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IMPACT FACTORS OF COATINGS AFFECTING TOOL LIFE IN HYBRID BENDING
PROCESS WITH FINITE ELEMENT METHOD
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Abstract

The objective of this research is to study the impact factor coating surface of tool life in hybrid
bending process using FE simulation base on assuming moreover of the surface hardness effect to the
tool life, the friction coefficient and lubricant that effect to the tool life too. Therefore, this research is to
study the effect of 3 type of coating surface are TiN, TiCN and Al,Os; with 7 levels of thickness at 1.0, 2.0,
3.0, 4.0, 5.0, 6.0, and 7.0 Im and clearance 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, and 2.7 mm respectively. Compare
with the finite element simulation and experiment, the results from finite element found that the coating
surface can reduce friction coefficient and lubrication are TiCN, TiN, and Al,Os in order. It can discuss by

the effective stress concentration on die radius, as the effective stress concentration decrease, tool life
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was increase. Vice versa, the technique can also express in numerical method, all three coatings have
similar characteristics of graphs of tool life equation is as follows: the thickness of coating layer is thin tool
life was low, when the coating thickness is 4 Jm, the tool life was high. In the other hand, as the coating
layer more than 4 JUm, tool life was decrease respectively. Meanwhile, a narrow clearance leads to lower
tool life than a higher clearance. The results of finite element simulation and experiments were

consistent. It was significant 0.05 at 95% confidence, and consistent with the past research.

Keywords: Hybrid bending, Stretch forming, Tool life, FEM Simulation
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(;fﬁﬂjl 1.3E8, 1.31E9, 1.99E9, 2.19E9, 1.92E9, 1.18E9 Way 6.77E6 %u AIUAIRU Imﬂﬁ%umwwmmimﬁauﬂaﬁ 4.0
lulasiums forgnislnuanniiaafidauiunu 2.1969 Su eifiussogisteriusfiniunniudnidu 2.3
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siaudilfidesanduarumnasiafeuinaniznadeuiadomnusinssihannsueniiunsevhseduei
mnaaiedouAnfunimenuiuusadeuresmnaadouimnedeuasiumildteunnumuasiadouiadan
innfubehliAenadouimemnaadeuinldnngstu lnenmruduanumnasedoufiafivnzamnnaadan
4 Pm lusiueaifieafussezinsszundtaiud-anedamntuazdmaldldsuauiuanuuntuaiudaiu

wadnsnsmiladefidamadeagmsldnuannsiiesgiideeda

ATethihmaiamsinssianuUsusumaiien (One-Way Analysis of Variance) 41%1n15nadau
auuRguYeAdufivasnindesiu (Confidence Interval) 95% LilaNAZDUAILLANAINYDIAINTANNTOUDILH
azansiAdeuily fansdiaseimnuulsunuly g 2 mslesgideyamsadasemaiansiasiziaang
wsUsIumaiddelusunsy Minitab nuindinisdnvseiedsveanduiegisegneléiteulvvesnisiinsgs
ANUKUTUTIU A Usernsynnguinisuanuasuuuund (Normal Probability Plot Graph) A1A218uUsUTI1Y81
wiaznguUszInai1iu (Versus Fits Graph) uaznisdudiegausazgnnusazUsyeinsidudasesediu (Versus
Order Graph) fauanslunmd 6 ﬁnﬁ?umﬂ,ma%miwﬁay‘aﬁwmwﬁﬂmﬁLﬂiwﬁﬂmmmiﬂiaulﬁ NANITIATIZN
AN LUTUTIMAAEIElUsINSY Minitab wudian P-Value Yoo uiiiusazyiinvesansindou IA1viniu
0.000 uagdiAnosnindl o fifwuade 0.05 anusaasulédinuuaanuuvesasiadouinddvinasesgnsld
Nuogslitedfyy

M9 2 MeieTinTILTUTIU

o

(TIN) auUAUaIUA

Source DF Adj SS Adj MS F-Value P-Value
Model 27| 4.91615E+20| 1.82080E+19| 1171765.29| 0.000
Blocks 1| 4.60042E+13| 4.60042E+13 296/ 0.097
Linear 6| 3.52158E+20| 5.86930E+19| 3777160.86/ 0.000
TiCN 2| 2.95575E+20| 1.47788E+20| 9510812.77| 0.000
TiN 2| 5.61468E+19| 2.80734E+19| 1806651.98| 0.000
Al203 2| 4.35644E+17| 2.17822E+17 14017.83|  0.000
2-Way Interactions 12|  1.38427E+20| 1.15356E+19 742367.28|  0.000
TiICN*TIN 41 1.37041E+20| 3.42602E+19| 2204799.69| 0.000
TiICN*Al203 4] 8.61327E+17| 2.15332E+17 13857.59|  0.000
TiN*Al203 4| 5.24877E+17| 1.31219E+17 8444.55|  0.000
3-Way Interactions 8| 1.03004E+18| 1.28754E+17 8285.93|  0.000
TICN*TiIN*AL203 8| 1.03004E+18| 1.28754E+17 8285.93|  0.000
Error 26| 4.04012E+14| 1.55389E+13
Total 53| 4.91615E+20

