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Application of surface modification

for Extension tool life in blanking process

*

1 1 . 2
Pakorn Chumrum , Varunee Premanond and Komgrit Lawanwong

Abstract

The objective of this research is to increase of blanking die life by surface technology of coating and
surface treatment. Friction and wear phenomenon were investigated by ball on disk technique by using tribometer.
Blanking die experiments were also performed to confirm the performance of coated and treated tool surface for a
guide line to select the proper types of thin film coating or surface treatment. Punch and ball were produced from
cold work tool steel grade SKD11 )JIS (hardened to 601 HRC. Four types of hard film coating are TiC-CVD
(Chemical Vapour Deposition), TiCN-CVD, TiCN-PVD (Physical Vapour Deposition), VC-TD (Thermal
Diffusion) and Non-coating. Workpiece and disk material used in this experiment were made by cold rolled steel
sheet JIS; SPCC of 2 mm thickness. It has been found experimentally that the selected types of treatment and
coating showed ability to reduce wear and friction under both conditions of ball on disk test and blanking test. Die
and ball coated with TiCN using CVD process illustrated maximum reduction of wear. This is due to high adhesion

strength between the coated film and substrate.
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] Department of Tool and Materials Engineering, Faculty of Engineering, King Mongkut's University of Technology Thonburi,
Bangkok, Thailand.

: Department of Production Engineering, Faculty of Industry and Technology, Rajamangala University of Technology Rattanakosin
Wang Klai Kangwon Campus, Thailand.

’ Corresponding author, E-mail: komgrit.law@kmutt.ac.th, komgrit.law@rmutr.ac.th Received 8 October 2015,

Accepted 2 March 2016

14



UNANNITY

NsaInmama Tuladgaamnssy U 12 a1iuh 1 unsiaw —wyiey 2559

The Journal of Industrial Technology, Vol. 12, No. 1 January — April 2016

1. UNiN

]
=2 =

o ~ 2 A 74
Pagtiumsanvsontnauuluaruuunuwi v
Tyrmilsdiinnudidguinlumagaaivngsuh
v Y 1a d ' a £
aodlsuinunluaivlsenovlunmsnaasualu
d o [

A9 TAgmIL o nuNAAN oA 1M aN1s®

FaINUSIAUFUA 1IN na TuTadns

]
A o

s v A
W lyau e

A a 1a < as =&
A UAIMUNLN UAITAITHH
= Aa 2 o ia ¢ A
¥AOMIANHIOMNAVUNVUNANW LAgNITIAADY
a o o vAa a 1a o =
Andumsisual emunidvesianinn1¥ia
WzaununsIFaulagnmsdSudiunaunay
Y eg a A
Taseasranieluvesiud (Surface Treatment) 130
o e A da wad " o 2
01T UNTaIAN NS ARV UAIFUIIU
. , < A A A @
(Surface coating) 881415NAIUAITIARDDAILUNUN
Yy ad <4 A g ra oJ o 1 d
Areduuay i umsmuaunuuiny N uInilu
o 1 A v o & A A v
dadrunaeudegs asulumsnaisanaenly
a a I a [ 4
FHAVDINAULAIAITNIIUDE19TOUADY 11109910
o == A
Tagiiuludlszmemesniidsznounisiaiunse
A a A gy v Y A g ' A
AADUAIMUNUW 1A Na18uHINI N1 UVDIA191A
YU INe 1AZNTIINNUTLHINANFIALAZAY
v Ay o <2 Y A a H] A
Tne vazdatifaundaldidonnarnvarestianei
imanudenssuIslendl (cvD) uaz'lonenin
& 1 as s 9 d' 1 [
(PVD) H4 luumaznssudTaziiailsarenuanaiany
o g a A A Y a Al A
pon 11 dajumsiasaiieasnldyiavesilann
d A o o A
mngauiluaadan o
1NAITANYINIUITENAIUNT WU INHUITY
° AN Yo ~ A A Y
S1unn Idiueuna luTagmsmaeunin lelu
MsuddyuuawIzAIu 150 1998 T.Sato [1] 18
MmsanyImsanusonazanialumsdediuns

