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Die Materials and their Wear Evaluation for Press Forming of High
Strength Steels

Y. S. Kim, K. C. Park, J. B. Nam, B. H. Lee
1. Kyungpook National University, 2. POSCO Steel Solution Center, 3. KATECH Daegu Kyungpook Center
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Fig. 6 Estimated tool wear from FEM simulation [12]
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Table 1 Tool steels for press forming of advanced high strength steel
Tool Material KS JIS AlSI DIN Property
Alloy Structural SCM44 | SCM440 | 4140 42CrMo4 Cr,Mo,V,W 5 =94 7t
tool type 0 Ay, WE48 3, 4iay, 4159
steel Hot working | STD61 | SKD61 H13 X40CrMoV51 C: 0.32~0.42%
type 1A%, €454 9 d9R B4 F
Cold working | STD11 | SKD11 D2 X210Cr12 2C-12Cr-4V : &= T4 (ol =7
type STS3 SKS3 Hed A3k, detrd -5
STS93 SKS93
High speed type SKH51 | SKH51 M2 $6-5-2 4Cr-5Mo-6W-2V(-10Co) (& 2] H.El A])
SKH54 | SKH54 M4 0.7C-18W-4Cr-1V(& 2~ €l 7))
SKH3 | SHK3 T4 . Uwlke g, g A4 S5 Erteg 8t
o] =7}
Structural carbon steel | SM45C S45C 1045 CK45 C:0.6~1.5%
5483 Fada F H7t
Hedds e
(771) AR 93k co] Zow @a(quenching), & (tempering) A=t mlRAg o] FFE L Aol AHslgh
b =3 Crat Mne P32 AEAAS £ ki, Wik Mo a2t RS AT 39 Vi ere v

e FA 3, Mo AW

(F2) B7H929

Table 2 Chemical compositions of tool steels and recommended temperature for heat treatment [16]

AISI Quenching Tempering Hardness C Si Mn Cr W Mo \Y/
temperature( °C) | temperature( °C) | (HRC)
D2 1020~1040 150~200 >61 15 0.3 0.4 12.0 - 1.0 0.3
520~530 >56
M2 1190~1220 540~570 >63 0.85 0.3 4.2 6.5 53 2.1
H13 1000~1050 550~650 <63 0.4 1.0 0.4 5.2 - 1.3 0.9
Egol 7kt AAH B mAES} FRe ARS UnkRA, Wayn RR3ws} S5
FAlol7] Wil 53¢ FrsiEHmb)E 1% WY Aol T 3.0C-4.5Cr-3.2Mo-3.7W-8.5V
Y virAdo]l 943 FPARE JEstEHE ATt z2A o] Eslo]~7kel Uddeholm Vancorn 402 7Hwt
FyEa SlrH16]. ] svA T Lol A = 2006 &FATHOI.
do| AU EY 9 Thermo-CalcE &8-3+ A ojflo k= A~ T o Aot o] A H3}
A71s5 ol&3dto] 590MPa o]4te] At E=Adke] el FEAY o] 7hsstar ArrrEo]l &olgh
7h&ol 433k SLD-MAGICTM (S-MAGICTM) o] & T4 (FC300), 74=<A+H(FCD550), 5+ =+
I WYEFTE ARE NLES. o] AMss (HC891, HD700)¥} ©j-%- 43 g3 WiEZS Co
0.5C-8Cr-3Mo-XN 245 ztal 500°Co Al =9l 4 2 3} st Axdh= vt A o] 8 24,
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Fig. 7 Tool life of different coated tools for stamping of
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Fig. 8 FEA simulation compares to actual wear on a
stamping punch [18]
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Table 3 Coated properties and wear rate of tool steels [15, 17, 20]

Coating configuration Substrate Coating Average surface Specific wear rate
hardness hardness roughness Ra (zms/N-m)
(HRc) (Hv) before test (zm) w, =W /(PI)
TD coating 60.4 0.025 4.223*10°
radical nitriding TiCN 61.0 0.063 1.844*10°'
(PVD)
TiCN(PVD) 61.0 0.051 1.099*107
Multi-layered 61.4 0.079 4.353*10°®
(TiIC+TIiCN+TiN)(CVD)
D2 61.0 0.292 19.62*10°®
Vancron 40 59.6 0.031 2.625%10®
Nitriding 60-62 800
CrN 1,800
CrC 2,200
TiN 2,400
ZITiN 2,500
TiN/TiCN 3,200
TiAIN 3,200
AITIN 3,400

50 mm R5 L24 L3.0 08 Severe adhesive
wear,

% :‘ Scratching
! * ' Dis't;nca [r:|m] 25 ’ .|03’5
500 500
® R5 ® R5
g 400 AL24 g 400 AL24
T mL3.0 F mL3.0
=300 =300
S =
29 Z 9
S - 3 - (b)
Z @) Z
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0 | | | | 0 | | | |
0 2 4 6 8 0 2 4 6 8
Sliding distance to galling () Sliding distance to galling ()

Fig.10 Critical sliding distance to galling vs. normal load for (a) the Docol 1200M( &, :1120MPa) and (b) the DCO1
(oyp :193MPa) sheet grade using SOFS wear tester[20]
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