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THANET TAPRAP : A STUDY OF CUTTING TEMPERATURE ON
METAL MILLING PROCESS. THESIS ADVISOR : SOMSAK

SIWADAMRONGPONG, D.Eng., 147 PP.

CUTTING TEMPERATURE / METAL MILLING / K-TYPE THERMOCOUPLE /

IRINFRARED CAMERA/ AISI 1050

The aim of this research was to study the cutting temperature during end
milling process and factors affecting on the cutting temperature rise. In this study, the
work pieces AISI 1050 were machined by CNC machining center under dry cutting
condition with TiCN coated 4 flutes HSE diameters 10 mm End Mill tool. The 3
cutting parameters were studied using 2° Factorial Design in this experiment
including spindle speed 800 and 1270 rpm, feed rate 20 and 60 mm/min, radial depth
of cut 2.5 to mm and axial depth of cut 10 mm constant. The cutting temperature rise
in this study was measured by K-type thermocouple and infrared camera. The main
effect and interaction effect of parameters on temperature rise were analyzed with
95% level of confidence. It was found that, the cutting temperature on End Mill
surface is higher than the cutting temperature in the workpiece. The radial depth of
cut (Ae) was the main factor affecting on the cutting temperature rise. The spindle
speed (S) and interaction between spindle speed and feed rate (S*F) were the factors
affecting on the tool wear. The feed rate (F) was the main factor affecting on the
surface roughness. It could be concluded that the cutting temperature rise have an

influence on the tool and, subsequently, have an effect on the surface roughness.
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CNC = Computer Numerical Control
CAM = Computer Aided Manufacturing
CAD = Computer Aided Design

% wt = founzlaouna

IR = Infrared Camera

HRC = Rockwell Hardness

TiCN = Titanium Carbo Nitride
(TiADN = Titanium aluminium nitride
PcBN = Polycrystalline cubic boron nitride
Q = Estimations of the energy

J = Joule

W/m’.°C = Watt/meter’ °C

Az91hp = Magnesium composites

HSS = High Speed Steel

HSE = High Speed Steel (Co 7.8-8 %)
CFRP = asvoulwiieswaradn
W/em-°C = Watt/Centimeter-°C

rpm = 50UADUIN

mm/min = UadnInouIN

S = Spindle speed

F = Feed rate

Ae = Radial depth of cut

Ap = Axial depth of cut

Tl = mes TurdiTladai

T2 = me3 TurdiTladai 2

T3 = mes TuddiTladaii 3
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Change: ATC ¥9929n00nuUUAINANAAIAT0390T Taedaulvnjazanisontsyalaou
d‘ A 9Y o L:y 1o A . 9 o d‘ [ g}/ L:' 9 [
inseelio 1dasil 1) nunTEd1de (Chain Conveyer) 9zgnlFnuInTonaNUIAINARDINITIY
IN309UBNA10 A 2) HUUIIUNYU (Rotary) HANMTIIOUIFMASIN VLD T d1R0UA

o A A vy '
ﬁ'lﬂJ'liﬂﬁ]‘iJLﬂi’E)\m’E)"lﬂu’f)Elﬂ’N

A A A
mouvu - name

31 Tool

A A A A 1o A .
JU7 2.11 gan)demasoalionny 1981883 (Chain Conveyer)

A I A
[GEITEN TR )
91 Tool

iou 10— vn /

WEH Tool 00T
ol sinima ru .
A Tsunsn mlusdunnia
el

nlion Too!

A = A A
:J;TJVI 2.12 “lgmﬂaslmﬂimummummmu (Rotary)
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23 msl¥meniiunestielunmsnan (Computer Aided Manufacturing: CAM)

Tunugaamassumswaanndsuanldineuiuaeuselunisnaanse
caM TunszuaumstugUdandi mssatugdroniessnssa luiReedes I8 umsesnuuy
Funud1enoURINBIHIDITEAT CAD (Computer Aided Design) aZ1i1n1IHAARIY CAM
Taseadilszneuvdnues CAM Usznoudionieossnsfiinrunudisssuy CNC uazaeming
dmsuau caM Tagtiuseddurfdiniva caM Bliden 9o 19narnnais Fail
AuaTAtazALEsINTaRuAnaai Taendnmsfiugueans iy CAM dosfiieds
Fae'lali W3 aofdorstu malulad ng%’u 3109)

a A

o d a o
2.3.1 ﬂ1§ﬂ1ﬁuﬂ93ﬂﬂ5$ﬂaﬂluﬂ‘lﬁwaﬂ ﬂTi‘VlNiuﬁlﬁ}flﬂ’izﬁﬂ‘ﬁﬂ1wuazaﬂ
Y A 1 a £ Y = o A g = £
maw@wa']ﬂﬂluizﬁj']\iﬂ']ﬁWa@]cﬁquu ﬂzﬁ@quﬂqiﬂqq']umlﬂi‘lﬁg‘]_]ﬂ L!aguﬂlu@]@uﬂ1§ﬂ1\11uﬂ
% 4 a o 4
FALDU lﬁﬂiﬁ}ﬁqu'ﬁﬂ@ﬁj%ﬁﬂuuagllmﬂl%@ﬂﬂwaqﬂqﬁ} Tﬂﬂ’mmiaﬂ1ﬁuﬂﬂﬂﬂﬂi$ﬂ®U1Uﬂ13
a Yo A
wanldail
° a Y y . . a £ A Ay o = = g
2.3.2 MIMUBUAITNIING (Mlllmg Operatlon) Gluﬂ1§Wa@“]fu\ﬂua\iﬂﬁﬂ\iﬂ']u\iﬂ\uﬂu
v v .
@u@‘ﬂlﬁﬂﬁ@ ADNITNAATUITU ﬁ'lﬂusllu@]@uﬂ'ﬁwaﬂ gﬂllllllﬂ']ﬁwa@] %@ﬁ1ﬂﬂ%®ﬁ!ﬂ%ﬂdﬁ@ﬁﬂ

Lﬁ@u Lﬁ’ﬂﬁﬂﬂ'ﬂllﬁﬂWﬁ1ﬂ1uﬂ§$U’JuﬂﬁNa@

g’@u@@@@@@@

Face Profile Pocket Drilling Thread Contour 5Slot T-5lot
iMachlmng Milling aD

g1/ 2.13 sWaFunnsialuaseuns SolidcAM

(4
a

o d °
2.33 NIINMHUAYIATUYNAIIY HUITU (Workpiece Zero Point) 1uﬂ1’iﬂmuﬂ§ﬂ

4 2 Y Y =3 Aawv Y a A Ya @ as =] 2
uEJﬂaN“Huﬂuﬁ]%ﬂ@ﬂl"Uﬂ%ﬂ\15$1J1JWﬂﬂ@NfN ﬂ15Lﬁ’E’)ﬂ1"]ﬂ’)‘ﬁﬂ1§'ﬂﬂ HASIBTNITIVIAVUITU

0}

L

o 4 2 { ) a I 1
Y miﬂmummg{ummwawmmﬁmu13fmﬁ]zmmsa1/1ﬂﬁ’ﬂszmumswamﬂu“lﬂamq

ho!

