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ABSTRACT

This thesis presents the comparison results of surface quality and wears of
internal cylindrical erinding process with five different types of grinding wheel with
grain mesh sizes range from 180 um to 240 pm, hardness of bond from grade K (Soft)
to grade P (Hard) and concentrations range from 200 g/cm’ to 205 g/cm’ from
internal cylindrical grinding bearing workpieces. One grinding wheel was used to grind
continuously 200 workpieces with no wheel dressing. The same conditions of grinding
were peripheral wheel speed 39,231 rpm and peripheral work speed 1,200 rpm.
The erinding steps used in this thesis were (1) rough grinding with the speed of
120 um/sec, (2) rough grinding with the speed of 100 um/sec, (3) fine grinding with the
speed of 30 um/sec, (4) fine grinding with the speed of 3 um/sec and final fine grinding
with the spark out time 0.35 second and electrical power was measured during the
grinding process with power meter. After the erinding process ended, workpiece was
measured its specification i.e. roughness average (Ra), peak-to-peak roundness, wear
amount and straight profile. The result showed that small grain mesh size affected to
low roughness, large grain mesh size affected to high roughness, soft hardness of bond
affected to high wear amount and low roundness, hard hardness of bond also affected
to high wear amount but high roundness and finally low or high concentration did not

affect to surface quality and wear of the grinding wheel.
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ASUARITUINUALLNNINNTUBUTUIN U ADTAUIYST

1% = L) . >
3.1 asWuIYsUY (Grinding wheel)
A ) v oo YR WY [ v = a o ) v | o |
Muysile Wdmiudesdeigunilnsey Saiudesduavyseneumediunan | og
3 9819A0 @158ALN1% (Bond) Lilada (Grains) Twssa1ne (Void) lagiilasiasiquay

SUALLDEA HINTNATIUANT

Grinding

/,/’ 774

\

eond \ Rotation
Ny
— <X
grains /
Workpiece
Void traverse

sUN 3.1 Inseaievesdeiiuiesly [14]



3.1.1 #13548aM318 (Abrasive) Mniindeslensetaiaguanu Wutagidaiuay

WATWDY Azideiunatssin

3.1.1.1 @151%9N5185554¥1A (Natural abrasive) 13U ABSSUAYN (Corundum)
WinfAuaend (Solid quartz) Waws (Emery) wagiwes (Diamond) Ludu

3.1.1.2 @15:89M3518§91A5129% (Manufactured abrasive) ¥1n15HAATUIIN
i 18un 3aneunandlud wanldan ns1edann duldn Fides wavansUsznevves
nsawnde sgditflousenlyAndnldainuifumiles veseuai1slud (Boron carbide)

welpilleusanled (Zirconium oxide) (wssniiludiulszneuvosmass)

SUNANADNULIYTUYIINETLTINT 1T ITUTRA
@ Aa £ 3 1 1 v @ Aa
1. vadlaiululauuiaian 9 TgRULHLUNTBILAINARIB DN NKINTAY
P, LLaﬂﬂuwaﬁaaﬂUsﬂaaﬂmﬂL:ﬁmﬁu
3. WUNIUINVBLLIATAURIATUATIUDIANG
o & a Y o w v | A W 2 | ~ v ]
a. mmeuwamLmﬂumﬂwmuua’maamamlﬂLﬂugﬂimawwwgﬂmm 1NUY
i lUlraausou
5. davannuaziilauuIngg Yinsnnaau wasnIRAeUTUaavInY
ANNSUASTINTUAAULATIZN %éfaqLmﬁm%uﬂud’aumamaqmﬁlﬁwmaﬁwLéﬁ’mmaau

sauiulumnla

3.1.2 faUszau (Bonding) usdmsudndadiusing o WiRnuuy wazdiluguguidu

sotiudsigluguuuunie q fuszanunieuly Isvazdendall

3.1.2.1 fUszaudang (Silicate bond) lnu1anansusenaulesfeudainmuauiu

¥
U =

a5 3N 1eua9aUusY Unlueuiigamgll 260 asawaidea Tdianussua 1-3 Ju

Y

= v

AuszaultvideRullssdovuinlug Id1wsuruauausig o wu dade dands dela
1 < 2
RN PRIVERVANINY

3.1.2.2 faUsza1uIns i (Vitrified bond) #3a138n17Usza s dn 1eu191n

14
2 A =

-] 14 & a 3 = a (% a ¥ 14 o
N1TUILNINTONRULNEUIT (Feldspar) NTORULTIDU & NAUNUAITTINTIBUNILAIDATUFU

YY a a v

ldwnldaamaiias asladeiuiesteniidanselaniouni Jaduduszauilduin d

27% finauantinusiotinse Wi eamgiinudsuulaslimiuegan



3.1.2.3 @aUszarusvanan (Shellac bond) lAua1nAsNALAITITINITIOLAITATU

a

suldrnufounnlaindine wlddeiulesdoaniuiilveunaamall 150 s iwaded

Y

¥
S I IS =

lunandu o defiuiestenlianiSuuuiiarivuinuie SanuudausiwazEnngud

Tdivgamgiililad denldidesdsrugnnawisednuasnundenisaudiuim

3.1.2.4 @2U52874879 (Rubber bond) 1A1191A819NAUATLE U WAINAUAU
andmaouddniugy defiudesdeildanisiasiarunis fmnudaontegs Seamnsa
Tanuisiseugals desldfudnuasaudaivimsennils Tasvavinulidemvdeldu

