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Fully Processed Magnetic Lamination Steel
This standard is issued under the fixed designation A 840/A 840M; 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 epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope A 719 Test Method for Lamination Factor of Magnetic

1.1 This specification covers cold-rolled carbon steel coils Materials
or strip used in the fully processed condition in magnetic3
lamination applications. ' ) ) -

1.2 This steel is produced to specified maximum core-loss 3:1 The terms and symbols used in this specification are
values and is intended primarily for commercial power fre-defined in Terminology A 340.
qguency (50- and 60-Hz) applications in magnetic devices4‘ Classification
Desirable core-loss and permeability characteristics are devel- , L
oped during mill processing, so further heat treatment by the 4.1_The f“"y_ Pfoce??‘?d_ magnetic Iamlna'glon steel types
purchaser is not necessary for most uses. described by this specification are as shown in Table 1.

1.3 Fully processed magnetic lamination steels are flatg Ordering Information
rolled low carbon iron alloys having 1 % maximum silicon and
0.4 % maximum aluminum.

Terminology

5.1 Orders for material under this specification shall include
1.4 The values stated in customary (cgs-emu and inch2S much of the following information as necessary to describe

pound) units are to be regarded as standard. The values givie desired material adequately:

in parentheses are mathematical conversions to Sl units, which gi; QSTM s]E)emflcqtuI)nfnlLljmber. q ic lami
are provided for information only and are not considered °-1-2 Name of material (fully processed magnetic lamina-

tion steel).
standard.
5.1.3 ASTM core-loss type number.
2. Referenced Documents 5.1.4 Thickness, width and length (if in cut lengths instead
2.1 ASTM Standards: of coils).

5.1.5 Total weight of ordered item.

5.1.6 Limitations in colil size or lift weights.

5.1.7 End Use—The purchaser shall disclose as much
Magnetic Testing pertinent information as possible about the intended applica-

A 343 Test Method for Alternating-Current Magnetic Prop- tion to enable the supplier to provide material characteristics

erties of Materials at Power Frequencies Using WattmeterMOSt suitable for specific fabricating practices. o
Ammeter-Voltmeter Method and 25-cm Epstein Test 5-1.8 Special requirements or exceptions to the provisions
Framé of this specification.

A 664 Prapticg for the IdentificaFion of Standar.d. Electrical-5  Manufacture
and Lamination-Steel Grades in ASTM Specificatfons

A 700 Practices for Packaging, Marking and Loading Meth-
ods for Steel Products for Domestic Shipn¥ent

A 34/A 34M Practice for Sampling and Procurement Test-
ing of Magnetic Materiak
A 340 Terminology of Symbols and Definitions Relating to

6.1 Melting Practice
6.1.1 These fully processed magnetic lamination steels may
be made by basic oxygen, electric furnace, or other steelmak-
ing practices.
. . 0
1 This specification is under the jurisdiction of ASTM Committee A06 on 6.1.2 These St(_e_els typlc_a_lly contain _Iess than 0.03 % carbon.
Magnetic Properties and is the direct responsibility of Subcommittee A06.02 on 6.1.3 The addition of silicon, aluminum, manganese, and
Materials Specifications. phosphorus may be used to enhance punchability and improve
Current edition approved Oct. 10, 2000. Published December 2000. Originall P P R R P fativgi
published as A 840 — 85. Last previous edition A 840 — 91 (1996) ¥nagnet|c' propertles by Increasing electrical resistivity. .The
alloy additions are usually restricted such that the density of

2 Annual Book of ASTM Standardgol 03.04. ! Hst
3 Annual Book of ASTM Standardgol 01.05. these steels is maintained above 7.825 §/Et825 kg/nd).
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TABLE 1 Core-Loss Types “ and Maximum Core-Loss Values at 15 kG (1.5 T) and 60 Hz  for As-Sheared Epstein Specimens €

ASTM Core-Loss Type” Strip Thickness. Maximum Core Loss Typical Relative Peak
in. (mm) wilb (W/kg) Permeability
47C550 0.0185 (0.47) 5.50 (12.13) 1150
47C600 6.00 (13.23) 1300
64C700 0.025 (0.64) 7.00 (15.43) 1250
64C750 7.50 (16.53) 1400

ASee Practice A 644.
BMaximum core losses at 15 kG (1.5 T) and 50 Hz are 0.79 times maximum core loss at 60 Hz.
COne half of the strips cut parallel to and one half of the strips cut perpendicular to the rolling direction.

