursion of the pen along th& axis.
X1.2.3 After the specimen has been conditioned through
X1.2 Manual Procedure several cycles and following theH-excursion, theH level is

X1.2.1 Centering can be accomplished by attenuating theeturned to zero (which corresponds t8,): At this point, the
output of the flux integrator by half, plotting a half-size loop, integrator sensitivity is set at half value, the integrator is
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zeroed, and the pen, still off the paper, is positioned at théhe integrator sensitivity is restored to its original level, and the
intersection of theB andH axis. desired hysteresis loop is recorded on the paper with the center

X1.3 TheH drive of the hysteresigraph is then varied from of .this loop coinciding with the intersection of tfi and H

H =0to +H,,backtoH =0. The pen is placed on the paper, axis.
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