U NSUS:EU38INNS Ia:NISUNIAUDWAVIUIIYS:AUBIA
I % ASLA 12 na:s:auuuNBa ASLA 10
@
N

“MsIvgIIazWIUIUIANSSY FIUIKUIENISWAIUNGUBUNELEU”

n;'é‘a"fit;'1“?5:?3:‘33:2?&“28 UKIINY1agN1AQIUDDNIRYVIKLUD

ST-024
nsAnwsULUUMsAnvTavasasasiiomBuiiaduiiandauiia TICN Tunszurunisin
lanzuuuuis
A Study of Tool Wear of End Mill TiCN Coated in Dry Condition

in Metal Milling Process

sluA UTIUY |, duss sudadndna’ aune Sezazay’ uay angug sunindvi’
Thanet Taprap”, Tangheng Yonsathitkun® ,Somdech Ingkawara® and Ukrit Thanasuptawee’

Mg ImnTsNeIueus AnsIfINTINeNEns Inenaemalulagwuuiug
> IvAINTINGNAINNNT ANEImNTINAEns aontumalulaguyuiu

@ 3YIFINITUEAAINNTS ANEIMINTIUAERS Ui Inendemaluladsvuanadiuu an

"?Automotive Engineering Faculty of Engineering Phanomwan College of Technology

*Industrial Engineering Faculty of Engineering Pathumwan Institute of Technology
“Industrial Engineering Faculty of Engineering Rajamangala University of Technology Lanna (Tak Campus)

Corresponding author’s e-mail: thanet_ame-sut@hotmail.com

unAnga
ayv oo s A = 4 A o & a & a A A .
NMAReliiinguszasdiiefnusuiuunisanuseveansedilennduliadvyiianiouily TiICN
Tunsyuaunsinlanzuuuwiie insesindaludfvuy 3 unugniunldsiuduinsesdedndeunuuidu
a [ A a v . Y aa 1% 1 s a a v v <3 1%
TadAdeuRiee TICN WU 4 Audn NdvwadurIuaugnals 10 Tadwes lumsindaguannad
AsusuIUNa1nsA ANSI 1050 lngusieaniiraeidu susuunsdnvseveniasdodmdeugn
MTIDUMILNADITATALULUULEY NIM&weTe 5 911 3InMsasizinuIn1sdnvsevesesedilodn
A @ a A a v . a £ a X a v ¥ [y =2 ¥
Wouwuuduladlnfiourime TICN gfinuuiia wuilamudns ludnwae Mdnvsenuuuitng
waz Msdnuseushay lneAnaden1sdnuseves msdnvsenuuuiing aglAniesnin nsdnvse
Ushauyy Tuyn 9 seaunsda@eu WeafnwianuduiusukuunsANNIeNs@eIuuy Msanise
AULWITY kAENNSANTTEUTINLN WU TsEAUNUIFURUUNSANTTEaaIRu U A NdNTuSiY

o w

1 N = v =2 ~ < ! &
BYWUUYAALY FauuiluunsdnrserzanadiloanniuiiI5eUanasln 1,250 92U8DUM vJu 600

C:) u

FOURDUY 9819lITIudA

o

) d' v @ a = A4 A& o & a ¢ a a a .
AR LATDIVNTYLDUY, E‘ULL‘U‘Uﬂ']iaﬂ‘Vﬁ@, LATDIUDAALDULARTUALAFDUNI TICN

[



% ASLA 12 na:s:auuuNBa ASLA 10
‘ ?: “MsIvgIIazWIUIUIANSSY FIUIKUIENISWAIUNGUBUNELEU”

B vyt 1 UKIINg1dgNIAQIUDDNIDYVIKUD

I E U MSUS:EU3EINNS 11a:NISUNIAUDWAVIUIVYS:AUBIA

ABSTRACT

The objective of this research is to study the wear pattern of TiCN coated end mill
cutting tools in a dry metal milling process. A 3-axis automatic mill is used with a 10 mm
diameter TiCN-coated 4-edged end mill. Milling of medium carbon steel grade ANSI 1050
without coolant, the wear patterns of the cutting tools were observed using a light microscope
at a magnification of 5 times. The analysis revealed that the wear of the TiCN coated end mills
occurred on the tool flank surface in the form of flank wear and corner wear. At all cutting
levels, when studying the relationship between the two wear patterns, flank wear and corner
wear, it was found that at the found level, the two wear patterns were significantly which the

