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SURFACE TEXTURE — ROUGHNESS, WAVINESS AND LAY
Y220

1 GENERAL. This standard is concerned with the geo-
metric irregularities of surfaces of solid materials. It estab-
lishes definite classifications for roughness, waviness, lay and
a set of symbols for drawings, specifications and reports. In
order to assure a uniform basis for measurement, it also
provides specifications for precision reference specimens and
establishes requirements for tracer type instruments. Also
included are recommended inspection methods.

1.1. This standard is not concerned with luster, appearance,
color, corrosion resistance, wear resistance, hardness, micro-
structure and many other characteristics which may govern
considerations in specific applications.

1.2 This standard does not define the degrees of surface
roughness, waviness or type of lay suitable for specific
purposes nor does it specify the means by which the degree of
irregularity may be obtained or produced. Supplementary
information on designation and application of surface rough-
ness, waviness and lay is given in the GM Drafting Standards.

2 SCOPE. Surfaces in general are very complex in char-
acter. This standard deals only with the height, width and
direction of surface irregularities as these are of practical
importance in specific applications.

2.1 This standard relates to surfaces produced by such
means as machining, abrading, extruding, casting, molding,
forging, rolling, coating, plating, blasting, or burnishing.

3 REFERENCES. Portions of this standard have been
extracted from Surface Texture (ANSI B46.1-1971) with the
permission of the publisher, The American Society of Me-
chanical Engineers. Metrication of this revision is in accor-
dance with ASME Orientation and Guide for Use of Metric
Units and ASTM E380-72 Metric Practice Guide.

4 CLASSIFICATION AND DESIGNATION OF SUR-
FACE CHARACTERISTICS.

4.1 Terms and Definitions.

4.1.1 Center Line. "The center line is the line about which
roughness is measured, and is parallel to the general direction
of the profile within the limits of the roughness width cutoff,
such that the sums of the areas contained between it and those
parts of the profile which lie on either side of it are equal.

4.1.2 Flaws. Irregularities which occur at one place or at
relatively ififrequent intervals in the surface, e.g., scratch,
ridge, hole, peak, crack or check. The effect of flaws will not
be included in Roughness Average measurements. It is
assumed here that flaws detrimental to performance would be
controlled by other notes or specifications.

4.1.3 Lay. The direction of predominant surface pattern
produced by tool marks or grains of surface. The lay is
usually dependent on the processing method. Standard lay
symbols are shown in Table 1.

4.1.4 Micrometre. A micrometre is one millionth of a
metre, and is abbreviated, um. One micrometre equals 39.37
microinches, or millionths of an inch, abbreviated, uin.

4.1.5 Profile. The contour of a surface in a plane taken
perpendicular to a surface, unless some other angle is
specified.

4.1.5.1 Measured Profile. The measured profile is a repre-
sentation of the profile obtained by instrumental or other
means.

4.1.5.2 Nominal Profile. The nominal profile is the profile
disregarding surface texture.

4.1.6 Roughness. Relatively fine spaced irregularities, the
height, width and direction of which establish predominant
surface pattern. Irregularities produced by cutting edges and
machine tool feed may be considered roughness.

4.1.7 Roughness Average. Roughness average, abbreviated
AA, aa, or Ra, is the arithmetical average deviation of the
profile measured normal to the center line, and is rated in
micrometres. For recommended roughness average values,
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TABLE 1 - STANDARD LAY SYMBOLS

Symbol Designation Exanple

|

Lay parallel to the line repre-
” seniing the Burface tc whicr the
sycbol {8 applied.

I

Lay perperdicular tc the line
representing the surface to which ”““”“I
the symbol {s applilec.

Lay angular in both directions to
line representing the surface to ><€
which symbo. 18 applied. LN

lay multidirectional.

Lay approximately circular rela-
tive to the center of the surfsce
tc which the symbol 1s applied.

@)
Ny

Lay approximately radia. relative
to the center of the surface to
which the symbol 1s applied.

Lay non-directional, pitted or
protuberant.
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see Table 2. See Paragraph Al for AA versus root mean
square comparison.