3.1.2.5 fauszausunaslant (Bakelite bond) wsarsendednats 153w Teu1an
greaunsesnsildazaota swanfumesludvimatain udunaufuasBmse
Mnutandatuudeiiuudileu Ingldssesnatdu 4 vssina 3-4 Tu dofiudosied
lavsdauautftinauuduss Mlaluausisevasssuna 2,895-5,000 lunsnaundl

q

Tgdmsunuilesisnily vsenulRgsteRINuraslag

3.1.3 TW3991N1ANT93WTU (Grain spacing) fiB AY1UNI95E1INNAITLTINT Y LA

a = CY = o & val 1 Y | 1 Y a £ Y a CY
DUURYTUY L%suaﬂaumiﬂm LLﬁ8Lﬂ'lﬂﬁ‘w%‘lmq@GIUSUEN’JNGUENG’@%U@?S ANUUNITLRYTUY

De

€

YIUNTAMULTY AUV DIATLTINT 8L U WADILFUTULTUIUDOU AIUNIIVD

2D

A5 INTIBISUIN
3.1.4 NSt lYdanriulesuey

3.1.4.1 YUINVILAAAITETINGNY A1NSTULUDTNEIULNL LA UTUIUNTAIILD U

~ ° ) & a o & aa =
LAZLANYY ANSULUDTALLDUAMALIZAUTUIIUNLAITULIILAZLUT Y

3.1.4.2 @s@iwmse dnduddnrousenled wungiuiagfideu-1Use Wy wdnae

A a v A A I3 o @ PR ~ ' < P

w1 ezgiliiluy LLazmLﬂuazqmLuwaaﬂimmmzﬂmaﬂmwLLGzNLLazmum LU LRANAAN
WANNADINTEN

3.1.4.3 NIAAULTIVDIADAUY A1nTUTUIULIYsTeoauAldAaRULNTALT
fFunuIssTeLdanldaiunsnsau Tnavinludeuld G H J K L wag M

3.1.4.4 lpssasivasdeiuniagnu andunuiestdenervildlasaiawuuda

wigdusnulsseiidnsanldlaseasauute druandoudanliwuu 5, 6, 7, kay 8
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< 4
3.2 AIULIITIUUDLADT

ANILEITBUNBNBIAUNG S (Synchronous Speed) Ns Aasaluil

120F "
Ns = ——
ST7p

io Ns = mnuisseunumgud sousiewdt (RPM)
F = Frequency Usealng giu sange 14 50 Hz, druanizenidnily 60 Hz
ety Uszmelne Ns = 6,000/P, @n3gewsni Ns = 7,200/P
P = 41 (Poles) wimanlnila 2, 4, 6
2 = < 2w &
ANUSITRUNITRUANNg e vasIawasulssmAlneNaz Tunall
6,000/2 = 3,000, 6,000/4 = 1,500, 6,000/6 = 1,000

AUSuNDWas 2, 4, 6 TINUAIU

< W a
3.3 AULIINAVDINY

lun1slestennslurestudindsenauvesgnlu avlldunduiadusenineiiuiesdy
AUt uEsddulmaieiininadonisidesueslurudnusenauregnyu 1wy Aus,

FOUTRITU AINIFITOVTUIN ARG IFRVDIIN wazvwAd R uANENa1 RS

3.3.1 lunszuaumsiadauliunuazdegAinnusinn Jiualdangns

i ndn (2)
W 1000

P = \ A oA W
W T A9 AR JAVINAU 3.14
d fe dusurudnansveiuie sy

n A9 ANUSITEUTIRULRESTE



3.3.2 wasunldluvaeiinisdesdetuany Auiuldangns

P
U=
(VDB)/2000

A =~ o w & = )
Weo P An Masuawasnidluvnelesue

V fig Aussnsin1steu

'
a

B g SrarNnnyinnIsilagsuy

Y

D Ag wunuaudnaanigluveiiunu

a a

T A9 ANASY LAWVINAY 3.14

3.3.3 9N3MITAARIUVBMISTY IV AuIlARINgns

Zw = fapVtrav
We f A BRsIn1sUeaU
ap A STYTNITHUAD

Vtrav #9 A11u590151A30uive 3y

(3)

(4)

11
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_1
+ g A Cross-feed
;s 139
TSy, T N te—r—— —~ | ’
. ¢
JLr
Iw [ ™
Travése
(a)
+ o . U, Infeed
|
L-...-—:}---——"————‘—q “—‘1"
f
Zl::>vtmv
/ ap
Traverse

{b)

5UM 3.2 sUuuuvesnsidesteinnu [14]

Infeed

/

dW d(,

=

.

—— Traverse

Vtrav

(a)

5UN 3.3 Uuuuvesmsilesienigluy [14]
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3.3.4 §n5INIANLRIUGEAYRINTR T T

v v A

gnINRndouadnwuu Traverse grinding asiudnvagnisdndauluiuivuuiuszning

¥
a v a

Huiudunu lnenisimdeuiiinlumeninausizes Spindle (Vtrav) Tuwuawnu (-2) wisu

9n31n1300u (Infeed) Tuuwawnu (+X) wagaugnnisidesaguainvuall (dm) Faauin

lha1ngns
Zwmax = TtfdmVtrav (5)
e TC Al ANANY TANYINNU 3.14
f A ems1nN1sUau

dm Ao WusugudnasEignides

Vtrav A9 A11159N156080 U931

3.3.5 nanildlumsidesiy awsaaiuanléangnas

fa) /5 ©)
b e (2fnr)

= 2 Y Iy
11D bw  AD ANUNINVYDITUIU

[y

f A9 9nsINsUau

nro A AILSIVOIAIINY

3.4 ULUUYRINTRYIUY

) v v v A

a v & 9 & @ < A ~ va o v
N191383UBLUUNITWUTFUIANAIBNITUAGAILALRAY] Uuaamwwgmﬂwmnuma

9

1%

a138an1g (Bond) wasduguilunuunesusing 9 Faseniniudesiy nsdesieiuiesde
grunsansevinlavatguuu@e n1513851851U (Surface grinding) n19L3esdunay

