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SCOPE: This standard provides a method of applylng surface roughness, waviness and lay control.
Tﬁe data lncluded herein also covers the method of applying surface roughness symbols and re-
lated 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. 1t also includes & summary of data published in the latest issue
of the American Standards Assoclation publication ASA B46.1,

SURFACE CHARACTERISTICS: The following 1llustration depiots the tefminology of the various
elements involved in surfage roughness control, - -
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2,1,1 Surface: The 1naividua1 surface of a_part is that area whioch continues unipterrupted until

it|adjoins a fillet, corner, or another individual surface.

o
2,1.2 _¥%pina1 Surface: The imaginary true surface which would result if all surfpce lrregular-

“All technical reports, Including standards approved and practices recommended, are advisory only. Their
There is no agreoment to adhere to a

2.1.3 Supface Irregularities: ©Deviations from the nominal surfase, as follows:

In formulating and approving technical reports,

voluntary.

e (peaks, waves, ridges and-hollows) were leveled off to zero value; ory, non-existent.
Tt|is this nominal surface o¥ "mean line" from whish the surface irregularifies deviate.

2.1.3,1 Bouggness: Relatively\finely spaced irregularities; the helight, width, shape and direction
b

whioh, establish ‘the predominant surface pattern, -

2,1,3.2 Iavinéssx Irregularities of the nominal surface evidenced by recurrent fprms of waves,

aviness may be-saused by faotors such as machining deflections, vibratiopn, heat treatment,
dr warping strains (See Fig, 1)

2,1,3.3 Flaws:/ Irregularities of any sort which occur at only one place or at reflatively infrequent

technlcal report.

eak, orack, check, eto, Unless otherwise specified, the effeot of flaws| shall not be in-

d widely varying random intervals on a surface, A flaw may be a scratoh, ridge, hole,
f:uded in the roughness height measurement,

2:1.4 Roughness Height Ratigg: Roughness height rating is a height rating of surface roughness

over & lengbtn equal bvo the roughness width cutoff obtained by averaging the mloroinch de-
viations from the nominal surface, This method is deseribed in paragraph 2,1.4,5.

2.1.4,1 Rougggess Width: The distance in inches betwéen'suobessive ridges which conatitute the

predominant pattern ef the surface roughness,

2.1.4,2 Roughhess Width Cutoff (Instrument Cutoff): The unit length in inches over which the

. patents which may apply to the subject matter. Prospective users of the report are respo

Section &. 3 of the SAE Technical Board ruies provides that:

use by anyone engaged in industry or trade s entirely

to conform to or be guided by any

{rregularities of the surface proflile are Lo be averaged., The roughness width cutoff
must always be greater than the roughness width in order fo obtaln a true roughness height
rating.

2,1,4,3 Microinch (Mu In,): One millionth (0.000001) part of the U.S.Vstandard linear inch.

2,1,4,4 Contact Area: The designated surface required to contact a mating surface within the limits

specilled. The contact area shall be distributed uniformly over the surface,
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2.1.4.5 Roughness Helght iAA) Averaging Method: The method for determining the roughness height
average 19 as follows:

 aagg——— ROUGHNESS WIDTH CUTOFF _

PROFILE

NOMINAL SURFACE OR
MEAN LINE

FIg. 2

The mean lipe about which roughness 1s measured is a line parallel to the general direction

of the proffile throughout the roughness width cutoff length such that the sums of “the areas

ggntained bptween the mean line and those parts of the profile which lie on either side of
are equal.

ROUGHNESS “RATING
(AR) OR'ARITHMETICAL
AVERAGE FROM MEAN|LINE

N Y A2 AN
! w  / N NOMINAL SURFACE
y NN \\,’/ OR MEAN LINE
J / FIG- 3

2.1.5%
2.1.5.1

Fig. 3 ohows

2.1.5.2

2.1.6
SURFACE CONTROL AP

Waviness Widt
wavesn;

Lays The direc|

(enspals

Surface

Value: A physical megsurement in inches which represents the width of
Ve peak to.wave pedk,

ion of the predominant surface pattern produced by tool marks.
PLIED TO DRAWINGS:

deviations of the actual surface profile. from the mean line plotted unilhte-

rally. The apvithmsetic average deviation from the noninal surface, or the roughness rating
io tho heighy of a rectangle whose length is equal\to the roughness width cutoff lengkh
auch that thg osum of the areas contained between the unilaterally plotted deviations and
the nominal rface are equal to the area of the rectangle.
Havinega:

Waviness Helght Value: A physical meastrement in inches which represents the maximum|height
Gf the wWaves;| {rom wave peak to wave valley,

the

roughness symbols and their applicable designations shall be placed on %he draw-

Ing Indicating thp surfaces which are to be controlled. When desired, surface control may be spac-

LETTER HEXQHT = X

ified in a general drawing note and exceptions to this note given by surface roughness sy;bolu.

