The 20" Conference of Mechanical Engineering Network of Thailand
18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

AMMO51

ﬂ']iﬁﬂﬁ']ﬂ']']&lﬂ']&']iﬂi%ﬂ'\‘igﬂ(;fﬂ HHPYLE EJ']\‘JT@'I PNITUIRNIINAUAZAIIN 5\‘1

A Study of the Machinability of Rubber through Milling and Turning Processes
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Abstract

This research presents an investigation of the
machinability of rubber so the machining process can possibly
replace the mould making in some applications of rubber
prototyped products like shoe-thread patterns, automobile tires
including other rubber products with complicated shape. In this
work, the machining of natural rubber through milling and turning
processes was performed. The key studied parameters are
workpiece temperature, spindle speed, feed, and chip
morphology. With an approximate workpiece temperature of -76
degree C, the results from both milling and turning processes
show that the high spindle speed generates a good workpiece
surface finish and vice versa. However, the relation between
feed, chip morphology and the surface roughness can not be
seen clearly in milling process while, in turning, a good surface
finish can be obtained with low feed and ribbon-liked chips. As a
result, this work can be used as a fundamental selection of

machining parameter for rubber machining process.

Keywords: Machinability, Rubber, Milling, Turning, Feed, Spindle
Speed.

1. UNW

o A o

paduizgignlfadauninanolugamnnasudng gisu o

99U
o o [

Tnuud 7US9 AIATULIINTZUND "JN@;R@IL%UG LLE‘IEC&T’!@@]‘B‘U

U

| ME NETT 20" [ wiindl 225 | Ammo51 |

School of Mechanical Engineering , Suranaree University of Technology



The 20" Conference of Mechanical Engineering Network of Thailand
18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

AMMO51

wsIEuaziiow Useiin vodlan Wwiaa vie iesnngmaula
maamﬂumsﬁugﬂﬁﬁaLLﬁQnﬁﬂﬁLﬂﬁwgﬂ"lﬂazhammm:maETJ
fianunudoanud) uazdsliaenumusalunsgadundsnule
Ya o a £ ' {
&9 uanniiivess sl EantanuFsanuganiuie
Wisunulane [1]
v aak o ra €
lunszuaunaudsgdenswndre35ausUdisudRaw
(Moulding) LNanAANAAAMHENI6n3 guuanunsausaldiiu 3 5%
& . . 4 o
fa wuuaa (Compression Moulding) LLUUNIaa (Transfer
Moulding) uazuuuéia (Injection Moulding) lasudAnwuuuaaazld
o a o { ' Lo o A LA o '
nuwamnmsﬁﬁgﬂﬁﬂmusﬁau TaudRuWanazinamaignni
o A a ¢ A a Yo A o gda
wUUAU [2, 3] aasAudAunuuisdassldnunfanminlanu
Fufautruna1auazlfiIaauniuuuse suiRuWLULaae:
@ a o eda o o Aa A &
mm:mJN@@mmmwummmumaugﬂﬂﬂmmmmaouuwuwga
AIULT N vﬁ”’sUﬂ'naJ@Taamﬂuﬁmmm%‘u%awaagﬂiw
Jegiuiaiurinld

q

QmmwLm:ﬂ‘%mmmﬂmﬁ@]ﬁ'ﬁu%mﬂu
% A A A & oA % Y
anudeImulspluuvdeiiiAuanndu wditasdrsanazilagin
muludszinalnedifanuaunTolumIndaudfuw deudnaiay
2 o« v A AN A A a o & a & o
Fadunalilawifunnlifiguawuazlindadmaidodudum
un uazlupansdimandagunuoef liduiunsiuifaw
Lﬁaamn@Taams%umulm‘hmuﬁaSJLLa:Vl;J'@juﬁ'mwmmaaLL;Jﬁuﬁ
Aa
niinengs
o & & 2 'Y a o
AINUNIVUFUTUI UV BIFULILVBINA AN TANLNY

UI2LN7 1T% BITRUARTANUENITBININFBINITUNRNAN
o o a A o 2 o ' o
FuFaulun1INaa FIF0INITIRNLITUINUGIDE1INToAULY Y
Wafhunwawdeduniadusidelulaslulagiudedniun
wdadaILlANNaNEaTuIuduLuLaIna adrglsAanule

oo S22 o« = o A iy A A A
NwIeRIndunsansimisadaudwinusnanatduniaienn
INRAIAUAZAUN U LU ITHRAT U UFULULTINNINAUNL

o A A ' o o a o

mssmameuﬁmﬁmlmmmgo TasfanunuIzaNNUNRO At
o Aa A ' ' & ' & &
duuuundnnlfoundaigintouaTaitu s19Tnuud uazivn

