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Numerical simulation of arc-surfaced Fe-based and Co-based alloy coatings
for hot stamping dies

Peng Shixin
(College of Intelligent Manufacturing, Chongqing City Vocational College, Chongging 402160, China)

Abstract: Aiming at the issues of high cost and short service life of hot stamping dies, two surfaced structures, namely “45 steel + Fe-
based alloy” and “5CrNiMo steel + Co-based alloy” , were proposed for the fabrication of the cold and hot zones of a graded-strength hot
stamping die, respectively. The feasibility of the two surfaced structures was evaluated through microstructural analysis and numerical
simulation. The results indicate that the better metallurgical bonding is achieved at the interfaces of both 45 steel+Fe-based alloy and
5CrNiMo steel+Co-based alloy. For the hot stamping die surfaced with the “45 steel + Fe-based alloy”, a dynamic thermal equilibrium is
reached after the fourth stamping cycle, with the peak temperature of about 146 °C and the maximum stress of 134 MPa. The hot stamping
die surface with the “5CrNiMo steel + Co-based alloy” exhibites a maximum instantaneous temperature of 567 °C and the maximum stress
of 146 MPa. Therefore, both surfaced structures meet the strength requirements during hot stamping and are suitable for the manufacture
or repair of hot stamping dies.
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Fig. 1 Two types of hot stamping dies
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Table 1 Chemical compositions of two surfacing materials

( %, mass fraction)
g c s
HST72 #3454 0.25 0.74 1.00 5.42 — —

Mn Cr Ni Co W Mo Fe

1.78 2.40 4ig

HST32 445344 0.21 1.00 1.02 27.502.35 4xf& 0.12 2.75 1.58
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(b) Hot zone

PATH BRI T

K6 BAMES Axiovert 200MAT WEZE LA 5 1
FEZZ B HORAL S, T oK, 6 st 8]
30 s, fii ] Gleeble3500 FABIHLIX S0 LI 2 4K 5 HE
JE 2 2 (8] v I A s R, H R 4 R R E o
@6 mmx9 mm, HHFKKEEN 4 mm, RIZNE
FER S5 mm, FIFH LFA457 306 HUE ST DILA02C
PR 4SO 5 23 A A T R R B ik R B, AR
FIFERGT N @12 mmx2 mm, $E K R0 R
SN @5 mmx3 mm,

2 #REE

2.1 HMALSH

Kl 3a FIE 3b /R T 45 W +Fe R A 4.
5CrNiMo H{+Co F& G 4 A5 55 44 78 S 1 Ah 11 TR0 2
21, MK 3 ArAEL, TR R AR A XRRZ,
SR AL TCHI I B BhbE, ARSI A, BRI IR
JZZ B T AR & 454 .

Bl 4a~ & 4d s T GRG0 1S PO D 5L {4
FIIFRSEAE AT LB A gl 2, i1 4 mlsn. HEAR)E
45 NI EAR A LU R LR R, X P ZUEA R AT



208 Bk

N 51 &

—

B2 AHIORIRIY Fe 26 (a) FlCodE (b) H4AxBtfE
Fig.2 Specimens of Fe-based (a) and Co-based (b) alloys welded by arc surfacing
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Fig. 3 Metallographic structures of surfacing interface

(a) 45 steel+Fe-based alloy
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Fig. 4 Microstructures of substrate and surfacing materials

(a) 45 steel  (b) 5CrNiMo steel ~ (c) Fe-based alloy (d) Co-based alloy
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Fig. 6 Heat conductivity of surfacing materials
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Fig. 7 Thermal expansion coefficient of surfacing materials
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Fig. 8 Typical cross-sectional structures and finite element models of
two surfacing dies

(a) Cold zone  (b) Hot zone
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Fig. 9 Temperature fields of die under different holding time after six times of hot stamping cycles
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Fig. 12 Temperature field of die in hot zone
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Mises stress fields of die under different holding time after six times of hot stamping cycles

(d) 10s

A4 . 5CiNiMo 0 +Co 554 4 RBIE UK U 1916 & 45
G o MR Fe LG 441200 M A S IRE, MRS
1) Co F:5 A1 210K B R IEAR I 73 A1 K [F] S Y ()
it .

(2) FUEBAUSERFZW, Bl ey 45 PH+Fe 5
SRS BE RS 4 IR RTEARE A5 T 3
BPHCEHEARE, BEN RS EEZ N 146 C,
KN 1A 134 MPa; PRl ) 5CrNiMo 4 +Co &
B AR S A B B R ERHIE B T 5K 567 °C, KR
i J1 7R 146 MPa, PR HERRBTE 25 28 1 136 J2 o
BEEER

(3) SeadSEPRaBIRE, AR I R 1 B v e A5
gt = h G A8 IS R vh A, W R B Ry
BOKR,



#

2 4]

AR P R B IO AR R BN Bl 15 B U 2 O BB 213

Mises/¥; /J/MPa
144
132
120

@)

Mises)¥. /J/MPa
112
103

B 13 AR MR A [ G T I TR] R Y Mises 1 7137

(a) 1s

(b) 45

Fig. 13 Mises stress fields of die in hot zone under different holding time
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