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Abstract
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othet slep in this twak is ,o derelap o cgurpa,e. p.ogmn tol
prcdictit g ,urfscg rtnish for ,u.ned pot s, The irnportgnce of ttto.k
resvbs is to c{ton dte ,he ptoc^ts ol f,nllng eslil/nated whtss oli
surloce roaghness belo* rnachining. So it is a hewd in4ieara.

hen ct ootit g cattittg coNlitiorrs ,a, ,rr*chirre a pfrrl i,irhir, .erlair
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l-I4!eg@
Suface finish is ,n

apparent wit*ess oF iool marks
or - iack of same - on lhe
macliined surface. The design
engbeer is usually the person
that decides what the surface
firish of a work piece should
tre- Hc bascs his dccision {m
what the work piece is
supposed to do. Where good
surEce finishes achieve high
efEciency by decleasillg
friction; e.g., a piston engine
may give high hoarse po*cr
with less friction of tire
connecting rod, caark, ard
pislor. Also good srface
flnishes indease lveal
rcsistance betweea mo1,irg
pieaes in an assembly part.
Good surface finisles ere the
norm in several hdustries, as in
rhe micro processor indusay irl.

When designing or using a part,
its perfoma[c€ is expected to
depend on pa( surface
cbaracteristics. For example,
axel shafts are subjected :o
altemaling sttesses as &e ,xel
mtales and farigue faihre
shol d be of concern. So, it is
importsnl to avoid ioca! sharp
features on ihe shaft since these
sIe lsually initiation sifes tilr
fatigue faihne. One problem is
to decide on how to describe or
chaEcterize the surface. The
surface finish will be lreasured
duriqg part productior but is
intended to be useful for
desctibing surface behavior in

use, Ihe ftachire taol powea
and rigidiry also affects surface
finish of &e parl where
ifiproving the way sysiettr of a
tuming .rachine; for exaarple
succeeded 10 largely improve
snrirc€ finish ltl. Ihe baric
definitions that related wilh this
resoarch caa be secn ;n
appendix (A).

2. Surfr._c frnish in nrichfuitrs irl:

since macluning is ofte!
the danLlfaaturing pmcess t]at
determlrcs the final georEetry
atld dirersions ofth€ pan, it is
also the process that determ;nes
ahe prr's surface aexlu.e. The
abiliaj to achieve a certain
lolelstce oa surfacr is a
flnclion ol the manufact{ring
process. Tbis Process
determines surface finish and
surface ifltegity. Soane
processes are inierently
capable of pmducing better
surfaces than oihers. In general,
processing cost irrreases wirh
improvemelt in surface 6nish
ss shown in figure (l). Tnis is
because addrtional opemtions
and fiore time are usually
required to obtaitr iacr€singly
b€{ter surfaces.
. Figure (2) indicales the
usual sLrdace ruughness that
can be ex?ected from variors
machinirg proce$es. The data
rePres€nt surface finishes rhat
may be readily achievable by
rnodern, well - maintai.ed
machine lools-
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Co3t{Et

t-igurc (1) Rektio bet eeen cosl afid surJbce fntsh {t l.

Item Mrchini$g Typical surfrce
{ini!h R{nge olro.g[tress

i T.ming cood

2 Driiling Medrrm (:.3-6) xlic.omelcr

Milli"c (lood (i-6) microme.er

4 Mcdix ( L5'12) inicromcl.r

5 Reaming Cood ( l-3 ) lnicromeler

6 Sh,ping ( 1.5- 121 micromelcr

-l Srwing (3-2J) micrometer

8 Bor;flg Good (0.5-6) nicromeler

Figwe (2)
Sutrce tuughness plrducei by vatio*s auehining processes Ft.
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The .ough ess of a

machined surlacG deperds on
mary" I'actols that can be
giouped as follo*s:
s) Georeet f afldors: rhese
include; type of mactirilg
operation, culting :oo1
geo111etr.]/, mosl importatdy
nose ladits, and {eed. Tle
suriace geometry ttiat wolld
result ftom these fa.tors is
rcferrcd to as thc ideal or
theoretical s]rface roughress,
whieb is the finish that wolld

be obta;ned ir dle al,sencg of
\!'ork lnaterial. vibft{ion. ard
:])achine tool f6ctols-

Tool' g$melry and feed
aombine ao fo.m the geoanety
of tlrc surface- [n tool
Seometry, the shape of the tool
poiDt is the impo{ant factor
The effects can be seen for a
single-poi.l {oo: ;n figure (3).
Widr the sane feed, a large
nose mdius causes thc accd
maaks :o t'e less pronouBced,
ihus leadi*g to a better fini'h.