TABLE 2 - RECOMMENDED ROUGHNESS AVER-
AGE VALUES MICROMETRES, um
(MICROINCHES, nin)

pm | pin | um | pin | um | pin | pm | pin
0.025] (1) 10251 (10) | 1.25 ] (50)| 6.3 | (250)
0050 (2) {032 ] (1| 16 (63)| 8.0 | (320
0.075| (3) ] 040 | (16) | 2.0 (80) { 10.0 | (400)
0.100] (4) {050 ] 20) | 2.5 (100} | 12.5 | (500)
0.125] (5) | 063 | (25) | 3.2 | (1251 15.0 | (600)
0.15 | (6) ] 0.80 | (32) | 40 | (160) | 20.0 | (800)
020 | (8 | 1.00 | (40) | 5.0 | (200) | 25.0 {(1000)

4.1.11 Surface Texture. Repetitive or random deviations
from the nominal surface which form the pattern of the
surface. Surface texture includes roughness, waviness, lay,
and flaws.

4.1.12 Waviness. Irregularities of the nominal surface
which are of greater spacing than roughness. These irregulari-
ties may result from such factors as machine or work
deflections, vibration, heat treatment or warping strains.
Waviness height is rated in millimetres as the peak to valley
distance; waviness width is rated in millimetres as the spaces
of adjacent waves. For recommended height values, see
Table 4.

TABLE 4 - RECOMMENDED WAVINESS HEIGHT
VALUES MILLIMETRES, mm (INCHES, IN.)

4.1.8 Roughness Width. Roughness width is the distance
parallel to the nominal surface between successive peaks or
ndges which constitutes the predominant pattern of the
roughness. It is rated in millimetres.

4.1.9 Roughness-Width Cutoff. The maximum width of
surface irregularities to be included in the measurement of
roughness height. Roughness may be considered as super-
posed on a wavy surface. For standard values, see Table 3. In
an electrical integrating instrument frequency response char-
actenstics permit exclusion of all wave lengths greater than
the roughness-width cutoff value when the sample is traced at
a specified speed. Instruments with adjustable frequency
response or variable speeds of trace can be set to measure only
the very fine irregularities or may be set to include also the
more widely spaced ones. In selecting the roughness-width
cutoff, care must be taken to choose a value which will
inctude all of the surface irregularities which it is desired to
assess. See Paragraph A2 for additional explanation of
roughness-width cutoff.

TABLE 3 - STANDARD ROUGHNESS-WIDTH
CUTOFF VALUES MILLIMETRES, mm (INCH, in.)'

mm in. mm in.
0.0005 (0.00002) 0.025 (0.001)
0.0008 (0.00003) 0.05 (0.002)
0.0012 (0.00005) 0.08 (0.003)
0.0020 (0.00008) 0.12 (0.005)
0.0025 (0.0001) 0.20 (0.008)
0.005 (0.0002) 0.25 (0.010)
0.008 (0.0003) 0.38 (0.015)
0.012 (0.0005) 0.50 (0.020)
0.020 (0.0008) 0.80 (0.030)

mm in. mm in.

0.08 (0.003) 2.50 (0.100)
0.25 (0.010) 8.00 (0.300)
0.80 (0.030) 25.00 (1.000)

1 When no value is specified, the value 0.80 mm (0.030 in.) is assumed.

4.1.10 Surface. The surface of an object is the boundary
which separates that object from another object or substance.

4.1.10.1 Measured Surface. The measured surface is a
representation of the surface obtained by instrumentation or
other means.

4.1.10.2 Nominal Surface. The theoretically accurate de-
sign, the shape and extent of which is usually shown on
dimensions in a drawing or descriptive specification.

4.2 Surface Texture Symbol. The symbol used to designat-
ed surface irregularities is the check mark with horizontal
extension shown in Figure 2. The point of the symbol shall be
on the line indicating the surface, on the witness line or on a
leader pointing to the surface. The symbol should preferably
be erect with the long leg and extension to the right as the
drawing is read. Where the symbol is used with a dimension,
it affects all surfaces defined by the dimension.

