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OFFICE OF THE ASSISTANT SECRETARY OF DEFENSE
WASHINGTON 25, D. C.

18 October 1955

Supply and Logistics .
SURFACE ROUGHNESS, WAVINESS AND LAY
MIL-STD-10A

1. This standard has been approved by the Department of Defense for
use by the Departments of the Army, the Navy, and the Afr Force.

2. In accordance with established procedure, the Standardization Divi-
sion has designated the Ordnance Corps, Bureau of Ordnance and the Ajr
Force, respectively, as Army-Navy-Air Force custodians of this standard.

3. This standard is mandatory for use effective 15 April 1956 by the
Departments of the Army, the Navy, and the Afr Force,

4. Recommended corrections, additions, or deletions should be address-
ed to the Standardization Division, Office of the Assistant Secretary of
Defense (Supply and Logistic), Washington 25, D. C.
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MILITARY STANDARD

‘ Bocurately ex.
Pressing gurface roughness, wavinesg and lay
réquirementy on drawings, in specxﬁcationa,
Or verbally,

Irregularitieg with respect ¢, their height,
widtR, and direction, I¢ shall replacs all for.
TIEr practices foy BPECITYING A%isheg op sur.
ace eonditiong ang shall apply ¢ &Ry surfuce
of sufficfent hardnegs 1 be evalyated in

T8 0f microlnches ( willionths of aw {fieh)
indes the Provieions hereln spenifeg

1.4 Msnnfuturlng methods. Surface Tough.
Bess designation ig ot intended to be directly
Sasoclated withy SNy method of producing a
8urface; therefope - unless otherwige speci-
fled, the mu.facturinz activity

2 DEFINITIONS OF TERMS, The tering

used in this standgpq shall have the Lollowing
fmeanings.

2.1 Surface, The surface of an object is the
boundary which 8éparstos that object from
8nother object or Substance,

2.2 Profile. The profile iy the Contour of 5
surfsec {n  plang Perpendicular to Burface

Wnléss some 0her angls i; 8pacifed,

2.3 Mean line, A mean Jing is an imaginary
line about which Toughness height i, meag.
ured, paralle] to the geners) direction of the
Profile, s0 positioned that thy sumg of .the
Areag contained between it 8nd thosg Bty
of the profile which Jfg o1 elther side of it gpe
&giial,

2.4 Surface irregulnritics, Surface irregu-
larities are deviationg from the meen [ie,

1naluding Toughnes and Wavinass,

2.5 Mieroinch, A microinch iz ope millionth
of &n {nch. (0.000001 inch).

2.6 Surface roughness. Surfage roughness
is relatively finely-spaced aurface irregulari.
ties, the height, width, rection, and shape

ting or abrading action of machine toolg may
be considereq roughness,

2.8 Rouzhnesa.width cutoff, Roughnegs.
width cutof? {5 & unit langth of the profile

1
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over which the irregularities of the surface
profile are averaged to obtsin the roughness
height rating., (Electrical integrating instru.
ments indicate automatically, as roughness
height ratings, the mean result from several
such consecutive unit lengths.) Cutoff values,
in inches, are shown in table III.

2.9 Surface roughness width, Surface rough-
nees width is the distance, in inches, between
the guccesaive peaks or ridges which conatl.
tute the predominate pattern of the surface
roughness. Roughness-width eutoff must al-
ways be greater than the roughness width in
order to obtain a true roughness height

rating.

2.10 Waviness, Waviness is irregularities

from a mean line which are of greater gpag-
ing than the roughness, as illustrated in

figure 12, Waviness may result from {mper-

fections or vibrations of machine tools, de«
flections, warping, ete. Surface roughness
may be considered as superimposed upon a
wavy surface.

2.11 Wavyiness height. The wavineag height
{s the peak to valley height in Inches, total
indlcator reading. See table II for recom.
- mended values.

2.12 Lay. Lay is the direction of the pre-
dominate surface pattern produced by tool
marks or grain of the surface, ordinarily
dependent upon the production method used.
Lsy symbols shall be as specified in table IV.

2.18 Flaws. Flaw are irregularities which

oceur at one place, or at relatively infrequent

_or widely varying intervals in a surface.
Flaws include such defects as cracks, blow.
holes, checks, ridges, scratches, ete. Unless
otherwige gpecified the effect of flaws shall
not be included in the roughness height
measurements, :

2.14 Contact area. Contact area is the area
of the surface required to affect contact with
its component surface. Unless otherwise

2.

specified, contact area shall be equally dfs-
tributed over the surface with approximate
uniformity. Contact area shall be specified in
the manner indicated in figure 7.