a o A
ﬂgﬂlﬂﬁ’d"ﬁmﬁﬂ’ﬂwﬂl TiN, TiC uag TiCN VUIT WU

SKH 51 (J1S) Tagldmsnagounuuaiumyu

15

(Ball-on-Disk) 13 2000 S.Hogmark [2] 181D

uuammnlumsesnuuunazmsdssilunaainms

Y
a

Y
NAUAILUNUAvIN A FUIULaz d Il sEnoD

a

=2 o A

7199 111309905 TAINA1IDIMINAUINMTIAAOU A
TuanbazI5N15A199 15U Multilayer, Superlatties,
% 3
Nanoerystalline, (19¢ Multi-component Fa131AU
o w A = ° A a ¥ 9 o & =
dAyegNnouNILINISAAUHINUABIAIHIDY
N1590NUUUNITIAADUAIIAEADINDITA
4 [ 1 A A Y 2
penlsenevunazdadtenngNinelrveaazeiall
NANTENUABAITIAABUAD ABNT 2003 C.Mitterer [3]
T@vihauIsemenasanIsnsade I MM a Y
] Y
dFuunnii1FlumsvuzlTanzudu Tae'ld
= A A Aa <3 1 3’,
Anwrensmasuidani luTasuiluaiuilszasuna
5 %%ia Ao TiN, Nitriding, TiICN, TiBN 1ag TiAIN
Tasnssu3% PACVD il 2009 O.N.Cora [4] 131
=} a Aa Y =
mMsnfSeufevdssansmMumIaIUNIUMITNNT
1M UAINUANAINY 7 ¥iia dremInaaoll
HUDYARIUMANNAIAI LTI 9g9 DP600 AHSS
1l 2011 B.Podgornik [5] 1@¥1ms3defduadey
d’ 9 U d‘ Y o
onaunums sasvasan Iasn1snaaod A1
A UAIa U URUTN AT AN 1ananaznIaal
a1anulasnasuAal18nIIu3T PVD-TICN, AICIN
ag DLC H1nsnaaeunuuny lavy M800-65K
Y [
F1UIU 4,000 ATIY/NTNAADI FINVINNIGHAINT
NATRUMIANNTBANAd LI luMITARanad uaz gl
r'd . v
M5z ansaNNEsANIUIDNA8 1INTUITNITY
AULAY 2012 ON.Cora [6] 1dv1mstlSeutien
Uszansawvosmsinilosmsdanselagniums
1AAPUAIVIN PVD, CVD, uay TD 1agn1ng

50l deustinued substrate IIMINATDY



UNANNITY

NsaInmama Tuladgaa1vnssy U 12 21509 1 unaan —wbien 2559

The Journal of Industrial Technology, Vol. 12, No. 1 January — April 2016

< <
msanvselagldmanndnindassgalasly
A 2 A o a
1399 CNC (Jun3039ns lumsniugumsyaid lu
Y
N15ITINVINFUAVUDY substrate WU TINAA ©

Y5z ANTNINMIAIUMUNITANNIBIIDI91INAT

]
a =

indouda@azrinaIUY substrate NA1IAULTITA

= ' X a 1 @ Y U
Lﬁuﬂ?§$1’i31\ﬁ/‘|uW'Jﬂ%$£!§°’lﬂ@]'l\3ﬂuvlﬂﬂ?ﬂ Tudau

@ 9 o @

aw 4 A = A do A
VOINUIVYNNYAUDINUNMIANHIDUULUWUNAAN

A o

Uy N I01nI9e [7-9] 91nviared seinald

AMUAIAYAD tool clearance INAIWNANTLNY TABA T
v

ApAUAINYDITUIUDE1e]T HazuITon a1y

o @ [l

AADUAINTMIV AU AUDENUNT HAIAF LN I

]
A o

a o a o a @ 1
nuddemihildundeudd T I auaugl
1a do ¥ a1y ao
Tavnig Tagmmnzuununaaiulogiosnnluauive
= o = = wa ) = A
Hasihmsnmaeauiamsdunumsanrserive
A ra d v A Yy o A a
gao1guoNNNan Tasaenldidunaonyiia
aquazmsdSvammirmunz aujaduaie

D) ¥ Y o a K
gudeyamslsnulinugaaimnssunansudiy
4 a a a = ]
eliinadszaniamgegalumsidenldldunia

A a
IAADUNT

d ad =<
2. Qﬂﬂim!!agﬁﬁﬂ1iﬂﬂﬁi’)‘l.lﬂ"liﬁﬂ1"i§9

A A o o= a a 9 =
NOBUGUDITLANTNINVDINMIAMUNIUMITTANNID

mmﬁ:}mﬁﬂu%ﬁﬂdnqimm?ﬁ'ﬂﬁ'ﬁa EIRIRLRE
naavseeniluaesdiuie minaaeuLULTIA0Y
mM3nAouT duins 1033 Ball-on-disk MUMATFIU
(ASTM G133-95) [10] §agaii 1 mmj'lﬂﬁ”umsﬁu

v
o 2 1A do
Gmf’]fmmﬁammwnwm (Blanking die)

16

2.1 MInAaaUAIEMAA Ball-on-Disk
Y
AM5UNINATel Ball-on-disk 11911398 AL
o 5 °
NuAeTaqIManNNA1A15 U UA1 JIS;SPCC YUY
HIUFUENAVBATIIIUAD 25 UN. W1 2 UN. Uag
vealivaFURMUgUINaT 6 1. HAAIIAIKANNAY
in3ogiioanudu JIS;SKD11 guudie 60£2 HRC
g’; o = a 9y a| d A a A
ndui hlindsuiidlreWaundoy 3 ¥iia Ao
TiCN-PVD (Double layer) , TICN-CVD (Multilayer) ,
TiC-CVD uazdSuanInml 1 uuy Av VC-TD
Tugruusnueamnaaaune mMsiaadulszans
= = ) 4
ANUEIAMY (L) Feaunsomiuiw 1d lagnsaain
d‘ d' A [ a é{ =)
aumsi 1 Tagh L Aedusz@nsanudsaniu F
A Y] A ~ A ] A
A9 LTI UNMUMSIATOUN L1aZ N ADUTIAININNT O

v 1o o Y o &

usanaagadulad iy Fealmdanmsiinudely

31

2

=h.

