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3. TEMPER DESIGNATION

3.1 Low carbon cold rolled strip is often specified to standard tempers. Temper refers to the hardness, or strength of

the steel. As hardness increases, formability decreases.

temper number increases, as indicated in Table 2.

In general, the degree of formability increases as the

TABLE 2 - TEMPER DESIGNATORS: LOW CARBON COLD ROLLED STRIP STEELS

Temper Temper  Thickness Thickness Hardness Hardness Approx. Tensile
Number Name Under Through  Minimum Maximum Strength (MPa) Description
1 Hard 0.6 — 15T90 — 620+ 70 Very hard and springy intended

10 0-6 3046 forflatwerk not requiring cold

1.8 1.0 B0 — forming,

7.6 1.8 B84 —

2 Half Hard 0.6 — 15T83.5 15T88.5 450 £ 70 Moderately hard and springy

1.0 0.6 30T63.5 30T73.5 intended for|limited bending

7.6 1.0 B70 B85 defined as 90 degrees across
the rolling direction around a
radius equal to the thickness.

3 Quarter 0.6 — 15T80 15T85 380+70 Medium soff intended for
Harg 1.0 0.6 30T56 30767 limited amouints of bending,

7.6 1.0 B60 B75 forming and|drawing. May be
bent 180 degrees across the
rolling directjon around a radius
equal to thelthickness.

4 Skin Rqlled 0.6 — — 15T82 33040 Soft and dugtile intended for

1.0 0.6 — 30T60 deep drawing. May be bent flat

7.6 1.0 — B65 upon itself in any direction.

5 Dead $oft 0.6 — — 15T78.5 300 +40 Soft and dugtile intended for

1.0 0.6 — 30T53 deep drawing applications

7.6 1.0 — B55 where stretgher straining and
fluting is not|objectionable.

3.2 Low carbon co¢ld rolled strip is available in tempers other than standard by agreement between strip user and strip
producer.

4. CHEMICAL COMPOSITION

4.1 Cold rolled stfip steelssare produced from a wide range of hot band alloys. In general, cpld rolled strip steel
products may|be produced from any grade of steel that is available for hot band substrate. With the exception of
strip produced ta.standard tempers (hardness), other public specifications govern the applicabl(f composition limits.

4.2 Low Carbon Steel Specified To Temper
When cold rolled strip is specified to a standard temper, chemical composition limits are given by Table 3.

TABLE 3 - HEAT ANALYSIS COMPOSITION - WT %

Temper Number
Element 1,2,3 4,5
Carbon, max. 0.25 0.15
Manganese, max. 0.60 0.60
Phosphorus, max. 0.025 0.025
Sulfur, max. 0.025 0.025
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4.3 Carbon cold rolled strip steels are available in chemical compositions defined by SAE J403.

4.4  Alloy cold rolled strip steels are available in chemical compositions defined by SAE J404.

4.5 Cold rolled high strength low alloy strip steels are produced to chemical compositions defined by SAE J2340.

4.6 Fully stabilized cold rolled strip steels are available with chemical limits defined by SAE J2329, Grade 5.

4.7 Special chemical compositions and restricted versions of standard SAE grades are available subject to hot band
substrate availability. Chemical analysis limits for these grades are defined by agreement between strip user and
strip producer.

4.8 Permissible prloduct analysis variations from specified ladle chemical analysis are defined in SAIE J409.

5. THICKNESS TQLERANCES

5.1

5.2

5.3

Across the full range of nominal thickness, cold roll strip thickness tolerancesyjrange from [58% to 83% of the
corresponding thickness tolerances for cold rolled sheet steels.

Standard cold|rolled strip tolerances for carbon, alloy, high strength low alloy,fully stabilized anfl special alloy steels
appear in Table 4.

Non standard| tolerances, either wider or closer, may be specified ‘subject to strip producef capabilities. Such
tolerances areg by agreement between strip user and strip producer.