= ] ]
[TYVNYLUASIIALTY
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& Coordsys Manager ]
v

# MAC 1
1-Position

# MAC 2
1-Position

# MAC 3
1-Position

Delete

{ o s 2
519 2.14 MINMUUAATUINANYUIU (Work Piece Zero Point)

U

A o A

2.3.4 msmmuagilnaezzunsweunsesiienamou (Cutting Tool Definition)
A A v A A FY [ = 1 A = 1 @

inealoaamoun 1% lununazlisds ninaInnals F99HInuanYULNS
1%91u msidenldinsoliodao Uz Uz dIHAADANNINNITHAN BAIAINITHINIY

= A A o oA & a A A o oA Y
wazmsanuseveaasesiladameu Taenalunmsiansauasesiledameuszsznonlale

] 4 [ (2
mmmﬁ’umuﬂuﬂﬂma (ToolDiameter)iﬂﬁﬂﬁwﬁﬂ (Tool Nose Radius) ATUYIIAUAA
(Cutting Length) Y1 19A9039 1011105 091/9@AMOU (Shank Diameter) J40IANAA (Tool Taper
Angle) $1UIUAUAA (Cutting Flutes) 1Az ¥ATUIAT 040 0AAL1A0U (Tool Holder) 1o 19

Ao IADS AINIsaM MR BIRTasiladaRon Ided19gndo e

311 2.15 msfdmuagilsanazginsweunsesledanouly CAM Software
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2.3.5 MINHUAYINATRITaAY (Blank From) n13Mvuaviiavesiagauiie 14

[

a 4 o = Ay v A Y 9 v A
ﬂmJW’Jmmmmiamuamﬂimuaﬁﬂmﬂmmsmmﬂuhlﬂ@mﬂgﬂﬁm Hagaatdainianan
golan (Air Cut)

o ﬁ' ld' ﬁ' A o A @
2.3.6 MIMHUUANTAADUNUBIUATIININAINDU (Tool Path Strategy) anHULN1T
A A A A v A 3 = R o A o Y = a a
Lﬂa@uﬂﬂlﬂﬂlﬂi@ﬁu@ﬂﬂlﬂ@uLﬂu@ﬂﬁU\?ﬂ?L!fﬂﬁﬂ503°I/I11“ﬂ3$ﬂ3ﬂﬂ15ﬂﬂﬂﬂﬁ$ﬁﬂ‘ﬁﬂ1w N7

(Y =

o [ A A A = ~ o ng/ = 1
MrUANYUENITIATUNUBIAToINAAIRo UM IEdNIEI 1HTHOIUTvNIA g‘ﬂiN
Y v

FUNTI LAZAUNINAINADINIT UONIINHUTITIGAAIAINTHAA LAZINUDIGNIT 1FITUVD

A A oA Y
Lﬂi@\iﬂ@@]ﬂlﬂ@u]lﬂ

JU7 2.16 dnvazMaAaoUNUB UATOINDAAINBY (). Tool path One-way (¥).Tool path Zigzag

(M). Tool path Spiral

o U o (Y a S A
2.3.7 P1359189991UNA (Simulation) fﬂﬁflﬂﬂ’ENﬂ']iﬂﬂﬁlﬂuiﬂiLLﬂﬁiJﬂ’E)ﬂJW’JW]’E)ﬁWd‘If’J
] a I A A A A o Y o A A v A an
G]J"JEJGluﬂ'l‘iWﬁﬁl‘]Jum‘i@ﬁiJﬂﬂ%’JﬂﬂuEI‘Llﬂ’J'llIQﬂ@]fNGUfNﬂ']‘iﬂ'lﬂﬂﬂlﬂi’f]ﬂﬂ@@]ﬂlﬂﬂu A5N13
A A A A oA ' @ @ z £ o Y I
AADUNVBDIUATDIUDAAINDU Llﬂ33ﬂﬁNgﬂ°I/I5Qsll’t’]\1’JﬁﬂﬁaQlﬁﬁﬂﬁuﬂizﬂ’)uﬂiiﬂﬂiﬂlﬂuqﬂ

A v
auneonuuy 13
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d A A o A ]
2.4 MUYV UATIOINOAANOU (Tool Failure)

'
A A

TunszurumsaanoudoslfiaioalodamouaEissnienszuiumsnamouliing

a 1 1

o A A 2 A A o oA a
uselumsdaou nazgungiingeliuiz dananovIguounsodlodaou MIdon1ovoa
4 @ a 2 [ 1 Y] a %} 4

nIesliadamouausanarnld 3 anvaz ldun hiae dsumaned uazame, 2547)
2.4.1 MITLMYIUBININNITUANTNVDUATVINDAAINDY (Fracture Failure) 13

= A % A = v A a dy A v A1 o Y a

@omeiloannmsuaninueunieslodamouszinaiuionsslumsaatiaiganninldine
% -7 = U

Mauaninnui Tasmng ludiaalig

A Y A
242 M3FeHIEH991NQMH N (Temperature Failure) tnavuiioguyigllunis

g ! a v o A A v A

dalimgununnnigaiuniesiodamousznula mliinamssoudawazinamsasy
5108199179
= A =X = = 3 9
2.4.3 MI@YHUDININMIANHID (Gradual Wear) N13ANHI0NALIANUDHVDIAY
(Z = v = U A =} (2 = a A v A A
anvzlinanem g deglinevouniosledanoutazlssaniainnisaamou Nan1e
9 A A o A A o Y o A a ] I
qAMgU0UATRINDAANOUILVANHULAAIBNITNULDIINgUNY A WTouLIe MY 3
[ Y o dy = a a 493 9 9 v A o
anyae 1daall N13TNKIoUUHINAY (Flank Wear) 92100 TUUUAIUTINV0IANARTANY IS
3 a @ =Y o 4 @ a
W81 1HR91NN15TAYIZHINTUNUADIAT0INEAAIRDY NMITNNTBUUFINY (Cutter
a 2 A Y} v A o < A =2 a a
Wear) 3zinavunsnalndaudatanbauziungqursesesan inaannisuanilasuezasy
[ A o W o A A o A o Y =y 1 <3 = A
FTHINHITURA VR UANAALAZIATOIN AR M IV gTen1ANUAN LazNIsannIoN
= a X A oA A o ' A4 A o oA o
Ya18la (Nose Wear) 3zinauuuSna)aislanisgandeadsziinuaiodlodamauny

2 & = < = , ' 2
FUNU “INﬂ”li?fﬂﬁif)‘ﬂﬂﬁ?ﬂﬂﬂﬂ%ﬁﬁwaﬁﬂﬂmﬂTW%uﬂu

=~ = o A A o oA
qﬁlﬂ‘ﬂ 2.17 MIFNHIDUUAUNAVDIUATOIUDHALINDU (ﬂ) Flank Wear ("U) Cutter Wear

(). Nose Wear (10T NADYQYAN, 2554)
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Y dla d? Y} A
25  anudaunmavulunszuIumsnamaulany

o ~ 9 v A A 3‘/ ~ I 9 A Py
wasnunlglumsaamaunouninuaszilasu lihiluanudowiissnnamsnlagu

v A v A

k4
3106199173 (Plastic Deformation) veuriioiagNgnaamounnuonlunszuiumsaamon
a 1 [ 9 1 9 A A =\ [ Y 1 dy

Iﬁ‘ﬂ%ﬁ]glﬂﬂ%'lﬂ 3 ﬁ]uﬂﬂﬂﬂ]lﬂllﬂ ﬂ’.ﬂll5@“%Lﬂﬂﬂ1ﬂﬂ1§&ﬁﬂ§ﬂﬂlﬁ]ﬂ]ﬁﬁ] AIMUIDUTIUUIY
a d%l dy v 9 A A = A A o A [ v .
mmu“lumamﬂ ANTDUNNANUTUTIANIUVDUATIINDAAURDUNULAYAA (Chip) LA

) A a =~ A A oA A a = o 2
AJTUIDUNINAITINUIUTYUANTUUDIUATOINUDAALIRDUNINANTITNNIDON VY UITU

J o [ a
(Woalan, I8IUU AVDRA,2537)

HEAT DISSIPATION TEMPERATURE DISTRIBUTION

Workpiece Workpiece

~ @ 9 A a ds! =
Eﬂ‘ﬂ 2.18 ﬂ’]iﬂigi]’]fl@]’)"ll’f]\?ﬂ')’llli’f]uﬂl,ﬂﬂallusluﬂigﬂjuﬂ'li@ﬂlﬂ@u

251 N1NIZ18AIVRIANNT o UIRAATUINMSAaIReY LiFadiudiag
Uszneuaie anudeunnszaead ldurudan (Chip) Uszana 80% veadSuannudoun
a L%J gJ/ A 9 ~ @ to .