6.1.4 Residual elements such as copper, nickel, chromiun®. Dimensions and Permissible Variations

molybdenum, and tin should be held as low as practicable. g 1 Thickness-Specified thickness should be one of the
6.1.5 The producer is not required to report chemical.ommon thicknesses as follows:

composition of each lot except where a clear need for such

. R Thickness, in. (mm)
information has been shown. In such cases, the analyses to be
reported shall be negotiated between the manufacturer and the 0.0185 (0.47)
purchaser. 0.025 (0.64)
6.2 Typical Processing 9.2 Thickness Variations-The average thickness of the

6.2.1 Processing sequence for fully processed magnetimaterial supplied shall be as close as possible to the ordered
lamination steel comprises hot rolling, pickling, cold rolling, thickness. Measurements made with a contacting micrometer
and annealing. at points no closer tha#s in. (10 mm) from the edge of a sheet

6.2.2 The mill annealing operation is typically nondecarbur-or coil of specified width shall not differ from the specified
izing or partially decarburizing, resulting in a finished productthickness by more than the value (which include taper) shown
that can be prone to magnetic aging depending on the carbdn Table 2.
content. 9.3 Taper—The rolling of flat rolled coils inherently pro-

6.2.3 Unless otherwise specified, these steels are supplietlices an edge which is thinner than the rest of the coil width.
with a smooth surface finish in the as-annealed condition. Th&his characteristic is termed tapered edge or feather or gamma
required surface texture is imparted from the roll surface to the@nd occurs primarily within 1 or 2 in. (25 or 50 mm) from the
steel surface during cold rolling. as-rolled edge of the material. The thickness variation involved

6.3 When changes in the manufacture of the material arin edge taper sometimes is the major portion of the total overall
believed to exert possible significant effects upon the user'thickness variation permitted in 9.2. It may be expected that in
fabricating practices and upon the magnetic performance to hidthe case of edge slit coils, the following limits on the
obtained in the specified end use, the manufacturer shall notifglifferences in thickness measured within the first 2 in. (50 mm)
the purchaser before shipment is made to provide opportunitgr less from either edge of the ordered width will apply:

to evaluate the effects. Ordered Thickness, Maximum Taper,
. ) in. (mm) in. (mm)
7. Magnetic Properties
0.0185 0.47 0.0012 0.030
7.1 Core losses are guaranteed and shall conform to the (25 0.64 0.0014 0.036

limits given in Table 1. . .
o . More restricted taper tolerances or tolerances on mill edge
7.2 Permeability depends on alloy composition and process-

. . S : ) - coils shall be negotiated between the manufacturer and the
ing. Relative peak permeability is a dimensionless quantity urchaser

which is the same in all unit systems. Typical relative peakIO 9.4 Width Tolerances-Maximum deviations from the or-

permeability values are found in Table_l. dered width shall be as shown in Table 3
7.3 Note that fully processed electrical steels do not nor- 9.5 Camber—Camber is the greatest deviation of a side
m?"!y .need a user annea_ll. Therefore, care must.be taken %Odge from a straight line, the measurement being taken on the
minimize fabrication strain, as magnetic properties can be . . '
: .~ toncave side with a straight edge. The camber tolerances are
adversely affected. Examples of such strain are roller Ievelln%hoWn in Table 4

and improper slitting practices.

8. Mechanical Requirements TABLE 2 Thickness Tolerances, Cold-Rolled Sheet, Fully
8.1 Lamination Factor—=The lamination factor shall be as Processed Magnetic Lamination Steel for Specified Width 2 to 60
. ! el
high as practicable. It is higher in the thicker gage and when in. (50 to 1520 mm) Inclusive

the surface is smooth, uncoated, and without significant Specified Thickness Thickness Tolerance, Over
amounts of oxide. Lamination factors determined in accor- . (mm) . (mm)
dance with Test Method A 719 at 50 psi (345 MPa) areOver 0.019 to 0.039, incl  (over 0.48 to 0.99 0.003 (0.08)
typically in the range from 95 to 98 %. . inch
. . . Over 0.014 to 0.019, incl 0.36 t0 0.48 0.002 0.05

8.2 Hardness—Typical hardness for this steel is between 45 v ? e (OY:;) ? ©.09
to 75 HRB. SpeC|f|c hardness requlrements shall be r.'eQOtlateGAThickness is measured at any point across the width not less than %z in. (10
between the steel producer and user. mm) from a side edge.
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TABLE 3 Width Tolerances, Cold-Rolled Sheet, Fully Processed Magnetic Lamination Steel A
Width Tolerances

Specified Width

Over Under

in. (mm) in. (mm) in. (mm)
2 to 6, incl (50 to 150, incl) 0.008 (0.20) 0.008 (0.20)
Over 6 to 9, incl (over 150 to 230, incl) 0.016 (0.41) 0.016 (0.41)
Over 9 to 12, incl (over 230 to 300, incl) 0.032 (0.81) 0.032 (0.81)
Over 12 to 30, incl (over 300 to 760, incl) 0.125 3.2) 0 0
Over 30 to 48, incl (over 760 to 1220, incl) 0.188 (4.8) 0 0
Over 48 to 60, incl (over 1220 to 1520, incl) 0.250 (6.4) 0 0

AWidth tolerances for 2 to 12 in. (50 to 300 mm) inclusive apply to widths produced by slitting from wider sheet coils.