TABLE 4 - THICKNESS TOLERANCES QOF€OLD ROLLED STRIP STEELS"

Nomirjal Thickness Width (mm) Width (mm) Width (mm)

(mm) 12.5 to less than 300~ 300 to less than 450 450 to 600
6.40 - 7.60 0.080 0.090 0.100
4.p0 - 6.39 0.065 0.080 0.090
3.20-3.99 0-055 0.070 0.080
1.80 - 3.19 0.045 0.055 0.070
1.p0-1.79 0.035 0.045 0.060
0.y5-0.99 0.030 0.040 0.050
0.0 -0.74 0.025 0.035 0.040
0.88-0.49 0.020 0.025 0.030
0.5-0.37 0.013 0.020 0.025
<0.25 0.007 0.015 0.020
1. Measurpd~10¢(mm or more in from edge; and on narrower than 25 mm, at any place between edges. (plus an

minus, M)

6. EDGES AND WIDTH TOLERANCES

6.1

6.2

6.3

6.4

Cold rolled strip may be specified with many different types of edge conditions produced by rolling, slitting or other
mechanical means.

No. 1 Edge is a prepared edge of a specified contour (round or square), which is produced when a very accurate
width is required, or when an edge condition suitable for electroplating is required, or both.

No. 2 Edge is a natural mill edge carried through the cold rolling from the hot rolled strip without additional
processing of the edge.

No. 3 Edge is an approximately square edge produced by slitting on which the burr is not eliminated. This edge is
most frequently specified for cold rolled strip steels.
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6.5

No. 4 Edge is a rounded edge produced by edge rolling either the natural edge of hot rolled strip or slit strip edge.

This edge is produced when the width tolerance and edge condition are not as exacting as for No. 1 edge.

6.6

usually by rolling or filing.

6.7

No. 5 Edge is an approximately square edge produced from slit edge material on which the burr is eliminated

No. 6 Edge is a square edge produced by edge rolling the natural edge of hot rolled strip or slit edge strip. This

edge is produced when the width tolerance and edge condition are not as exacting as for No. 1 edge.

6.8

Skived edges are custom shaped edges produced by mechanical edge shaving with special tools.

6.9 Some edges 3
6.10 Width tolerang
7. FINISH

7.1  Cold rolled str|

7.1.1  Number 1o
other meang
between die

7.1.2 Number2o

7.1.3  Number 2-1
not required

7.1.4 Number 3o

specially prgpared rolls.

plating. Th
interleaving
producer ma

re-not-availahle over the aentire. range of cold rolled efrip thickness-and-width-

es for different edges are defined in ASTM A109/A109M.

p steels are usually specified to one of the following finishes.

" Matte (Dull) Finish is a finish without luster produced by rolling on rolls roughen
. This finish is especially suitable for paint adhesion and may aid drawing by red
and steel.

Regular Bright Finish is produced by rolling on moderately smooth rolls.

2 or Better Bright finish is a smooth finish suijtable for those plating applications

Best Bright finish is generally of high\luster produced by special rolling practices
It is the highest quality finish commonly produced and is particul
e production of this finish requires extreme care in processing and extensive
s frequently used for protection. In addition to the surface roughness values in T
y agree on goniophotometric measurement values (Rs/Dl) as defined in ASTM E

TABLE 5 - TYPICAL'SURFACE ROUGHNESS MEASUREMENT RANGES

Surface Microinches Maximum
Number 1 or Matte (Dull) 80 Ra
Number 2 or Regular Bright 20 Ra
Number 2-1/2 or Better Bright 10 Ra
Number 3 or Best Bright 4 Ra

ed by mechanical or
Licing contact friction

where high luster is

including the use of
arly suited for bright

inspection. Paper
able 5, the user and
430.

1. Due to vagaries in measuring surface roughness, as well as the inherent

8. HIGH CARBON

8.1

8.2

variability in such rolled surfaces, these values are only typical, and values
outside these ranges would not be considered unexpected.