3. SURFACE CONTROL APPLIED TO
DRAWINGS, To ensure uniform and efficient
drafting practices, the application of surface
roughness requirements shall be made in the
manner hereinafter specified.

3.1 Basic surface roughness symbol. The
basic symbol ¢/ shall be used to designats
surfaced roughness. Convenient proportions
for the basie symbo] avs shown in figure 1.

3.1.1 Eztension line. The surface roughness
symbol shall be supplemented with a hori.

gonta] antemsiom ling af ailtable length, as

illustrated in figure 6 through 8, when re-

Qmﬂﬁiéﬁfﬁ fiich a5 waviness helghi, wavi.

ness width, ete. are specified in the eymbol.

T

21"

€o® ¢0°
Ficurs 1. Prop‘ortt'om for Basic Symbol,
TasLe T
Preferred Rougbness Height Ratingss
Y 2 1s 125 1000
3 4 32 %0 | ... -
1 8 :f:] 500 PR

¢ Knowa slso as Arithmetioal Averuga (AA) ratingy und
Centre Lize Average (OLA) Index numbaers.

Tasts II
Waviness Height Valuss (Inshes)
0.00002| 0.00008) 0.0008 | 0.001 | 0,005 0.015
0.00008| 0.0001 | 0.0008 | 0.002 | 0,008 0.020
0.00008| 0.0002 | 0.0008 | 0.008 | 0.010 | ...

P.8/20
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RoughnessWidth Outof? Valuen (Inches)

008 010 | 080 | .100 800 | 1.000

3 The 080 cutoff value ahall be standsrd unless otherwize Bpeos
i8ed. When the .030 cutoff value adples, it Beed not be showy

in the symbol, or speaified in spectfestions, ete,

MIL-STD-10A
13 Oclober 1938

3.2 Symbols indicating direction of lay. The
symbols in table IV shall be used when lay
is to be specified with the symbol.

8.3 Application of symbols and ratings. Sur-
face roughness, waviness and lay require.
Hénts shall be represented on drawings in the
manner {llustrated in figures 2 through 10,
Care should be exercised to insert numerical

TABLE IV

LAY SYWMBOLS
LAY
| swmoy, DESTGNATION EXAMPIZ
amewe | 187 parallel to the boundary lims represente | | —=— | _Direction
e | 10g the surface to which the symbel applies. - of tool

L

applies,

lay perpemdicular to the boundary lize repree
eenting the surfacd to which the symbol

DIRECTION
OF TOOL

—
—
-
[ -
.
—

appliea,

lay angular in doth directions %o boundary
line representing the surfage to which symdol

applies,

Lay approximately eircular relative to the
center of the surface to whick the symbol

1
X
C
R

eppliea,

lay epproximately radial relative to the
senter of the surface to which the symbol
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values iu the precise positions shown. Wavi-
ness, lay, and roughness-width cutoff, desig-

nations may, when warranted by special re- .

quirements, be specified in NOTES.

Surface Roughness Symbol (Basic)—
J Designation. of symbol only indicates
Figure 2 requirements governing aurface irreg-

ularities detailed in NOTES.

Roughnesz Height Rating.—The sur-
face roughness height, expressed by o
numerical rating, placed adjacent to
and st the left of long leg as shown.
6 The specification of one number {n-
V dicates the maximum permissible sus.
tained roughness height rating, Any

Figured | eser rating shall be acceptable,

Mazimum and Minimum Ratings.—
' Maximum and minlmum roughness
8 height ratings shall indicate permis.
J sible range. The maximum rating
shall be placed above the minimum as

Flgure4 shown.

002 Waviness Helght—Waviness height

value, {n inches, shall be placed above
extension line as shown. The value
shown zhall indicate maximun allow«
able waviness height.

¢

Figure &

Wavineza Width, — Waviness width

value, In inches, shall be placed sbove

the extsnsion line at the right of the

waviness height value as zshown, The

. value shown ahall indicate the maxi-
P mum allowable waviness width, NOTE
—This designation will not be uged
when percentage of contact area is

Figure § spacified.