=

317 1 msnadouR187F Ball-on-disk 1uIAT 09 In3-

a 4
UDUINDI

(6]

==



UNANNITY

Nsanmama Tuladgaaivnssy U 12 :7uR 1 unaan —wyien 2559

The Journal of Industrial Technology, Vol. 12, No. 1 January — April 2016

0

7U7 2 vanmaiaved Ball-on-disk

I
2

d‘ Y a 1 o a d o a

e linaanuuiud lumsinszvdulseans
aNuasan1u 137 Ball-on-disk 9zdea N1
= = = a 2 VA ' &2 A
AIMTANNIONILINAYY AT DIV AUHUD IUHI]

3 9 ' 2 1 Y a =2 Ed
AMULYIUPENIIUDA edINaldinansanuse Ty

@

43110097 3 naztieTNYIAN1IZYRIALTIAUN

AAFUAT (Contact pressure) MUUARMVHIAANUAT

a

v Y v
vyoasosnnavunuruIuded Ly 600 lulnswas

o

Y Y = ' a a A
mlddeaddsuuruniuausiavesiunaoy

Wear track

1009508MIANHTOVULUAUITY

U 3§

= = A a X o o
FITDYNTEANHUID (s) NNAVUNUVUDANINITNIA

Y Y 4 .
llﬂiﬂﬂﬁﬂﬂmﬂﬁm@ﬂ‘ﬂiiﬂu (Optical Macro scope)

17

9317 4 uaz szez h ansamuININANNITN
o [ a2 = A a g o
2 FmSuUSUNMsANMIoMNATUEINITDATUIN
v a 9 Y A o
mlﬂmﬂﬁllﬂﬁ‘ﬂ 3 'lu“lcvmmaaaummzmmimﬁa‘u
ﬂ\iﬁlli\?ﬂﬂ 10 UIAU ﬂ’J11JL§"JL%QLﬁ§fluﬂaﬂﬂﬂ1ﬁﬂﬂaﬂﬂ

flo 10 wu./3ud naz Mimsnaaeshgurgives

U

Ot

19 4 FFMsfmuIamMIanIeuuLea

o

8r — V64r2 — 16s2

h= 2
8 2
V = mh? [r - —] 3)
K= V
- FyS 4

V, Wear volume [mm3]
s, Wear track diameter [mm]
h, Wear Height [mm]
r, Ball radius [mm]
k, Specific wear rate [mm3/N m]
F,, Normal load [N]
S, Sliding distance [m]



UNANNITY

Nsanmama Tuladgaaivnssy U 12 :7uR 1 unaan —wyien 2559

The Journal of Industrial Technology, Vol. 12, No. 1 January — April 2016

a d
2.2 NATUM I ANHIVABNNNWAR
1 9 Y
MosesTUgATIMNISUHAATUAIN TuauIdell
=2 Y A Y 1a Jdo & = A
vldidenHminmidagawunisanusogunsanga

4

TagoonUUUUNRYWINDT0I5 WU N

@

NN
' o A a o A
yuratdurdiugudnale 25 daauas aegli s
=\ = < o
ponuu 1Tz ez YR AR RBUS UT Sp8aE 5 VBIAIW
2 o o o & a 5 P A A
NUIFUIY TAQMNHUTHAN DN IMANNAUATDIND
< 3 A o < A
QB JIS; SKD11 TagguudanseaununIngi
Y
M1AY 60 +1 HRC Tag¥uaiuinniaqmannd
A151BUE JIS;SPCC M1 2 TadwAT 15 uAeIA U
MINATDVULVTIADINTIATOUNTUNNT A8 Ball-

on-disk

'?'

31U 5 Medaiudn1Flunsnaaes

TumsneasuinmanasuiltazlSuan 1AM
L4 4 v A = a g9 .
WUF 4 Uszian A2eAu ABNISIAABUAIAIY TiC-
CVD , TiCN-CVD (Multilayer) , TICN-PVD (Double

Ea
layer) tazmMsUSuamnAId1e VC-TD niuiiun
= ~ v o da " Y o A A
s unuwusn luldiinisinaeuialae
= vAa a o A a o
F1vazioeaduliaveaNanasuAl tagnsdsy
anmiuaadlua1ied 1 Faaanundsinaion
9
nazauruIvesFuiduldna1uasgIuaes

USTNAAD VAL

18

M99 1 auiavesrinany

Type of Hardness  Thickness  Roughness

coating (HV) of film Average ;R
(Hm) (Mm)
Non-Coating 650 - 0.07
TiC-CVD 3800 5-8 0.045
TiCN-CVD 3300 8 0.033
VC-TD 3019 7 0.026
TiCN-PVD 2,500 3-5 0.017