nnsuanspuduiusvesladendnasiiuldintdedens 3 farognisldnuvesudinifisnsiu g
UadendAmognisldnureusdinrigegadudunisfolnmbeuasiululas(Ticn) sudvaessdelnindeululns
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Main Effects Plot for Tool Life
Fitted Means
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Interaction Plot for Tool Life
Fitted Means
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1. Mmelinsianuduiusssnistuanuminansiedeuivegmslfnuveauifuidmivansiadeu
Innidoumilululas Mnfeulvnisassweansmarmdiiusszning %ummwmmimaaunumﬂmﬂﬂmumaa
walfiast wuh Asuaumnansiedeu 1.0 lulasung A1918N15IENUIINTY 5.28e+08 Fu 90ty Aeusundy
wdevfndianfistudu 2.0 lulasiuns meorgmslénuvessifinnt dufistuiiy 3.75e+09 Zu ieifiuaumi
Fuadouinnniudniienumun 3.0 lasiuns dwalviorgmslfnuiumnniuies qlnefiawity 5.55e+09 Fu
Tuiuesiefuiinrumunduindoufinginiu 4.0 lulesuns agldengnisldnuvousfinsivnfu 6.16e+09 Fu
Mndudlefiunnumnduedouintudnindu 5.0 lulasiuas nduilvsognisldnuanasiiauminiu 5.37e+09
fu luhueafsartudlofiunrumnduadouinnniudniianunu 6.0 lalaswns dwaliaegmsldauues
wilfuianasdianiiiu 3.24e+09 Fu aaving Anrumvmnduadouiianiniu 7.0 Tulasiuas Wuwalianengnislda
voansAndiaiify 10.71e+06 $u Mnwamsndonnsmivlinsuinamdingn Wunsweduaisawuunan
Tudh Tudnwarsedaet Gsaunsodouaunislugiuuundnmanidsaumsi 3,4, 5,6, 7, 8, 9 dall

Ticzt = -3.9111x10° + 5.1158x10° Teoating -6.5190x10° T*coating (3)
TLczz = -3.9138x10° + 5.1189x10° Teoating -6.5230x10° T*conting (@)
TLczs = -3.9148x10° + 5.1198x10° Teoating -6.5242x10° T*conting (5)
TLcza = -3.9150x10° + 5.1207x10° Teoating -6.5253x10° T*conting (6)
Ticis = -3.9156x10° + 5.1216x10° Teoating -6.5264x10° T coating (7)
Tics = -3.9162x10° + 5.1225%10 Teoating -6.5275%10° T coating (8)
Tic7 = -3.9168x10° + 5.1234x10° Teoating -6.5286x10° T coating (9)

doTa = ewnsldruresufisnidivesieieg @)
Teoating = Fumnmunansiadevii (lalaswns)

2. MIlAszianuduiusTEning duamumuasedeuivognislinuresdfisidmivarnadeu
lmmuamlulm mmqaulmm‘amaawmﬂiﬂWﬂ’JmauwuﬁiumN mumwwmaﬁmaamvmamﬂﬁmumm
walfiast wut suaumnansiadeu 1.0 lulasuns Aergnslénusinu 3.28e+08 Fu 91ntu Aanunundy
wdeuinfiadiutudu 2.0 lulaswns Aorgmslinuveusifiad aufistushiy 2.51e+09 Fu ieifiueuun
fupdovinmniudniienunun 3.0 llasues dwalfegmsldmuiuinntudes lasiewhiy 3.74e+09 Fu
Tuhusufeafuiiemumunduedouiaviiu 4.0 lulasiues avldorgnislénuvemlfiuivhiy 4.13e+09 Fu
ynudoiuamumnduedeuintusningu 5.0 lulasiues ndurilimensnislénuanasdiaiy 3.63e+09
fu luhueafsatudofiunrumunduedovinunniudniianumu 6.0 lalaswns dwaliaegnsldauves
wlfuianasiidnviniy 2.19e+09 Fu gavhefinnumuduedouiawiiu 7.0 lilasuns Wunaldaengnslda
yoansAndiAnuiiiy 8.7e+06 Fu Mnuamandonnsivvilimsuihnsmdnan dunsmnedueideauuumaily
an Tudnwnzsesinin ?z’fqmmiaL?'uauaumﬂugﬂqumimmam%ﬁaaumsﬁ 10, 11, 12, 13, 14, 15, 16 wai

Ticr = -2.7017x10° + 3.8655x10° Teoating -4.3988x10° T coating (10)