Measured either parallel with or across the rolling direction.

Tested in accordance with SAE J911.

2.
3.

AND ALLOY COLD ROLLED STRIP STEELS

High carbon steels are those whose maximum specified carbon contents exceed 0.25 weight percent.

High carbon and alloy cold rolled strip steels are supplied as either untempered or as Hardened and Tempered.

Untempered products are supplied as-produced; the end user will often heat treat the part after forming. Hardened
and tempered strip is given a quench and temper heat treatment prior to shipment; the end user does not need to
heat treat to achieve maximum strength.
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8.3 Untempered high carbon and alloy cold rolled strip steels are supplied in four product types.

8.3.1  Spheroidized Annealed is intended for applications requiring maximum formability. It is normally produced to give
the lowest maximum hardness for each carbon range. The microstructure of this type consists of spheroidal
carbides in a matrix which is essentially free of pearlite.

8.3.2 Annealed is intended for applications requiring moderate cold forming. It is produced to a maximum hardness.
The microstructure is mostly a spheroidal structure, but may contain some vestiges of pearlite.

8.3.3 Table 6 shows approximate relationships between steel grade and hardness for spheroidized annealed and
annealed high carbon steels. Hardness limits for alloy steels are usually higher than the corresponding high

carbon steel-and-are IIQIIQ”y established hy agrnnmnnf between cfnp userand efnp prnr*llmnr

TABLE 6 - APPROXIMATE RELATIONSHIP BETWEEN STEEL GRADE,
ANNEALING TREATMENT AND HARDNESS FOR COLD ROLLED STRIR STEEL
Grade HR15T HR30T HRB
Annealed Sted|l

1035 86 68 78
1045 87 70 80
1050 87 71 82

1055/1060 88 72 84
1065 89 73 85
1070 89 74 86
1074 89 74 87
1080 89 75 88
1095 90 77 91

Spheriodized Annealed Steel

1035 85 66 75
1045 86 68 77
1050 86 69 79

1055/1060 87 70 71
1065 87 71 72
1070 88 72 83
1074 88 72 84
1080 89 74 86
1095 89 75 88

8.3.4  Full Hard high-carbon and alloy strip steels are hard and springy steels intended for flat applications not requiring

cold forming.” Full hard is cold rolled, with or without preparatory treaiment, To minimum hardness requirements.
The prior treatment and amount of cold reduction are varied to produce hardness requirements as established by
consumer and producer.

8.4 Hardened and Tempered Cold Rolled High Carbon and Alloy Strip

8.4.1 Hardened and tempered cold rolled high carbon steel strip is produced by continuously heat treating the metal
resulting in very high strength and hardness.

8.4.2 Hardened and tempered cold rolled high carbon steel strip customarily has a carbon content over 0.55% and is
commonly produced to meet a range of hardness as shown in Table 7. The minimum values for the ranges are
normally higher than the maximum values obtainable by cold rolling.
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TABLE 7 - HARDNESS RANGES": HARDENED AND TEMPERED

COLD ROLLED HIGH CARBON STEEL STRIP

Thickness, (mm)

Hardness Scale

Hardness Ranges (% Carbon 0.55 - 1.05)

C 46 is a four

Over 2.90 to 3.20 incl. Cc 28 to 50
Over 2.50 to 2.90 incl. Cc 29 to 51
Over 2.20 to 2.50 incl. Cc 30 to 52
Over 1.80 to 2.20 incl. Cc 31to 53
Over 1.40 to 1.80 incl. Cc 32 to 54
Over 0.90 to 1.40 incl. c 33 to 55
Over (L40 to 0.90 incl 30N 531073
Over (.20 to 0.40 incl. 15N 80 to 87
Over 0]05 to 0.20 incl. DPH 400 to 580
1. By common usage, a hardness range is the arithmetical difference between two limits (for example, HRc*42 to HR|
point range)] Typical range requirements appear in Table 8.
2. \F/(ii:rktrigl)(ness less than 0.200 mm, use of the tension test is recommended as an alternative to microhardness tesjng (DPH /