Contact Area. ~~ Minimum require-
ments for contact or bearing area
shall be indicatad by a percentage
value placed above the extension line
as shown. Further requirements may
be controlled by NOTES.

g

Figure 7

Lay.~The lay designation is indieated
by the symbol placed to the right and
alightly above the point of the surfaee
roughness symbol as shown,

‘Vl

Figure 8

Surface Roughneaz Width~The sur-

face roughness width value, in inches,

P hall be placed at the vight and paral-
Ll 995 fol to the lay symboel as shown. The
value shown shall indicats maximum

Figure 9 allowable roughness width.
Roughness.Width Cuteff.~~The rough-
nesg-width cutoff value, other than the

42 T o0 preferrad .030 cutoff value, shsall be
placed immediately below the exten-

Figura 10 sion and to the right of the long leg

a8 shown.

3.4 Roughness-width cutoff selection. Tracer
type instruments commonly employed for
measuring surface roughness height are de-
signed to assess only those surfaces with
roughness widths less than the preselected or
standard cutoff value which is established by
the instrument characteristics and the speed
of trace. The roughness-width cutoff of sur-
face roughness measuring Iinstruments is
determined by the frequency response char-
acteristics of the instruments and the speed
of trace. The roughness-width cutoff of soms
instruments is varled by changing the fre-
quency response by means of a switch on the
Instrument and on other instruments by
changing the speed of trace. Instrument
operating instructions ghould be consulted
a8 to the proper method of secuting the re-
quired roughness width-cutoff. Only approxi-
mate control of roughness-width cutoff ecan
be obtained with hand tracing. Surface re-

quirements for normal design applications

are suitably served with the preferred .080
cutoff value, ag listed in table III, In some
cases, either for conversion or through neces-
Bity, it may prove beneficlal to specify a dif-
ferent roughness-width cutoff value, For
example, when controlling mating surfaces
where contact is important, a grester cutoff
value may prove beneficial, or, on surfaces
subject to fatigue failure where irregularities
of lesser width are important, a smaller cut~
off value may be gpecified. '

P.18/28
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CUTCFF  FACSDQLE OF PROFILE

.la'ao 340 - 10

e

|
.010 70 - 90

vv Nl . .]ooa 38 - 42

F16uRE 11. Profile Interprotation of Roughness-Width Cutof.

3.4.1 Effect of variation. The effect of vari-
ation in roughness-width cutoff can be under-
stood better by reference to figure 11.

The profile at the top of figure 11 is the fac-
simile of a surface profile having a roughness
apacing of about .040 and the profiles below
are the instrument interpretations of the
facsimile profile with roughness-width cutoff
value settings of .030, .010, and 008, respec-
tively. It can be seen that the profile based
on the .030 roughness-width cutoff includes
most of the coarse irregularities and all the
fine irregularities of the facsimile profile,
that the profile based on the .010 roughness-
width cutoff excludes the coarser irregulari-
ties but includes the flne and medium fine,
and that the profile based on the .008 rough-
ness-width cutoff includes only the very fine
irregularities. In this example, the effect of

. reducing-the roughness-width cutoff includes

only the very fine irregularities. In this ex-
ample, the effect of reducing the roughness-
width cutoff has been to reduce the roughness

height indication. Howevar, had the facsimile
profile been made up of irregularities as fine
as those of the bottom profile, the roughness
height indications could have been the same
for all three roughness-width cutoff settings.
Thus, if the roughness-width cutoff value s
too small to include coarser irregularities of
& surface, the measurements will not agree
with those taken with a wider roughness-
width cutoff. For this reason, the design
engineer is cautioned o choose that rough-
ness-width cutoff which will include all the
surface irregularities which it is desired to
assess.

8.5 Symbol placement., Symbols, basie or
combined, as illustrated in figure 12, shall be
applied to drawings in the manner noted in
figure 18. Whenever practicable, tho apex
of the symbol shall be drawn touching the
surface to be controlled. When this is not
practical the symbol may be placed with the
apex touching an extension line from the sur-
face to which it applies. Preferably, surface

5
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control symbols should be orfented in such
& manner that all symbols on horfzonts] lines
or surfaces may be read frqm the bottom of
the drawing and all symbols on vertical or
angular lines or surfaces may be read from
either the bottom or the right side of the
drawing. Surface control indications for any
individual surface should be in one plsce

only and not repeated in another view or
section.