TumsnaaeiMIANEINMI TN IV ILUNUN
o 2 o ¢§‘ 9 ra S = Y
TagriimsdudasuarudlronunuineIoy 131y
~ 12 VA g‘, C =] v
anngd lufimsvaeau antuiuiine gns 14y
1a JY a H @ o @
voaunuiaremsasulasivinveanusua
Y
A58 MITNNTDVDINUFNIUTIUA UM (Face
v 9 v U Y
wear) LazA UV (Flank wear) A38N1NH181ANAD
s A A s
9an33¢11 (Optical Micro scope) N T1/sunsuiansy
o & o v AQ Y o =
IA52e FIAunUan g lumsiaszesMsansouy

o o a
ﬂmmmwuﬁmﬁﬂﬂugﬂw 6

Position of measurement Position of measurement

Face wear

Flank wear

o [l

3UN 6 AMHUINTTATZELAITANNTONINAIUT4

u

P b o o
UAZATUNUHIVUDINUY



UNANNITY

NsaInmama Tuladgaamnssy U 12 a1iuh 1 unsiaw —wyiey 2559

The Journal of Industrial Technology, Vol. 12, No. 1 January — April 2016

Y ax .
3. Ni’lﬂ‘lﬁ‘nﬂﬁﬂﬁﬂ?ﬂ%ﬁ Ball on disk
3.1 ANUABAMUIZHINHIPTNAE
'd 1
MInHamsiandudszansanumdeaniui
4 v
INATUTYHINUNUIULAZ YDA SKDIT N¥1013
A a [ a 9 Qdd‘ 1 [
InaoVANEzUSUEMNAIAI8NTTUITNUANAIINY
) A a 7 W A ' AAy 1A
Mansodlasuelimes Az 7 nudrlunsain lad
A a A @ a Al o a 4{
MIAapUAIMIoUS UM WA Umdulszansanu
weamuganga Yszum 0.48 Tuvagnueailsy
a g Y1 o a a" =
AMWAIAY VC-TD Timiduilszansanudsaniu
Ao A A A A a v .
Nenga 5930901ADUPANIARBUAIA I8 TICN-CVD
7
(Multilayer) TiC-CVD 3 l¥mduseansaudea
mui lndifneedy wazueaiindouAIAI8 TICN-PVD
4
(Double layer) 1¥in1dui/sz@nsanuidsaniuuin
ngalunguuesmsindeudanselsuaninii 910
nan1snaassananamsnazlidil mandeunn
v '
wazlSuanmAiulidusIsanmdulssansniw
<
d@oanulaantios
a a = a d‘d 1 U a é
3.2 answavesaNuBsUAINiNanedulsz AN
ANUTIAMY
d‘ A a o a 1
iwewnlumsindeuAutazmMsysuanIniLa
v '
azyiatuhlfiueah ldndsrumsindeuiuag

U5uamnAIin1nNTeuAIRuana1anauaaaly

PN

a 9 Y A ~ a aa A
ANINHNINIY VD-TD UU UANULTIUNIANTA LUD

q

8 WUIAIAVDIUDANTNTIAADUNINT 8151

P
W%Wiﬂﬂﬁﬂ@ﬂ‘ﬁWﬂ"’Uf’N‘ﬂWGfJ‘]JN”JuuW‘]J’Nﬂ”lﬂ’ﬂll
' '3
MO AINUANA NN UdINane AT Nl s aNT A
= ~ < v ¥ 4 aov Ao
Lﬁﬂﬂ%?u!WﬂﬂLﬁﬂﬁﬂﬂl‘V‘nuu §Q1u31u3ﬂﬂuuﬂ’ﬂh

A

\ A =
UANAIIYDIANUISIVHD Ra GlNﬂleﬂﬁE]EJﬂ’é]

527214 (0.02-0.08 pm)

19

33 aNTWaveInINUTIVeININNNaneA
U a Qé =
qulszansanu@samy
ANMUFNIUT T2H NN YR IURaALAZA
% a lg = % d' T d’
dulsz@nianu@saniuuanidagln 9 wuiuile
3 a A é‘ o Y1 v a ,g‘
ALYV IR AR UMINYU 1A 1Nl 52 ans
anudsan uTuul Iduanauiio11nMINay
< a A o
uAdvearIimIuInagi1Ildanuaiuisa luns
v Y
aoduman)asugilonastinmniuainlldae [11]

2 4 4 ) 4 o o
Wunmsnlasugl (Deformation) U3 IUNVOATUH

]
A o @

[ =} < o Y a Lg a
Auvgiivuraanun MlAuSuNUNduAgs

'
A o W =

Ay =2 gk
(real contact area) UATUBIDIUUNUNTUNTIANDU
' ' v & o &
(apparent contact area) P S R Tl RE VAR IRY
4 2 de o oy o o 4
HONUNFUATISTINDY NI1SATIVIVUTUTIANTUN
A a 7 W P Y] A '
insedlasueitnesialansziosainsonn
duilszanianuazanadtiued
1 a 2 o Aafd
3.4 Fnamsanvsennavunuilanasuuaznis
USvamwarlumsnaaeunuy Ball on disk