Ticz = -2.8085x10° + 3.5516x10° Teoating -4.4918x10° T coating (11)
Tics = -2.8681x10° + 3.5992x10° Teoating -4.5428x10° T coating (12)
Ticiza = -2.9229x10° + 3.6462x10° Teoting -4.5966x10° T*conting (13)
Ticizs = -2.9723x10° + 3.6879x10° Teoating -4.6423x10° T*conting (14)
Ticizs = -3.0229%10° + 3.7394x10° Teoating -4.7041x10° T*conting (15)
TLczr = -3.0348x10° + 3.7584x10° Teoating -4.7273x10° T*conting (16)

We Tea = 21gmsldnuveswifinnivosinesine (Fruiuaw)
Teoating = TUAMNMIAITIAROURT (lulAsiums)
3. NTIATIERANNAUTUSIENTNN FuANaIsasuivenensidnuresifiuidmivaisiniou
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a a

ogfifleulula$ andeulunisdasswansmanuduiussevin fuanunuasiadeufuegnisliauaes
walfiast wut fsuaumnansiadeu 1.0 lulasuns Arergnslénuminu 1.28e+08 Fu 91ntu Aanumundy
wndeuinfidnfistudy 2.0 lulasums dengnisléouoaifisnt Afinduinty 1.28e+09 Fu Waifiumumun
fupdovinmniudniinnumun 3.0 llasums dwalfegnisldouiumnniudos lasdewhiy 1.93e+09 Fu
Tuhueufsrfuiierumunduedouiaiiiu 4.0 lulasiues axlforgnislénuvsusifuivhiy 2.16e+09 Fu
mnfudodiuarmuduedeuintudnindu 5.0 lulasues ndurhliaeenisldnuanasdiamity 1.89e+09
P luhueafsrfudofineumunduedouinnntudniimumun 6.0 lulasues dwalirioigmslinures
wilfuianasfianiiiu 1.14e+09 Fu gaving Anrumvmduadouiianiniu 7.0 lulasiuas Wuwalianengnislda
yoansAnilAwindy 6.71e+06 Fu nuantsndennswivilinaiuinandingn Wunsmnedueideauuuman
Tuan ludnwazsesiaai ?zfqmmsaL%auammﬂug‘uLLwﬂzﬁmmam%ﬁaaumiﬁ 17,18,19,20,21,22,23 fisil
-1.45827x10° + 1.82571x10° Teoating -2.31267x10° T coating (17
-1.48828x10° + 1.86131x10° Teoating -2.35788x10° T coating (18)
Tict2s = -1.53930x10° + 1.92637x10° Teoating -2.63971x10° T conting (19)
Tici2a = -1.61294x10° + 1.99786x10° Teoating -2.52869x10° T*conting (20)

(

(

Tic21

Tici22

Tiaizs = -1.63677x10° + 2.04649x10° Teoating -2.59710x10° T?conting 21)
Tici26 = -1.66755x10° + 2.10006x10° Teoating -2.66565x10° T*conting 22)
Tiaiz7 = -1.71809x10° + 2.15948x10° Teonting -2.73822x10° T’conting (23)
doTa = ewnsldrumessifuiideriniig 1wt
Teoating = Surmnasiedoui (alaswns)
anUsena

Tumsvaaouiiloyszyndliluniagmaivnssuiinatsuiyaioandenismuauedislsinuiiifiesdisnng
nagsuILTEmsodunaUsEAnsamiiueswosifusily wsadunalaandymitaiiauenuieiznng
ansqlunsiorsuzanuimediiedesiunsmaasunmeausluveuwnvein1sideldinnisfinunalanisdnuse
vosudfundanuulavianaziUssuiisuanudtuniun1sdnusevesarsiadou PVD lagldisnisnaasulu
mﬂqmm%ﬂssmﬁﬁwmﬁﬁu Iﬁagﬂmmmﬁ%’aﬁﬂﬁ

1. nalnmsdnusendnvesansindeuitenauvsesniduauansindoulneuravuseinnaesansindeulsing
SwsiumnsnatuiiosandvdnaasindouiifiunumseduussansusudonnuiiuansatuseSsdmwalinsdnuse
wifiukare1gn g uwiRuiuanneiuly

2. aauudsansindeuivdmanoognisldnuuifisiazludmanssdmivnuifeidinlilasld
Iniddoyanniadosilonazrhmsdianssn q uenanidaeddinadansussdiuegnslinuiidetiolddanililae
ns¥arnisanvselneinfevewesazasindou Mnusaiuildnsaruduiusseninsnanduanisin
vsonuaumsoiaielilirusziiuognsldnudmiuilulssgndldlumeagnainssusely

AnAnssuUsENA

Y0TUAN U3t eliainydomiialusdn $1fn Adeulo an1uil infestlo wdosing uasTangunsal lums
nanodlaglifnaliieuaslitoyadanadeiiisndufeddlunishendfotul uasreveunm qunsia fu
Wi finostaemdsiuziiieulynisvia PVD Coating Saufsundsaniuiifuviiausdiunisia PVD Coating ui
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