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Hot Compression Composited Behavior and Interface Microstructure

Evolution of Bimetal
Li Yuhuan, Qin Fangcheng, Liu Chongyu, Qi Haiquan, Wang Xin, Weng Kaihang
(College of Materials Science and Engineering, Guilin University of Technology)
Abstract; The 40Cr/Q345B bimetal was compressed and simulated by ABAQUS finite element software under dif-
ferent deformation temperature, strain rate and deformation. The changing law of equivalent strain, residual
stress and temperature distributions in bimetal interface were analyzed, and the effects of deformation parameters
on the composited interface were explored. The results indicate that the degree of interface recovery and recrystal-
lization are increased at a higher temperature, which is beneficial to interface bonding, and the degree of interface
bonding is enhanced with the deformation strain increasing. As the rate increases, the composited time is pro-
longed and interface reaction is sufficient, further strengthening the degree of interface bonding. By means of or-

' and strain of 65% are provided. The

thogonal tests, the optimum temperature of 1 150 ‘C, strain rate of 0.1 s~
experimental results reveal that the element diffusion in bimetal interface is sufficient with a thickness of 22 pm,
achieving desirable metallurgical bonding.
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Tab.1 Parameters of hot compression simulation

i 5 i B2 /°C REAE A /s A %
1 1 050 0.1 50
2 1 100 0.1 50
3 1150 0.1 50
4 1050 1 50
5 1 100 1 50
6 1150 1 50
7 1 050 0.1 65
8 1 100 0.1 65
9 1150 0.1 65
10 1050 1 65
11 1100 1 65
12 1150 1 65

1.2 REHE
T B0 WA B R 55 B A48, — S, 8 AL B N
W4 BB E 1 200 CARIR 2 h, 2R HUE AE 200
KN I FE AL b BEAT 30 400 48 45 28 T8 2 850k B (B 6
WA LI T2 280, 48 45 )5 KV b B, Y
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Equivalent strain distributions under different temperatures with the deformation of 50% and strain rate of 0.1 s
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Fig.2 Equivalent strain curves of the interface with different deformation parameters
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Tab.2 Factor level of bimetallic hot compression

KF A WE/C BAGRL/ %  C /s

1 1 050(A ) 50(B1) 0.1(C)
2 1 100(A %) 65(B3) 1(Cy)
3 1 150(A3) - -

®3 HBRARREZSH

Tab.3 Experimental scheme and orthogonal analysis

Py A B c FRCR
1 1 1 1 1 1 4
2 1 1 2 2 2 4
3 1 2 1 2 1 5
4 1 2 2 1 2 3
5 2 1 1 1 2 4
6 2 1 2 1 1 5
7 2 2 1 2 2 5
8 2 2 2 2 1 6
9 3 1 1 2 1 7
10 3 1 2 2 2 6
11 3 2 1 1 1 6
12 3 2 2 1 2 5
K 16 30 31 27 33
K, 20 30 29 33 27
K; 24
ki 4 5 5.17 4.5 5.5
ks 5 5 41.83 5.5 4.5
ks 6

IR T % A3B,Cy

3 A AL B E T RN A B C L B3
B T ZSHCHE N 1150 C B 65% Flh
AN 0.1 s,

1434

3 RIm&ER

3.1 HEAR

BEX R AL T 207 ST 19 40Cr/ Q3458 X4 J& #%
PEAT A A6 0 B A i SRR 2 VR O R AT R
AL UL 8. AT LA . 40Cr/ Q3458 X 4gx J& #t
AT 2 2 52 0 A T2 5 2 N 08 Bk R A A 4 2L &
BEBA I W R8E L 255 R R AR S B A
O AT 2% JBUZ AN BEAT AL LA /N R S 25 DX AR SR
OB o A5 V2 PN ZL AR s RO R/ N AR — B0 1
WXL Jm S 2 RAF . LB T R ENR A A .

il Q345B |

(a) A 43
BS ZTHMEBAEHLIIOC . BT#EEHOLs ' EHITH
65% BT MR A AT EARTDAR

Fig.8 Microstructures of hot compression composite billet

(b) 4@ R

and bonding interface at the deformation temperature of

1 150 °C, strain rate of 0.1 s~ ' and deformation of 65%

32 RELTRTH

K9 R Lk i 5e 2 80T 40Cr/ Q3458 X 4x J& 45
G Si.Cr Mn TRV #IEN. ATUE L4525
FELMEL N 22 pm (JLE] 9a LR . 455 2 S H Y
AR Z/NBURL AT RE N IR 2 . SiT R
LG ZMME &L MHEE. 246 2% & &K IR
Q345B — iy Cr JTTE & &3 . H 5 40Cr — A Lt »
ZEHEAN R ED Cr ST R B9 9™ B8 s X T Mn 19 43 A 1



