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3.1.1 ﬂ)‘mﬁﬂ‘wa’mﬂszTlWIﬂLLﬁ%E‘iJi"N (size and form error)
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- lay direction of
surface roughness

- |
L Note: Surface profile is
exagger to illustrate
terminology

waviness
height

iy (= =+ roughness width, sampling
if length over
which R, is measured
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3.1.3 anuneIuuadll (surface roughness)
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Roughness Value, R,

_<

Cut-off Length, L

317 3.4: Surface roughness profile

130N
1 [F YA 4+ B,
Ry = —/ y—gldl, (R, = 22T (3.4)
L J L

Sagduituianfwiunaananmaniiiszosnniesnauiwonaamiin R, weldh R, = Ry /4

dloldmanuuen, R,, #lumImvuauuuuninan 105 %mmmamiuwmﬂﬂmmm
(pm) m(ﬂavlﬂu Ao 0.025, 0.05, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2, 6.3, 12.5, 25, 50 VIQ%LWE)GlﬂNNaGIﬁmﬁﬂ
@onlimswanfivansanldasan

o

3.3 MIMURAANNUIIVUDINWRAY
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L?ﬂﬁ?ﬂuﬂ@hﬂ)??ﬁdEJTLIﬁ(ﬁENﬂWiLLﬂ“é’ﬂ’lﬂ'm”@ﬂ?ﬂﬂ%ﬂﬂﬂﬂﬂTiiﬂﬂﬂiuﬁﬂﬂ 3.5 Tﬂﬂﬂu?ﬂﬂL’ViN?“ﬁNLLﬁﬂ\i

ﬂ\ialuiﬂ“l/l 3.6 Iﬂﬂ h ﬂE]ﬂ'lﬂ’J'lNﬁ\‘ITIE]\WI'WiH\iﬁE] (ﬂﬂLLﬂﬂﬂHiﬂ ﬂ'liﬂWﬂuﬂﬁﬂ‘]ﬂm“’?lﬂﬁW%N'JVI@]ENﬂ”IiLﬂ
AHITOMUUA:

1. MANNU R, (roughness value, ;m)

2. MIAMANNYN cut-off lenght L (mm) d@1%5UMITAMIANNUYIL
3. ADMINAN (production process)

4. WWIMIRaBwW (lay)

5. WuanileungihdmumsdedeniawIonduau e ldiitonunalumamnsziumseig
(machining allowance, mm)

3.3.1 aananuvienl (Roughness grade number)

mymuamanaeonlis R, luwhe um we uin Ald winansdimsimuamdomiion
Fanunseliuingan inaunsaliid roughness number unuld AaNuNLILBEY roughness number
udazduanslumail 3.1 wennnitudnmsmmuasmanuvnudnunillitumnn feligammdon
an Tt vvv wingdedanume R, = 0.4-1.6, VvV M9@ONNBNY R, = 3.2-6.3, uag v
RHYDIAIANNWEN R, = 12.5-25
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roughness production process
value (Ry)

i ff length
machining TURN sampling or cut-off leng
e \56 -3_L 2> lay indication
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JUN 3.5: MIMUUAMan e 19N uAINAaIN3 [Boundy]
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7 3.6 sw@NMINEANAMFUMIMUUAGN Y USUDINUED [Boundy]

MINT 3.1 MINAUADANNRY (Roughness grade number)

Roughness Value (R,) || Roughness Grade
pm pin
50 2000 NI12
25 1000 NI1
12.5 500 NI10
6.3 250 N9
32 125 N8
1.6 63 N7
0.8 32 N6
0.4 16 N5
0.2 8 N4
0.1 4 N3
0.05 2 N2