wear trend decreased when decreasing the speed (S) from 1,250 rpm to 600 rpm Significantly.
Keywords: CNC machine, Tool wear pattern, TiCN coated end mill cutting tools
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vnadiognisliruenatesdedndeusaanatesunindidinsfiuszesnisdeudn (Depth of
cut) Tngldmuslunsdndeufiandazylisasinisaeiassa (Chip) d1 Ssasilviasesdiosn
deufAnnsdnusedi uimriegeoluil Nose wear 1An1nn5dsnddwaliay rake negative
dintu dswavhlimnueuvoneiesilefndounsmely wagnsdnrseuuy Nose wear axiiuag iy
Foulumsaiildionmn Flank wear Wunsdnnsefiintuannisdngognsgunssns clearance
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LﬁuﬁumaﬂqmuqﬁﬁLﬁmﬂ‘ﬁumﬂmsﬁmaau Crater wear {unauaingamgivinnisdadounasuss
Eouiluduuy rake face LIUNANSENUIINNTANWSOLUY Crater wear ALAAT Yo 196 BLE 04
(Dimla E et al .,1999)
nszvIunsdadeunislinzmsdadounuunisindudegramnssuiignarunudie
ngnesuiteuieuazauUasady fedevesnnnisinideutuuuiaiueignisldaues
3esilodnideulnsannisiinmesuoaden (thermal shocks) AtAnTuannimaeidy anelddelu
nsdadoansuaeiiu AufouvauAusin 80-90% avnszaneidlufiunudasinlrdadeuldine
fu uarliflansandnsdiresenszuiunnsiAuayetn K. Aruna Prabha et al. (2018).
gﬂLL‘U‘Uﬂ’liﬁﬂVﬁ@ﬁuaflLﬂdiiaflflagfﬂLaauéﬁEJ’QJ%’QJJG]LLUUVINMNIWEJI‘?J’ optical stereo microscope
Tunsianisannseveaedesilofmdoulnetn flank wear Way cormer wear VLWL 2 v84 tool
flank surface TuIANTANMIORLgNInTINIEUEsBsTiasatiuuy tool flank surface Llumyaiiin
N158n1sBNNN (Paolo C. Priarone etc., 2018) Lagdanuin é’m'lﬂ'm’]auﬁﬂﬁaﬂﬁ]é’aﬁﬁﬁﬁ’fgﬁqmia

g1gnslduveasesiionnideu (Khair Yusuf et al., 2010).

2NN 1 MFIANISENNTDUBWATDIFALRBULAETIA N1TENUTEANLLLITIY (Flank wear) Ay ANSEN
MITBUIVIULH (cormner wear) VUM 2 YeaiiurAut1avenTasiledn (tool flank surface)

(Khairi Yusuf et al., 2010).
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NIDULUIAANITINY
1. fudsauay
\nseainiimuaufeasuialmes (CNC) LUU 3 Wnu
JaanadoUWANNAIAIFUDU L3R ANSI 1050 TUIR 64x64x24 TadiIns
\wsesiledndeulsatnduiiad (HSE) wuu 4 Audn wdawdeuiy TICN @uriugudnans 10
adwns AUEIALGR 24 TaE1INT
NSAAROULUULIA (Dry Cutting Condition)
svaleudnlunuiuny (Axial Depth of Cut : Ap) fiszee 10 Jadwns
nseenuuUNIIRaesdainnsesea 22 winvseldea vinsneaes 2 4
ANLLS2TEU (Spindle Speed) 800 wag 1,270 s9UAOUIN
9n31n13U9U (Feed Rate) 20 waz 60 Tadiuassoui

syazUoudnluuunseil (Radial Depth of Cut : Ae) 2.5 uaz 5 Jadluns
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sUwuuMsAnuseNAinuuu tool flank surface
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1. 1n3eadnsg ﬂflsﬂﬁﬁ’ﬁﬂ'ﬁﬁ’mﬁugﬂgﬁyumuwmaa‘ugﬂ@ﬁLﬁumiéhaLﬂ%iaaﬁ’mé’ﬁiuﬁa CNC
Vertical Machining Center Ju VMC 500-16 \RouTLUY 3 unu