£19589L7

2. JagszasArainsIvg
2.1 WaANEIMIUNNITELIUMIF AR A BRIV EATUI AN

Uszyndlanugunue

2.2 Wananasdanumademnyan ldlslumsianwinalulad
lumsniamegaswnasusouazdadumsirogaanaiia
3045UNMIVNBAIVRIGATMNTINRAAN e Ll luaunaa

3. 3@ aUnsol uazisms

3.1 Jaquazadnsal

i'a@]]Lm:qﬂnﬂﬁﬁlﬂmmﬁé’nﬁﬁaﬁ

3.1.1 1A3897@ CNC (CNC Milling Machine) fi%a Heckert Model
CSK-300

3.1.2 ﬁﬂﬁmmmﬁumuguﬁnma 12 Raduasuuy Solid § 2 Wi
na
3.1.3guUnnludaTuus duaadluguf 1

] fo R o
3U7 1 gUnvnlaubiaTuanugns

3.1.4 Tunugailsiama 812 20 uduas n19 20 UAWAS
¥ 1 i

3.1.5 naaslnud N LuTUT BN

3.1.6 shudouisdmsuidueusud s unnues

3.1.7 qﬂﬂiﬂﬁﬂqm%nﬁﬁ WUy K-Type Thermometer Model MT-
4001 ﬁmwanﬁuwﬁaﬁ;@wﬂﬁw amanIningunni e
GIud -100 A9 199.9 asmiTaTyw

3.1.8 Lﬂ%‘adﬂﬁd CNC (CNC Turning Machine) Sﬁ'a Traub Model
TND 160

3.1.9 fianAsuuy Insert yuria 30 ade MniunAsaglidun

3.1.10 Sunuuazmssvde asndunulismunsanudenssy

°

fav09 JAW vaaaTadnddle Fedndundaslnisdnuduan
Tassaalaviswnan TmelulasFunuensiisnsmsduna
nad Lﬁumuquﬁﬂmamﬂuan 50 ABLUAT LEWHI

quﬁnmamﬂu 30 UaALNGT ﬁogﬂﬁ 2

307 2 Fuunsildlunszuaunands

3.1.11 Lﬂ%ao"i’ﬂmmﬁﬂuﬁ’) (Surface Roughness) Mitutoyo
Contupak v7.10 auaadluzla 3

| ME NETT 20" [ wiindl 216 | AmmoO51 |

School of Mechanical Engineering , Suranaree University of Technology



The 20" Conference of Mechanical Engineering Network of Thailand
18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

AMMO51

oyo Contupak v7.10 Set

3.2 35113798

3.2.1 AFMSEMIUNITUINRAINA

3.2.1.1 Anmnszuaumisaninues lagldiedasta CNC (CNC
Milling Machine)
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Spindle speed Spindle speed

2,000 rpm 1,000 rpm
Feed 1800 mm/min RE NI 25
Feed 1500 mm/min N3 20 Nyt 26
Feed 1200 mm/min Ny 21 Ny 27
Feed 900 mm/min NI 22 NIt 28
Feed 600 mm/min Nyt 23 NI 29
Feed 300 mm/min NI 24 NI 30
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Spindle speed Spindle speed

3,500 rpm 3,000 rpm

Feed 1400 mm/min NI 31 Ny 40
Feed 1200 mm/min NI 32 NI 41
Feed 1000 mm/min nIdii 33 NI 42
Feed 800 mm/min Nyt 34 NI 43
Feed 600 mm/min NI 35 NI 44
Feed 400 mm/min N3t 36 NI 45
Feed 200 mm/min NI 37 NI 46
Feed 100 mm/min nydii 38 Ny 47
Feed 50 mm/min N3t 39 NI 48