0.025 1 N1
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T bol ] Interpretatlons o 4P
CouTRoLLE0 d'nehasucmnbol—comstsofm may be applied in the title block or
unequal legs inclined at 60° and 0.4/ALL OVER as a note when a single value applies
resting on the surface to be V/ to all machined surfaces controlled
~ | controlled
used when ing is necessary to ALL may be applied in the title block or
obtain the desired texture €3/ over as a note when a single value applies
§Z‘ EXCEPT to the majority of machined surfaces;
g ‘g"ERE exceptions should be indicatéd on
INDICATED the individual surfaces concerned
‘used when the surface texture isto -+ TURN used to specify a tuming allowarce
remain as found from the last process .. 1.6/~ of 2 mm after which a surface
s and no material, e.g. a cast or forged ™! 2_;', texture of 1.6 pm is required -
tes et part, is to be removed :
' 683 used to specify maximum and Y, uscdwspecﬁrﬁ\emt@nmsvalm"
minirum fimits of surface roughness 777%77 by a standard number equivalent to
W rrcads obtained by any machining process s 0.2 pm or 8 pin
'6253 " | used to specify maximum and 3.2 used to specify a roughness value
. mnnumlimttsofsurrmeroughneﬂ ;u together with a multidirectional lay
_ obtained without machining , texture
MILL | used to indicate a particular 0. used to specify a roughness value
machining process and roughness 0.8 with a waviness height of
value 0.008 mm and spacing of 4 mm
1.6 used to indicate a sampling length in used when a surface texture
gz.s millimetres and a machined surface specification is complicated and is
“texture required on a number of surfaces
— 3.2 and space on the drawing is limitec:
SAOMIUM 1 sed to indicate roughness before V=V the basic symbol is used on the
1.6 and after surface treatment; note the surfaces in question and its meaning
\/ ﬁ use of type | line representing the is clearly defined in note form on the
777=/'ﬁ surface after treatment drawing as shown
‘Uﬁ 3.7 ﬁ)@ﬂﬂ\iﬂ1iﬂ1ﬁuﬂﬂﬂHM”WuN1 [Boundy]

¢ 1

332 milEdgdnwaideg lumsdimvuadne o soaiui

mimwuﬂanwmummwummm‘mmﬂwmﬂvnam mim‘muﬂumuaUﬂum‘sﬁlmmﬂamumummmi
WAN 51]1/1 3.7 u,ammamﬂmﬂmmmﬂamanwmwﬂumsmwuﬂaﬂwmkumm@lﬁﬂumﬂﬂ

3.3.3 Lay symbols
nITNITMINAauMe)agag iAeaameiuuuiui wadesmsmannsamuuamamoidesms

v = [y v o & 9 o °
16 JUn 3.8 LLa@Nmamﬁazyamymmelﬁel,umimuuﬂamaw

3.34 ﬂ'l‘a"]'NLl%’Jﬁ nwmnmuﬂanwm“wmwum

mmN{fmé’ﬂmﬁﬁmuﬂé’ﬂwmwmﬁuﬁafm Mymuua liansnen ldasamnandwaranazdiun
RIS mim‘wummiawﬁmaﬂwmgluglmﬂwmuwumwmmnmﬂmﬁu (edge view) uas a0 lf
anAsuIaLdu leader line ¢ ‘nm 3.9 LAANFIDINMIINUMIT QSN DR N1 RS BN

34 ﬂ’lﬁ'eligil\‘l”luﬁ’lﬂ’]'l 191U

mslfnudmanumoudeguaaddugiii 3.10
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direction of
tool marks

Lay is slanting in both directions to the
line representing the surface to which the
symbol is applied.

Lay Lay T
symbol Description symbol Description
e =
— C
direction of direction of
g= tool marks tool marks
Lay is generally circular relative to the
; ) ) centre of the surface to which the symbol
Lay is parallel to the line representing is applied
the surface to which the symbol is applied.
o M
direction of
i tool marks direction of
tool marks
Lay is perpendicular to the line represent- Lay is multidirectional, but generally
ing the surface to which the symbol is having some kind of tool mark pattern.
applied.
R
X

% direction of

tool marks
Lay is approximately radial to the centre
of the surface to which the symbol is
applied.