NN NNFURUT TS M dn

]
=

d' ] 9 A
139 (Wear volume) voduead luldindovnazh
A Aa A o a o 9 9
maeuAIvsodSuaa InAIAUsTez nan 1 luns
a A o ~ A
@oadasuaaslugzln 10 wuiniieszeznialums
= a A 2 ' Y (a =
i@eam N NNINYUIzdIna iU ansanrs o
1 Y v
i u TasiinNnuduiusuuuiduase uazuoai
A A A o A A A = A v
wasuRIMS oS UM WIS IaMIdnsen oy
A a o Ay A A AA =
AN WwenfSeuieusruueain lildmasuAnimsan
a A A Ay . =
nsomniga lasuoaiin@euAIA28 TICN-CVD dn
WsoNtiooNga 5998911A0 TIC-CVD, @IUA1S
1AADUAIAIY TICN-PVD tiazmslSuaniniidae

VC-TD T Iuvesdnusonlndineany



UNANNITY

suns

Friction coefficient

a

an

Friction coefficient
]
Lo

0.6

0.5

04

03

0.2

0.1

H '
‘ﬁ‘Waﬂ’J'liJﬁfJ'UN’J"UENU’fJaﬂW‘I’iaQLﬂaE]'UN’Jlm&"]Ji’UﬁﬂTWN’JﬁﬁN’d(ﬂﬂﬂ?ﬁlﬁjizﬁﬂﬁﬂ’ﬂﬂlﬁﬂ@wﬂu

NsaInmama Tuladgaa1vnssy U 12 21509 1 unaan —wbien 2559

The Journal of Industrial Technology, Vol. 12, No. 1 January — April 2016

T T T 1
Non coating TiC-CVD TiCN-CVD TiCN-PVD VC-TD
Type of coating
a o a £ ~ Aad o a A o A
31]7] 7 ﬁllﬂ'53f‘ﬁ’]‘ﬁﬂ'JTNLﬁﬂﬂﬂ"Iu‘ﬂlﬂﬂ"llUﬂUW”Jlﬂa't‘]‘]JLLaz‘]Ji‘]JﬁﬂTWW”J
Non-Coating
TiCN-PVD TiCN-CVD
| VC'TDIiCVD
| | |

0 0.02 0.04 0.06

Roughness average; Ra

20

0.08



UNANNITY NsaInmama Tuladgaa1vnssy U 12 21509 1 unaan —wbien 2559

The Journal of Industrial Technology, Vol. 12, No. 1 January — April 2016

06

Non-Coating

N TiCN-CVD

0.5

0.4

03 ... e

Friction coefficient
S
S

1 S ——

1 S ——

0 500 1000 1500 2000 2500 32000 3500 4000
Hardness of film; HV

llﬁ 9 EQJV]ﬁW’dﬂ’JHJL!,"U\?"]J?NV‘I’é’lmﬂ’é’lfJ'Ul,mwﬂﬁ‘ﬂiUﬁﬂ?WN’J’ﬂNNﬂ@’lﬂﬂiﬁNﬂﬁ ﬁ‘l/l‘ﬁﬂ’ﬂlllﬁﬂﬂ‘lmu

8.00E-03 -
¢ SPCC-Non Coat
4 SPCC-TiCN-CVD
6.00E-031  x SPCC-TiCN-PVD
Non-Coating °
— ® SPCC-VC-TD
£ 5.00E-03 1
E
()
E 4.00E-03 1 TiCN-PVD
S
g 3.00E-03
= T
2.00E-03 1 TiCN-CVD
1.00E-03
P r e 2 A A A A

0.00E+00 bt + + + + + + + ? ? ? T T T J
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

Sliding Distance (mm.)

llﬁ 10 ﬂiill']mﬂ'lﬁﬁﬂﬁif]‘ﬂlﬂﬂ"lluﬂ'ﬂN’J!ﬂaﬂ’ULLﬁwﬂWiﬂﬂJﬁﬂ1WN’m’JEJﬂioJJ’J‘Llﬂﬁ Ball on disk

21



UNANNITY

NsaInmama Tuladgaa1vnssy U 12 21509 1 unaan —wbien 2559

The Journal of Industrial Technology, Vol. 12, No. 1 January — April 2016

= A d
4., Naﬂ]iﬁﬂﬁiﬂiu!!uwu‘wmﬂ

=® v v v Y v d
4.1 328sMITNHIANIHVIIAS N UK UIVIINHY

a

(M AunMdImsIanMsanns oIt

l Face wear
y

L

o . o Y v
@) Gl']Ll‘H‘Ll\iﬂﬁ’Jﬂﬂ']iﬁﬂﬂiﬂﬂ1u"1ﬂ\1

~ Ao = Yy 9
qﬁlﬂﬂ 11 NNANITATIVEDUMITANHIDATUV LAY

P 9 o
ATUUUIVDINUY

NAANITATIVAOUT LI MTANHIDVOINUS
v 9 Y ] o A
AUVLAT AU 1aaIaegln 11 nan1snaaes

d' = d‘ a é’ (% [ o [

Tugdi 12-13 uaaams@nnseNNaTUAURUGHAS
' Yo o I 9 4 ° a a o
iumslddadaquuannaiasueud(siaaedn
AUNINAADY Ball on disk ) WUIINTANHIDUDI
v Y 9 v Y 9 ' 2 A
WUFNIATUNUIazA D19 Tusrausn (Fuh 1-