(Cylindrical grinding) wazn1sidgstianiglu (Internal grinding)
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3.4.1 n151385UBS1U (Horizontal-Spindle Surface Grinder)

wIBRIuslawnuryukuIvey Tugun 3.4 dnisndeunlukuiueuludsdadiu (motion C)
gn3n1siadaulnIndnfe N15MBUANDITBIYANITLAROUTNVBITUITY (motion X)
csl Q’lld ! (% ' o a ¥ a % «
nsiedeulmiilizendt nsAarukaraniiun1ssieszuulalasia snsinisiedsulnieia
aniuyseynaldivyaduinfeuiiu lasideuatuluwuing (motion -Y) nieuuldzlng
n13gneludaunuruiufiuununyuveLaAIes (motion Z) WuRIWWILBULSNAUAT S TUUY
Fuaulanen15Aiauilid1u1r89gATuI (motion -2) gnsin1siadeulniil Wuukuy
Liseiiasinagldnuduuuulalasiauagldndsanluusazdamensanisindeuiiiiuveys

FUIU

_ Wheel head

Work
table
|__— Column
Saddle
Y
Z
X
Bed
———— Primary motion (C)
Work 3 o i‘
surface AT N

Grinding wheel

Machined surface

Intermittent
feed motion (—-Z’)
(cross-feed)

Workpiece
motion (X’)

{traverse) Workpiece

sUN 3.4 M31Re5ERITIU [14]
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3.4.2 mMsesdunay (Cylindrical Grinder)

L%Uﬂﬂiﬁﬂiﬂ’ﬁ]%uqqu%i‘iﬂi%‘U’eJﬂ Feanunsansevirlansnieuenuwazniely n1sidesie

Aeuen deuliysieasnyuunuiveu drudunuinyueglusuluewiduiy wituau
geanusandeunlundunuuinusulame Weliauisaldssdetuauniiniueniinn o g

Tailstock

A Headstock '
o eac stf)c |

f
<

Work surface

DT . Grinding wheel
1% ,'-": =5

~ ——— Intermittent feed
motion {=X)

(infeed)
!\ X
\ Primary
Workpiece v motion (C) )
motion (- Z') r M _ Wor&plece :
(traverse) 'i ’ T _~~ motion (--C")

Transient surface e

Uil 3.5 maiesionan [14]
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3.4.3 n1sRestuen1elu (Internal Grinder)

lauansseaziBendiulsenauvanniadilusui 3.6 Felaeanuuulidmsunisdusdy

aeluRaueunsanszuen Tnefiduiesdearsaunduyaifsaduiu Spindle ia1uise

[

AARUTMLLN T ULLILAY (2) NunuiuTuaule Weruinvesiuldnas Anusiseufazasty

Y
[
= v [J

Fuauazgnivdameduwanivanuaziyuauseuiinmue sasinsteuassgnldlaenssiv

yaru s stiglukuanny (X)

Y
Wheel
X head
Z
Workpiece Bed
Workpiece \

motion (—C'
ion ( ) _~Grinding wheel
L

Intermittent feed
“~ motion (X)
(infeed)

=%

Primary motion {(—C)
Work .~ g

\ Spindle

motion {-Z)
Transient (traverse)
surface

surface

UM 3.6 M3Fesduniely [14]
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3.5 AAMUNYIUVDINI (Surface roughness)

AumevYesindumRananfiisduainmsnanwuunile Aumeuiniuen
sUF9veTanTldtuzUTuny uarnssiBnistugy dmunsinnnumeny iasiadnune
17'iLﬁﬂmﬂmflm?uﬁzsuaaﬁuﬂaﬁm’mmmﬁluﬁaa fadulumstaisasdossiasserlunisin
Wi Snwazaudunduszesiizenin Cutoff length é‘fﬂLLaﬂﬂugUﬁ 3.7 cut-off length
ﬁmmgmm%ﬁ’umnﬁa 0.25 mm, 0.8 mm, Wag 2.5 mm AINRLIVVBIRIIANNEIAEYFIE
ASIEUNATY 9§ 9819 LTU LIUFIANIUTENINRY A1TENNTEINAITELAF AIUAIBN

(Looks), Aanu3antun1sduda (Feels), wagarnuarunsalunisdeaiun1siidu (Sealing

property)

Tugui 3.7 uansdnvuzeesiiuindnegiere lay (Wan15inuey) lay Wudnvaen

a = = & & AP =4 ° Y
Lﬂ@ﬂ']ﬂﬂ'ﬁLﬂa@u‘ﬂm@ﬂ@ﬂﬂimV]&LGmUﬂ'ﬁsUUEU B NTULIIEINTONINUR lay 1@

surlace

diraction of
FI profile

1ol marks

or A
lay direction af
surface roughness

]—:Dughness
{ height (A}
|
l "

1 Moter Serlace prolile is
| exaggerated (o illustrate

1 t tarminolagy
|
WEVINESS i
al— ngth i T rroughness width, samgpling

ar cul-alf length owver
which A, is measured

i
L Waviness
haight

JUN 3.7 Adnmising o dmSudnuaieuosiuig [15]
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3.5.1 AIANURYTUVDINUR

ATAINUNYIUVBINURITUTHNALAEATIABAINULINTUYDIRITUINUY £519719U TN
ArAuneUlaanANd ULy wHd1Fe9n15ANLLIUE LA IT T UA BT AU
<3 LY aaa o d‘u 1 QAI Y 1 I~4 1 QAI (Y '3
Juday wagiisnsawiundaay Amanuneiunldiuunsvanadudaiio vesrduysol
YBIAIAIULANFIVBIAINGIVOINURIINAMNUIANNGURRY JUN 3.8 UaARIAAIG 9
NEIAUNITATUINAIAIINNETUIINAIAIINGIVBINURT N15ANIUTIIALABLSHIINNITU
LUTLAULRAY STAULRAUAD AILAUITEAUNTN UL DL UILAALLYINAUNUN LALUILARE