Spindle speed | Spindle speed | Spindle speed
4,000rpm 3,500 rpm 3,000 rpm
Feed 1800 ad ad d
nywn 1 nIwn 7 nIn 13
mm/min
Feed 1500 d oA ad
nIuN 2 nItn 8 nItun 14
mm/min
Feed 1200 ad ad ad
nIn 3 nIn 9 nyun 15
mm/min
Feed 900 ] ~d ad
nItwn 4 nItwn 10 nNItUnN 16
mm/min
Feed 600 ] ] ad
nIn 5 nIun 11 nIn 17
mm/min
Feed 300 A A ad
NI 6 nIuN 12 nIun 18
mm/min
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AN 2 NIWILNITUIUNIINGI(GD)
Spindle speed Spindle speed 3500 rpm 400
2,500 rpm 1,000 rpm mm/min (N3 0.004439
A A ﬁ 36)
Feed 1400 mm/min NnIwN 49 NN 58
Feed 1200 mm/min NI 50 NI 59
Feed 1000 mm/min NI 51 NI 60 2500 rpm
a o 1400 mm/min 0.042164
Feed 800 mm/min nIkn 52 NIt 61 (n36idh 49)
Feed 600 mm/min NIt 53 NIt 62
Feed 400 mm/min NIl 54 Nyl 63
. ad A 2500 rpm 600
Feed 200 mm/min nIykn 55 nIkn 64 rmimin (3t 0.011556
Feed 100 mm/min NI 56 NI 65 7153)
Feed 50 mm/min N3t 57 N3tk 66
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W3 Rz (mm)

3500 rpm
600 mm/min 0.00977

(N3 11)

4000 rpm _ K
1500 mm/min e A A 0.0050
(i 2) {

3500 rpm .
Spip 3500
300 mm/min ed 300

(3 12)

0.00688

3000 rpm
600 mm/min SF ;..m

0.00598
(3t 17)

1000 rpm
900 mm/min 0.004464

(n3eiifl 28)

1000 rpm
600 mm/min 0.004

(n3dift 29)

1000 rpm
1400 mm/min

(N3l 58)

1000 rpm 400
mm/min (nirﬁ

1 63)

1000 rpm 100
mm/min (nirﬁ
# 65)

0.145733

0.014968

0.00492
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A13719% 4 A1ANNTBURAD (Mm) VBIBTWIIHNRIBNTZLIBAING

Spindle Speed
(rmp)

4000 3500 3000 2500 1000
Feed (mm/mm)
1800 0.0044 0.0038 0.0023 0.0045 0.0053
1500 0.0050 0.0051 0.0061 0.0048 0.0069
1200 0.0089 0.0071 0.0045 0.0072 0.0067
900 0.0065 0.0071 0.0049 0.0067 0.0044
600 0.0052 0.0098 0.0060 0.0051 0.0040
300 0.0042 0.0069 0.0112 0.0055 0.0054
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Spindle Speed u?i 7
(rmp)
3500 3000 2500 1000
Feed (mm/mm) U7 6 MmaulIsuifisuAIRz 3zniN9Spindle speed
1400 0.0535 0.0404 0.0422 0.1457
0.2
1200 0.0381 0.0241 0.0204 0.1311 o— 3500
1000 0.0122 0.0117 0.0141 0.0941 015
800 0.0084 0.0098 0.0142 0.0967 —8— 3000
N
600 0.0086 0.0101 0.0116 0.0465 @ 01
400 0.0044 0.0074 0.0070 0.0150 0.05 — 200
200 0.0038 0.0039 0.0036 0.0121 .
0 ey = el e a/’ 1000
100 0.0035 0.0029 0.0022 0.0049 !
50 0.0031 0.0034 0.0020 0.0035 0 500 1000 1500
. e 4 . , o Feed
fi1 Rz :MNN3zUIwNINadl spindle Speed 6149 uaadluzli 4
wazen Rz wailSowioulasnmsUasuulasdn Feed LLMNI%E‘U
s
3171 7 dRzuSpuifisulasdnFeed
U7 4 Wsuifisue Rz 1u Spindle Speed 6199
0.16
0.14 < —&— 1400
0.012 \
—&— 4000 0.12 .\ —— 1200
0.01 7\ \\
0.1 1000
0.008 \ P —l— 3500
0.006 { ,z/ X 3000 &‘ 0.08 800
’ N IX/ ﬂ?o\, \\
0.004 ‘_& —~— 2500 0.06 —¥— 600
0.002 —_— 0.04
—¥— 1000 AN % —@— 400
0 L] L] L] 002
——y | [
0 500 1000 1500 2000 0 : : :
0 1000 2000 3000 4000
Feed 50
Spindel speed
311 5 fRz WaSpuisulasns
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mmmaﬁgﬂ"l,ﬁdﬁﬁmmmL%muﬁm‘uu Rz ayﬂwﬁaa 0.002-0.001

mm. SansdinanuiteuiGsungada nadin 13 (Spindle Speed
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3000 rpm uaz Feed 1800 mm/min) FIWUNTZLIUMINRS BAT
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