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Thesis Title Study of Tool Steels and Coating Materials on Stamping Dies of

Two - Baht Coins

Name — Surname Mr. Worapot Onkratong
Program Manufacturing Engineering
Thesis Advisor Assistant Professor Sirichai Torsakul, Dr.-Ing.
Academic Year 2018
ABSTRACT

The purpose of this research was to identify appropriate materials to extend the life cycle of
a stamping die used for manufacturing circulating 2-Baht coins. Currently, the stamping die has a
life cycle of up to 600,000 coins per pair of stamping dies resulting in a high manufacturing cost per
batch of 2-Baht coins. Accordingly, this study aimed to extend the life cycle up to 900,000 coins per
pair of stamping dies.

Three kinds of materials were used to produce stamping dies, i.e. KD21 tool steel, K490
cold- work tool steel, and W360 hot-work tool steel. Then the stamping dies were coated with either
Titanium Nitride (TiN) and Chromium Nitride (CrN) using the Physical Vapor Deposition (PVD)
process with a coating thickness of 2.5 — 3 um. The experiments were carried out by using the
Grabener’s coining machine with a set-up stamping force of 40 metric tons and a speed of 850 coins
per minute.

The experimental results showed that the W360 had a higher life cycle than the other two
since cracks were found in the KD21 and K490 where the life cycle was 600,000 and 800,000 to
900,000 coins per pair of stamping dies, respectively. The life cycle of the W360 was between
900,000 and 1,300,000 coins per pair of stamping dies depending on the coating materials. That is

the W360 coated with CrN could produce up to 400,000 coins, far better than that with TiN.

Keywords: Physical Vapor Deposition, Chromium Nitride (CrN), Titanium Nitride (TiN)
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M3197 2.1 puantianeil@nduesiinifa [5]
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2.9 MUV (Hardening)

=

as < [ 9 o A 9 < Y A < 1 = =
ﬂiill]‘ﬁﬂ'li"]é‘]JLL"INLWE‘]ﬂﬂﬁ1ﬂ§$VI'ILWE]GI,1’iLWaﬂﬂa'lilﬂ’J'liJLL"lN NUNDNIILTIATLUASY
< A 2 At < S o Y S q Yy o
AITULUNLULIILNUUYU ﬂiﬁﬂJ'J‘ﬁﬂ'lﬁ‘]ﬁJLHNLWﬂﬂﬂﬂ'l'l.lﬂi%‘VI'IllﬂIﬂEJﬂ'liLN'ILWaﬂiWi’E]uﬁJUﬂﬁgVNN

9 1 an Qy o ~ 9 9 3 I .
ANNToUgINIUNYNINgadugalszine 50 °C A9z 2.4 T lassadrunanil)u Austenite

[

v Wy i) a A g g Yy & Yo v o = o &
LL@'JLN1LL‘I§U1’J§$EJ$L’JE1’I1’TUQ @a3519 2.5 L‘WE]‘l‘ﬂlfl’iaﬂﬂaTL!HUlﬂi‘]Jﬂ??ﬂi@ﬂiﬂﬂ%iﬂﬂ@ﬂ@ﬂ%ﬂ%u

U

< ! % @ o S o <
uazldmanndulasulasadoomanlud asauysal udweihldisudrednsiasiluais

o Y o [l < 9 9 3 3 . 1 ~ '
wynlumsildiduaiediesias IdTnssadramanii u Martensite Tagn1squas15onai

, ) A clsl < AI ﬁal Gl 1&-] I ﬁal M L oAaA <
ﬂ']sﬂquc]éu (Quenchlng) WD LV ADNY LATITINNY ULV U LAFTIATTIN Martensite NUAITULUN

(Hardness) [8]

gﬂﬁ 2.4 (Fe-C) Phase Diagram[8]

750 =
650

& 550 &

A I

@ .

§‘450 :

© 350 c

g <

o

£ 250 B
F 150
50

0.51 10 102 103 104 108

51U 2.5 TTT Diagram [8]

23



2.10 PM5OUDDU (Annealing) [8]
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2.11 msounull (Tempering) [8]
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4 Hardening

A3 or Al

Temperating Temp

Temperature

Water or Oil Quench

Air cool
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2.12 ms“l;mﬂﬁeuﬁmmu"lamﬂmw Physical Vapour Deposition (PVD)

a < ay a 4
MIAABUAIMAY (Hard Coating) ¥u1U TasdTersa luihdrens1dusunaen i

v
[

Auanszuags NUSuAIvesTdgiindey (Targe) INANITHABNAZABNAIMIVEITdA T
o ' ' IS ' a d o
waeunateiluleszive Fund1 wareun (Plasma) 1iuilszquaneglugivesdesuiieni
Aaaa v o A a d%l (K A e < 3
Ugnsernuma luTasau () niedmu (C,H,) Juegiunszuiums iesnnduauiuiiay
I = A 9 a Qy A Y A = A a I o
Toszimoiluilszquaniddudimmisuauidesnsmdoy FNszUIUMTIATOUAIIINTI
(] 9 = [] dy [ A [ a A = A 4
agnielaannzquaimade liduilousudwlaniaouaisg Aundeudslinnuanyseitay