Aananslugy
(A1+A2+A3+=B1+B2+B3+) ()
yiedlianugeosiiuindu y ezl
1 L
yef vl Yiva=Y j+5 o
L,
LS1EUNIOAUIUAINIINSALIY, R, tAAD

_(A1+A2+A3+=Bl+Bz+Bg+) (9)
2 L

Rq

YIDN

N\ R Xi+4,=Xj+B)
Ra:ny_ydl' R, = lL z (10)
0

9 v X a g z:ll =~ aa v A = A & P
D15AUNUNUTULUUARUAIUVREUNTTZHZAINNDIAA U DAAFULUU Rt f\]%l@'ﬂ"l

Ra = Rt/4

~ Yo dy [J qy Y 1 1
dieldr R, Hlunisimuauuluuduau wadsagliannasgiulunielulaswns

(um) Sesiluil fie 0.025, 0.05, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2, 6.3, 12.5, 25, 50 Tiatiiilalsiudn

aunsadantdnisnaniiuiunzaulagzain
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Roughness Value, R,

Cut-off Length, L

g‘d‘ﬁ 3.8 Surface roughness profile [15]

3.5.2 NISAINUAAINNYIUVBINURA

' '
A =

LA UARIAIINNEIUNABINITRaE I N vEat 19D UTIRRINTLARYIUN 3.9 lasvuin

a

fumunzanuanasiagul 3.10 Ing h As Araugevasiivtede sauanslugy nsdmvun
Shuavedituiaigesmsanusarvun

1. AMUnEIU R, (Roughness value, pm)

2. A7 Cut-off length L (mm) d1m5unnsinAianumey

3. 35n19Wan (Production process)

4. wWnNIsAATLLY (Lay)

< oA o o 1Y O & = = < Y va & [J
5. WUANNBDLUZUIEIVTUN TSR DVIDLATUUTUIU LWEJGLﬁlILUEN’IUWEﬂUﬂ’ﬁVI’]

N3TUIUNIIHN o) (Machine allowance, mm)

3.5.2.1 ANAYAIUKLIU (Roughness grade number)
AIANUAAIAINUNEIUBIR LAY R, Tuniag um %38 pin Nle lWu1ansainisiivue
ArdroAionsazliidaaundolimuizan 151a1m15al%A Roughness number uwnuld
A1AIIUNEIUVBY  Roughness number woazA1uanalun15199 3.1 wenanNiuga
nsimunA1AumeunuuuldAuninie suaiuvasuait Inefl vv v mneds
ATAIUNEIU Ry = 0.4-1.6, VV RUN8DIAIAIIUNREIU Ry = 3.2-6.3, WAg V #U1804

ANAINNEIU R, = 12.5-25



roughness praduction process
value (R,) /
TURN sampling or cut-off length

machining
allowance \SBVJBL&_S_____,..;—— lay indication

S AN,

5UN 3.9 M3fmuafEn Yz YeIiuEIIABINTS [15]

e

7//1////////,}’,

5UT 3.10 uaivsngasdmsunsinuaan ¥ eIiuR [15]

A1519% 3.1 AT AIPRAATAIINALIU

Roughness Value (R,) Roughness Grade
Mm Min
50 2000 N12
25 1000 N11
12.5 500 N10
6.3 250 N9
3.2 125 N8
1.6 63 N7
0.8 32 N6
0.4 16 N5
0.2 8 N4
0.1 a4 N3
0.05 2 N2
0.025 1 N1




21

3.5.2.2 mslddganualing q TunisnmuaanyuzuaInumg

[ [ £
=

ANSAINUAS NBUSVBINURIFINITAYNAaINTaY AITAMUALUTUDEAUNITITITUYD4

Y
v
v 6 1

Fudruiidesnisudn 3Uil 3.11 uansiregramsldsnuvesdydnualing 9 lunsimun

anwauzuianlgiun o 1u

o W

3.5.2.3 danwaln1snviunainaney

v

nssuianswaRTans 9 sgrsaviliinainanetuuuiiuin Wedesnnsisnaiunsasmun
aeanefifioansld sUl 3.12 uansdydnualililunsimunainans

3.5.2.4 MITNLUIEEnvalfuadnuzvasiuiia
nsddnvalfmuadnualsveeiuRa Ty AsAmuslansasuldaraanaIngiuEns
LAEAIUII1 VY N3fInuaAI e FydnvailusuiuiiuAafidesn s duidu
(Edge view) @1u1saldgnasnIaidu Leader line Lo gﬂﬁ 3.13 LEAIAI0819N15719

W anUAlAI N BZYBINURD

'v_:;'n ] lntretais ; K )| B 1
e wlqsmndn&mo :?r:t:m::;::kzap;m
resting on the surface to be av‘/m R (s to all machined surfaces controlled
» | controlied
used when machining is necessary to ALL may be applied in the title block or
: obtain the desired texture &/ owen 25 a note when a single value applies
m;?' wt\emqontyoﬁ::cvnedaxfxa
’ OTHERWISE exceptions should be indicated on
INDICATED the individual surfaces concerned
used when the surface textureisto - * TURN used to specify a tuming allowarce
runmnasbmdi'umhehnproees 21.6 ] of 2 mm after which a surface
> andnomztenal.eg.lmtorforged OIS texture of 1.6 pm is required -
part, is to be removed
- 83 used to specify maximum and "N used to specify the roughness value
minimum fimits of surface roughness g by a standard number equivalent to
g 77 obtained by any machining process /7 02 ymor 8 pin
6253 " | used to specify maximum and 3.2 used to specify a roughness value
~ minimum limits of surface roughness ;é Wmamﬂud‘ncwmhy
obtained without machining ’
MILL | ysed to indicate a particular ot° used to specify a roughness value
machining process and roughness : with a waviness height of
value 0,008 mm and spacing of 4 mm
1.6/3% used to indicate a sampling length in used when 2 surface texture i
: millimetres and a machined surface specification is complicated and is
“texture required on a number of surfaces
CADM 32 and space on the drawing is limitec:
CADMIUM 1 used to indicate roughness before V= the basic symbol is used on the
1.6 and after surface treatment; note the surﬁ:esimionandit:mwng
\/ y use of type ] line representing the s clearly in note form on tha
= surface after treatment drawing as shown