Fieue ( J) Efle.t ol Beomet k facto^ in detamilting ,h" tlEorerical
lirlbh t't, (ot Ell?ct of nosc radius. (b) Ef{cct ol leed.

(c) EIle4, o{ead crrt ing edge sngle.

406



E g. & Te(hiloloqr'. vol-24- No.4.2m5

The effect of nose radius afld
feed can be combined in an

equalio{ to predicl &e ide2l
aithmelic average ronghness
for a surlaoe p.odnn€d bY a
sitlgle-point rnol. Th. equaiion
applies to turning Lrj:

R =.L.-...-.... ..... 111, 32NR
Whe.e R-theoietical s.ithmetic
avemge flfface roughness,
micromelers
/ = fee4 mm; end /r'n = rlose
mdius on the tool Point, rffn
b) Work Meterirl Factors:
these in hde; buik-up edge
effects, daraage ao the surface
carsed by the chip curling back
into the work, reaitg ol t!!e
work sudac€ during chiP
formation when ftachining
&retile matsrials, cracks ilt the
srraace caused bY

discoatrnuous chip formation
when machinins bdxle
materials, and fticl;on between

fie tool fiank and rcwly
senrmted sorl' sudar:c. These

t "tor. *. influenced b;
cltting sped and rake 5ngle,
sxch thal an mcrease in $tti g

speed or l?ke angle generallY

iraproves surface finish. These

factors usually caq* the actlal
sudace idsh to be wo$e than

th€ idea1, AE ernPirical rario
ce be developed to .onvert the
ideal rouglrness value into an

estirnatc of thc actu*l surface

rou€Iness. Figsrr (4) shows thc
ratio of act al to ideal surlace
ioughness as a funclion of
sp€ed :or seversl cltsses of
wolk inaierial.
e) Vibrrtion atd Machhe
Tool F.ctoB: these include;
chaser or litrration i, the
machiire lool or cidting looli
derllecliors ill the fixtlring,
often resulliBg in viblation; and

backtash in drc feed

mechanisr!, PafticularlY on

older machine tools

Ftgare (4) Ratio ofaaual to ldeal sntltee ruughness ttl'
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The ellbct ol vibration can be
corsidered or foLr main paints:

( l) The effect of vibmtion on
the @aciine tools,

(2) Tbe effect of vibration $n
rie cutting condition,

(l) The effect of r,jbration on
the work piece,

(4) The efec. of vibmtion on
rhe tool life.

The majo. effecl ofvikation ot
the work pi€ce is vrorseled
sir.face finish. {&en vibratiol

becomes the, dimensional
accLr?cy of the job may also be
affec&d.

Fi$re (5) slows a lJ?ical
s}rface profile and chatter
nrarks shown ir a magnified
w.y in the cut{ing ard Ged
direction.

The ehatter ftequency i.
cycle.lrEi!*e catr b€
detefinined from equatio. (2)
using lhe co.respo.ahnca of
figure (6).

ln,- . "*"o *o"'"* 5r

FLs!"-

Figure (5) Chauer ,rr%r$ and srz{ace praliles N.

Fig rc (6) chatler disphrccment on surlaee Fl-
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p|s. cot 0=X- / !: X:= NX- r D,

Therelbre,
Nn

ll + (s / zr)cot 9]
Where N: nutrtJe. oa spimis

,-' spiodle r.p.m
j= feed mm/revolution
Hiameter mm
a= angle ofinclinenon.

p.rers lol has shown ftat
therc is a close corelation
betweetr vi&eliod values and
rough,ess values. This
concllrsios has been deri\,'ed

from ihe resuks of exptimenls
pe.formed on Iive differe,{
lathes which is indicated in
table ( 1) beiow.

Tq e (t) Ytb?atinn -
Rolgb esr Crrre|sriort

I l. iJ_ t.l9

0.40

0.51 11.50

1 r.25 Li6

5 0-59

3' Tumi re dstsbase:
The first part of practica!

x'ork in this paper is de!'oted to
make a da€ base system for
tumirg opemtiolr. This systern
includcs the suitable cutting
conditions of tuming &at are
available in machining

haadbooks l'ol- \Yhel ruming
*e program ;t asks lbr input
!,alues of depxi of .Lrt aod
flaterial propefiies. TLe oulput
is tled and speed Yalues as
shown in tables 2, 3, atd 4-
Speed values ale employed in
determining (rai) ratio iior!
figure (4)- The glaph is
translaled 1o numericai dtta so
as ro be used i* dris paper
*irhin the somputer yogram
shown in figure (7).
4.qs@e-g$!E-4@::r:Ecs9!!