NAYUNINLA 1AM INAD Q1 ANNTaUNNTLa1e 19T UaU (Work piece) Useurar 10-20%

=Y 9 d' a dy 3}/ A 9 d' v d' A (%
Vo9UTIUANNTOUMNAVUNIHNA 1INNINAD Q2 LLaSﬂ’JﬁJi@‘H‘VIﬂi%mﬂllﬂﬂ\i!,ﬂiﬂﬂuﬂﬁﬂ

9
=<

A . 9 1 Yy  Aa y A
IRNDU (Cuttlng Tool) HByNI 10% GUE’N’lﬁ3JWﬂ!ﬂ’J”liJiﬂuﬂlﬂﬂﬂli‘!ﬂﬂﬁﬂﬂmﬂﬂ”mﬂ’ﬂ Q3

o Ay ' a v o A ) <
2.5.2 ﬂauﬂi‘ﬂﬁdwaﬂ0mimﬂﬂﬂNi@ﬂMﬂﬁzU%ﬂﬂﬁﬂﬂ!ﬂ@ﬂ ﬂi$ﬂ@ﬂﬂjﬂﬂj1ﬂ!§3

-

@ . . A 3 o A ds! 9 A a 2 ds! o Y 1
@A (Cutting Velocity: V) IUDANULTINAUNNUY ANUITDUNNAVUNISIWNNUUNIY ons1oune

a X2 A X

) Y v
WU (Feed per Tooth: Fz) (106a351m133 o uanniuanuseuinadunszmyvumuszeziloudan

a 2

(Depth of Cut, Ap) Tagszezdlouanunuaz lilinaseanuseunnavy
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< %
2.6 1iannal (STEEL)
I Y A 3 A 4 I 4 1 Aa o [
mannanemanniaivewmiuesddsznonlinu 2% manzaudimsunso sy
Y ¥ Y wa & ' o B 2
Tanzad8n210T0U (Heat Treatment) MU ANUALIUNTURNISAUAUNIT IFIUNINTY
< Y A a 1 a A wAa 1 1] 1 1 I Y
mannalinnmenalerie uaazsialquauiauanalenulyd nsudsnguusarannd
' 3 A Y < Y 4 o 3 Y 4
ausoutaeemilu 3 ¥ialaun manndin1susudr imanndinsueuilunaie uay
< 9 4
IMANNAINT VDU
& Y ¢ o < v ¢ v & S Aa
2.6.1 1HANNAINI5VBUAT (Low Carbon Steel) tvannainmsvouanumannuns
a 9 2 A @A 14 9 1 = wa A = .
wan 1N FINYTuamsUoutioani 0.25% wt. FIaNAFINaln1 Yield strength 275 MPa.
1 . = . ) 3 g
f1 Tensile strength 415-550 MPa a2 AU 187 25% Elongation 1aena ldimandseianil
A =4 Y -~ < Y Y . .
ANTDINUANNLTITIAEMTTAETY TAT3a3199amAlsenoUAIY Ferrite 1A% Pearlite N13
o a 3 v v o <3 I
¥l Idanueusondadludidisasud manIaseairuiuduy
I<3 Iy d K < 9 4
2.6.2 wanna1msUaulIuNa1s (Medium Carbon Steel) (Hanna1n1sue Ul IUNa1
= 4 1 = =1 < 9 = 1
uAmSUeUNaNBdlTTNIY 0.25 DI 0.60% wt. UAIUUVILITILAZANWAULITIAININAI
< Y 4 o 1 = = Y 1 ) I Y o o
manndimsueud uavzlinnumioadesnnaimisoi ldyuudald muiznn v
Qy 1 4 [ 1 < <
Fudunsessnsna 51930 vl e Mgy vewman luans iludu
s v d . R 4 < 2 ~
2.6.3 1HanNa1A5UBUGI (High Carbon Steel) 1HaNNa1A13 U UGUI WIHANTAIY
< Y =2 = J I 14 J = o [
U AT NUANWABLITIAIGI Do SIFUAMTUBY 0.5 DI 1.5% wt. A11TDMNMITFUUU
Yy o [ A Y 9 1 = [ 1 A A o
Tauavzinlsng wzd sy UNABINIANUMUMUABNTTNNAD 15U IATIUBIIE AN
=\ = A o <3 A A ) = = ] <3 @
n55 105 Nands ludeedaian n3eeleriunasd (Tap) JuiaTnu azly wiwne anna
alSauvuy gnuea nusIgnily
U d’ &’ < 9 = 4 ~ aa
2.6.4 sgraninanliiemidn Usznouale 5 519A0 A1TUBU LINITA Fanow
Woawesa wazmuzou
14 I v o w A ~ 9 =1 1 dy < =
1) A15UBU (C = Carbon) 13l u@ad1 ty‘nqﬂmzmmNamgslul,uamaﬂ 1
A o < < o 1
auantah linanuidarasnnaiuyuIumMsouyuaIen1 Lo (Heat Treatment)
= ' A < ] 3 o =
2) uuaM e (Mn = Manganese) ¥38INANNLYILTIVOUKAN tHanh2 1)az T
uaamtanaueglszane 0.6 - 0.9%
aa . e < ) AAaa [ A
3) F@anou (Si= Silicon) tnanTasna lazliFanousgiszuia 0.6% tona
Aaa 1 dy ) Y <3 [ =< A A 9 . . A A = 1 < =y
FanoumnnNizm liimannuaseasigadad (Yield point) W3ofts1Ton 1 iand 13
< Aaa [} 1
Taamanai/5aaziganounauoguInNnd 0.6 89 2.5%
o [l a [ < j <3
4) vloaWosa (P=Phosphorus) Hogluduusimanuazanaialuiioman

Woerlosavi ldmanalse Tadesudasen llduniiga Taoluilwiiunninu 0.05%
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o [ A [ o <
5) Mg (S = Sulphur) Tasaniaadeneaese Aevi lviuanlsiy Jnaw
F
I a o 1 a
Tulomaneusssusa vdaliimaetioslaonn lia3mu 0.05%
< Y d < Y 4
2.6.5 1mannaimsueuniliunals tnsa AISI 1050 (Mannain1suoulIunaIg 1nIa
A 3 Aa 7 v J ' < P s A
AISI 1050 Aomaniin1fuoau (C) 0.47-0.55 % wt. saillungquinannainiiveulunaie
a Y &l F 4 A @ ra 4
HeulFlununugiu vulaseadn auglnssimsinuas uAIeInIna ULNAUN ag
2 A s Y} s 3 I Ao wa Ao Y}
uruduluaTesoud mannaimsueu AISI 1050 (umanniinaauiang luvaleaiu
= A A A o I ra A < ' < 9 < =
wulismngnaiuiefeunumanudiuiingadu ANuudwsaganIukan Iasead1analy i

= v A a A [ [ Y 3 Aa
anumitenluszaua ﬂﬁ%ﬁ’ﬂ‘ﬁﬂWWﬁaQ‘Mﬂﬂﬁ‘gULLﬂJﬂﬁﬂWﬂ’leﬂNﬂW’Jgﬂ

A [ < <3 9 4
13719 2.1 ﬂmaﬂyﬂlgﬂ311Jm@%ﬁaﬂﬂﬂa’]ﬂ’]3ﬂ@u AIST 1050

AIUNAUNI C Mn Si p S Fe
AN (% wt.) | 0.47-0.55 | 0.60-0.90 <0.400 <0.030 <0.035 Bal.
AISI 1050
JIS S50C
DIN 1.1206 (Ck 50/ C50 E)
ANIN B e N1
. ou1lnd Auudeluiny 235 HB
1MUY
ANNNAIYL Glgml,%qﬁ'aﬂﬁw AN 58-60 HRC

U a
2.7 NIINYUHHN
@ sa o v o 9y @ A @
N13IAYUNY llﬂ@ﬂgﬁllwu‘ﬁi ‘*ri’;”lmﬂﬂsmmﬂumiui Lgam’mmmau%’m

u

'
= A 2 v v

a Aa a3 A
QUNQL Tagngdofiaeaveaunes Tulauindnains “@uugiluaaniaNuduiusi

Y Y Ha A o A 9 a 9 9 AAa
AITNIDU ﬂWthiJf]Vl‘ﬁWﬁmﬂﬂi]i]ﬂfJu‘]LGUHJHﬂEl’J"lI’éN ﬂ’JHJiEJu%$l1Wﬁﬁ]1ﬂ1ﬂ°l/]3JQﬂ!WQ

