%50 % 45 5 W i 8 £ 2025 4F 5 f1

Vol. 50 No.5 FORGING & STAMPING TECHNOLOGY May 2025

O e Y

PR |

|

BIREE T 42CrMo #2 B W1 R IR A E N5 LR R
BB, BEE, AT, R K, T B

(FrsmRes YU TR 2= 0E, B S8 KR5F 830017)

FEE . PO DI 430 3 ST B AR S DR £ 0 TR M RE B B, ARAE I 2 — e s T M EOR E
PAERL - FIFH Abaqus 6. 14 30 M AR IR V2 A AR b IR EE A TR AL, I Aok A TR Ve ) S IR X R A R ) M R A T
BiE, SRR OB LB A AR T R 2 S B S8k, R HIET Y 40~ 45 min BF, TRFL 5 AL AYIRE
R TRE, SRRAGREERE-121 °C, SHIIRE-125 CHILAEZ 3. 3% ; 48 HI N 50~55 min i, FL 1~ F1L 4
AR EE R AGE TRAE , BARIREE N -176 °C, SHEINRE-185 CHILLIRZEAUN 5. 1%, [RIAF, Y5t Fe b g P 25 i S A
EREERRILCR, MRRE SEEBREREZIE W IC R, ¥ A0 1R I A8 G B 2 AL s () J5 2 1 R R AR SO s K,
IFFE 25 SR AR AR P R R P AL ARV TR R At T B S,

XERE. BIUE; BE,; BEY, REE,; S

DOI: 10. 13330/j. issn. 1000-3940. 2025. 05. 028

FE S ES: TGI3S XEkFREE: A XEHS: 1000-3940 (2025) 05-0226-08

Simulation and experimental research on temperature field of deep-drawing
punch for 42CrMo die steel at cryogenic temperature

Gao Qiang, Cheng Wangjun, Sun Yaoning, Zhao Yue, Ma En
(School of Mechanical Engineering, Xinjiang University, Urumqi 830017, China)

Abstract: The uniformity of temperature distribution on the surface of drawing punch has an important influence on the forming performance
of cryogenic temperature drawn components. According to the first law of thermodynamics, a thermal conductivity model of the temperature
field for punch was established, and the temperature field of punch during the cryogenic temperature cooling process was simulated by soft-
ware Abaqus-6. 14. Then, the accuracy of numerical simulation was verified by the cryogenic temperature cooling experiment. The results
show that the temperature field of punch cavity during the cryogenic temperature cooling process presents a step-type uniform change. When
the cooling time reaches 40 to 45 min, the temperature at deep hole 5 tends to be stable first, and the lowest experiment temperature is close
to =121 °C, which is 3. 3% different from the simulated temperature of =125 °C. When the cooling time reaches 50 to 55 min, the tempera-
tures at deep hole 1 to deep hole 4 tends to be basically stable, and the lowest temperature reaches =176 °C, which is only 5. 1% different
from the simulated lowest temperature of —185 °C. At the same time, the heat flow density during the cooling process is inversely proportion-
al to the thickness of punch cavity, while the heat conductivity is directly proportional to the thickness of punch cavity. The cooling time and
liquid nitrogen consumption increase exponentially with the increasing of the thickness of punch cavity. Thus, the research provides theoreti-
cal support for the solving of deep cooling temperature field of punch during the cryogenic temperature deep drawing process.

Key words: cryogenic temperature; die; temperature field; heat flux; thermal conductivity

BEEUE T A = PR SRR T 20085, Ml RIOBERAEIR S F YA AR, R ORAE T 7
A TTREPE RSP BB AR O s AR 1
KB 2024-06-03; fEiTEHM: 2024-09-10 PEBER S AR R Ak, TR 5 53 A1 1Y 25 1

E&WH: PEMELERSAIEGREIIE (2022M722666) 5 ER - - \ 1 oL ot 2 ' .-
AlLEEEN:G 2 g 23] o 2
L PEL S VE I E (52365052« B T 4K T8 DX F) 9% B BT AR OB ERE Y . TE S E AR OB