The specified range
8.4.3 The hardne
hardness ny
used in testi
used and as
a tolerance
allowed to ¢

TABLE 8 - TYPICAL HARDNESS RANGES SPECIFIED. FOR HARDENED AND
TEMPERED COLD ROLLED HIGH CARBONSTEEL STRIP

Hardness Scale Specific Range

HRc Any 4 points
HR30N Any 4 points
HR15N Any 3 points

DPH (Vickers) Any 50 points

to be agreed upon between consumer and supplier.

5s scale applicable to eachithickness range is shown in Table 9. Although @
mbers are available, it is reeommended that the hardness be specified in the san
Ng. A hardness rangeiis typically specified using a 3, 4 or 5 - point range, basg
agreed between consumer and producer. In the check testing of hardened and
pf a half HRc point;below the minimum and above the maximum of the range sy
bmpensate for hormal differences in testing equipment.

ponversion tables for
he scale that is to be
d on the scale to be
tempered steel strip,
ecified is commonly
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TABLE 9 - HARDNESS SCALES FOR VARIOUS THICKNESSES:
A GUIDE FOR SELECTION OF HARDNESS SCALES FOR HARDENED
AND TEMPERED COLD ROLLED HIGH CARBON STEEL STRIP

1.

8.4.4

8.4.5

8.4.6

A C 15N 30N 45N
Thickness Dial A Dial Dial 15N Dial 30N Dial 45N
mm Reading C-Scale’ Reading Reading C-Scale'”’ Reading C-Scale Reading C-Scale!”
0.20 — — — 90 60 — — — —
0.25 — — — 88 55 — — — —
0.30 — — — 83 45 82 65 77 69.5
0.35 — — — 76 32 78.5 61 74 67
0.40 3o §}¢) — oo 16 14 o6 2 65
0.45 84 65 — — — 66 47 68 61
0.50 82 61.5 — — — 57 37 63 57
0.55 79 56 69 — — 47 26 b8 52.5
0.60 76 50 67 — — — — b1 47
0.65 71 41 65 — — — — B7 35
0.70 67 32 62 — — — — 20 20.5
0.75 60 19 57 — — = — — —
0.80 — — 52 — — — — — —
0.85 — — 45 — — — — — —
0.90 — — 37 — — — — — —
0.95 — — 28 — — — — — —
1.00 — — 20 — — — — — —
Approximate Hardness
Below a thickness of 0.2 mm, the HR15N test becomes inaccurate and the use of a tension tg¢st or microhardness
test is recommended. The Diamond Pyramid-Hardness (DPH) test, also known as Vickers,|is typically specified
for a stated indenter load using a 50.-point range. An ultimate tensile strength is usually specified with a
210 MPa ranpge.
The desired|mechanical properties-for a given application are achieved by quenching and terhpering to obtain the
proper comfination of hardness, toughness and formability. In the as-quenched condition, the steel lacks ductility

and therefore is tempered using a lower temperature stress relief cycle. By varying the carbon and manganese
content and the conditions™ of quenching and tempering, the required combination of [strength, hardness,
toughness and ductility-can be produced.

The variation of hardness and ultimate tensile strength with carbon content and thicknessg¢s for hardened and
tempered cqld rolled h|gh carbon strip steel, heat treated to combmatlons of mechanlcal properties appropriate for
spring appli n carbon content is
accompanied by an average increase of about two points HRc hardness and an equivalent increase in HR30N,
HR15N, DPH, and ultimate tensile strength. The mechanical properties specified should be compatible with the
fabricating requirements involved in making the part.



https://saenorm.com/api/?name=69be94ad24358de89dac4a4050ba8ce2


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