X4z I 24 S5 A g B 5 T A 4R

EEM %

SRR EES YRR R, @i 3 Fhoo
ZE Y BT 2280 40Cr/ Q3458 A4 @ #1651 45 4 Hl
il R A A VRO BT

(a) -7 40 27

180 q

,M] Tl
WMJ\EMIM»

120 L i

62 _Il,h"
0

Cnts

20
BB %/ nm

(b) Si

Cnts

BE B /um

(c) Cr

Cnts

0 10 20 30 40 50 60
PR /um

(d) Mn
B9 1150 CrrFd@ Si,Crfe Mn L& ¥ #
Fig.9 Element diffusion of Si, Cr and Mn with

the temperature of 1 150 C
4 % ®
(D) ZZ T BE Th i 722 T 3 DR R A2 3 2 /N i
G S5 RO AR 43 A X 20 BRAY L 3 /N R R JEE
KA FIT 40Cr/ Q3458 W4 J& F i 45 4 5 38 4 1F 3¢ ik
Sk e T EAIE RIS T2 SECGIREE N 1150 C
AT 65 9% RN AL H ANy 0.1 57"

(2) e 30 2 B0 X4 Jad 45 6 5 T 19 00 1 4k 26 1
OIATYIS] OURY R SRR 22 pom, ST
BEaG R,

& X x #

(1] Bro (@[l T 2F. 25Cr5MoA/Q235 MM iy 4s M RELT .
JE R RL R 224, 2007, 29(10) ; 985-988.

(2] 4, BmE, 5k TS, 45, B WO I8 i &
. 2015, 38(12). 7-12.

CROEEE RINRENE

[3]

[4]

(5]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

BEF R, WEREEFLREE TR 5 REL]
FOREFE 5 BT, 2010, 4(3): 164-168.
JEI K 3. 304/ Q345R ANEE H9 52 A HUAL i B (E AR M K FL S 2 2k g
Sy BrLD]. e % & & - #2016,
MM T F 4 R gl B, %5, 2024/6061 S A & & E G417 W RS
U REL) . FEFh 85 3 S G5 4 2020, 40(10): 1126-1 130.
A R TR 3 . SR A AL E AR SR &
WERLI). A @R T, 2015(5) . 33-36.
SKOBLIK R, RYDZ D, STRADOMSKI G. Analysis of asymmet-
rical rolling process of multilayer plates[ J]. Solid State Phenome-
na, 2010, 165: 348-352.
GRASS H, REIP T. 3-D Simulation of hot forming and microstruc-
ture evolution[]J]. Computational Materials Science, 2003, 12(2);
469-477.
KIUCHI M, SHINTANI K, HWANG Y M. Mathematical simula-
tion of clad sheet rolling and sandtvich sheet holling[]J]. CIRP Ann
als-Manufacturing Technology, 1992, 41(1). 289-292.
BRPT B, TR B, A 0 A e I 3 R L DR N LML 1L 7 R 3% K%
Tl AL, 1987,
AR YIRAT BROCTE B IR P i T R A SE DL W6 %2 ph L
TR, 2016.
ZIENKIEWICZ O C, TAYLOR R L, ZHU J Z. The Finite Ele-
ment Method: Its Basis and Fundamentals[ M]. Oxford: Elsevier
Butterworth-Heinemann, 2005.
ZIENKIEWICZ O C, TAYLOR R L. The Finite Element Method
for Solid and Structural Mechanics| M]. Oxford: Elsevier Butter-
worth-Heinemann, 2005.
W RE AW ARG LD g 2 5 L
2015.
AEZE L SRR AL SR ACHT. XU Jm S5 b A o A A BR ST A A
(. EA @4 @244k, 2001, 11(6): 1 072-1 082.

[16] L. Ag/Cu)B & & bHEHAL KL IE0F 58 A BROT Kl (D], &
PR R BT R A%, 2009.

(%%8:3T)
ettt et
i ¢
! 3 3k !
; . i
P HEBE” i
t - t
S A EFN A |
+
4 e v 1
| o EM L ERRASIES ® KRN |
E s o i
I RCE R ® I ® T |
D e ATIAN e sMEH e HEBE |
DoelkEn e HmE e EE |
[ e TIRLG e LHGLM e fulfE

1435

T O O S O O S G U S