Bl 4 W BN T H (2022D01C653 ) ; 7 88 4k 2 /R 114 X 4 o EEEHeREER FHEA RIFA S HuEhE,
W& LI (2024B01003-2) ﬁﬂm‘rlﬂ%ﬁ‘@%ﬂ, ﬁ*u?%%}ﬁﬁj§ﬁ$[4—s]o ifii
R R 9, 3 SR B ELIRLE 43 R 5 2 S W o 2 B L 5
-mail ; qq. com o i -

WiEfEE . BIEE (1987-), %, TML, Al R, GBI A, SR R Bl

E-mail: chengwangjun2008@ 126. com, chengwangjun@ xju. edu. cn %%%Iﬂ% s E%{E&Zé’fﬁ,: B"J f&;%ﬁé[ﬁ: ° E?ﬂﬁﬁ/} %ﬂ



%5 5 1 By OmAE . AR T 42CeMo BN RIS BE U5 SR ST 227

MRS AR, S 30T ARE L IR 82 37 1 s it 4 o 2
P B ROE B R AR T i G, B N AR
XA ELR o3 A B S VAT T R EBESE . eI
SR ARSI 1 AR A RV F B B A TR B 4 4
Br, A TR RS, 8 T RUEEM
F2EPERE . RS AE X  BE AN E A MORHE F UE
BE AT 2 S PE AT RE U, 25 R B, Bir
o BUFIRR L A 25 IS AR BE 98 011552 & A1 B UE A A
R 2 T il B2 AT 2450, R ) O o A AR KR
FEME0E , 450 K B LI B X Bk 4 R
TR WA, A I B ot ey i IR Y 25 S 3L
PR RS, Agazzi A 4510 ff A BROCICHD
Comsol B TR Tk, 03 T IR =488 A%
T b AR B o0 A, B T A Be R R R Y
REH P, Gniatezyk Sl RIS PRAE 48 X455 B
AMIRE MG AR B Z5 M 2 R, s T e B
HA AP RE R B B S 1k, Bk F AR5 T4
WO i A v A B IR R S 2 A, ARG OB
P PR LR RS 37 () A S A X A D A DG BRIR AN
LA,

A SCEE ST T R IR B B LAY, X
R BREE A AT, R Abaqus 6. 14 8
XL R g AL BEAT AL, AR, e R
PR ) TR AL il ¥ 200 552 6 Ofe 30 Tk Ay L 45 2R 1Y
FIEEPE S XA IR B 34 57 43 A R I R R LR
JERR EE S e, TEEME T #ETHE G &R
FARLIR T 52 96 ST 1 43 B, Skl AR hr 7% A8
T EE G AT X 0 M A0 52 B RV B 3705 A ] i A
HIE S

1 R AR E

1.1 S#Es

PR P i B IR PR EE , SN = A,
HRot Ry AINBE THT R ) o8 RE T, AR PR A 5 —
(RERSFE E ), BT PR A S BB A
K1 s, Aotk & L =4, B, r
KR ROTIRNAR, 0 o8 X S Y e dr
RBIHAAR B HOT R T m R R H AR &, rdo R
R EE R BRI AR T M RS, dZ R R A AR R
JUAR i BE T 1) [ AR S AR BT AR B BT 2 g
HAMHE S AROTR I E S 3 B ROTIR R Z
%, FIMCASOCRAE S BE [R] Ny = A i # HE A
), HeHmEmt (1) P,

AT 1 o, AT L e an
I = e — roe — e «
PE N T T or o’ T2 a0 ael
9 or. .
P2y 1
ot (1)

e p WAL o ARIEAY LIS A WK
i P ARIERIASE REG TOBAEARIRIEE ; AT MR
BELE X J5 [l Bl 18] ¢ f922 4k Ae N ELRERSTR]; ¢,
BRI ™ A B A

1 [BREARE T

Fig. 1 Micro-element of cylindrical slab
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Table 1 Compositions and contents of elements in 42CrMo die steel ( %, mass fraction)
C Si Mn P S Cr Ni Cu Mo Fe
0.38~0.45 0.17~0.37 0.5~0.8 0.03 0.03 0.9~1.2 0.3 0.3 0.15~0.25 St

R 2 42CrMo EEWE M B
Table 2 Material properties of 42CrMo die steel
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