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1. SCOPE:

This standard provides a method of applying surface roughness, waviness and lay control. The data 
included herein also covers the method of applying surface roughness symbols and related 
designations to drawings and specifications of parts when applicable. This standard is based on the 
Arithmetical Average (AA) method of instrumentation. Data compiled are based on current 
manufacturing practices. It also includes a summary of data published in the latest issue of the 
American Standards Association publication ASA B46.1.

2. SURFACE CHARACTERISTICS:

The following illustration depicts the terminology of the various elements involved in surface 
roughness control.

FIGURE 1
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2.1 Definitions:

2.1.1 Surface: The individual surface of a part is that area which continues uninterrupted until it adjoins 
a fillet, corner, or another individual surface.

2.1.2 Nominal Surface: The imaginary true surface which would result if all surface irregularities (peaks, 
waves, ridges and hollows) were leveled off to zero value; or, non-existent. It is this nominal 
surface or "mean line" from which the surface irregularities deviate.

2.1.3 Surface Irregularities: Deviations from the nominal surface, as follows:

2.1.3.1 Roughness: Relatively finely spaced irregularities; the height, width, shape and direction of 
which, establish the predominant surface pattern.

2.1.3.2 Waviness: Irregularities of the nominal surface evidenced by recurrent forms of waves. 
Waviness may be caused by factors such as machining deflections, vibration, heat treatment, or 
warping strains (See Fig. 1)

2.1.3.3 Flaws: Irregularities of any sort which occur at only one place or at relatively infrequent and 
widely varying random intervals on a surface. A flaw may be a scratch, ridge, hole, peak, crack, 
check, etc. Unless otherwise specified, the effect of flaws shall not be included in the roughness 
height measurement.

2.1.4 Roughness Height Rating: Roughness height rating is a height rating of surface roughness over a 
length equal to the roughness width cutoff obtained by averaging the microinch deviations from the 
nominal surface. This method is described in paragraph 2.1.4.5.

2.1.4.1 Roughness Width: The distance in inches between successive ridges which constitute the 
predominant pattern of the surface roughness.

2.1.4.2 Roughness Width Cutoff (Instrument Cutoff): The unit length in inches over which the 
irregularities of the surface profile are to be averaged. The roughness width cutoff must always 
be greater than the roughness width in order to obtain a true roughness height rating.

2.1.4.3 Microinch (Mu In.): One millionth (0.000001) part of the U.S. Standard linear inch.

2.1.4.4 Contact Area: The designated surface required to contact a mating surface within the limits 
specified. The contact area shall be distributed uniformly over the surface.
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2.1.4.5 Roughness Height (AA) Averaging Method: The method for determining the roughness height 
average is as follows:

FIGURE 2

The mean line about which roughness is measured is a line parallel to the general direction of the 
profile throughout the roughness width cutoff length such that the sums of the areas contained 
between the mean line and those parts of the profile which lie on either side of it are equal.

FIGURE 3

Fig. 3 shows deviation of the actual surface profile from the mean line plotted unilaterally. The 
arithmetic average deviation from the nominal surface, or the roughness rating is the height of a 
rectangle whose length is equal to the roughness width cutoff length such that the sum of the 
areas contained between the unilaterally plotted deviations and the nominal surface are equal to 
the area of the rectangle.

2.1.5 Waviness:

2.1.5.1 Waviness Height Value: A physical measurement in inches which represents the maximum 
height of the waves; from wave peak to wave valley.
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2.1.5.2 Waviness Width Value: A physical measurement in inches which represents the width of the 
waves; from wave peak to wave peak.

2.1.6 Lay: The direction of the predominant surface pattern produced by tool marks.

3. SURFACE CONTROL APPLIED TO DRAWINGS:

3.1 General:

Surface roughness symbols and their applicable designations shall be placed on the drawing 
indicating the surfaces which are to be controlled. When desired, surface control may be specified in 
a general drawing note and exceptions to this note given by surface roughness symbols.

3.2 Surface Roughness Symbol:

The basic symbol is shown in Figure 4. The extension may be omitted when the roughness height 
rating and/or lay designation only is applied. See paragraphs 3.3.1 and 3.3.5.

FIGURE 4

3.3 Relationship of Symbols to Surface Characteristics:

The following illustration symbolizes the surface characteristics shown in Figure 1, paragraph 2. It 
indicates the placement of the different designations and characters on the symbol as applied on the 
drawing.
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FIGURE 5

3.3.1 Roughness Height Rating: The roughness height rating shall be placed to the left and on the 
inside of the long leg as shown. The example indicates that the roughness height cannot exceed 
63 AA.

3.3.1.1 When the surface requires a specific range of roughness rating to be maintained, both limits shall 
be placed on the symbol as shown. The example indicates that the roughness height cannot be 
more than 63 AA, nor less than 32 AA.

3.3.1.2 Preferred Roughness Height Ratings: (Microinches):
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3.3.2 Waviness Height: The waviness height value, when used, shall be placed above the extension as 
shown. The example indicates that the wave height cannot exceed .002 inches.

3.3.2.1 Preferred Waviness Height Value (Inches):

3.3.3 Waviness Width: The waviness width value, when required, shall be placed to the right of the 
waviness height value, preceded by a dash as shown. The example indicates that the wave width 
cannot exceed .25 inches. The word "min" may be added after the value when required. Standards 
have not been established for waviness width.