¥
A a

SUT 3.1 uansiegnansivundnuazituiia [15]



Lay Lay o
symbaol Description symbal Description

direction of direction of

— 100l marks tool marks
Lay is generally circular relative 1o the

) . centre of the surface to which the symbol
Lay is parallel lo the line representing is applied

the surface to which the symbaol is applied.

0

i

L \ M
direction of
1L toal marks direction of
1o6] marks
Lay is perpendicular to the line represent- Lay is multidirectional, butl generally
ing the surface to which the symbel is having some kind of toal mark paltern.
applied.
N R
X L
direction of \
% ool marks % direclion of
ool marks
Lay is slanting in both directions 1o the Lay is approximately radial 1o the centre
ling representing the surfage to which the of the surface to which the symbol is
symbol is applied applied.

Ul 3.12 shedndyanvainlilunismuunainate [15]

N 7

N
N

- 22—

R

e = e -

v

(% L3

5UM 3.13 Medamsnawindydnualimuaanyazyaiiulg [15]
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3.5.3 N15M9IUAIANNREIU

nstdaueIAIveIUaig 9 wandlugui 3.14

Thlswrymoﬂaf)'ﬁmhedmrfa:espmdwed b;.rﬁmhormg,lappmg buffing or super
Binishing machines. It is costly to produce and seldom required. t has a highly polished -
2ppezrance, depending on the production process, and is norrmally ysed on precsion

instruments such as gauges, kbortory equipment and Saely made toale,

This is similar ta 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, ipping and bu‘f'r'g
methads and is eostly to produce.

“This fine surface & preduced by honing, lapping and bufing methads. This taxture could be
sptﬁfﬂdonprmpugemdvmntmmmh@hwﬂmﬂsmdbemngs
where lubrication i nat dr,-pcndabl:

wery fine quality surface finishes, castly ta produce

This fine quality surface can be produced by predsion odindrical grinding, coarse honing.
buffing and lapping methads. It s used on high speed shafts, heawly Inaded bearings and
other applications where smoathness is desirable for the proper functioning of a part

This first-class machine finish can be easily produced on cyfindrical, surface and centreless
Mb‘.ﬂmmnmmhﬂmxﬂ milling machines. It is satisfactary for

and shafls carrying light loads and running at medium ta slow speeds. It may
used on parts where stress concentration is present b is the finest finssh that it is
econamical to prndmrbehvﬁrsmstmse rapud}q

ﬂusgwdwud-mﬂmﬁcmbemnmnedmprudmmtamwﬁﬂ&gm:hm
using sharp tooks, fine feeds and high outting speeds. it i used when diose fits are required
but is unsuitable for fast rotating members: f may be used 45 2 bearing surface when
mation i show and loads are light. This surface can be achieved on exdrusions, rofled
surfaces, die castings and permanent mould castings in contralled production.

medium guality finishes, used where reasonable
. surfaces are required

This medium commertial finish is easily produced on bthes, milling machines and shapers.
A finish commenly used in general engineering machining operations, it is econonscal to
produce and of reasonable appearance, i is the noughest finish recommended for parts
sublected to dow speeds, ight loads, vibration and bigh stress, but it should not be used
for fast rotating shafts. This Bnish may also be found on die castings, extrusions, permanent
mauld castings and rofled surfaces.

T'-“us mgro&.:cbon hlﬁﬁnﬁartdbyuhr\g:mfgudsmla’thﬁ.nﬂerl shapers,
‘boring and drilling rmachines. It s acceptable when taal marks have no bearing on

performance or quality. This texturs can alse be found on the surfaces of metal meulded
mbxmg:wudedandmﬂadmﬁmmdcmbeprmdbquhhwﬁlag
or disc grinding,

surfaces are unirmportant

This surface i produced from heavy cuts and coarse feeds by milling, turning, shaping,
boring, disc grinding and snagging. i can also be obtained by sand casting, saw cuttng,
chippg, rowgh Rerging and oxy eutting, This finish is rarely specified and is used only
where it is not seen or is appearance is unimportant, 8.2 on machinery, jigs and fxtures.

rough finishes, used where quality

This very rough finish is produced by sand casting, torch and sew autting, chipping and
reugh forgings. Machining operations are rot required 25 this finih is suftable as found,
e on large machinery:

9
Y]

U

7 3.14 F19819N S IITUAIAINUNRLU [15]
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3.5.4 AARYIVIINNTITHER

A1AIIUNEIUNAINTaRER AT NTUREAUNTINITNIHER damSuniseenwuunTiden

a

AIAUNEIU L51eRRIANaleANannTalunINEnNdagatg nTTUITNITHAAKUUAIS 9

wagYaeAIAEveUaransavilatulanslugun 3.15

Roughness values, R, (um)
T

Production T T T T T T T T T
process 50 25 125 63 32 16 08 04 02 0.1 0.05 0.025
| |

flame cutting
snagging {
sawing 7
planning, shaping Z .