() '

317 3.8: fedndydnuoinlilumsmuuaainats [Boundy]




16 unil 3. dnwoigneviiuin SURFACE TEXTURE

NS

Lk

ke

- — — — = = = — —
I

-
<

R

7

v

() '

317 3.9: maﬂwﬁnwiawﬁLLuaﬁmﬁﬂwﬁiﬁwﬂuﬂé’nwmsmmﬁuﬁa [Boundy]
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Ra (ml{ronj

Thls very m‘toothly finished surface is prnduced by fine honlng, Ia.pplr!g. buﬁng or super-
finishing machines. It is costly to produce and seldom required. it has a highly polished °
appearance, depending on the production process, and is normally used on precision
instruments such as gauges, laboratory equipment and finely made tools.

€ | € |

This is similar to the finer grades of finish and has much the same application. Very refined
surfaces have this high degree of finish. It is produced by honing, lapping and buﬂ'rng
methods and is costly to produce.

This fine surface is produced by honing, lapping and buffing methods. This texture could be
specified on precision gauge and instrument work, and on high speed shafts and bearings
where lubrication is not dependable.

B | R

very fine quality surface finishes, costly to produce

This fine quality surface can be produced by predision cyfindrical grinding, coarse honing,
buffing and lapping methods. It is used on high speed shafts, heavily loaded bearings and
other applications where smoothness is desirable for the proper functioning of a part

<

This first-class machine finish can be easily produced on cyfindrical, surface and centreless

but requires great care on lathes and milling machines. It is satisfactory for
bearings and shafts carrying light loads and running at medium to slow speeds. it may be
used on parts where stress concentration is present It is the finest finish that it is
economical to ptoduce; belowth:s costs rise mpn:ily

surfaces are required

This good machine finish can be maintained on production lathes and milling machines
using sharp tools, fine feeds and high cutting speeds. It is used when close fits are required
but is unsuitable for fast rotating members. It may be used as a bearing surface when
motion is slow and loads are light. This surface can be achieved on extrusions, rolled

surfaces, die castings and permanent mould castings in controlled production.

. medium quality finishes, used where reasonable

This medium commercial finish is easily produced on lathes, milling machines and shapers.
A finish commonly used in general engineering machining operations, it is economical to
produce and of reasonable appearance. It is the roughest finish recommended for parts
subjected to slow speeds, light loads, vibration and high stress, but it should not be used
for fast rotating shafts. This finish may also be found on die castings, extrusions, permanent
mould castings and rolled surfaces.

This coarse production finish is obtained by taking coarse feeds on lathes, millers, shapers,
boring and drilling machines. It is acceptable when tool marks have no bearing on

= b2 £ performance or quality. This texture can also be found on the surfaces of metal moulded
\'/ o v/ ég Gsnngs,forglngsmdedandrolledmrfac&andcanbeproducedbyroughhandﬁhng
: £ | ordisc grinding.
3

3 'S | This surface is produced from heavy cuts and coarse feeds by milling, turning, shaping,

S p boring, disc grinding and snagging. ft can also be obtained by sand casting, saw cutting,
\'1/ or ﬂv!'/ ‘E chipping, rough forging and oxy cutting. This finish is rarely specified and is used only

£ & | where itis not seen or its appearance is unimportant, e.g. on machinery, jigs and fixtures.

£t

)

5 This very rough finish is produced by sand casting, torch and saw cutting, chipping and

rough forgings. Machining operations are not required as this finish is suitable as found,
e.g on large machinery.

o

314 3.10: fvg1amslinuaianumey [Boundy]
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Roughness values, R, (pm)

Production T T T T T T T T T T
process 50 25 125 6.3 32 16 08 04 02 041 0.05 0.025
| |

flame cutting
snagging
sawing
planning, shaping

drilling
chemical milling
electro-discharge machining
milling 7 77AT7Z TIFAT7 7

broaching
reaming |
boring, turning TI7A77 FITSTITS TS,
barrel finishing Z. 77 TIZZ7ZE

electrolytic grinding
roller burnishing:
grinding 777, ITTITS IITIIS.
honing I TIILTIIIES

polishing FITTS FTTTIS
lapping
superfinishing rI7 777 7.

sand casting
hot rolling:
forging Z
permanent mould casting

investment casting 77777,
extruding 77477

cold rolling, drawing FIT LTI
die casting

LKQ’: I average application 27772 less frequent usage

U 3.11: ANNUPIVBOINTTNIDMINAALDLAINE) [?]
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