3.6 Parts finished all over, uniform rough-
ness, When it is required that a part is to be
finished all over with a uniform degree of
roughness, a NOTE on the drawing should
include specification, for example, “Finish

Typicel Flaw
(Seratekh)

Roughtness Height

é.y (Dizestien

of dominant pattern)

Vaviness
Height
(Inches)

(Inches)

Vavinees
Hoignt (Inches

0002«

Roughness
Height Ratin—g-\\s@

l¢-Surface Rougbness widsth

Roughness-~¥idth
Cutofe (Inches)

— Waviness Width

Waviness width (Inebes)

/

Roughnesga=Widtk Cutof?
{Inches)

v S

2010
Aw{_—:’ Surface Roughness Width

(Inc2es)

Figure 12, Rfelatu‘on of Symbols ¢o.Surface Characteristica,
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’—ﬂ DRILL

BORE (See 2oTE_)
. C, BORE

SPOT FACE

Ficuen 13, Symboi Placemant.
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all over %/ ”; the symbol, basic or combined,
should embrace the roughness height rating.
No other finish marks or symbols indicating
surface control should appear on the draw-
ing.

3.7 Parts finished all over, varying rough-
ness. When it is required that a part be fin-
ished all over, but to different degrees of
roughness, s NOTE on the drawing should
Include the specification, for example: “¥/
all over except as noted”, with the symbol,
besic or combined, specifying the rating ap-
plicable to the greater number of surfaces
of the part. Surfaces to which the predomi-
nant requirements do not apply should bear
Individuel symbols, with their applicable

ratings.

~ 8.8 Castings, forgings, etc., uniform rough-
ness. In the case of a casting, forging, piece
made from bar stock, etc.,, in which all fin-
ished surfaces require the same degree of

surface roughness, a NOTE on the drawing

should include the specification, for example,
“surtaces maiked ¢ to have &/ ”, the latter
symbol, basie or combined, specifying the
required rating., In such cases the symbol
appearing on tha various surfaces will be the
. basle symbol only, with the required surface
specifications appearing {n the NOTE.

3.9 Castings, forgings, bar stock, ete., vary-
ing roughness. In the case of castings, forg-
ings, bar stock, ete,, where the finighed sur-
faces require different degrees of surface
roughness, each finished surface shall bedr
the surface roughness symbol enciosing the
roughnegs height rating corresponding to the

allowed voughndss, excep! that when the
same roughness rating applies to a predomi-
nate number of fitiished surfaces 2  may
be placed on each surface having the same
sllowed roughness and this note placed on the
drawing: “Surfaceg marked ¢ to have %/,
except as noted. Cast Finish # (or rolled,
drawn, ete.).” Each remaining finished suz-
face shall be marked with the. prescribed

8

roughness -8ymbol enclosing the allowed
roughnees rating, and other data as required.

3.10 Plated or coated surfaces. Surface
roughness designations, unless otherwise
specified, shall apply to the completed sur-
face. Drawings or specifications for plated or
toatad parts ehall definf{tely indicate whether
the surface roughness designations apply be-
fore plating (coating), apply after plating
(coating), or apply before and after plating
or coating.

3.11 Special surfaces. Surfaces of which the
required characteristies can only be obtained
by operations such as lapping, scraping, hon-
ing, buffing, ete. shall have the surface rough.-
fieds specified by the surface roughness
symbol and the roughness height rating, fol.
lowed or preceded by notation of the required

operation e.g., 4/ Lap.

8.12 Areas of transition. Where the surface
roughness symbol is used with a dimension it
affects all surfaces defined by the dimension.
Aress of transition, such as chemfers and
fillets, shall conform with the roughest ad-
Jacent finished area unless otherwise indi-
cated.

4. SURFACE CONTROL IN PRODUCT
DESIGN

4.1 Basis of selection. The speelfication of
gurface roughness requirements is the re-
epona{bility of the design engineer. Selection
of the proper degree of roughness, smount
of waviness) and direction of lay must be
derived from an analysis of the surface funce

tion, Functional aspects involved in this
consideration are size and type of loading,
direction and speed of movement, tempera-
ture range, lubrication, physleal character-
istics of materials in contact, ete. When sur-
faces have only minor functional dutles, or
when they are economlically dimensioned for
purposes of clearance, etc, surface roughness
specifications are not necessary.

P.14-20
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4.2 Effect of cost, Manutacturing cost2  of trace, the traversing length shan be st
usually incregge rapidly when surfaces are Jegst five times the roughness-width cutof?
required to be refineg to successively greater value,
degrees than those produced by basie machin.