drilling
chemical milling
electro-discharge machining
milling 77ZXT7 7 ZZAZ

broaching
reaming
boring, turning yIILITHS GITNTITSITIIIS,
barrel finishing 222V 777, 77277

electrolytic grinding
roller burnishing
grinding OITN TS (777772

honing 777 N ——7 77 77 777
polishing 2777 A77T77.

lapping
superfinishing SIHI VT4

sand casting
hot rolling L
forging ‘
permanent mould casting

investment casting 'qu@ 72

extruding Z7TAZZZ.
cold rolling, drawing ; 27227
die casting

Key: mmmmmmaverage application 77772 less frequent usage

5UM 3.15 ANANUNEIUYRINTINTINTINGR [15]
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v
3.6 AIAINURYIUNIVDIVUIUY
anungrvinidunuandiegrmisdudiulanginet gunsaiildinainuneiusondn
LATDITAAINUNEIUNTOLATDITAAIIULSEURY NS TAAINUNEIUTUAINISaLUIRaNL DU

2 UsELnnme IAANUNENURILAEALRASAUAINUNEIURI LABUUIS

3.6.1 UTLANNITIAAIAURETURILAAY (Average parameter) Ao 91ABN1TIALAD
Awmaueuiesnuduaienueuiowie Gesilisiseauaumeulagsiy
wildanunsaddnwaranunaIniafougewnvesnuviey F8n1snaudl laud Ra Rku Rg wag

Rsk

3.6.1.1 AuneIURRALLavANA (Roughness average : Ra) LJun 15uLans

< o

AUNYIUNUR I8 ANRFENIBAYANAYeININ I Guduandeuldiuuiniga ua

ee

1ae1InIg LN 9L BenlglunN15AMUALINSFIUAUNEIURY FBNITUIAMUNEIURT N1SHT
ANUNENURIRAELAYAMALAINNTTILNUN DRALNBLYDIRAUTBLIEUNINAY (M-Line) fu
g A P v v = v = | a | v &

NunganuranroInaulaLduAINaIImIsMeANeNRaY (Lm) Inga1ues Ra Svuledindu

lalasins (um) é’mﬁmﬂugﬂﬁ 3.16

}" ﬂ‘-'u‘l‘—l.ﬂﬂﬂuﬁﬂil
W/
T \ 4

H.line

o ——

LT

Im « daanus1Ifiie

3UN 3.16 UanaisvAANUvETURLRaY [17]



26

3.6.1.2 A21UNBIURQLRAEN1a9d89 (Roughness root mean square : Rq) 1Ju

& a v =i ] A o w a du o =
ATTLLEAIAITUNYTUNUNINIYTINNEDIVDIANRNTNTAIFDIVDINININ muamiugﬂw 3.17

2 2 2
Rq = \/Z1+ZZ +Z3+ i
n

g |

i

UM 3.17 UanaddmiAanuvg Ui eieiasaes [17]

3.6.1.3 A2une1uRafeusuiae (Roughness skewness : Rsk) LHun1suans

& a a 2 Y @ d ] a
ANUVEURLRILAENISUSUNYBIEauaE VY TngUTinavesganlmiuA1uan dauuTunn

DR J A < I a o g
SUE’J\TT/TQNGL‘VFLUU?’IW@U Vi']ﬂﬂ'ﬂaﬂllll'mﬂLLaﬂﬂI‘ViL%u@@ﬂ"lﬁﬂﬂaﬂﬁﬁaﬁquﬂqﬂNULaﬂ

Fauandlugud 3.18

3151 3

A.,A.«\./zf""\\ r a '\\//‘ "\‘/“\

AW A

-——— -

pat)
s ./'/ \‘" I\t—’?—

v

1] t l b

4
MNP Bo9aa1k

| Rskawwn

5UM 3.18 uanadismAtANuveuRIeaeUIuIn [17]
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3.6.1.4 AIUNYIVRILRABIUI1S (Roughness kurtsis : Rku) 1UuN154aAIAI1Y

oA

venuiuiilneuandiiiudsdnvursusnmesonia lidnvuzeenli saaurau vsouen

Seu dananslugun 3.19

Mkux<3

e

M\ N\ "\\ /_\ M R

/ ; % \A s =t el

\ ’/JJ//“ \_\u N k\ ; }/_ —
N

S

e AN

5U# 3.19 uanadismaanuveurtafegusa [17]

3.6.2 Usznnn1sinAnune1uialagsuln (Amplitude parameter) Ao 81y IAR
ANEIANYDIVUINANVEIVY BN LAY B9 lvlsI3uanualvesnumeulataiaunin

Bn1sngutldun Rt Rv Rp Wag Rz

3.6.2.1 AMURBIURIVUIALABTIU (Roughness total height : Rt, Ry) Wunis
LAAIAIUNEIUNUAILALTAYUIAAIINNITEN TN BAGIgANMANTNanvDIRY AT
Usgleyilinnassimnisnfeansdnilamierdnmuviusyeantinue 1nszlasineiedaia

asluaniluasou dwuansluguin 3.20

M-line

3UM 3.20 UanaITvAIANUVETURIVUIALAE I [17]
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3.6.2.2 AIMUNEIUAIVUIANAUENGA (Roughness valley : Rv) 10un1suans

ANUNEIUNURR LA InULAANANYRWEY tneKanInLENaUNTvUIAGNTIEn

ﬁaLLaQQIugﬂﬁ 3.21

'
=

9

/A

A A\ /\/\A

VAYS

[ A

Z\4

LS
<
=]

8

5UN 3.21 wanadIsmAAuve U aEangn [17]