=

Z)

gal

AAa a 'o v g‘/ (% o a ] ~ A Y I 1
\‘]“I/I“I/Ill@flﬂl'ﬁgllﬁ'llﬂ'luu” “Viﬁﬂﬂ'l‘i')ﬂQm‘ﬂQNLL‘UQ@'HJﬂ'lilﬂﬁﬂullﬂﬂ\iﬁllﬂﬁhlﬂlﬂu 4nq

=

WA DUANIY,2556)
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2.7.1 wianmsIagamgi mytagaumgiuiemumsnlasundasaminawnsoniala
I ]
Hu 4 ngu
1) myiaguugi Taserdenisulasunlasautiane ihaandamaluihee
{ a l 14 @ a o o @
iasunlasaugungl 5y e Iuaila (Thermocouple) 191U Tago 1Mo aNN13
{ 1 o s A 4 o o
wasunlasamsaulife15ha (RTD) nazimoiainos (Thermistor) 1911 Tago e
@ A ' Y 3 Y
nanmanasunlasmanuaimu dhuau

2) M3dagungil lasordemsnlasuuilasauianiauaaasMILHIIE N13ia

ad ' Yy A A o o 9y Y yy A o q ¥
qmﬁguﬂmmm uliJﬁ'liﬂﬁf]Gl‘Iﬂﬂﬁﬂ\‘]iJﬂ’Jﬂ (Instrument) ﬂ\?ﬂﬁ"l’)sll"lﬂﬂullﬂ Lu@\iﬂ']ﬂ’f)"lﬂﬂ'lclﬁ

U

a

= 1 A A o R o Y Y A A A A A o Ay Y
INANNUITYINIYNDIATDINDIA ﬁN%nﬂumﬂ%mamaaﬂ%uﬂwmy“I/Immmmqﬂmmflﬂ

QU

Tag lidesduianuingidoanisdia uaerdenisdanisunssdanuiouvesingietsuen

guwgl Tagna ling Tusregugislszuna 800 99 1,800 oeruwaiFed ukssdoonu1 lugll

a U Q U

[ ~ < 1 [ 1 Ao 1 a 9
eumuﬁﬂumuvmmmmu mmmqiummmwgummi 800 ’E]\Tﬁ%“]fﬂl%ﬂﬁ %uﬁaqmwgmwm

[ T [

ARIZLH3 TN 1UEIY0IT9TBUNT U5 (Infrared Radiation) FIQUHANUANANAY ADIY
1IN AUNIDANNDVOITITNUHDONNININIAYIZUANA 1N UAIY 1AT0IN0TngUIY N0 AY
Y
v T va A = 1 a 4 1
WaNMsUHTIALazautAFwaatizon1 Inlsimes (Pyrometer) @15outesznnaiy
o o a J a )=} 1 9 .
wann159191u1a 3 Uszianae Inlstimesviiafisuaiuainevesldviaea (Optical
a J a o Ty A 4 a J a a
Pyrometer) "lwiimmwumﬂmmmm (Radiation Pyrometer) u,azhlwimmawuﬂauvxlmm

(Infrared Pyrometer)

a

3) M3daguugi lagerdenisnlasumlasauianienandnmingumgives

Q u
v Y

o a 14 ==\ = Y a 4 a 4 ] 4 a 14
maiTnmmiﬂizm%uuwawuuumuagﬂuwummmaﬂwmai Y IND5 INNADI LU
ﬂl@ﬁlﬁaﬁﬂiiﬂiuﬁﬁﬁ)m!ﬁjﬁﬂﬂ (Liquid filled in glass thermometer) Maulagerdonis

a o A ' v Iy A o a
nJaﬂuuﬂmmsmmammméueqma’m‘uSiﬂqaqmﬂiuﬁaammmasTwmamumﬂaﬂumi
v a3 Y] 14 Aa 4 1 .
GUEJTEJ@]?L‘]JH?‘I’JHJQH (Pressure Thermometer)LLaZLﬂ@iiuﬂlﬂ@i!tuullﬂﬂiﬂﬂ%ﬂ (Bi-metal

4 a 14 dyd ] [ a U 9 éf []
thermometer)TﬂEJWIﬂiiﬂﬂlﬁ@iﬂizlﬂﬂuuﬁb”lﬁ"ﬂ@ﬁﬂTS’JﬂQﬂ!ﬁQM (Range) ADUVNUAVVUDY

]
v v =

F) a J a 4
nudagnlduassiavounes lulwos

4) myiaguigi Iagerdumsnlasunilasauiianiuail insosilotagumngil

U

2 o o a A = A = a g (% [ C4
ﬂizm‘nuwmuiﬂﬂmﬂﬂqmwgmn‘ww‘nmsmmzawmmﬂaﬂumﬂuﬁ;ﬂmmﬁ IHU Q‘]Jﬂ'im

[

a a . . d v a < 4
AYUNYUUUUAUTD (Crayon temperature indicator) Qﬂﬂimfmqmwgmmmmﬂmm (Lacquer

. . d @ a < . . I’
temperature indicator) ) insalie QUUYUUUVIUAYT (Pellet temperature indicator) ALY insal

[ a

] a3
INQUNYUUUVLNURAIN (Label temperature indicator) Fudu
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% a a [ a <3 a
2.7.2 ﬂ]i'Jﬂqmﬂg&lﬂl@ﬂﬂ]ﬂﬁ!!ﬁﬂ!!ﬁ%ﬂ?ﬁﬂ1 f‘lTi’Jﬂ@mWQM%@Q%@QLL%QLLQ&W’JﬁﬁH

o Y as 1 Ja 4 o 9 Ia 14
mmmm”lﬂwmmﬁ YU ﬂ'liﬂ\?%i'l‘l!ﬁﬂ’.ll“ﬁ@iiﬂ?ﬁﬂ Iﬂﬂfﬂilﬁﬂggua'Jﬁ@ﬂ‘ﬂi'luﬁﬂ’.ll"ﬁ@i
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Level
Factor Symbol Unit
Low (-) High (+)

Spindle Speed S 800 1270 rpm
Feed Rate F 20 60 mm/min

Radial Depth of Cut Ae 2.5 5 mm

Axial Depth of Cut Ap 10 mm

GﬂiN“ﬁ 3.4 HaN159NUULUNITNADDN 2’ LL‘V\Iﬂ'ﬂ@GEJﬁ 2 G§1 iﬁglj’JEJI‘]Jil,LﬂiiJ Minitab
Full Factorial Design

StdOrder RunOrder S F Ae Ap

1 1 800 20 2.5 10

2 2 1270 20 2.5 10

3 3 800 60 2.5 10

4 4 1270 60 2.5 10

5 5 800 20 5 10

6 6 1270 20 5 10

7 7 800 60 5 10

8 8 1270 60 5 10

9 9 800 20 2.5 10

10 10 1270 20 2.5 10

11 11 800 60 2.5 10

12 12 1270 60 2.5 10

13 13 800 20 5 10

14 14 1270 20 5 10

15 15 800 60 5 10

16 16 1270 60 5 10
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Connection disconnected

testo 175/176 ine identification: _ Comnect
o s I
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Recording
Start criteria
_) Start time 22/05/2560 16:34:55
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Settings
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) Formuia

Storage cycle /

Hours Minutes Seconds
0. v 0|v 1| v

Measuring interval
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0l 0w 1| w

Channel settings
it 2
Channel designation T1 Channel designation T2
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Lower limit value [°C] (K} NiCr-Ni thermocol Lower limit value [°C] 0.0
(T) Cu-CuNi thermg==- . —
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3 4
Channel designation Channel designation ref
Sensor type Sensor type Switched Off >
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Analysis of Variance for Temp rise @ Workpiece T3 (coded units)

Source DF Seq SS Adj SS Adj MS F P

Main Effects 3 438.272 438.272 146.091 137.74 0.000
S 1 31.081 31.081 31.081 29.30 0.001
F 1 2.176 2.176 2.176 2.05 0.190
Ae 1 405.016 405.016 405.016 381.87 0.000

2-Way Interactions 3 24.582 24.582 8.194 7.73 0.010
S*F 1 16.606 16.606 16.606 15.66 0.004
S*Ae 1 0.276 0.276 0.276 0.26 0.624
F*Ae 1 7.701 7.701 7.701 7.26 0.027