2. ndeagavimiuuuiasdsie Olympus $u BX51M-BD-Motorized #ififindsvene 5 11

3. indosdledinidou nenfnleataidulia (HSE Co 8%) uuu 4 Audn indeufinselmmidey
Aslu-lulas (TICN) ushuaugnans (D) 10 dadwns anueauda (1) 25 lafwns Anulnaudu
(d) 10 Tadiums arweriun (L) 75 Sadiuns

4. Yaqmagey wanndiasusu tnsm ANSI 1050 dadunguimdnndiasusutunansdi

a

Heuldlusrundadudiunugiu nulaseEse ugUnIainIsinyns MUAT0ITNTNA UL
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Fudrwluesossunidusu Tnevlumanndiasuau 1nsa ANSI 1050 NilauauTAnalunaIef ULy
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¥ I3 aa < | = ] Ao v a o vYal
AUANULTITINTAIAULTIREN 235 HB ANawmideawnTs wagidAgisiagn wazgnvinlvdl
PUIA NI 64 Tadlums 817 64 Tadlumns uazuun 24 Jadluns
ad a o/
38N
1. NM399NLUUNTNARBY lUN1SAN¥IATINITANTRENKUUNITNAGDY 2k WANTBLSHAYN
U ldinenduiudadendnansynunonansvaussey WildudAy Jadedldlunisnaass
Us¥naunig AI1uL5258U (spindle speed), 8m51n15U0U (Feed rate), syazdaudnluuuisail

(Radial Depth of Cut) Fauandlunisnadi 2 Feagld 23=16 wilAnseliua 2 41

1519901 Jadenlslunisnaasd

Level
Factor Symbol Unit
Low (-) High ( +)
Spindle Speed S 800 1270 rom
Feed rate F 20 60 mm/min
Radial Depth of Cut Ae 25 5 mm
Axial Depth of Cut Ap 10 10 mm
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2. M3t muagULuuisanleu (Tool path operation) lunisAinwinisidentdzuuuunisen
Wouasdidnvauznisdadewdunuu mudaniu Aefianinisnyuvennisdedndeusziifiang

ASAINUTIUNUNTHAADUNVDITUIU

dle Speed

Cutting Tool

Workpice

] o v A
AN 2 ﬂ?ﬁﬂ'ﬁ/iuﬂgﬂLL‘UUﬂ'ﬁfﬂﬂLQau

A3UNANI3IY

mﬂmiﬁﬂmmmé’uﬂ’uﬁ‘ﬂuaqgﬂqumﬁﬂma'ﬁqaamuu flank wear Wwag corner wear

v o w

W
WU NszAunuIgURUUMIAnvsensaaLuiiauduiusivegiiduddy Fauuiliunsdnvse

o

v v [

svanasiloanauidiseu (S) 970 1,250 rpm U 600 rpm egnsditeddgyAseautiodfey 95%

aAUsT18NaNISIVY

WEN1INNABY

a i = A4 A v oA
N15199 2 ANNTENNTOVRILATRIUBRAALRDY (Tool wear)

S F Ae Ap flank wear  corner
StdOrder
(Rpm) (mm/min) (mm) (mm) (um) wear (um)
1 800 20 2.5 10 37.63 137.81
2 1270 20 25 10 121.74 384.95
3 800 60 25 10 60.50 182.48
4 1270 60 25 10 63.43 283.76
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15197 2 (519)

StdOrder S F Ae Ap flank wear  corner wear
(Rpm) (mm/min) (mm) (mm) (um) (um)
5 800 20 5 10 64.90 224.67
6 1270 20 5 10 106.15 219.94
7 800 60 5 10 66.84 166.59
8 1270 60 5 10 47.33 189.95
9 800 20 25 10 39.03 126.82
10 1270 20 2.5 10 101.97 292.49
11 800 60 2.5 10 61.97 170.28
12 1270 60 25 10 55.62 187.78
13 800 20 5 10 53.67 167.48
14 1270 20 5 10 86.36 286.43
15 800 60 5 10 65.60 170.52
16 1270 60 5 10 68.80 177.74