E4
a Aa =~

o A A o a1 = o q Ya ) iy A o ¥ a
’J’c‘fﬂ‘ﬂLﬂaﬂuwﬁﬂf‘umuuﬂ’JWWHWN!,LG] 194910 pm 1/”1””31’71!’]61]@\16]5“\1’IULN@u’Ihlﬂﬁl(’]f\?']uiJ

v Y
mnmumuuazmqmﬂ%’ﬂmmuﬂﬁu [9-10]

1
[ 2 =

< a 9 o [ Y ] 1 @ 4
WumatadidyduniadimiuInenisadeIvivaiguyus 15y Jaqaiaas
9
Nanotechnology Qﬁﬂﬂiﬁuwﬁiﬁﬂ (Surface Engineering) N13%U PVD ﬂ’uﬁagwmﬂizuu Unave
MMy luengyIMAnszUIUMsyUTNIINeI VeI U YR INIAGY (High Vacuum) @150
a d a o [ 1 [ £ ] 4
31908019 (Thin Film) Tanateriadmivausanaianululuilagiu 18limsiuaies PvD
! o 3 1Y v a 4 Ia
FEUVAY TIMTgUOURINeaILLszAUAnIaY gaamnssunoui unesglnssioan ns
a 4 a I 9 1 A A W dg} = a =
uad nazmsyuiiudelinniesaedamizaugilsondgamvnssulumsnaamioy lu
1 a 1a e’m. 4
antlszmalagmmizdszmalunovglsy Taeldlumsndovrinuiiluvseguivedaoignis
ra a’m’
THauveasinuiilumson
J a
sz TerrivesmsyundeutazgUuuumsnaes Uy PVD [11]
A a a o ~ =
MsgunauHILUY PVD N1l Teminugaaivnssunrainnalssiudaly
a ~ @ I
RAR NI TUMIHAANS 8Ty as0tloanumsdnyse Tnuuidegedalszana 2500 HV — 3500
d‘ 1 Ql a Qd’ (; a ~ o
HV 90111 1-5 pm Janudiumuasasialige dulszansanudeaniud #aiseu msii
9 c'v = = 1 Qs: a A 9 9 a = o' o [N
ANudoud Iinsoanizvesuaazsudmeuudaz Idgungiilumsmaoudna 1 lihu 500
IR ALT
Y Y
2.12.1 JUuUMINABUAIVUFUII (Type of Coating Build-up) A
v v
2.12.1.1 HIAADUFUIAYY (Single Layer) #9317 2.11
9 9
2.12.1.2 ANAADUNAITU (MultiLayer) (LAALHY 1AADUAI0ITAA1TTIA
AqUNU)
k4
2.12.1.3 Hundounay (Gradient Layer) (HIAA0UFWIASILATAQIATOUNHEL

Y (g A @ a ] a A a ~ - A
TIUNY ﬂﬁqﬁjﬂ‘ﬂ 2.12 1@anangvUa 1wl ozguILgNAlaLILgY (AITi) ﬂﬂg‘ﬂ‘ﬂZ.l?)

28



50 2.1 werasuadouA lugduunae [11]

CUSTOMER ADVANTAGE

Product quality
Productivity
Tool life
Hardness

Wear rate
Coefficient of friction

Surface reaction
Tool costs

50 2.12 naasguaniAvesiuadon [11]
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SELECTED COATING PROPERTIES
Coating material TN

Hardness HK (1N) 2500
+400

Temperature 550
resistance °C +50

Electr. resistance pQ cm 60 +20

Thermal conductivity 8800
(Ws05)/m2K +1000

Coefficient of 0.65-
friction (100Cr6) 0.70

Layer thickness (ym) 2-4

Colour gold-
yellow

Ductility good

d‘ g a A
3‘]]7] 2.13 UAANAMANHUSUDINIUAR

TiICN CrN AITIN

2900 2300 3000
+400 +300 +400

450 650 800
+50 +50 +50

8 £20 640 4000~
1000

8100 8100 7000 7600
+1400 +2600 +400 +1000

0,40~ 0.50- 0.50- 055 0.15-
0.50 0.60 0.60 0.65 0.30

2-4 3-8 2-4 2-4 1-5

red-brown/ silver light gold anthracite anthracite/
grey blue-grey

satisfactory  very good good satisfactory -

oULAATFUA [11]

2.12.2 malulad PVD 11 ARC

[ g a $ 4 9 dy a
ImsgamgvesasmdeunuiurmAibsuilosnnldlszy Irlihgaiuiezgn

[

o =2 o Y a =2 Ao
maeani liinamsganizig

3111 2.14 PVD ARC Technology [11]

g1l 2.14
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2.12.3 malulad PVD U Sputter [11]