3-Way Interactions 1 0.856 0.856 0.856 0.81 0.395
S*F*Ae 1 0.856 0.856 0.856 0.81 0.395

Residual Error 8 8.485 8.485 1.061
Pure Error 8 8.485 8.485 1.061

Total 15 472.194

S =1.02987 PRESS = 33.94

R-Sg = 98.20% R-Sqg(pred) = 92.81% R-Sg(adj) = 96.63%
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Main Effects Plot for Temp rise @ Workpiece T3
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Interaction Plot for Temp rise @ Workpiece T3
Data Means
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Analysis of Variance for Temp rise @ End Mill Surface

(coded units)

Source DF Seq SS Adj SS Adj MS F P

Main Effects 3 11853.4 11853.4 3951.12 35.43 0.000
S 1 6.4 6.4 6.38 0.06 0.817
F 1 1911.9 1911.9 1911.88 17.14 0.003
Ae 1 9935.1 9935.1 9935.11 89.09 0.000

2-Way Interactions 3 572.5 572.5 190.84 1.71 0.241
S*F 1 367.7 367.7 367.68 3.30 0.107
S*Ae 1 48.0 48.0 47.96 0.43 0.530
F*RAe 1 156.9 156.9 156.88 1.41 0.270

3-Way Interactions 1 109.7 109.7 109.73 0.98 0.350
S*F*Ae 1 109.7 109.7 109.73 0.98 0.350

Residual Error 8 892.1 892.1 111.52
Pure Error 8 892.1 892.1 111.52

Total 15 13427.7

S = 10.5601 PRESS = 3568.5

R-Sg = 93.36% R-Sqg(pred) = 73.42% R-Sg(adj) = 87.54%
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Main Effects Plot for Temp rise @ End Mill Surface
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Interaction Plot for Temp rise @ End Mill Surface
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Source DF Seq SS Adj SS Adj MS F P

Main Effects 3 3471.67 3471.67 1157.22 12.90 0.002
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Pure Error 8 717.83 717.83 89.73
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S = 9.47251 PRESS = 2871.31

R-Sg = 91.56% R-Sg(pred) = 66.22% R-Sg(adj) = 84.17%
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Main Effects Plot for Wear type Ref.Point
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Interaction Plot for Wear type Ref.Point
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Analysis of Variance for Wear Type Ref. Plane (coded units)

Source DF Seq SS Adj SS Adj MS F P

Main Effects 3 36321.6 36321.6 12107.2 7.48 0.010
S 1 28595.9 28595.9 28595.9 17.67 0.003
F 1 6064.0 6064.0 6064.0 3.75 0.089
Ae 1 1661.7 1661.7 1661.7 1.03 0.341

2-Way Interactions 3 18624.8 18624.8 6208.3 3.84 0.057
S*F 1 8913.8 8913.8 8913.8 5.51 0.047
S*Ae 1 9350.5 9350.5 9350.5 5.78 0.043
F*Ae 1 360.5 360.5 360.5 0.22 0.650

3-Way Interactions 1 2767.1 2767.1 2767.1 1.71 0.227
S*EF*Ae 1 2767.1 2767.1 2767.1 1.71 0.227

Residual Error 8 12944.4 12944.4 1618.0
Pure Error 8 12944.4 12944.4 1618.0

Total 15 70657.9

S = 40.2249 PRESS = 51777.4

R-Sq = 81.68% R-Sq(pred) = 26.72% R-Sq(adj) = 65.65%
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Main Effects Plot for Wear type Ref. Plane
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Interaction Plot for Wear type Ref. Plane
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Source DF Seq SS Adj SS Adj MS F p

Main Effects 3 94693628 94693628 31564543 4.36 0.042
S 1 56772589 56772589 56772589 7.85 0.023
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Pure Error 8 57853416 57853416 7231677

Total 15 240517747

S = 2689.18 PRESS = 231413664

R-Sg = 75.95% R-Sg(pred) = 3.79% R-Sg(adj) = 54.90%
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Main Effects Plot for Wear type Area
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Interaction Plot for Wear type Area
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Normal Plot of the Standardized Effects
(response is Surface roughness, Alpha = 0.05)
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Analysis of Variance for Surface Roughness (coded units)
Source DF Seq SS Adj SS Adj MS F P
Main Effects 3 1.09323 1.09323 0.36441 3.49 0.070
S 1 0.46356 0.46356 0.46356 4.43 0.068
F 1 0.55913 0.55913 0.55913 5.35 0.049
Ae 1 0.07054 0.07054 0.07054 0.67 0.435
2-Way Interactions 3 0.37818 0.37818 0.12606 1.21 0.368
S*F 1 0.18490 0.18490 0.18490 1.77 0.220
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3-Way Interactions 1 0.12874 0.12874 0.12874 1.23 0.299
S*F*Ae 1 0.12874 0.12874 0.12874 1.23 0.299
Residual Error 8 0.83637 0.83637 0.10455
Pure Error 8 0.83637 0.83637 0.10455
Total 15 2.43652
S = 0.323336 PRESS = 3.34548
R-Sg = 65.67% R-Sg(pred) = 0.00% R-Sqg(adj) = 35.64%
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Main Effects Plot for Surface roughness
Data Means
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Interaction Plot for Surface Roughness
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Fitted Line Plot Wear type Ref. Point Vs Area
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Fitted Line Plot Wear type Ref. Plane Vs Area
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Scatterplot of Wear type Ref. Point vs Temp rise @ Workpiece T3
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Scatterplot of Surface roughness_1 vs Wear type Ref. Point_1
Surface roughness = 0.0326621 Wear type Ref. Point
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Scatterplot of Surface roughness vs Temp rise @ Workpiece T3
Surface roughness = 0.0713263 Temp rise @ Workpiece T3
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Instrument name: RunOrder 1 15/12/2559 20:19:11 Page 11
Start time: 15/12/2559 20:14:05 Minimum | Maximum | Mean value | Limit values
End time: 15/12/2559 20:18:24 | T1 [°C] 26.0 37.5 32.869 -195.0/1000.0
Measurement channels: 3 T2 [°C] 26.0 39.2 33.351 -195.0/1000.0
Measured values: 260 T3 [°C] 26.0 41.8 33.198 -195.0/1000.0
SN 40700167
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Instrument name: RunOrder 2 ‘ 16/12/2559 17:47:58 Page 1/1
Start time: 16/12/2559 17:42:40 Minimum | Maximum | Mean value | Limit values
End time: 16/12/2559 17:46:33 | Tl [°C] 26.4 40.5 34.941 -195.0/1000.0
Measurement channels: 3 T2 [°C] 26.4 43.1 35.657 -195.0/1000.0
Measured values: 260 T3 [°C] 26.4 47.2 35.748 -195.0/1000.0
SN 40700167
T
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=
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H 9 v H
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Instrument name: RunOrder 3 16/12/2559 18:06:38 Page 11
Start time: 16/12/2559 18:04:29 Minimum | Maximum | Mean value | Limit values
End time: 16/12/2559 18:06:01 | T1 [°C] 26.7 40.0 32.863 -195.0/1000.0
Measurement channels: 3 T2 [°C] 26.7 41.4 32.644 -195.0/1000.0
Measured values: 93 T3 [°C] 26.7 43.5 32.106 -195.0/1000.0
SN 40700167
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Instrument name: RunOrder 4 ‘ 16/12/2559 18:25:22 Page 1/1
Start time: 16/12/2559 18:23:10 Minimum | Maximum | Mean value | Limit values
End time: 16/12/2559 18:24:44 | T1 [°C] 27.0 40.3 33.242 -195.0/1000.0
Measurement channels: 3 T2 [°C] 27.0 41.6 33.002 -195.0/1000.0
Measured values: 95 T3 [°C] 27.0 44.0 32.523 -195.0/1000.0
SN 40700167
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Instrument name: RunOrder 5 16/12/2559 18:46:32 Page 11
Start time: 16/12/2559 18:41:08 Minimum | Maximum | Mean value | Limit values
End time: 16/12/2559 18:45:03 | T1 [°C] 26.8 45.0 37.353 -195.0/1000.0
Measurement channels: 3 T2 [°C] 26.8 48.0 38.559 -195.0/1000.0
Measured values: 236 T3 [°C] 26.8 51.8 38.403 -195.0/1000.0