3.6.2.3 mwmnuﬁ'mumﬂaﬂqeqﬂ (Roughness Peak : Rp) Wunisuans

& a ) A = o =
ﬂ’l’WELI‘VTEJ’]U‘W‘IJN’JIG]EJ'JWUU'WW]’J’]ME:]\T‘UENEJ@@VIQJ"U‘IJ’]@Q\WIQI@ ﬂ\‘iLLﬁﬂ\ﬂ‘UE‘U‘W 3.22

Zp2 zp4 Zp7
Zp3

i

Rp

IEVATE Ay

5UN 3.22 uanadsmAanuvenuinvuIngengsan [17]
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3.6.2.4 ANUREIURNTLIAlaBLadY (Roughness Ten-point mean : Rz) \Juns
memwwmuﬁuﬁﬂma%fmmmmmqwm8amﬁ’ummﬁﬂmawqm Tnouanuneiessey
JENINANUEIVRILOANUANUANVBIVIAY sravun 5 gn msTaneaeuifuraesh 9 fu 5 9
wathandildunsanfuudnsse 5 lnefidves Rz Suhedulilasuns

fanandluguil 3.23

5U# 3.23 wanditmenaume uERIvIalagede [17]

Y] -

WATFIUANUENURD Aglddydnyalaanume1uinaInuInggIu ISO lamnundyanyal

[
g |

89AU RNV W LT TN UT Y ULUY ﬁﬂ’]iﬁﬂﬁﬂﬂ%ﬂﬂ’ﬂﬂ%ﬂ’]UE’JEJﬂLﬁcj‘u 12 YU AULH

'
a 1Y [y

Fui N1 fflaauverutes luaude N12 adadnuveuann lnedinsgiuaglininuddgiu

o

Yl a aaa 1 a a a
A1INANANURYIUNT 2 15AB ATAINUNREIUNILRAELaYANRN (Roughness Average: Ra) wag

v
S a

AIANNETURALAELRAY (Roughness ten-point Rz) 11398 UAgNAIUINTIAAIAIUREIY

WUUALMENURALRRELAYARA (Roughness Average: Ra) U185 inA1A UM UR LAY

[

AfiingUs9veITUIL Az sTauTiniaiuluresiunuignide e iudesde lagly

\30elleInAIAUMEIUNEYDTN Sureform Tester Asanslugun 3.24 Fednwariusieila

a o

v ! a 1 ! ay ISP v a
Q’]ﬂﬂ’ﬁ'}@ﬂqﬂQWN%EﬂUNQLLﬁ5?’1'1'Wﬂﬂ§ﬂi'N?J@\‘i“UUQ"qu\]giJaﬂ‘ng @QLLﬁW\‘iI’UEU‘W 3.25 uay

U7 3.26
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Printer is optional

SUTt 3.24 wanaeesiiotammmmenuuesiatunu (Sureform Tester) [18]

93U TwATRIINANMENURRUDITUNUYBIUTEN Tokyo Seimitsu Co., Ltd. a1unsaldin
ANANUVENURRVRITUIINT UATRAgU I svesBusulaluATAe il Faagaiunisinme

J8UU CNC

: gss /A
S Wt ’W’#\’
CHAE -

JUN 3.25 Lansanue UsNAIANNNENURRIUIUNUAIn LA

%

mmﬂ%LLamwhmmmmwmﬁa%umuﬁ’j’mlwé’amiﬁmﬁ’ma%ﬁ] rdUNALTUINTdNwY

o al o

L‘f]‘LIﬂ’g‘u ﬂmaaulﬂmmaa@mmma szNﬂauwammauiﬂmavmuaﬂmmmmwmwaa

Y

RATUULY 9
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JUN 3.26 wansnuarANingUITveTUNUNinla

Y
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! = I Aav ! ‘Qy oA v ! a 4 IS
“U\‘i“UE]ﬂﬂ\iﬂ’]Wﬂ@EUﬁ’l\‘l%@\WU\‘ﬂU’J’]@Jﬁﬂ‘lﬂmg(ﬂiﬂ‘]ﬁi@LE]EI\‘I@J']ﬂUE]EJLWENIG]

3.7 ANANUNAUYDIVUIIY

LY

N3INAIAIUNANVBITLINTY @3nsasile 2 35 Laun n1svguiiinaliunauseu

v ' v £
aa o

FUUNABINITIA UAZAITNLUTUNIUTOUMITA N5 TnAunauLAazIT duluaToainen

AnunauislusaedldnisnyuduaIuvsei ianvun 3 seunleiu lagn1snyusaunsn
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fA1TUIANIUANTENINNVUINEIGARAEAAATDTUNUNTALY Aauanslugy 3.27 Fea1uide

dlannsannisinFianunasiuuiianiia TudiwisnisinAianunauveuny agyinsin

a a o aa

Usnagmuluresunuignidesateiuiesde lagldiasediotnAranunauiiiyedn
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Inscrbed circ'e
/‘?P-P line
Circunrscnted 4 N
cirzle SRl LT

Datum Zircle
{ean airele)

Ul 3.27 uansgussamnanuufiagiia (Tokyo Seimitsu Co., Ltd.) [7]

SR W

UM 3.28 uanairsaatlodnAiAinamnanyesua (Roundcom 41C) [19]

91n3ULduiATe9TnAIAINNANTBITUIIULBIUTEN Tokyo Seimitsu Co., Ltd. T4 Tnen

ANUNANYBITUIY TnTBNTIANIATUIUNYUTBUYIR
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4.1 Avadilauazaunsain1maaag
4.1.1 m%u%asﬁfeg‘lu%mm (Bore grinding machine) tfuia3aniosiafidszuunis

ulunuudaludAusenausigdiusing q dwandluguii 4.1

Control panel

Control button

Qo0
Q00
[eReXe]
Q00

Motor

Motor work head| EI

Spindle & Grinding wheel ¢ Base M/C

= 40 o o

UM 4.1 nsUsznaunsesiianaraunsainsnaaes
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@ a a Y & d‘
ANUSINTUBURUIESTYAS SN 100 um /sec
ANUSINNSTauiulesiunsan 30 um /sec
ANASINSTauuResiunsan 4 3 um /sec
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AugNae 30 mm lviwde 29.7 mm