Ing operations normally associated. with 5.1.2 Ezoaptions, Where the continuougly.
Quantity Produetion, _ averaging type instrument {s used, it is not

4.3 Recomm . forstand roc. traced continuously in one direction Provided
esse:. Rﬂe mu:llladne;:‘ﬁ;gt m:,-ngsﬁzd in t}zat the time required' to reverss the dirge.
table V represent tpe acceptable surface tion of trace 4 short compared to the time
Qualities resulting from standard commerela]  the tracer ig in motion, Where surfaces are
manufacturing proeesges, These ratings arg  not large enough to Permit the recommendeq
in accordance with the Preferred series tab- minimum traversing length, the readings
ulated in table I, It shoulg be understood,  shall not be asaumed to be the actya) rough.
however, that the selection of roughness ness, Such readings may, however, be ygeq
height ratings is bageq upon the require. for comparative purposes,
ments of the design and, wher such factors
as fatigue, strength, and motion are involved, 8.2 Correlation of methods for determining
the surface roughness requirements wij] vary  roughnesg height. The definitiong ang for-
for each particular application, mulae herefn arg Provided to ingupe &n

efflcient change over from the RMS method
formerly referenced in this standard, to the

5. SURFACE MEASUREMENT roughness height averaging method now
Specified. Figyre 14 is used in describing each
8.1 Traversing length, method: ¥ — average deviation from the

mean line, y = ordinate of the curve of the
5.1.1 epresentative sample. To provide Profile, and ] == the length over Wwhick the
full readings for continuoualy-sveraging type average 1s taken, 4, B, C, D, ete, rapresent
instruments, the traveraing length useqd for in Microinches the deviationg of the true sup.
any given meéasurement sha]] not be less than face from the mean surface at uniform intep.
20 times the roughness-width eutoff valye, vals along the profile norma] to the lay, or in
For instrumentg having meters Which indi-  the direction whieh gives the maximum
cate integrated roughness ovey fixed length value, '

r
GA—— LD [ e,
212 —.i;; Y X7 3\ A,
—

FICURD 14, Truq Surfags Profite,
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n A
Efgegm_- (Root:i{quwrc) averaging
method, The former method for determining
a roughness height average in RMS micro-
inches is:

B Ax=d Va
Y_-,, i’ r‘da
= X=0

An approximation of the foregolng may be
cbtained by extracting the square root of the
sum of the squares of the “y” incruments
without regard to sign divided by the number
“n"” of the incruments taken:

= ] A%+ . C % ok
Y=Areekoh,,

§.2.2 Roughness height averaging method.

The method required by this standard 27

for determining roughness height ia:

Fa
Y‘ j’ |Ylex
x>0

An approximation of the shove may be ob-
tained by adding the “y” incruments without
regard to sign and dividing the sums by the
number “n” of the increments taken: :

YaA A". "'cfb*cca-"
' | ‘

10

52.8 Conversion ratio, ‘Numerically, the
RMS value of a profile is always greater than
that obtsined by the roughness height aver.
aging method. For profiles of commonly
found shapes, the ratio varies from about 1.1
to 18. Using a portion of the ordinates
shown in figure 14, 8 mathematica] Mustra.
tion of this ratio would be:

A —18 A? — 256
B — 50 Br 2500
C —20 C* — 400
D -8 D w1225
E — 80 ' E* —3600
F - 80 F e 900
G — 15 .G — 225
H -~ 50 He* —2500
I —25 I* — 625
Jd — 50 J* —2500
K — 18 : K2 —. 258
L — 18 Lt — 256
M — 25 M — 625

408 15868
Roughness Height . 408

rating T 18 =81.88

, 15868
RMS Average = 18 =2384.94

5.24 Effect on drawings, specifications, ete.
In normal design applications the numerical
difference between the values obtained from
the roughness height averaging method and
the RMS method i3 not large enough to war.
rant the conversion of drawings, specifica.

. tions, ete. However, on, criHca] surfaces

whers slight differences In surface roughness

.. I8 significant, the 11 percent conversion fae.
_ tor may be used. :

P.16/28



Downloaded from https://www.everyspec.com
JAN 28 ’S7 BB:84AM GDLS SCRANTON P.17/28
MIL-STD-10A
13 October 1953
Tasts V TABLE V—Continued
Boughuens Roughneay '
Height General Applieation of Height General Applimation of
Rating Roughnens Height Ratlags Rating Roughness Helght Ratings

Y

Very rough, low grade surface re~
aulting from eand casting, torch or
saw cutting, chipping or rough
forgings. Machine operations are not
required ae appearance ia mst ebjse-
tlonable. Thiz finigh, rarely specified,
is suitable for unmachined clesrance
areas on machinery, jigs, and other
rough construction items.