=2 A a ,%’ A o s A é’
1,000) ATANHIDNINAVUNWUTE WU FIVY

22

' ]
=

1 [l < < @ Y A
06190911 PINALTIIAITIIUATENIDINTAAATIN
v A Ao = Ay = Y
1,000 WUFITHLOATINMTANHITONF 1899 U LU 11Ty
a4 24 4 D a4
1NDUNILAINHBIVINNITNTZHLBBINUUNYN LA
% '43! U =) d' 1
azdrgnuneIngiutazandaamslasugilsig
I ] Y @ Av A Y o =®
el FaaeandnanuNaIUITeN 1aNIMIANEI
= 1a J o A 1
msanuse luanuuunusian [12] Asluriausnnis
~ 2 ' < ' 4
FAnTINATUDE19TIAS AT ITADE ana il
° 4 o A 2 A a =
FuuasIlumMTANNYY 1HoNITUIDIAY
= Y 9 9 9 1 4
THUIIVBIMIANHTOA UG 1A AU R T VOIN U
' = Aa d g g ) v
WU MIANUTDNNAYUATUVIIZHIANINATUN TN
o o A v 9 Y4 = - R &
WUBHOIINNAUT T UTIZNITIATDIA09A T
[ o & =1 43! o YA
Tudarrzmsda 1 a5 (naasuazasyy) M lains
2 Ao o o vy ] A 0w oo X o
NADUNTUNNT NN NAUNT AN DWU TNV
a4 2 a A o A A
NileruvesnuUTNuIeUgDUTa 1o nluiie
Tanzursdruiinisaugluvudangu (Elastc
1 gd = a2 o Y 9 @ o %
recovery) IUAIUNIUTIATAVAIUT W UFONAT
:g AA a Y a 2 Y A
HazNUNNNAANNIAUGIZAVTIIUATUT A Y
o . A o
AUNINUUININANAAIL DIV INMT TNHITBVBIAY
(3 o Y Aa 4 Y @ @ o =
AR 1N YT VAUV 1V IANAANUTN AT N
PINNIIN A TURIAVGARUT T UTIUYDIAY
9 = Y A a @
AUNMUMITTNHTOAIINSIARURIazSUaN N
a 1 v oA " Y A a a = A A
A Wusn ' ldnasurinamsanrsenus
ANFANINNINRUTNIM a0 UAIaz ) SUan 1WA
peaFaIY Tasm3naeURIAI8 TICN-PVD a11139
) = Yy A ' o a
aodumsannse ldesNgadiumslsuanInii
#78 VC-TD M31AaUAIA18 TiC-CVD t1ag TiCN-
[ = Y I ] =3
CVD #118159aA8A31A15an1I0 a1 uo8149d
] I~ 1
pd19lsnANszeznsdnrselunguuey VC-TD,

TiC-CVD 1ag TiICN-CVD fiaud1a1ndineanis



UNANNITY

Flank wear length; Um

Face wear length; [lm

400

350

400

350

300

250

200

150

100

50

NsaInmama Tuladgaamnssy U 12 a1iuh 1 unsiaw —wyiey 2559

The Journal of Industrial Technology, Vol. 12, No. 1 January — April 2016

Non-Coating

\ >— ——

:

TiCN-PVD

TiCN-CVD

500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Number of cutting

310 12 AnduiTUS 52 AN T eNIA T 1WUS (Flank Wear)

Non-Coating

*>— + 4

TiC CVD

s\

TiCN PVD

500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Number of cutting

‘ﬂﬁ 13 ﬂ’J']lJ?fiJ‘W‘Ll‘ﬁiw?i’JNﬂWiﬁﬂ‘l’iiﬂﬂNﬂ1uWu1wu% (Face Wear)

23



UNANNITY

NsaInmama Tuladgaa1vnssy U 12 21509 1 unaan —wbien 2559

The Journal of Industrial Technology, Vol. 12, No. 1 January — April 2016

Y Y

Mmiansnesuiglanmsnasuiazmslsy
ANNHIAIBATZUIUMST CVD DUTITANIZUDIAD
Ad o oa L A A
WAaNAUAIFUNUNANNHNANTNAABUNITUAVIU

1 a

(Scratch Test) [13] danalvin1snganonveailay
I P = < 2
Gl 1denn 57uBIn U AT ANUNUIVDIFY
Wdundoudann ildmsdnusedesiigalungu

