Surface Texture &
Machining Symbols




Surface Conditions Vary

e Machined
e Cast
e Forged
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What iIs needed for
product function?
e Smooth

e Rough
— e Patterned
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Extra Stock for Castings

FINISHED SURFACE
ORIGINAL SURFACE

EXTRA MATERIAL PROVIDED TO J
PRODUCE A DESIRED SURFACE FINISH
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Machined Surfaces

TYPICAL FLAW (SCRATCH)

WAVINESS
HEIGHT
(TRUE)

LAY (DIRECTION OF
Y DOMINANT PATTERN)
RN

TYPICAL
ROUGHNESS
WIDTH

-—— WAVINESS

L—*‘— SAMPLING LENGTH

ROUGHNESS-WIDTH CUTOFF
(INSTRUMENT CUTOFF)

WIDTH

MEAN LINE OF
SURFACE ROUGHNESS
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—~ TYPICAL PEAK-TO-VALLEY
ROUGHNESS AVERAGE
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Surface Roughness by Process
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Roughness Average Rating in N Series of Rough Grade, Mi
N12 W11 N10 NS NB NT N6
pm 50 25 125 63 32 1.6 0.8
Process pin. 2000 1000 500 250 125 63 a2

(uin.), and Micromaters (u m)

N5 N4 N3

N2 N1
0.4 0.2 0.1 0.05 0025 0012
4 2 1 5

8

Flame Cutting = |

snagging
Sawing

Planing, Shaping L

Drilling =
Chamical Milling
Elect. Discharge Machining

Milling K 7

Broaching
Reaming

Electron Beam

s

Laser

Electro-Chemical
Boring, Turning A
Barrel Finishing s FFs

Electrolytic Grinding

Reller Burnishing

Grinding L =
Honing

Electro-Polishing Fis
Palishing
Lapping

Suparfinishing

Sand Casting

Hot Rolling

Farging

Porm. Mold Casting

Investmant Casting

Extruding

Coid Rolling, Drawing

N

Die Casting

N

TYPICAL
APPLICATION

Unsuitabls for fast rotating | ~.]

rolled surfaces & forgings.
membars,

WVery Rough Surface.

Equiv. to sand casting.
Rowgh surlaces.

Gourse finish, Equiv. to
Medium finish, Commonly
used. Reasonable appear.
Good for close fits.

Used on shafts & bearings
with light loads & moderate)
speeds.

Rarely used.

Used on high speed shafts

& bearing.

Supor-finishing. Costly.
Seldom used.

Rafinad finish, Costly to

Used on precision gauge
producs.

Costly.

The ranges shown above are typical of the processes listed.
Highar or lowar values may ba obtainad undar spacial conditions.

= | & instrument work.

m
=<

I Average Application
Less Fraquent Application

FIGURE 11-8 m Surface roughness range for common production methads
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Machining Symbols

/\ AN
60° 60°
\/

/.




Finish Marks

e Shown in edge view

&

v
S—

Fimish ¥arks.
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Recommended Symbol
™ or
4

\¢

(A) RECOMMENDED SYMBOL

AV

< v

A

f
< ——F
.,

(B) FORMER MACHINING SYMBOLS
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Casting Example

(A) FINISHED CAST PART

— — — —

l J XX MACHINING
| ALLOWANCE

FINISHED
XX MACHINING ALLOWANCE CASTING
SIZE

(B) CASTING WITH EXTRA METAL
ALLOWED FOR MACHINING

FIGURE 7-3 m Allowances for machining
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Symbols

- -
A v/
f * * ’ X = LETTER HEIGHT

SURFACE MAY BE PRODUCED
BY ANY METHCD

ISTLIIISS

MATERIAL REMOVAL
REQUIRED

JIPI T

MATERIAL REMOVAL
PROHIBITED

UL ATL AL 7

FIGURE 11-3 @ Basic surface texture symbol
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Complete Symbol

MAXIMUM WAVINESS

MAXIMUM WAVINESS HEIGHT
SPACING
ROUGHNESS AVERAGE VALUES EXAMPLE
\ ROUGHNESS SAMPLING
MACHINING ALLOWANCE % B-C LENGTH gg -0%25-4
F E<——— LAY SYMBOL i

MAXIMUM WAVINESS SPACING 002-4
RATING (C). SPECIFY IN INCHES OR

BASIG-SURFAGE TRXIURE SYMBOL \/ MILLIMETERS. HORIZONTAL BAR

ADDED TO BASIC SYMBOL.

ROUGHNESS AVERAGE VALUES (A).
SPECIFY IN MICROINCHES,
MICROMETERS, OR ROUGHNESS
GRADE NUMBERS.

\

LAY SYMBOL (E)

JI=

ROUGHNESS SAMPLING LENGTH

MAXIMUM AND MINIMUM ROUGHNESS _ ga 2 T
AVERAGE VALUES (A), SPECIFY 4 OR CUTOFF RATING (D). WHEN NO .

IN MICROINCHES, MICROMETERS, 3\?—7 F{V VALUE 1S SHOWN USE .03 INCH (0.8 w,
OR ROUGHNESS GRADE NUMBERS. MILLIMETERS.