W

Very rough, low grade surfaces,
where smoothness is of no object, re-
sulting from heavy cuts and coarse”

- feeds {n milling, turning, shaping,

boring, and from very rough fling,
rough digc grinding and snagging.
This surfacs ia suitable for clearance
areas on machinery, jigs, and fixtures,
This surface roughness may be ob-
tained by natural processes of sand
casting or rough forging,

’ ﬂv

Coarse production surfaces, for un-
important clearance and cleanup
operstions, resulting from very cosrss
surface grind, rough file, disc grind,
and from rapid feeds in turning, mill
ing, shaping, drilling, boring, grind-
ing, etc., where definite tool marka are
not objectionable. This roughness may
aleo be produced on the natural sur-
facea of forgings, permanent mold
castings, extrusions and rolled sur-
faces. Surfaces with this roughness
value ¢an be produced very economi-
cally and is used to u great extent on
parts where stress requirements, ap-
Dearance, and conditions of operations
and design permit.

:zv

This i3 the roughest surfsce recom-
mended for parts subject to leade,
vibration, and high stress. This sur-
face roughnass {5 also permitted for
beering surfaces when the motion Is
glow and the loads are light or in-
frequent, but not to be specified for
fust rotating shafts, exles, and parts
subject to zevare vibration or extrems
tension. This surface is a medium,
sommerelal Wachine finlsh In which
relatively high speeds and finz feeds
sre ured In taking light cutz with
well-sharpened tools, and may bs

economically produced on lathes, mi]).
ing machines, shapers, grinders, ete,
The surfsce finish may also be ob.
talned an permanent mold castings,
die eastings, extruzions, and rolied
surfaces.

Y

A good machine finizh produced
under controlled production procedures
using relatively high speeds znd fine
feeds in taking light cuts with well-
sharpened cutters, This surface value
may be speclfied where cloge fits are
zequired and may be used for all
stressed parts, except for 38t potat.
ing shafts, axles, and parts subject to
gevers vibration or extrema tension,
This surface roughness is satiefactory
for bearing surfaces when the motion
i8 slow and the loads are light or in.
frequent. Thia surfaca roughness may
also be obtained on extrusions, rolled
Burfaces, die castings, and permanent
mold eastings when rigidly controlled,

L4

A high-grade machine finish requir-
ing close control when produced by
lathes, shapers, milling machines, ete,,
but relatively easy to produce by
centerless, cylindrical or surface
grinders. This surface may be specified
in parts wheze atress concentration s
present. This surface finish iz satiz.
factory for bearing surfaces when
motion is not continuous and loads are
light. When finer finishes than this
are specified, production costs rize
rapidly, therefore, such finishes must
ba analyzed carefully by the engineer
or designer. Also proceszes guch as
extruding, rolling, or dle casting may
produce a comparable surface rough-
ness when such processes aze rigidly
controlled.

MJ

A high quality surface produced by
fine cylindrical grinding, emery buff.
ing, coarze honing or lapping. A sur-
face of this value {s specified where
smoothnegs {5 of primary importance
for propar fumetioning of thy part,
such as rapidly roteting shaft bezrs
ing, heavily loaded bearings, and ex.
trems tension members.

11
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24

Very fine surfaces produced by
speciel finishing operations such as
honing, lapping, or bufing, Surfaces
refined to this degree are specified
where packings and rings must slide
acroes ‘the direction of the surface

.grain, maintsining or withetanding

pressures; the interior honed surfaces
of hydraulic cylinders are an example,
Finishes of this value may slso be
required in precision gages and in-
strument work, on sensitive wvalue
surfaces, or on rapidly rotating shafis

and on bearings where lubrigation iz -

not dependable,

Refined surfaces produced by special
finishihg operations such as honing,
lapping, and buffing. This surface
roughness value should be specified
only when the requirements of dezign
makes it mandatory as the cost of
manufacturing is extremely high. Sur-
faces refined to thiz degree are re-
quired in instrument work, gage work
and where packings and rings must
slide across the direction of surface
grain, such as on chrome plated pis-
ton rods, ete.' where lubrication is not
dependable,