= a - d'
VBINTILAADUNY ﬂmﬁm“lugﬂ‘n 14

Wear lfngﬂ:l.l

Cutting direction

100 microns

() 1AABVAIRIY TIC-CVD

(¥) 1AADVAIAIY TICN-CVD

24

Cutting direction,

100 micrens

(@ VSvamwiifie VC-TD

.. 'Wear leng

Ciitting direction

100 microng

(3) 1AADVHIAIY TICN-PVD

g

(9) Non-coating

310 14 M3FnrsoMuTIIUTNIA o UAIA 8N a1~

9
Lﬂﬁ’f)']_ll!ﬁ%fﬂi‘ﬂiUﬁﬂ?WN’JﬂWﬁﬁ\iﬂﬁﬁﬂ 5,000 A9



UNANNITY

NsaInmama Tuladgaa1vnssy U 12 21509 1 unaan —wbien 2559

The Journal of Industrial Technology, Vol. 12, No. 1 January — April 2016

a a G Aa Aad = o ¢
4.2 dNTNAANNUUINNINNADNITANHITOUDINUY

v o J 1 <

31U 15 taaInNUFUIRUEY0IAIANUITIVDIH)

' '
@ = A a =

@ 4
Lﬂaﬂﬂﬂﬂﬂ"l'iﬁﬂ‘l’iiﬂﬂ ﬂﬂﬂ]uﬂﬁ?uﬂj}%ﬁlﬂﬁwu‘]ﬁ

Re

Y
=2 U

J A < Y =
nuIuienNuuTInIuaInaliszeznMsannso
ANAIRENIFALIY FIUAINAADY TICN-PVD daugive i

1 <3 1 9 1 < =

AANULAIAOUT1Ig nalinundwsslunsda
5 Y = =2 (=}

MZAIANNENIT0 IUMTRIUMUMI TN 939 LA

A\ d'
ININAIT

4 Z % v d d o
4.3 minJEfJuLnJawmunmmwuﬂuuﬁﬁuwm

= d v v v 9
AIMNITIVVDINITANHIDNIATUVILAZATUHT U

o & v { 3 o
VDINUY mmmmmwmﬂmi;ﬂﬁﬂuuﬂmumuﬂ

v do <3 ¥ o 1 o
VoINUTAIIUN 16 Iﬂﬂlﬂu%ﬂuﬁu?ﬁuﬂﬂﬂuﬂ?ﬂ?i

U U

Y Ao =

Y v
Vlﬂflﬁlﬁﬁ]WﬂUUﬁWNT’NVJﬂﬂ‘N'l’l’Jﬂ‘iZEJZﬂ”liﬁﬂ‘ViiE‘J W

Do

' { H T 4
AMINAaINUINMIlasulasvesinmiinnu s
v 3
Tanuduiusnuszozmsanusennasy lunsal
) n’d' " o A a o cs'
YoINUFN luviimstaaeuAIonI 1Tl asuulag
¥ = d. 1 %
vouimiinueawusaziinmInl deunilasediaFaou
{ o 4 a $
TuvauznwusiaasurInunslasuuilasves
H v A Y 9 ' S o o o
PN NTUBIN 131V INB NN NHU AU IN U
2 ¥
PINVUILDI91NN1TIA1ZAA (Adhesion) UYDILAY
= A a o ' <
FuunuInalatsveswus [12] og13lsAa
NMENAINITIATIZH DY T2 ANTAINV0IAIY
Iy o 1%
MumumsanvselagldiduadevuazilSuanin
a ' = IR ] A o Y
A1 WU asnaamsannse ldiiued1ad via 1
a <o o & a
waanuiulalumsidsygnd I5iduadonia luau
9 A A L a a ¥
yuglTanzimenazmulsz@ninimanudiuniu

= A 3 O
miﬁﬂmauaﬂmuaﬁnﬂmﬂ;uumm‘lﬂ

25

401
E 154
_{— 309 T 20EV T
ﬁ) 50
5
% 200
= 1511 —
)
u_ﬁ: 102
- 3019 HY 3300 HV JBOEV |
: Ml =
Non-coating  TiCN-PVD VC-TD TiCN-CVD TiC-CVD
Type of coating
~ v o 7 ' ' < a
i‘ij‘i’l 15 ANUANUWUTTEHINATAITNULUUIVDIND

u

A o = 9 Y o I o (Y
AADUNUNTANUIDATUVY NUDINUBNIIUIUNITAA

9
5,000 AT
9
(SR —
s - ™ o - o VO-ID
& & - & & Frmiiisg
6. £ :
LICN-2VD
g N\
g . L e "
) \ TiCN-CVD
g o = = z = =
i=] v v g v v . 4 v
ES [om——
G 595
it = = = ) =8
= ¥E L:C-UVD
Do TF\
8.
Inirial weight of prines
58
a 100 wnn a0 1000 2000 nan )
Number of cutting

=

v o J 1 o =
31]7] 16 ANNAUWUTTZHIOATIMstdasuniag

¥ o @ o o o £
HINUNUDINUBNUITUIUNITAATUITU

5. ajiwa
ar A a < S 1
Hawadeunlanwudagaduua Iduldan
I v 1
dulszananu@eaniud uamanuiEeuAm ae
a A v 19 a o Y
vosRundevzded hidoanulivueinvz i liing
=2 a 1 a 1w w Y = a @
nmstaaaszINigduda 1d msindeudnazl sy