Resubs from previo a $ep
aae used in another cornluter
proglam to compute ihe sur?rce
finish ofa part Bol}, Ged value
ard (rai) I"tio are input to the
plognm in order to gea idea,
surface roughness md actBal
surfac€ roughness aooording li)
rle equaaion above. Tabr$ 2, 3,
ard 4 givc tle results whcrc
ihrer Yalues of nose €dius are
supposed. Sample graph in
figDre (8) is plotted for the lrst
matctal in esch lable (sleel) lo
sholv lhe reladon betwe€n Bose
Bdius and surface roulr{ess
fo. tfuee feed numtlerc. T}ie
piol is aalequaEly *rite and
agrees q,ith &eory. Where the
q?e of tooliflg used for any
machining process ca. beiter
the suiface finish il csre is
iaken. T)"ically the larger tie
radius. ihe better the slrface
finish. A! a tooi nosc movcs
a*'ay Eorr pojnted toward
rounded, tfle dep& of thc
protle decrcases, produciEg a
bettcr finish.
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Talrle (2) res$lts lor {0,J) ,iose radius.

.111..1 I ]-li
Li 2,4t: t)

.522

:l 0i _11.: 1.5,101

I2,l1.l0r

l
:,16 1.i9

l :(, 1.5:l
14?-rt ::i. rrr
lr8 I.J6?

l a3 I 6,1 9.!6ilo'
6 r.lJ it r

1r.i t.l i93_6 t.0
3 ll.il l_:l

t.ll l.2J,lO ) I7rrI0

JO ?.21.10' l.li"lO'

Table (3) resklls.fot {0.-l) ,rose .adias.

l
2)l 4 L04,

l I 51t 2.6'
t:i91 tl t\

l._(r2

3 ]]l.2
1.03i

l
It, i.0,1,10 l.-l-{.
l0 I i2:

r.567 La3'
1 Lit. 0'

62.3 6.:t,
0.t 3916 t0 1.t4' 0'

l Lt2 :1 ,11)i !0',
1.r2.

1.0

0) t0
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0.5 22t.4 1..t45

l 0.5 I88,6 t.4.15

6 I D9.1 l.txr01 !.a5'lon

2.

196.8 t.522 t?s,io'
l ]] l_] I ?l

I I 955

3

0i 0.1 246 119

0.5 l0 L'21 , Er!0_

n 0.6 tJ?.6 t.? 11.25:r1r' 19.12

lt3 3.1rlo'
l t).3 t.6l ?.8r10' ,1.58,

6 62.: 1.661 ll.2a']r'' I S ?5' iar"

5

0.5 0.1 l9:1,6 1.0 3 ,'lt' 3.11!10'

3 0.3 31,8 t.l2 2.li t110'
:26n 122 ll.2Jrr1r' Ii.72,10'

t.0 t l.l5.l0l ll.2t,101

3 n.2 t.l5.lo' l:i,,0r

Enq- & Tecnnohe}. Yol.24. No.4. 2005

Tohk (4) resuks lor (0,1) nose .qdiu-t-

Figure (?) Ttming dqta bose slsterrL
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_fdl. . ;:;; :.

Fiqate (8) Stnpk rututts oftt e rulrtio| betueu to ! rrose fiihrs anl
su(o.e tutghneltfot non slaryl urbon steet three frlferentleet ratrat

5. Conclusion:
The Fedictior of

suafac€ filish tor an, desiged
part is useful to be done trefore
machining- Thst is to a:sue
that the industliai ehgineer lvill
ohoose the prope. machine lool
produce tLe part Also he ca&
decid€ about mrchine lool
accumcy- that is cspable to
aahieve the specilied surface
roughless. This paper is
concedem a good guide to
IElform the mentioted task. It
glve the engineer a
computerized tuming daia base
iD order to select the suitable
crltting csnditioas and offers to
him a program to determined
suaface roughneg\
auromatically.
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Appendix (A)
Basie Delillitions

The tbllo*ing pamerapLs give essential definitiorls for related
terms ard conc€pts to the subjeca of ihis *,ord
a,L Chama'teristics of sur,ac€J l3l:

A microscopic view of a pan's $r.face would rcveal thaf it is less
perfecl. The tea:ures of z l1,ical surfaca are illushated in :he highly
lilaghified closs seclior ollbe surface ofa rnelal part in {igure (1-a).