NN 2 Afnanslumsainanmsinainisdnrsevesasesdlodndowduladiil ¢
AuAAvINeANILATeladadou 1 Fu asgnninAinsinusenaudauaitiaflauadeiu ey

wiwlsinnisAnuseusnay 9slAunngn N1sANNIeRLLLITY

nsAATERANduNusvasgULuUNsanuse
a L L o 6 = = 1% =
NFAIERNduTusveIgULUUNIEnYse NsEnrsenuuit (flank wear) wazn1san
M5BUILIMLY (corner wear) MEIEN1T Regression Analysis WUl MIANMTEALLUITIY kAENITEN
nsousayy slaflandundamansiuanadsanudunusiu flank wear = 9.0 + 0.284 corner

wear Nanduuszansn1senaula (R2) = 67.0% wandbums1ed 3
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A19199 3 Regression Analysis: flank wear versus corner wear

The regression equation is

flank wear = 9.0 + 0.284 corner wear

Predictor Coef SECoef T P
Constant 9.05 176 0.77  0.455
corner wear 0.28394 0.05325 533 0.000
S=14.1546 R-Sq=67.0% R-Sq(adj) = 64.6%

Analysis of Variance

Source DF SS MS F P
Regression 1 5696.4 5696.4 28.43 0.000
Residual Error 14 2804.9 200.4

Total 15 8501.3

a L' [ 4' [ 1
ANsAsIEdadeNidenasansannse
ANSANNTDVDIAS DAL DAALADUNLNATUNIFDILUU NISANNTONULUIT (flank wear) way
n3ANNIOUSIALY (comer wear) Wu31AASIaU (S) AelladendnuaniviliiAnnsdnuseves

o w

A A oA | Ao = N
Lﬂﬁ@ﬂﬂamﬂLQ@U@HWQNUSﬁWﬂQ!uﬁﬂﬂiu@qiqﬂﬂ 4 Laza1I1n 5

A19199 4 Analysis of Variance corner wear

Source DF Seqg 55 Ady 55 Adj M5 F P
Main Effects 3 3471.87 3471.67 1157.22 12.%0 0.002
5 1 2531.47 2531.47 2531.47 28.21
F 1 920.52 920.52 920.52 0.26 0.013
Be 1 19.68 1%.68 19.68 0.22 0.652
2-Way Interactions 3 408B4.97 4084.97 1l3sl.66 15.18 0.001
5*F 1 3621.93 3621.93 3621.93 0.37 0.000
5*he 1 462.2 462,20 462.20 5.15 0.053
F*he 1 0.84 0.84 0.84 0.01 0.925
3-Way Interactions 1 226.58 226.58 226.58 2.53 0.151
S*F*Am 1 226.58 226.58 226.58 2,53 0.15%1
Residual Error 8 T17.83 117.83 89.7
Pure Error B 717.83 T17.83 B9.73
Total
5 = 8,47251 PRESS = 2871.31
F-5g = 91.56% [R-Sglpred) = 86.22% R-Sg(adj) = 84.17%
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A5197 5 Analysis of Variance flank wear

Source DF Seq 35 Adj 55 Adj Ms F P
Main Effects 3 36321.6 36321.6 12107.2 7.48 0.010
5 1 28595.% 28595.9 28595.% 17.87
F 1 6064.0 6064.0 e064.0 3.75 0.08%
e 1 1661.7 1861.7 1661.7 1.03 0.341
2-Way Interactions 3 18624.8 18624.8 6208.3 3.84 0.057
s5*F 1 B9l3.8 8913.8 g9l13.8 5.51 0.047
5*Ae 1 9350.5 9350.5 9350.% 5.78 0.043
F*he 1 3e0.5 360.5 380.5 0.22 0.8650
3-Way Interactions 1 2767.1 2767.1 2767.1 1.71 0.227
S5*F*Rhe 1 2767.1 27T67.1 2787.1 1.71 0.227
Residual Error 8 12944.4 12%44.4 1818.0
Pure Error g 12944.4 12%244.4 1618.0
Total 15 70637.92
5= 40.224%9 PRESS = 51777.4
R-5g = 8l.6B% R-S5gipred) = 26.72% R-5g(adj} = 65.65%
v
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wanvane wavihdeyanliunuseuiisuiuinanliaenadesiuiely
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