SN 40700167
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Instrument name: RunOrder 6 ‘ 14/6/2560 10:39:38 Page 1/1
Start time: 14/6/2560 10:35:02 Minimum | Maximum | Mean value | Limit values
End time: 14/6/2560 10:39:02 | T1 [°C] 28.0 45.7 40.122 -195.0/1000.0
Measurement channels: 3 T2 [°C] 27.9 47.8 40.308 -195.0/1000.0
Measured values: 241 T3 [°C] 27.7 52.7 40.412 -195.0/1000.0
SN 40700167
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Instrument name: RunOrder 7 19/12/2559 18:28:40 Page 11
Start time: 19/12/2559 18:25:59 Minimum | Maximum | Mean value | Limit values
End time: 19/12/2559 18:27:30 | T1 [°C] 27.1 48.6 38.286 -195.0/1000.0
Measurement channels: 3 T2 [°C] 27.1 51.6 38.047 -195.0/400.0
Measured values: 92 T3 [°C] 26.9 56.3 37918 -195.0/1000.0
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Instrument name: RunOrder 8

22/6/2560 21:31:36

Page 1/1

Start time: 15/12/2559 20:48:51 Minimum | Maximum | Mean value | Limit values

End time: 15/12/2559 20:50:51 | T1 [°C] 26.4 48.9 38.583 -195.0/1000.0

Measurement channels: 3 T2 [°C] 26.4 52.4 39.069 -195.0/1000.0

Measured values: 121 T3 [°C] 26.4 56.4 39.045 -195.0/1000.0
SN 40700167
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Instrument name: RunOrder 9 19/12/2559 14:09:31 Page 11
Start time: 19/12/2559 14:04:45 Minimum | Maximum | Mean value | Limit values
End time: 19/12/2559 14:08:40 | T1 [°C] 25.3 34.6 30.652 -195.0/1000.0
Measurement channels: 3 T2 [°C] 25.3 36.1 31.186 -195.0/1000.0
Measured values: 236 T3 [°C] 25.2 39.3 31.400 -195.0/1000.0
SN 40700167
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Instrument name: RunOrder 10 ‘ 19/12/2559 14:59:49 Page 1/1
Start time: 19/12/2559 14:55:16 Minimum | Maximum | Mean value | Limit values
End time: 19/12/2559 14:59:12 | Tl [°C] 26.2 39.3 34.424 -195.0/1000.0
Measurement channels: 3 T2 [°C] 26.2 42.0 34.923 -195.0/1000.0
Measured values: 237 T3 [°C] 26.1 46.3 34.922 -195.0/1000.0
SN 40700167
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Instrument name: RunOrder 11 19/12/2559 15:21:28 Page 11
Start time: 19/12/2559 15:18:46 Minimum | Maximum | Mean value | Limit values
End time: 19/12/2559 15:20:19 | T1 [°C] 26.2 38.8 32.076 -195.0/1000.0
Measurement channels: 3 T2 [°C] 25.8 41.4 32.423 -195.0/1000.0
Measured values: 94 T3 [°C] 26.5 433 32.141 -195.0/1000.0
SN 40700167
i
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Instrument name: RunOrder 12 ‘ 19/12/2559 15:40:16 Page 1/1
Start time: 19/12/2559 15:37:35 Minimum | Maximum | Mean value | Limit values
End time: 19/12/2559 15:39:10 | Tl [°C] 26.5 39.0 32.444 -195.0/1000.0
Measurement channels: 3 T2 [°C] 26.2 41.5 32.998 -195.0/1000.0
Measured values: 96 T3 [°C] 26.1 438 32.403 -195.0/1000.0
SN 40700167
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Instrument name: RunOrder 13 19/12/2559 16:07:15 Page 11
Start time: 19/12/2559 16:01:07 Minimum | Maximum | Mean value | Limit values
End time: 19/12/2559 16:05:04 | T1 [°C] 26.6 42.5 36.212 -195.0/1000.0
Measurement channels: 3 T2 [°C] 26.5 44.9 37.385 -195.0/1000.0
Measured values: 238 T3 [°C] 26.6 50.3 37.589 -195.0/1000.0
SN 40700167
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Instrument name: RunOrder 14

19/12/2559 16:38:43

Page 1/1

Start time: 19/12/2559 16:33:06 Minimum | Maximum | Mean value | Limit values

End time: 19/12/2559 16:37:00 | T1 [°C] 27.3 47.1 38.839 -195.0/1000.0

Measurement channels: 3 T2 [°C] 27.2 48.6 39.742 -195.0/1000.0

Measured values: 235 T3 [°C] 27.0 55.7 40.089 -195.0/1000.0
SN 40700167
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Instrument name: RunOrder 15 19/12/2559 17:14:23 Page 11
Start time: 19/12/2559 17:10:27 Minimum | Maximum | Mean value | Limit values
End time: 19/12/2559 17:12:03 | T1[°C] 27.2 46.8 36.721 -195.0/1000.0
Measurement channels: 3 T2 [°C] 27.0 51.3 37.514 -195.0/1000.0
Measured values: 97 T3 [°C] 27.0 53.7 36.776 -195.0/1000.0
SN 40700167
c
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Instrument name: RunOrder 16 ‘ 19/12/2559 17:42:50 Page 1/1
Start time: 19/12/2559 17:40:26 Minimum | Maximum | Mean value | Limit values
End time: 19/12/2559 17:42:01 | T1 [°C] 27.2 46.8 36.114 -195.0/1000.0
Measurement channels: 3 T2 [°C] 27.1 49.9 37.091 -195.0/400.0
Measured values: 96 T3 [°C] 27.0 55.0 36.726 -195.0/1000.0
SN 40700167
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Arl Max 60.8 oc
Min 29.6
Average 44.2

Arl Max 72.1 ¢
Min 31.5
Average 49.0

gﬂﬁ .1 RunOrder 1

p] 17 .2 RunOrder 2

Arl Max 86.2 OC
Min 29.2
Average 54.4

Arl Max 80.6 oC
Min 31.3
Average 50.8

3 1J9 4.3 RunOrder 3

] 1191 v.4 RunOrder 4
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Arl Max 115.7 oC
Min  32.5

Average 62.7

Arl Max 122.5 oC
min  30.1
Average 53.8

gﬂﬁ V.5 RunOrder 5

gﬂ‘ﬁ 9.6 RunOrder 6

Ar1 Max 137.2 oC
Min  30.2
Average 58.5

Ar1 Max 119.6 oC
Min 319

Average 71.3

3 1J9 4.7 RunOrder 7

gﬂﬁ 9.8 RunOrder 8
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Arl Max 57.1 oC
Min 27.2
Average 37.0

3
ah

Arl Max 59.1 oC
Min 27.8
Average 40.2

] 1J91 4.9 RunOrder 9

gﬂﬁ .10 RunOrder 10

Arl Max 72.3 OC
Min 29.6
Average 43.5

Arl Max 73.9 oC
Min 31.0
Average 46.0

Art
S

.11 RunOrder 11

=).

g1

317 .12 RunOrder 12
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Arl Max 88.1 oC
min 30.9
Average 47.2

Ar1 Max 102.3 oC
min 309
Average 40.8

gﬂﬁ .13 RunOrder 13

317 9.14 RunOrder 14

Arl Max 150.7 oC
Min  30.2
Average 60.1

o
u"'\
d .

Arl Max 131.5 oC
Min 340
Average 61.0

3191 .15 RunOrder 15

317 .16 RunOrder 16
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East Asian Technical University Consortium (SEATUC) Symposium. 13-14 March 2017,
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ABSTRACT

The aim of this research was to study the main factors affected the cutting temperature rise during end milling
machining process in carbon steel AISI 1050 sized 64 mm x 64 mm x 24 mm:. In this study, the work pieces were
machined by the Bridgeport-VMC 500 CNC machining center controlled under dry cutting condition with TICN
coated 4 flutes high speed steel 10 mm diameters end mill tool. The cutting parameters were studied in this
experiment including spindle speed, feed rate and radial depth of cut. The 2 1 evels full factorial experimental design
was employed in this study. The cutting temperature rise in this study was measured by K -type thermocouple. The
direct and interaction effect of parameters on temperature are analyzed with 95% level of confidence.