TABLE 4 Camber Tolerances, Cold-Rolled Sheet, Fully Processed Magnetic Lamination Steel

- Coil Width Camber Tolerance

in. (mm)
2 to 12, incl (/50 to 300, incl) Yain. to any 8 ft (6.4 mm to any 2.4 m)
Over 12 to 60, incl (over 300 to 1250, incl) 1in. to any 20 ft (25 mm to any 6.1 m)

ACamber is the greatest deviation of a side edge from a straight line, the measurement being taken on the concave side with a straight edge.
BThe tolerance of 2- to 12-in. (50- to 300-mm) inclusive widths applies to those coils slit from wider sheet coils.

10. Workmanship and Finish 13. Test Methods

10.1 Flatness—Adequately defining the degree of flathess 13.1 The required tests for core loss to determine the
necessary for the general application of fully processed magsore-loss grade and other magnetic tests, when made, shall be
netic lamination steel is extremely difficult; therefore, no in accordance with the procedure of Test Method A 343.
specific limits for flatness have been established. 13.2 The assumed density for test purposes varies according

10.1.1 It is intended that flatness shall be suitable for théo the amounts of silicon and aluminum present in the steel.
intended application and consequently the purchaser shoulthe factor percent silicon plus 1.7 multiplied by percent
inform the producer of any requirements for a degree ofaluminum, from the density equatioh=7.865 — 0.065 (%
flathess greater than that resulting from usual commercigbi + 1.7 X % Al), as determined for the median or aim silicon

practices. and aluminum of the melt, shall determine the assumed density
10.1.2 Commercial practices recognize that sharp, shoib be used (Practice A 34/A 34M) as follows:

waves and buckles are objectionable. (% Si+ 1.7 X % Al) Assumed Test Density,
10.1.3 Procedures for judging the degree of critical flatness glem® (kg/m3)

necessary shall be subject to negotiation between purchaser o o4 785 7850

and manufacturer. 0.66-1.40 7.80 7800
10.2 Surface ImperfectiorsThe surface shall be reason- 1.41-2.15 7.75 7750

ably clean and essentially free of manufacturing defects such

S L .
holes, blisters, slivers, indentations, and so forth which woulcajm' Rejection and Rehearing

interfere with its effective use in the intended application. 14.1 Material that fails to conform to the requirements of
this specification may be rejected by the purchaser. The
11. Sampling rejection shall be reported to the producer promptly and in

11.1 Test samples for magnetic properties shall be taken iwriting. The rejected material shall be set aside, adequately
a manner to assure representative sampling of the test lot. FBfotected and correctly identified.
quality control purposes, a test lot comprises one heat, and it is 14.2 The producer may make claim for a rehearing. In this
usual practice to sample one coil from a cast or heat. Frequen@yent, the purchaser shall make samples that are representative
of sampling shall be subject to negotiation. of the rejected material available to the producer for evalua-
11.2 Test samples shall be obtained after final mill heation.
treatment or other operation which is the final operation to have

significant influence on the magnetic properties. 15. Certification
11.3 The full-width coil selected to be tested shall be 15.1 The manufacturer shall submit to the purchaser with
sampled in accordance with Practice A 34/A 34M. the shipment or as promptly as possible after shipment, a
) ) certified report of the average core-loss values or any other
12. Specimen Preparation required test values, for each test lot, to show that the material

12.1 The Epstein test specimen shall be in the as-shearetnforms to this specification.
condition with one half of the test strips sheared parallel to 15.2 The test methods and applicable test conditions, in-
rolling and one half transverse to the rolling direction, including the test density, shall be clearly stated.
accordance with Practice A 34/A 34M. 15.3 The test report shall carry the lot identification, pur-
12.2 Care should be practiced to exclude any bent, twistecshaser order number, and other information that is deemed
dented, highly burred, or improperly sheared strips from thenecessary to identify the test results with the proper shipment
test specimen. and shipping lot.
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16. Packaging and Package Marking 17. Keywords
16.1 Unless otherwise specified, the steel shall be packaged17.1 carbon steel sheet; cold-rolled lamination steel; cold-
and loaded in accordance with Practice A 700. rolled magnetic lamination steel; fully processed; lamination

16.2 As a minimum requirement, the material shall besteel; magnetic lamination steel
identified by having the manufacturer’s order number and
material identification legibly shown on the tag attached to
each coil or shipping unit.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