4.25 Pnduinisvaasslaganinadeadostoudldtunudilulunmadivenaies

warN1snAYy Save Nvpsesgunsaliniiamielniiiodudusinaimasnumalniiain

1UDLHDS LLDLATDIULIYTTUINUAILTA LATBIALYINNISIAAATUIIU L1 -D8N DALULA T



37

[3 v £ 1 o w

TurazidestunuaissgunsaliamamnalniAssduiinArmdsaumalnihluyn g Juni
a Ay I3 o ay = d9( Y a ] [ 3 o
wazazllesTuunaaandudiuiy 200 3u lagldinsdugunthiiulng vdsanduazi
Qy d‘ = I3 Qy ) [ 1 a Qy [ dy Qy QII
FunungniIesiaiaduluvinsinrinmninis lunn 9 20 u fsil Fuy 20, 40, 60, 80, 100,
120, 140, 160, 180, hasTuUN 200 A1NTAALLTUAIAITUNANVDITUIIY (Roundness),
ATAINNILIVVDINITUIIU (Roughness), AINI5ANNTBUIRU (Wear amount), kagAIing
JUI9v09UU (Profile)
A o a ey e Y] ° a a Y Py Y '
H9YIN151385TUUATY 200 FUKAT AgvinIvgaLAIeRdusle nieudunaluryn
o = 1 d‘ 44‘ & o Y] 1 Y}
Tuiinenfivsesgunsalinmdmnalnin wuriu
4.2.6 vinswWasuiuaalnd Ao adail 2 mudrsu wadvinnisTuguniaulutain
YALFUIUAUENAI9 30 mm WiMEe 29.7 mm nduvinsnaesiaal Ae nadududin
| q' dll & o U ‘QI = : -d! o 1 dy d‘l a
AmAsesgUnsalinmMamelninuazsunnaetiestusu Fasinuilluises o auasuiy
714 5 1A
4.2.7 EoY1n1590a08asa AAzinn1sUnaadn1sieunanve A8 s laslAs o
& o dl' 4:1' d' 1 % % @ Y a b2
gunsaidnmammneliiiieUaranelnizensaeld udnivaunsalliseuias
4.2.8 Wn1iaduiindeyauiiveudaitiiuasufiainesinesiinistuiinkasudasivg
Tdulng Excel
4.2.9 1¥1lWd Excel 1911015198899 UNR9 5 ¥Ta 119N AUL R NIAIA1TI9UY
Ml wdtun A ands Ui Al luy g vinnsiRe sTs Tuu
4.2.10 guawlunn g 4uil 20 Mhluiarauninis fagldnsestiolneg 2 Uszam fe
1. 13949 Roundcom 41C uag 2. 16394 Sureform Tester lngldiaaslumyinaanmiig fil

[y

aA1AUNaY Te399 Roundcom 41C kazinAIANNMENU ANNISANTTD kazAIR

[

FIUERE

9993UU 191589 Sureform Tester



38

4.3 AuauUALazdIuUTEnaUVaURYSUY

Tunsneassasstlainiuldestounaasaianus 5 viaaieniu IngARudvuniduniuy

v

AUGNAIY 29.8 mm 11 21 mm Winuynile wavzuanAeiundunEy fadl

M13197 4.2 wansnaudRvesiuilestensinseuan 5 vila

w1in AFNUR w1Av8IN

UIALIAGR 230 (aziden) V: Vitrified

[ <
AITULVIVDINTI P (bbU9)

5 AULLLLEIRgR 200 (g9)

W5ia7i (1) B230P200VS1C

YuaLindn 180 (azLden) V: Vitrified

ANULD9YBIN1Y L (Urunang)

ATNVUIIUEIRARA 200 (49)

2

ilai (2) PBT180LC200VGA-1

YUILSIAGH 240 (azLdem) \: Vitrified
ANMULTIBINNA M (UIunana)

AIviwILLindn 205 (89)

95ia7i (3) PBT240MC205VGA-1

YUIALIAAA 240 (AzLdEn) V: Vitrified

I3 @
O AMULVIVDINIT N (L)

4 AMUNULUULTIAGR 205 (g9)

w5iadi (4) PBT240NC205VGA-1

YUIALIAGR 240 (aziden) V: Vitrified

AMNULTIVBIN1 K (U1unand)

AILLLLERAR 205 (89)

4ia7 (5) PBN240K-C205VGA-1
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4.4 RURYSUENTINTZUNNITIUN1SNAaDY

UM 4.2 uansguiulestiensanseuen

o a @} o a = o/
119799 4.3 AT UAVDUHLANAVDINULILTUEY

YUAVDIIINA

YA anwargUIna

PBN Standard CBN grain having excellent shape-retaining ability, black grain.

PBT Tough with sharp cutting edges, blackish brown grain.

B Cubic Boron Nitride.

o ©® v a a Y
19799 4.4 LAAIYUINYDIUUANAVDINULILTUEY

< o/
YUIAVBILAAAA (Um)

60 80 100 120 150 180 220 240 280 320

Coarse « » Fine
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1971990 4.5 LAAITEAUAINULLUIVDINTD

STAUAULT 94BN

H J K L M N O P Q

Soft = »  Hard

AN5199 4.6 LAAIAMUMUILULYBIIAGRRAULRu Sy

ANUTUILULYaadnRn (g/cm?)
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v v
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] & o A < 1A = ¥ 3 = |
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U U
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—i— (2) PBT180LC200VGA-1
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