KEYWORDS: cutting temperature rise, machining process, The 2 levels full factorial Experimental design, AISI

1050, TiCN coated tool.
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ABSTRACT

The aim of this research was to study the main
factors affected the cutting temperature rise during end
milling machining process in carbon steel AISI 1050
sized 64 mm x 64 mm x 24 mm. In this study, the work
pieces were machined by the Bridgeport-VMC 500 CNC
machining center controlled under dry cutting condition
with TiCN coated 4 flutes high speed steel 10 mm
diameters end mill tool. The culting parameters were
studied in this experiment including spindle speed, feed
rate and radial depth of cut. The 2 levels full factorial
experimental design was employed in this study. The
cutting temperature rise in this study was measured by
K-type thermocouple. The direct and interaction effect of
parameters on temperature are analyzed with 95% level
of confidence.

KEYWORDS: cutting temperature rise, machining
process, The 2 levels full factorial Experimental design,
AISI 1050, TiCN coated tool

1. INTRODUCTION

The machining is a one of the removal material
process to become new surface and achieve the desired
shape as standard manufacturer's requirements. This
process was widely used in several industries such as
automotive part, aerospace part and mold manufacturing.
The temperature rise of the machining process has an
affecting on surface quality of products and tool life.

Marinov (2010) explained that in cutting process,
almost all of energy dissipated in plastic deformation is
converted into heat that in turn raised the temperature in
the cutting zone. He indicated that the heat generation
has three main sources in the cutting zone including the
heat from plastic deformation in the primary shear zone,
the heat from the friction between chip and cutting tool
and the heat from the friction between workpiece and

tool flank. Many researchers had studied on temperature
measurement techniques in machining processes.

Norased (2015) studied that, factors had
significantly effect on the heat in machining process are
cutting velocity and feed per tooth but depth of cut had a
little effect on heat in cutting zone.

R.C. Dewes et al. (1999) measured the cutting
temperature in machining process with ball nose end
mills TiCN coated using worn tool and new tool by
thermocouple and infrared techniques. He found that tool
wear affected temperature expansion. In addition, radial
and axial depth of cut have influence on interface and
chip temperature.

Branda et al. (2008) studied on heat flow when end
milling, at high-speed hardened steels which widely
applied to molds and dies. In this experiment, AISI H13
and AISI D2 steels were machined with two types of ball
nose end mills: coated with (TiA)N and tipped with
PcBN. using thermocouple. The thermocouple were
embedded in internal workpiece with 5 positions at 2
mm. below machined surface. The result showed that
overall and higher temperatures were measured when
cutting AIST D2, compared to AISI H13, mainly due to
hardness of differences.

Abdill Kus et al. (2015) studied on the temperature
distribution with the material Al4140 on turning process.
In this experiment the temperature was measured by
K- type thermocouple and infrared sensor. The result
showed that the cutting speed is a direct impact on the
increasing of temperature. On the other hand, feed rate is
not significant to the temperature,

Although, previous study has focused on the cutting
temperature but no one study in the effect of machining
parameters on cutting temperature rise in carbon steel
grade AISI 1050 with TiCN coated 4 flutes high speed
steel 10 mm. Thus, the aim of this research was to study
the main factors affected the cutting temperature during
end milling in this material by thermocouple which was
widely used because of the cost is lower than existing
methods.
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It can be found that the thermocouple technique is
widely used to measure temperature formed by
machining processes. The aim of this research was to
study the main factors affect the cutting temperature rise
during end milling machining process in carbon steel
AISI 1050 and would like to present the temperature
measurement technique by using K-type thermocouple
for temperature rise resulting from machining processes
for this trial because there are less people studying on
this topic.

2. EXPERIMENT
2.1 Materials and Equipment
2.1.1 CNC machine and cutting tools

In this study, the BRIDGEPORT VMC 500 Vertical
Machining Center was used. It has a high potential that
are used in most industries and it was shown in Fig. 1.
The cutting tool used TiCN coated 4 flutes high speed
steel 10 mm diameters end mill (Co 8%). the details of
the components is shown in Fig. 2. It is commonly used
with hard materials.

Fig. 1. BRIDGEPORT Vertical Machining Center.

T
mi AT

D=10mm, |=25mm, L=75mm, d=10mm

a)
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Fig. 2. a) Geometry of EM 4146, TiCN coated HSE.
b) The cutting edge of cutting tool.
2.1.2 Workpiece material

The workpiece in this experiment is carbon steel AISI
1050 sized 64mmx64mmx24mm had the hardness
between 185-210 HB. Table 1.shows the chemical
composition of AISI 1050.

Table 1. Chemical composition AISI 1050.

%Fe | %C | %Si | %Mn | %P %8
98.1 | 0.528 | 0.262 | 0.778 | 0.0187 | 0.0120
2.1.3 Temperature Measurement

The K-type thermocouple are sized 1.6 mm were
embedded into the internal part of the workpiece at 1 mm
below the milling surface is shown in Fig. 3. The cutting
temperature rise in this research were recorded by
TESTO model 176T4 data logger which is a frequency
of measuring 1 second to 24 hour and accuracy + 0.3 ° C
at a temperature of -100 to +70 ° C.

K-Type Thermocouple (T3) —*

| —

Fig. 3. Positions of K-type thermocouple.
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2.2 Experimental set up

The experiments were designed and base on ~ a 2°
full factorial design with 2 replicates, which is the well
known method for screening factors. These experiments
were conducted as per the design matrix using a
BRIDGEPORT VMC 500 Vertical Machining Center.
Moreover, the whole experiments were carried out with a
constant axial depth of cut (Ap) = 10 mm. The
experiments were conducted as shown in Fig. 4. The
level of process parameters were identified by the
recommendation of tool manufacturer. Table 2 shows the
machining parameters and their levels for this
experiment.

/—Workpiece material
/

Cutting Tool—,

K-type Thermocouple(T3)
Machine vise —

Fig. 4. Show the end-milling process.

Table 2. The machining parameters and their levels.

Level

Parameter Unit | Symbol

Low High
Spindle RPM s 800 | 1270
speed
Feed rate mm/min F 20 60
Radial depth Mm A, 25 5
of cut

The 11th SEATUC Symposium

3. RESULTS AND DICUSSIONS
3.1 Temperature results

The temperature was measured using a K-type
thermocouple sized 1.6 mm, it was inserted into the hole
and the initial temperature was noted using the data
logger temperature. While machining, the maximum
temperature was measured, the difference between the
maximum and initial temperature gave the cutting
temperature rise. The design matrix and the results of this
experiment are shown in the table 3.

Table 3. Experimental design and the results

sd. | s Fla, A, Temperature
Initial | Maxi Rise
800 | 20| 25| 10 | 26.0 41.8 15.8

1270 | 20 | 2.5 | 10 | 26.4 47.2 20.8

800 | 60| 25| 10 | 26.7 43.5 16.8

1270 | 60 | 2.5 | 10 | 27.0 44.0 17.0

800 |20 |50 10| 26.8 51.8 25.0

1270 [ 20 [ 5.0 | 10 | 26.9 55.1 28.2

800 |60 50| 10 | 26.9 56.3 294

1270 | 60 | 5.0 | 10 | 26.4 56.4 30.0
800 |20 | 25| 10 | 252 393 14.1
1270 | 20 [ 2.5 | 10 | 26.1 46.3 20.2
800 | 60 |25 ] 10 | 26.5 43.4 16.9

1270 | 60 | 2.5 | 10 | 26.1 43.8 17.7

800 | 20 [ 5.0 10 | 26.6 50.3 23.7

1270 | 20 [ 5.0 | 10 | 27.0 55.7 28.7

800 | 60 [ 5.0 | 10 | 27.0 53.7 26.7

N S P S = S R S R T A R KN S

1270 | 60 | 5.0 | 10 | 27.0 55.0 28.0

Half Normal Plot of the Standardized Effects
(response is T2 max - min, Alpha = 0.05)

® Sanificant

® HotSignficant

8

Tatler Name
A s

B
(14 © ae

Percent

cEB8E8 8 ¥ 88 8

5 10 15
Absolute Standardized Effect

Fig. 5. Half normal plot.