3.2 Surface Roughness|Symbolt The basic symbol is shown in Figure 4, The extension may be onitted
when theé roughnesf EeIEﬁe rating and/or lay deaignation only is applied. See paragraphs 3.3.1

3.5,
;
[ ABSRox. ””i X "‘ “"‘l ~ APBROX. RRE Bl 3.2)
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- 3.3.3 Wayiness Width: The waviness width value, when required,

S —

"3

3.3 Relatlionship of Symbols to Surface Characteristics: The following illustration symbolizes the

Burface 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.

_WAVINESS WIDTH (INCHES)

WAVINESS HEIGHT (INCHES)
T 02- 25—
ROUGHNESS HETLOHT ' ,010\ ROUGHNESS WIDTH CUTOFF (INCHES)
(ROUGHNESS NUMBER) M. 63

MICROINCHES (AA)

/ ROUGHNESS WIDTH (INCHES)
.005

W////////////////%'

FIG. 5

Hﬂﬂaddldilﬁhljliﬁn- g REIZNT T g snall
aced eft and on the 1nside of the long leg as
« The example indicates that the roughness height can-
exceed 63 AA.

63 63

3.3.1

3.3.1.1 hen the surface requires a specific range of roughness : 6
ating to be maintained, both limits shall be placed on 63 g
Yhe symbol as shown. The example indicates that the 32 3
oughness height cannot be more than 63 AA, nor less

than 32 AA., .
3.3.1.2 JHreferred Roughness Helght Ratings: (Microinches):

] 2 16 125
: 4 32 250 .0020

8 63 500

3.3.2 VWayiness Height: The waviness height value, when\used, ///
shdl e placed above the extension as shown. The example
indicates that the wave height cannot excee&d.\,002 inches.

3.3.2.1 JHreferred Waviness Height Value® (Inchég):

00002 ,0001 .0005 .0020 .0100
00005 .0002 .0010 +0050 ,0020 ~ ,25

'shd1l be placed to the right ©f \the waviness height value,
Qreoeded by a dash as shown. The example indicates that the

waye width cannot exceed ,25 inches., The word "min" may be

added after the value when\required, Standards have not

begn established for waviness width.

3.3.4 ¢o

tact Areas When a‘.contact area control is required, the
centage of contact area required shall be placed above ///

extenslion a8 ‘shown. The example indlcates that there

mugt be ‘g minimOm contact of 90% with the mating surface.
3.3.4,1 e preferred percentages are 90%, 75%, and 50%. \\\//
3.3.5 Lay: The ‘lday designation, when used, shall be placed ad-

ent \to and on:the right of the long leg.

3.3.5.1 [Iey—Ppesipnations
= Parallel to the line of the surface indicated. \\\//(J, “1,

4 Perpendicular to the line of the surface indicated.

X Angular in both directions to. the line of the surface 1ndioatéd.
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.
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3.36 Roughnesa Widstht The roughness width value, when re-
quired, ohall ve placed to the right of the lay design-
atlon. The example indicates that the roughness width

cannot exceed (G05 Inch. Standards have not been estab- _L.‘°°5
lished for roughness width.

3.3.7 Roughness ¥Width Cutoff: When the roughness width cutoff

i3 requirad to be otner than the standard .030 inch
(which 18 not specified on the symbol), the width must .010
be gpecified on the symbol and placed below the extension

line, and above the lay and roughness width designations.
Th?oexample indicates the roughness width cutoff shall he 005
L] . ¢
3.3.7.1 Roushnogs Width Cutoff Values (Inches)i

003 010 .03C*¥ ,1060 .300 1,000

*  ,0390 18 ¢ . i
3.3.8 Placerent of ;thola: The point of the symbol, \; shall be elther on the line depflcting
e gurface; ¢n o witness line; or on 4 leader line with an arrow pointing to the surface as

shown in Figuge 6. The symbol shall be drawn erect, (the long leg and exténsion'to thp right),
80 that it canp be read when the drawing ic viewed from the bottom edge,
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4.  INSPECTION REQUIREMENTS(

4.1 @enersl:

4,1.1 Surface roughness symboly are not required for surfaces for which no specific surface
roughneas control 1o necessarvy, Such surfaces are acceptable to the surface roughness
norrally produced by manufacturing methods (easting, forging, drilling, reaming, ete,)
required tc nmeet the dimensional limitations of the part gec Appendix.

4.1.2 Vheve the purface roughneos symbol 1s used with a dimension it affects all surfaces de-
fined by the dimension. Areas of transition, cuch as chamfers and fillets, shall conform
with the roughest adjacent finished area, unlesas otherwise indicated.

4.1.3 Roughness height, roughness width, waviness width and lay indicated on plated, coated or pro-
cegoed surfaces apply to the base metal unless otherwice stated by a note on the drawing or
whon otherwise stated in the specification. Vaviness height on these surfaces however, applies
to both base matal and after plating, coating or processing, since waviness and flatness are
coineidental and affect the ultimate design of the part.,
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