3.3.4 Contact Area: When a contact area control is required, the percentage of contact area required 
shall be placed above the extension as shown. The example indicates that there must be a 
minimum contact of 90% with the mating surface. 

3.3.4.1 The preferred percentages are 90%, 75%, and 50%.

3.3.5 Lay: The lay designation, when used, shall be placed adjacent to and on the right of the long leg.
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3.3.5.1 Lay Designations:

= Parallel to the line of the surface indicated.
⊥ Perpendicular to the line of the surface indicated.
X Angular in both directions to the line of the surface indicated.
M Multi-directional.
C Approximately circular-relative to the center of the surface indicated.
R Approximately radial relative to the center of the surface indicated.

3.3.6 Roughness Width: The roughness width value, when required, shall be placed to the right of the 
lay designation. The example indicates that the roughness width cannot exceed .005 inch. 
Standards have not been established for roughness width.

3.3.7 Roughness Width Cutoff: When the roughness width cutoff is required to be other than the 
standard .030 inch (which is not specified on the symbol), the width must be specified on the 
symbol and placed below the extension line, and above the lay and roughness width designations. 
The example indicates the roughness width cutoff shall be .010.

3.3.7.1 Roughness Width Cutoff Values (Inches):

3.3.8 Placement of Symbols: The point of the symbol,  shall be either on the line depicting the 
surface; on a witness line; or on a leader line with an arrow pointing to the surface as shown in 
Figure 6. The symbol shall be drawn erect, (the long leg and extension to the right), so that it can 
be read when the drawing is viewed from the bottom edge.
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FIGURE 6

4. INSPECTION REQUIREMENTS:

4.1 General:

4.1.1 Surface roughness symbols are not required for surfaces for which no specific surface roughness 
control is necessary. Such surfaces are acceptable to the surface roughness normally produced by 
manufacturing methods (casting, forging, drilling, reaming, etc.) required to meet the dimensional 
limitations of the part see Appendix.

4.1.2 Where the surface roughness symbol is used with a dimension it affects all surfaces defined by the 
dimension. Areas of transition, such as chamfers and fillets, shall conform with the roughest 
adjacent finished area, unless otherwise indicated.

4.1.3 Roughness height, roughness width, waviness width and lay indicated on plated, coated or 
processed surfaces apply to the base metal unless otherwise stated by a note on the drawing or 
when otherwise stated in the specification. Waviness height on these surfaces however, applies to 
both base metal and after plating, coating or processing, since waviness and flatness are 
coincidental and affect the ultimate design of the part.

4.1.3.1 The contact area control on plated or processed surfaces applies after plating or processing.

SAE INTERNATIONAL AS291F Page 8 of 11

 
 

_________________________________________________________________________________________________ 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
29

1f

https://saenorm.com/api/?name=81360a1955748ec68259667185b390e6

	Blank Page


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /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
    /AdLibBT-Regular
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /AlefbetNormal
    /AlgerianBasD
    /AlgerianD
    /AllegroBT-Regular
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmericanaBT-Bold
    /AmericanaBT-ExtraBold
    /AmericanaBT-ExtraBoldCondensed
    /AmericanaBT-Italic
    /AmericanaBT-Roman
    /AmericanGaramondBT-Bold
    /AmericanGaramondBT-BoldItalic
    /AmericanGaramondBT-Italic
    /AmericanGaramondBT-Roman
    /AmericanTextBT-Regular
    /AmericanUncD
    /AmerigoBT-BoldA
    /AmerigoBT-BoldItalicA
    /AmerigoBT-ItalicA
    /AmerigoBT-MediumA
    /AmerigoBT-MediumItalicA
    /AmerigoBT-RomanA
    /AmerTypewriterITCbyBT-Bold
    /AmerTypewriterITCbyBT-Medium
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMonospaced
    /ArialMonospaced-Bold
    /ArialMonospaced-BoldOblique
    /ArialMonospaced-Oblique
    /ArialMT
    /ArialRoundedMTBold
    /ArnoldBoeD
    /ArribaArribaLetPlain
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /ArsisD-Regu
    /ArsisD-ReguItal
    /AtlanticInline-Normal
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bodoni-Bold-DTC
    /Bodoni-Roman-DTC
    /Bodoni-RomanItalic-DTC
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /CaslonOpenfaceBT-Regular
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DomCasual
    /EdwardianScriptITC
    /EngraversGothicBT-Regular
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /FencesPlain
    /FetteEngschrift
    /FranklinExtraCondGothic
    /FranklinGothic
    /FranklinGothic-Cond
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GarrisonCondSans
    /GarrisonExtraBoldSansBOLD
    /GarrisonExtraCondSans
    /GarrisonLightSans
    /GarrisonSans
    /GarrisonSansBOLD
    /GarrisonSansITALIC
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GoudyOldStyle
    /GoudyOldStyleITALIC
    /Haettenschweiler
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Impact
    /JuiceITC-Regular
    /KauflinnBOLDITALIC
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSansUnicode
    /Mangal-Regular
    /Map-Symbols
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MT-Extra
    /MVBoli
    /OnyxBT-Regular
    /Optimum-Bold
    /Optimum-Roman
    /OzHandicraftBT-Roman
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /ParagonPlain
    /Raavi
    /Ribbon131BT-Bold
    /ShelleyVolanteBT-Regular
    /Shruti
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /VAGRound
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VillageSquare
    /VinerHandITC
    /Webdings
    /Windsor
    /WindsorCondensed
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-HebrewDavid
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