: al
qv

slv

Very refined surfaces produced only
by the finest of modern honing, lap-
ping, bufing, and superfinishing equip-
ment, These surfaces mey have a satin
or highly polished appearance depand.
ing on the fnishing .opsration and
material., Finishezs of this type are
only specifisad when design require.

ments make it mandatory as the cost .

of manufacturing is extremely high.
Surfaces refined to thiz degree are
specified on fine or very sensitive in.

strument - parts or other laboratory -

items, and certain gage surfaces, such
as on precizion gage blocks.
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Coples of specifications, standards, draw-
ings, and publications required by contrace
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APPENDIX 1

CONTROL OF SURFACE ROUGHNESS

This appendiz is for the purpose of adding elarification
to the standard and includes no mandatory provisions.

Smoothness and roughness are relative,
ie.,, surfaces may be either smooth or rough
for the purpose {ntended; what is smooth
for one purpose may be rough for another

purpose,

In the mechanical field comparatively few
surfaces require any control of smoothness
or roughness beyond that afforded by the
processes required to obtain the necessary
dimensional characteristics,

Working surfaces such as bearings, pistons,
and gears are typical of surfaces for which
optimum performance may require control
of the surface characteristics in accordance
with the procedure outlined in the foregoing
standard. Nonworking surfaces seldom re-
quire any surface control such as that with
which this standard is concerned, the only
exceptions in these instances being restric.
tions that may be necessary for process con-
trol and finish required for sake of appear-
ance,

It follows from the above that surface
characteristics should not be controlled on a
drawing or specification unless such control
is essential to appearance or mechanical per-
formance of the product. Imposition of such
restrictions when unnecessary may increase
Production costs and in any event will serve
to lessen the emphasis on the control specified
for important surfaces.

In genersl, working surfaces and those
requiring & high degree of smoothness for
sake of sppearance should be controlled in

accordance with the foregoing standard.
There will, of courss, be many exceptions
where control is uneconomica) and unneces-
sary from the standpoint of operating cher-
acteristics,

In the mechanical fleld roughness or
smoothness is largely a result of the process-
Ing method; a machined or & ground part
may be relatively smooth or relatively rough
for the purpose intended; the surface ob-
tained from casting, forging or burnishing
is the result of plastic deformation; if ma-~
chined or ground, lapped or honed, the sur-
face obtained is the result of tearing action

- of the cuttlng tools or abrasive grains.

Regardless of how the surface character.

istics are evolved, magnified profiles in ell

instances consist of a series of peaks and
valleys which deviate in a3 more or legs ir-
regular fashion above and below a mean sur.
face. Superimposed on thege major peaks and
valleys there are irregularities of lesser
magnitude.

Experience has shown that the ideal sur.
face characteristics for working surfaces
may involve such operating conditions as the
area in contact, the load, speed, direction of
motion, type and amount of lubricant, tem.
perature, msterial and physical character.
istics of component parts, varistions of which
in any one of the conditions may require 8
change in the specified surface character.
istics. Experimentation or experience with
surfaces performing similar functions are
therefore the only criteria on which selection

13
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and specification of given surface character-
fstics can be based.

Once the required surface characteristics
have been established on the basis of experi.
enceé or experimentation the requirement
should be documented on the engineering
drawing in accordance with the foregoing
standard with detail limited to the character-
istics which are definitely known to be essen-
tial to the specific application. The respon-
sibility for making the surface is thereby
transferred to the producer.

Table V ghows the typical zange of surface
roughness values which may be obtained by
various natural processes and production
methods. The abllity of & processing opera-
tion to produce o specifie surfsss ¥oughness
depends on many fastors. Fo example, in

4

surface grinding, the final surface depends
on the peripheral speed of the wheel, the
speed of the traverse, the rate of feed, the
grit size, bonding material and state of dress
of the wheel, the amount and type of lubrica.
tion at the point of cutting, and the physical
Properties of the piece being ground. A small
change in any of the above factors can have
8 marked effect on the surface produced.
Therefore, the values shown in table V should
be considered flexible and not hard and fast
limits, ‘

Interpretation of surface requirements as
specified on the drawing is explained in detai]
{n the foregoing standard. The standard,
however, permits considerable latitude in the
method or procedure for controlling produc-
tion of the surfaces and establfshing their
conformity with the specified drawing re-
quirements.
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