Figqre { Ia) Cholrcterkti.s of surlaces lr1.

a-2. Surfice textlre l3l:

la aonsisrs of the repedtive ar}ator random delialions fiom dle
nomiral surface of an object; it is defined b), 1'our elelr]mts:
roughre,ss. waviness. iat. and fla\}s. Thege featuaes are jllujtraaed in
figure (2-a).

Fig- {2-a1 Surface tetture t'tl.
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Roughnoss: refers to the small, fmely spaced deviations iotn the

nominal suiface that aae delermined by rhe $atetial characterisfics n d
lh€ process rhal formcd the surface.

wavire$: is defined as the dcv-iatiofls of much larger spaci.g; they

occur due to wor& dealection, vibaalior, heat tieatment, and sioilar
factors. Rougbness is supenmposed on wa\iness.
Layi is the pr€domimat direction or pattert of lhe su.face textl[e' lt
is determined by the marrfacturing rethod used to caeate the sudace.

Bually ftom the action ofa cutting lo01. aigu.e (3-*) Presents most of
the possible lays a surlece caa takq logether with the slmbols rxed by

a desiper 10 speciry them.

Lry symlrol Surfac€ patte Descripiion

Lay is parsilel to line
teprese irlg surfac€ to ririich
slmbol is applied

t Lay is perpendicular to lne
representi[8 s,rface to whiqh
sl.mbol is applied.

x
Lay is aigular in both
directions to lfue representiag
srrface 10 wbich slmbol is
abrlied.

M Lav is multidirectional.

C
Lay is circular elalive to
center ofsurlace to which
symbot is applied-

R
lry is apploximate;Y redid
I€lative to the cedte. of
surface to u,hich strrbol is
applied.

P
Lay is parhculate,
nonditectional, or
plotubera .
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Flaws: are irregularities that occur occasionally on the su.aace; &ese

include cracks, scratches, inclusions, and similm defects ilr the
surlace. Althougl some oflie flaws relale ao surface texture, they also

afftrt sir.face irteg ry.

r-3. slrface idteg.ity lE:

Suface aextre alorE does nol complelely describe a sufaca.
There may be metallugical or o{ter changes iri *e altered layet
be,rentl tie surface thal can have a significait elfelt mr the malerial's
mechaoica: properties. S.rface integity is the study and eontrol of
dis subsdrface :!yer arld the chaages in it that oacur duriag processing

thal may influence the perforaance ofthe *inished part or product.

a-4. Surfac€ Roughnqss and Surface Filish 161:

There are two t€rms itcluded within the scape of$rrface textltre.

Slrface Roughness is a measurable charac:enstic based on the

roughness dcvialions. Surfa€e firish is a mo.e subjective feim
denoting smooihness and gmeral quality of a surface- Ill poptlar
usage, suface finish is often used as a synonym aot su.fuce rougllness.
The most conlllor y used measue of sodace texlure is surllce
rougbness. With rcspect to figure (4'a), suface .oughness can be

defined es the ai,erage of:he vertical deviations ftom lhe nominal
surface over a specified suface ienglh.

Ftgare (4a) Deinitiorrs of syrface roaghnessl'|.
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An arilbmetic average (AA) is generally usd based oa :le
absolute values of rhe devialions. and this rouELlmess value is referred
to b) the Eame _a\erage roughness_. ln equarion lorm 6l:

a =' iil a,.. -...o,......a = ild" iL^ fin
Whe.e:

&= arithmelia mean value of rcughnesE miorometeE

Jl = the vertical deviaticn iom the nomilal s.rface (absoh{e),
micromeiers

,, - the specified dfutanae over ryhich the surface cleviations are
measureaL

n : the number ofdeviatio$ includ€d Ln. And ]=.y,

An altemative to the AA &ethod is lhe *rcot-rtea!-square"

(rms) average, whici is the square .oot of the mean of tlre squared
deviarons over the hdsuaing ieagtli.

..5. Symbols for Surface lerture ln:

Designers speciry suface textu& on aB engin€oring dl'wirrg by
means of *mbols as in figure {5-a).

* Ma\:rnur \ravioess widril
li'laximunr \'!viness height: I

!t

Maxim$m & ----. 03

lvtinimlm & *+
0.030{-* Cutotrlensth

,."- Lat mbol
ll/o.oto *- ivr.*i-u. roughness spacnrg

0,012-0.$

FiSuE 6-4 Desig sya,bols fa srrface t*1we Pl.
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