MAXIMUM WAVINESS HEIGHT RATING (B) \002 MACHINING ALLOWANCE (F).

SPECIFY IN INCHES OR MILLIMETERS. : SPECIFY IN INCHES OR \
HORIZONTAL BAR ADDED TO BASIC MILLIMETERS. .06
SYMBOL. V

NOTE: WAVINESS IS NOT USED IN ISO STANDARDS.

FIGURE 11-4 ® Location of ratings and symbols on surface texture symbol
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Example of Symbols

-4

12\5/

7

63
32
6i/
.002
16 /

.

N\
/

(N
S

125

— AV

ALL SURFACES 253/ UNLESS OTHERWISE SﬁECIFiED.
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NOTE: VALUES SHOWN ARE IN MICROINCHES.
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Indicating Machining
Allowance

oe _ Lo/
pove sk prs /.ﬂv_/
-ue_i/:-____________i‘il

FIGURE 7—5 m The value of the machining allowance as
shown on the drawing
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Machining Notes

e Finish All Over (FAO)
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<5/

l \ I - t -
Rough, Iowgmdaurhoemulﬂnghumamdusﬂng.torehcrnwcutllnq chlpping,orroughfomlng
Machine op is surface, rarely

are not req is not
spedﬂulb itabl for h mmrougheonwueﬂonnm

¥

Rough, low grade surface resulting from heavy cuts and coarse feeds in milling, tuming, shaping, boring,
and rough filing, disc grinding and snagging. It is suitable for clearance areas on machinery, jigs, and
fixtures. casting or rough forging produces this surface.

86/

Co P B R resulting from
surface grind, roughﬁlo.dlmuﬁml mpidluechlnlunlng mlling shapmg drilling, borlng grindlng etc.,
whm.loolmwksmmob]ocﬂombb. natural forgings, mold castings,

, and rolled also produce this rlcenbapmducedoeononﬂeellyandls
uudonpamwhmmsroquimm appearance, and conditions of operations and design permit.

36/

The roughest surface recommended for parts subject to loads, vibration, and high stress. It is also
permitted for bearing surfaces when motion is slow and loads light or infrequent. It is a medium
commercial machine finish produced by relatively high speeds and fine feeds taking light cuts with
sharp tools. It may be economically produced on lathes, milling machines, shapers, grinders, etc., or on
permanent mold castings, die castings, extrusion, and rolled surfaces.

16/

A good machine finish produced under controlled conditions using relatively high speeds and fine feeds
to take light cuts with sharp cuttings. It may be specified for close fits and used for all stressed parts,

except fast rotating shafts, axles, and parts subject to severe vibration or tension. It is satisf:

ory for bearing surfaces when motion is slow and loads light or infrequent. It may also be obtained on

extrusions, rolled surfaces, die castings and permanent mold casting when rigidly controlled.

u.va/

o

Awmmmmmmmwmmmm
etc., but eauym by 2 or surface gri

ordheaﬂhgmayr ible surf: umendguy
Inpwumomeoncemmﬂmhprm It is used for bearings when motion is not continuous and
loads are light. When finer finishes are specified, production costs rise rapidly; therefore, such finishes
must be analyzed carefully.

%/

e

A high quality surface produced by fine cy g, emery buffing, coarse honing, or lapping, it is
npocmedwhmmthnmlsofpmnmylmpmum auehasrapmymuﬂngsmﬂbunnga
loaded b and tension

%/

=

A fine surface produced by honing, lapping, or buffing. It is specified where packings and rings must
slide across the direction of the surface grain, mnlnwmngorwnrmungprm or for interior
honed surface of hydraulic cylinders. It may also be reqs gauges and ir work, or
sensitive value surfaces, oronrapldtymhﬂngsrnﬁsmonbuﬂngsmmmmmt
dependable.

t%/

L

Aoosﬂymmaﬂmprodueadbyhmm.wnnatdbufﬂm It is specified only when he design
ts make it Itis in instrument work, gauge work, and where packing and
mmsm“mhmmmmm”mmmmdplﬂmmmm

0'9
O.Dzvs/

Ak

Costly refined surfaces produced by only the finest of modern honing, lapping, buffing, and
wpuﬂnlaﬂngequlpmem Thesostﬂaoumyhaveasaﬂnorhigﬂypol appearance depending on

the finishing operation and material. These surfaces are specified only when design requirements make it
mandatory. MMWMMWWMMMMMMWMWWn
gauge surfaces, such as precision gauge blocks.

FIGURE 11-9 m Surface roughness description and application
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Surface Roughness

Rider

(a)

0.5 um (20 pin.)
i

WW

0.4 mm (0.016 in.)
(c) Lapping

3.8 um (150 pin.)
i 6

&
(e) Rough grinding

Stylus

\ «+— Stylus path
A

Actual surface

0.6 um (25 pin.)

3

L Y s Vet A WV i D Vi W
£y

(d) Finish grinding

5 um (200 pin.)

¥

(f) Turning
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