4.3 Plated Surfaces. With exception of application to plated
or coated surfaces, surface roughness symbols shall apply to
the completed surface as represented by the drawing. Draw-
ings or specifications for plated or coated parts shall definitely
indicate whether the surface roughness symbols apply before
plating, apply after plating, or apply both before and after

plating.
4-1 H '~m .-T-mnox

* \ HORIZONTAL EXTENSION MAY BE
a
_1_ OMITTED WHEN ONLY ROUGHNESS
‘t_'i,‘ _‘_ AND/OR LAY IS SPECIFIED.
APPROX o M= LETTER HEIGHT USED IN SYMBOL

FIGURE 2 - SURFACE TEXTURE SYMBOL
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4.4 Direction of Readings. Roughness and waviness rat-
ings, unless otherwise specified, shall apply in a direction
which gives the maximum reading, normally across the lay.

5 APPLICATION OF RATINGS AND LAY SYMBOLS

TO SURFACE TEXTURE SYMBOL. Figures 3
through 10 illustrate the specification of roughness, waviness
and lay by insertion of the ratings and symbols in appropriate
portions of the surface texture symbol. Only those ratings
required to specify adequately the desired surface shall be
shown in the symbol.

Figure 11 correlates the ratings with the surface features
which they control.

Roughness average rating is placed at the left of the long ieg.
The specification of only one mating shall indicate the maxi-
mum average and sny jesser sverage shall be acceptable.

FIGURE 3

The ify of and h aver-
ages indicates permunuble range of average rating.

FIGURE 4

Maximum waviness height raung is placed above the honzon
tal extenson. Any iesser rating thall be acceptable

FIGURE 5

FIGURE §

Maximum waviness width rating 1s piaced above the horizontal
extennon and 10 the nght of the waviness height rating. Any
lesser rating shall be acceptable.

FIGURE 6

0%

To specify contact area, when required, the percentage value
shall be placed above the extensmion Lne

)

FIGURE 7

0.06-5.0

Lay deugnation s indicated by the lay symboi placed st the
nght of the tong ieg.

o
aa
o k-
°
L
]
o

FIGURE 8
1.8 0.28 Roughness-width cutoff raung 1s placed beiow the honzont
c.8 1 extension.
0.05-5.0
1.8 0.25 When required, maximum roughness width rating shall be
0" placed a1 the nght of the lay symbo! Any lesser raung
N/ 4012 shall be acceptable

6 INSPECTION.

6.1 Roughness Average. Roughness average may be deter-
mined directly by instrument or it may be established by
visual, tactual or instrument comparison with reference
specimens of known roughness depth. Stylus instruments
used should conform with the requirements of this standard
and calibration shall be with precision reference specimens
described herein. When the inspection decision is marginal,
properly calibrated instruments should be used; however, a
pilot piece from a given operation can be an ideal reference
specimen for control of a production run. Such pilots should
be calibrated by properly adjusted stylus type instruments. If
more than one pilot or reference surface is required, electro-
formed replicas of the pilot may be used. Where the
instrument is used for production control, frequent calibra-
tion in accordance with this standard is recommended. So
that readings from stylus type instruments will receive
uniform interpretation, it is understood that the reading
which is considered significant is the mean reading around
which the gage needle tends to dwell or fluctuate under small
amplitude.

6.2 Waviness Height. Inspection may be accomplished by
any standard device for linear measurement, bluing gages or
light gages as required. Measurement of waviness of less than
2.5 micrometres (0.0001in.) will ordinarily require use of
optical flats or similar devices.

6.3 Roughness Width. Roughness width is normally con-
trolled by the feed of finishing tool. Where measurement is
required, it may be done by measurement with calibrated
microscope or by suitably amplified stylus devices using an
oscillograph or other recorder.
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FIGURE 10

FIGURE 11 - RELATION OF SYMBOLS TO
SURFACE CHARACTERISTICS (REFER TO
- FIGURES 3 THROUGH 10)
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