Y Al 2 1] = a
ﬁﬂ1Wﬂ'JEJWEﬁJLL"UQZJL!N'JIuiJﬁluﬂ1§ﬁﬂﬂ'lﬁﬁ'ﬂ“l/iﬁﬁl'ﬂ

]
A

Y i1 1
mwﬁumamnwnﬁ Lﬁawmmmu%wmmuqa

[ I ar d < =} =< Aa 1a Ed
ﬂﬂ?ﬂuliﬂCﬂTll‘V‘lﬁllLHNﬁﬂQiJﬂTﬁ'ElﬂLﬂTgﬁ‘ﬂW'J!!JJWIIW



UNANNITY

NsaInmama Tuladgaamnssy U 12 a1iuh 1 unsiaw —wyiey 2559

The Journal of Industrial Technology, Vol. 12, No. 1 January — April 2016

penafigane vsumsnaasamnlSuamsanise

A Aoy o A A A Y ad I A
meﬂaaumﬁuwmiuﬂmmaaummaﬂamww

Y Ay ] Y o ¥ o
Lluﬁiuﬂﬂﬂﬂuﬁlﬂﬂiﬂmﬂﬂﬂﬂﬂﬂ1iﬂﬂaﬂﬂﬂ15ﬂuﬁﬂ

2 Y ra Jdo
FUINMUAIYLUUNUNAA

Y a
6. 1ONA1391909

(1]

(2]

(3]

(4]

(5]

T. Sato ,T. Besshi , D. Sato and K. Inouchi,
“Evaluation of wear and Tribological Properties
of Coating Rubbing Against Copper”, Journal of
Wear 220, 1998, pp. 154-160

S. Hogmark, S. Jacobson and M. Larsson,
“Design and evaluation of tribological coatings”,
Journal of Wear 246, 2000, pp. 20-33.
C. Mitterer, F. Holler, D. Reitberger, E. Badisch,
M. Stoiber, C. Lugmair, R. Nobauer, T. Miiller
and R. Kullmer, “Industrial Application of
PACVD Hard Coatings”, Journal of Surface and
Coating Technology 163-164, 2003, pp. 716-722.
ON. Cora, and M. Koca, “Experimental
investigations on wear resistance characteristics
of alternative die materials for stamping of
advanced  high-strength  steels  (AHSS)”,
International Journal of Machine Tools and
Manufacture 49, 2009, pp. 897-905.

B. Podgornik, B. Zajec, N. Bay and J. Vizintin,
“Application of hard coating for blanking and
piercing tools”, Journal of WEAR 270, 2011,

pp- 850-855.

26

(6]

(7]

(8]

[9]

[10]

[11]

O.N. Cora, A. Agcayazi, K. Namiki, H. Sofuoglu
and M. Kog, “Die wear in stamping of advanced
high strength steels Investigations on the effects
of substrate material and hard-coatings”,
Tribology International 52, 2012, pp. 50-60.

K. Mori, Y. Abe, Y. Kidoma and P. Kadarno,
“Slight clearance punching of ultra-high strength
steel sheets using punch having small round
edge”, International Journal of Machine Tools &
Manufacture 65, 2013, pp. 41-46.

J.A. Soares, M.L. Gipiela, S.F. Lajarin and P.V.P.
Marcondes, “Study of the punch-die clearance
influence on the sheared edge quality of thick
sheets”, International Journal of Advance
Manufacturing Technology 65, 2013, pp. 451—
457.

M. Murakawa, M. Suzuki, T. Shionome, F.
Komuro, A. Harai, A. Matsumoto, N. Koga,
“Precision Piercing and Blanking of Ultrahigh-
strength Steel Sheets”, Procedia Engineering 81,
2014, pp. 1114-1120.

ASTM G133-95, “Standard Test Method for
Linearly Reciprocating Ball-on-Flat  Sliding
Wear”, 2010, pp. 523-536.

K. Lawanwong and V. Premanond, “The study
type of hard film coating and strength of
materials to wear volume by Ball-on-disk
technique”, R&D Journal of The engineering

Institue of Thailand under H.M. The King’s

Patronage, 2009, pp. 60-65. (in Thai)



UNANNITY NsaInmama Tuladgaa1vnssy U 12 21509 1 unaan —wbien 2559

The Journal of Industrial Technology, Vol. 12, No. 1 January — April 2016

[12] P. Kaewtatip, V. Premanond and C. Maka, [13] B. Sresomroeng, K. Lawanwong, V. Premanond,

“Study on the Influences of Types of Tool Steel R. Hato, P. Kaewtatip, A. Khanchawana and
on Wear Behavior of Blanking Die", KMUTT N. Koga, “Tribological behavior Of thin film
R&D Journal 28, 2005, pp. 175-177. (in Thai) coatings against high strength steel”, International

Journal of  Abrasive Technology 2, 2009,

pp. 313-328.

27