The Fig 5. shows the half normal plot. This graph
points that the significant main effects are radial depth of
cut and spindle speed and the significant interaction
effect are interaction of S * F and interaction of S * Ae.

Table 4. Analysis of variance of cutting temperature rise
value.

Analysis of Variance for T3 max - min (coded units)
Source DF|SeqSS [AdjSS[AgMS| F [ P
Main Effects 437.062 | 437.062| 145.687 [137.280|0.000
B 30.803 | 30.803 | 30.803 | 29.020 |0.001
F 2.250 | 2.250 | 2250 | 2.120 0.183
Ae 404.010 | 404.010| 4104.010 | 380.690 | 0.000
2-Way Interactions 24.623 | 24.623 | 8.208 7.730 (0.009

The 11th SEATUC Symposium

Main Effects Plot for Temperature rise
Data Means

s F

Mean
4
8
B
3
s

Fig 6. The main effects plot of temperature rise.

3
1
1
1
3
S*F 1 | 16.810 | 16.810 | 16.810 | 15.810 |0.004
1
1
1
1
8
8

S*Ae 0250 | 0250 | 0.250 [ 0.240 [0.640
F*Ae 7.563 7.563 7.563 7.130 |0.028
[3-Way Interactions 0903 0.903 0.903 0.850 |0.983
S*F*Ae 0.903 0.903 0.903 0.850 |0.383
Residual Frror 8.490 8.490 1.061
Pure Error 8.490 8.490 1.061
Total 15 | 471.077
s = 1.03017 Press = 33.69
R-Sq=9820% | R-Sq (pred) =92.79% | R-Sq (adj) = 69.62%

The ANOVA tables shown in Table 4. Indicates
that factor have an effect to response (Cutting
temperature rise) the significant model terms are those
with ‘Prob. > F’ value of less than 0.05 and in this
experiment, we can find that the main factor significantly
influence on the cutting temperature rise are radial depth
of cut, spindle speed with p-value of the such main
factors less than 0.05. The interaction effect of the
factors on the cutting temperature rise were between S *
F and S * Ae which p-value of such interaction factors
less than 0.05. Additionally, Table 4.illustrates that the
regression model from the ANOVA analysis was
revealed the excellent relation between significant
parameters and cutting temperature rise. These could be
implied from the decision coefficient (R?) of 98.2 % and
the adjusted R? of 69.62 %. Fig. 6 shows the main factors
affecting on the cutting temperature rise. The radial
depth of cut was the highest significant effect and spindle
speed was also significant effect on cutting temperature
rise. The cutting temperature rise was increased when
radial depth of cut and spindle speed increased from 800
to 1,270 rpm and 2.5 to 5 mm respectively. Fig. 7.shows
the interaction effects plot of temperature rise. According
to the figure, while we used the spindle speed at 1,270
rpm, the cutting temperature rise was reduced when feed
rate increased from 20 to 60 mm/min on the other hand,
while we used the spindle speed at 800 rpm, the cutting
temperature rise was reduced when feed rate increase
from 20 to 60 mm/min.

Interaction Plot for Temperature rise

,
4

<
¥
t
58,

N
I

Fig. 7. The interaction effects plot of temperature rise

4. CONCLUSIONS

From the study, the cutting temperature rise of
end milling machining process in carbon steel AISI 1050
was investigated by full factorial design method. Three
parameters were studied in this experiment. The results
of the analysis are as follows:

1) The radial depth of cut was the highest
significant effect and spindle speed was also
significant effect on cutting temperature rise.

2) The interaction effects of the factors on the
cutting temperature rise were between S * F and
S * Ae.




146

REFERENCES

Marinov, V., Manufacturing Processes from Metal
Products 1st Edition, pp.74-86, 2010.

Norased, K., Metal Cutting Technology, N-TRIS
Solutions&Engineering,co.,1td2015,http://www.designen
gineerlife.com/2015/08/metal-cutting-technology/

R.C. Dewes, E. Ng, E. Ng, P.G. Newton, D.K.
Aspinwall, Temperature measurement when high speed
machining hardened mould/die steel, School of
Manufacturing and Mechanical Engineering, University
of Birmingham, Birmingham, UK, Journal of Materials
Processing Technology 92-93 (1999) 293-301.

Branda, L., Oelho, R., Rodrigues, A., Experimental
and theoretical study of workpiece temperature when end
milling hardened steels using (TiAl)N-coated and PcBN-
tipped tools, Federal University of Brazil, journal of
materials processing technology199 (2008) 234-244.

Kus, A.. Isik, Y.. Cakir. M.. Coskun, S.. Ozdemir,
K., Thermocouple and Infrared  Sensor-Based
Measurement of Temperature Distribution in Metal
Cutting, Vocational School of Technical Science, Uludag
University, 16059 Bursa, Turkey, Sensors 2015, 15,
1274-1291.

The 11th SEATUC Symposium

PHOTOS AND INFORMATION

Thanet Taprap received the
B.E. (2014) in Automotive
Engineering from Suranaree
University of Technology.He is
studying in ML.E., School of
Manufacturing Engineering,
Suranaree university of
technology.

Somdech Ingkawara received
the B.E (1992) degree in
Industrial Engineering from
Rajamangala University of
Thechnology Lanna, M.PE
(1999) in Production
Engineering from King
Mongkut's University of
Technology North Bangkok. He
is a lecturer, Department of
Industrial Technology
Management, Faculty of Science
and Technology, Phranakhon Si
Ayutthaya Rajabhat University.

Ukrit Thanasuptawee received
the B.E. (2009) in Industrial
engineering from Rajamangala
university of technology Lanna,
M.E. (2011) in Industrial
Engineering from Chiang Mai
University. He is studying in
Ph.D. degree, School of
Manufacturing Engineering,
Suranaree university of
technology.

Somsak Siwadamrongpong
received the B.E. (1995) in
Mechanical Engineering from
Chulalongkorn University, M.E.
(2001) in Environmental System
from Nagaoka University of
Technology, and D.E. (2004) in
Energy and Environment from
Nagaoka University of
Technology. He is a lecturer,
School of Manufacturing
Engineering, Suranaree
University of Technology




sz Iare

U

v
v A o

wesud 91510 o Ui 31 gaiay 2533 1811 UOITINAT I IATY]

q

2

v A Ao 1A o ) as o ) 1 A = @ = A {
ﬂ%ﬂuu HATNUIBYNDUNDUNYIINT INHIAVDULINY LﬁﬁJﬂ15ﬂﬂ‘]&l’l§$ﬂﬂﬂi$ﬂﬂﬁﬂ‘]&ﬂﬂﬂ 1-6 1

v

TUHUBIVIY FarTaveuLAY TTeuAnYInBUAY 11 1595 0UNAIUIAIEAINGNE

&Y a o a @ { @ [ o ' o
Fugil dandateni uazisoudnyinoutlals lsadeusinndny sandaveunnu 159

DY

[

a @ a a a 4 a @
MIANBITLAVIAINTINANTAATUUNG A1U1IBIIAINTIVOIUUA WHIINeIGomA TuTadgs
W3 TINTAUATI VTN 110 WA, 2557

[ o < =* = 9 K 1 v A
wasonduionisany lull w.a. 2557 1dAnwiaeszauInInssuaIaas
un i aa @113%IRINTIUMTHNER B ADITUMSANEUAN vazAnEIszaUlS a1 In
ya o Y Y a a ua 1 ] A PN A
Arve laifludaenlusiedad §Uan15a 19 9 N9U09d 191791 IAINTIUNITHAR 1AL

[

a A A < Y Aa oA o a o o Y Ya =1
AfINIsuATedNa MnNNlszaumssiaumsdonlgiansuazmsiiauiay M lngited
9 o Y 49! Y ax v A I 1 = 9
AN ANNF YN AN Tareare3TmIdam ol uedan Tagmniznis 14y
a d a a 4 1 [
ADNNUABTBI8TUNITOONUUVLAZHNASN (CAD/CAM) TasTHaIUANNNINSUNT 1UT AL

unmaaalsng lumamuan .