Y
a

1% a I o o
HnuAmaimanaeuSsunazazetaimunadulszy i ldnsta

9 Y A
iMzaataal AU 2.15

ﬂﬁ 2.15 PVD Sputter technology [11]
2.12.4 malulad PVD UU ARC and Sputter [11]
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d a { =1 { o QJ d' {
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511 2.16 M3M1191UYBI PVD ARC and Sputter [11]
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319 2.17 1303 PVD ARC and Sputter [11]
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2.14 m3swamrsasyilar (Coin Blank)

a 4 a a A
- Tangogiliflouusoud (noauns 92% vgilitioy 6% tinina 2%)m3enazdelidivaes
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msviaouTane $In15MaouR1832UD (InductionFurnace) 9z W Tigaunniigaa1200
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ﬂﬁ 2.26 1YiaodN (Melting Furnace)
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910 Graphite #931/71 2.28 wazgnszineaNuieualei Az 2.29

31 2.27 s Tanzimmao Holding Furnace
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31N 2.28 urnTanzgnAanin Die (Strips exiting Graphite dies)

d' 1 A =< . o vy a3 v Y oy
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517 2.30 m3snaRIuRuTanzAI81A504 Scalping Machine
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111 2.33

Qo

3517 2.31 195035A1810 (Break downmill)

310 2.32 195033 AazBua (Rolling mill)
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Force Actuator

Constant
F load

Penetration Depth Sensor N Increasing / Decreasing load

I N
E R Acoustic
< Po ot Emission
O Tangential Force Sensor e " Sensor
0 N :[ ! «
5 F-
2 — Results
g Groove
% Ridge
= Chip Formation
o <€ | crack iniatton
sample Motion Actuator (dx/dt ndenter
S Coaiing (o) N i Coating Deaghesion
< Mrm’f’m Motion ggpe Elastic Deformation
Microstruciure Velocity Plastic Deformation
Scratch Lengih Frictl
Single Pass/Multiple Pass e

31 2.34 uaasndnmsnalives scratch tester [12]

Experiments

N0y & " N L

51 2.35 uaaans i 1d91n Sensorluinos Scratch test UUHAN TiN/TICN 1D

Multilayer [12]
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g

=2 o A

9
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avluFiag nazmsnumvesiuFIMaIMIya a3 2.36
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Experiments

First spallation 6,7 N First delamination 12,3 N Complete delamination 2 layer 22,9 N

Complete delamination 3% layer37AN End of scratch 40 N

Optical observation of scratch, magnification x 200

51 2.36 HARINNVBIBYBITOIYANINIATBA scratchtest UUTFY TIN/TICNUUY multilayer [12]
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5 KD2ITiN soouANN FILIAG 519
ATUNAY 672,478 }
A03919,
AU 627,256
6 KD2ICGIN JOUUANN 1AV 5,911
ATUNAY 627,256 .
1908
AUNTI 541,284
7  KD2ICGIN ———— 3 py
ATUNAY 541,284 uANT 1aY 2,§71U19A0
AUNT 661,356
8§ KD21CIN ——— = —
ATUNAY 661,356 JOUUANN §IUIIAD
AUNT 674,421
9 KD2ICIN ——— 5 —
ATUNAI 674,421 FOUUANN FIUIAY
U 651,235
10 KD2ICGN JOUUANN 1A 5,911
ATUNAI 651,235 .
198
aunii 876,490
11 K490TiIN TOUAN FIUNAT, 1A
ATUNAY 876,490
do4lne
aunii 746,540
12 K490 TN ———
AUNAY 746,540 FOUUAN 1AV 5 1NY
AUNTI 804,210
13 K490 TN ——— -
AUNAY 804,210 JOUUANNAD ©
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14 K490TIN ——— .
UMDY 752,104 sosuaniay 9 ng
AUNT 820,713
15 K490TIN ——— = —
ATUNAY 820,713 J08UANTNYOALIAY
aunii 994,221
[ v
16  K490CN soOUANT FIUIAD 119
ATUNGY 994,221 ) iy
A09919, uazn 14 w.a.
AU 875,441
[ v
17 K490CN soOuANT FILDAG 119
AUNAY 875,441 ) . .
09919, UazNoAad
aunih 899,257
soUUANT FIUAG 19
18 K490CIN ) . .,
ATUNAY 899,257 d03119, LazNgoanad
Uanerav 5 Ine
U 798,255
] F4
TPUUAN N FIUNAT 119
19 K490CiN ) P »
ATUNGY 798,255 709919, azNyoanad
daneay 5 Ine
aunii 945211
20 K490CIN TO8LAN JIUAG,B0A
AUNAY 945211 .,
1A
Aunin 900,489
21 W360TiN aoniya luial
AIUNAY 900,489

so8th (Flash line)
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ATUYAN 946,592
so8h (Flash line)
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s08ih (Flash line)
AU 978,158
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LRGN 978,158
s08Eh (Flash line)
AUNIN 995,418
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UMDY 995,418
s08ih (Flash line)
AN 1,241,147
26 W360CIN ————
funda 1,241,147 50881 (Flash line)
AN 1,157,436
27 W360CIN ————
funaa 1,157.436 50881 (Flash line)
AN 1,348,754
28 W360CIN ————
funaa 1,348,754 50881 (Flash line)
AN 1,362,974
29 W360CIN ————
UMDY 1,362,974 50881 (Flash line)
AU 1,404,644
30 W360CIN ————
AU 1,362,974 508f1 (Flash line)
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