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Element Diffusion and Material Properties in Transition Layer of
Bending Zone in Laminated Plates
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Abstract Laser bending experiments are performed on stainless steel-carbon steel laminated plates with thickness of
1.0, 1.5, and 2.0 mm. The element diffusion in the transition layer of the bending zone is analyzed by means of
metallographic microscope, electron microprobe and energy dispersive spectrometer, the nano-indentation tests are
used to obtain the nano-hardness and elastic modulus of the transition layer, and the variation in elastic modulus,
nano-hardness and yield strength is analyzed eventually. The results demonstrate that the element in the transition
layer diffuses continuously and steadily along the plate thickness, the diffusion ranges for Fe, Ni, and Cr are
similar, and the transition layer thickness for 1.0, 1.5, and 2.0 mm thick laminated plates increases by 2.5, 3.5,
and 3.0 pm, respectively. Good material properties in transition layer is ensured by element diffusion in the bending
zone, and favorable metallurgical bond in laminated plates is also improved.

Key words laser technique; laser bending; laminated plates; transition layer; element diffusion; material properties
OCIS codes 140.3538; 140.3390; 160.3900; 290.1990

1 5l £

R - 0 2 AR RSB 0 B2 R0 S 2 PR AL 45 T 2 (R S 0 5 0 7 4% 4 1
S [ 0 4 6 A A T . AR R 4 B B BB IR T O 0 0 28 9 R P R L L
S A 5 T 5 T 5 T ¢ I A Sy — R U 240 0 5 5 ) B S AT e 5 BT 22 (T
452 70 % ~80 %% AU AR B UM EG 1/3 76 47 » S0 T I AR 15 o 4 BB 01 52 6 245 2, LAY BL 0 19 28 6K
3B E R T IS TR S IR A

VHOR 25 ROV — Pl JE B L L TE 51 0 2 i o P BB R L 26 A SOK: oK1 i b 2 1 I

KRB 2016-02-01; WEMEHKF E . 2016-03-14
BELWHE: HFEAARRIFEESE (51375073, 51321004)
EE® . 5k 21990 B B HwEoE A 2 FHEOL D M BUY Jr M F5E . E-mail: 478211865@qg.com
SRR ELEBRA960—) ., 5B % 1 A S L 32 5 A 0N % 545 R0 T 05 i i E SR
E-mail: whzzd@dlut.edu.cnGH{FEE R )

0702001-1



H = # ot

AR 242 15 BE 7 B 5 B P8 ) oA S BUARORE BB 1R AR R | e i B A o A BE B O 41 8 A T AR B U
AREY S WO i BUR S AR BUY TR ST X GO AL VR R R B — BRSO N S RS R AL
WLZE 75 T XU 460 e AR B AR 2R WO AE S 425 3 DX A 78 DX R it 1 R DX, I 425 3 [XC A ol 2
DU BE AT TWRIE . EHEEME AT X A5 B 19 )22 5 AR O 25 4T DX (RO 2 2 A A2 S o 3 T R 5 L
B UREAT T WF5E . MORMEERE S D Carey S8 RS T 42 8 52 455 BH MO 257 i R 45 1k B 384 560 720 AR X iU
R RRAY SR IF 5 B — AR PR AT R e 3 i e R S RGO 2 il U B I T2 RN A2 B RS 4
G GG MBI IR . EHESFD U T YG20/45 2 AN AEOE R A R 50 RY i, A R4 4 5
HRIICR AR TAEY BB REL B T RIFIR &4 4.

TR T B — R b s B AAF B B S A BRI S BE BB J2E  BTE AL A A TR Y S
IR O 25 4 ST Ak 5k 3 2 10 23 B 2246 b OB AR 3 05 T X 2 4 ARG 25 47 X 98 )2 114 4 7 R 0
A BRI AT I R T A M RE S Bt O A AT A, — e i 2 A AL Sy AP TG B R P 4 R RS
B 2R 22 AR o AR SO O 45 i B SR 2 45 B ad 8 DX ) 2 BUR G B e R HOR S AT R 5T 43 A
I PRI Ty 2 R RE S B R ) S B RE | R A R i I 55 R A AR AL L O )2 A O S R B R ] it
Z:7% , [Al I A7 BROTEERE I3 By v i )2 B9 2 B D0 A B (A L4 v A BRSO DL 495 SR 1 o il 11

2 I AR A A
2.1 R AR

ISR R A XU AN 55 A9 ik B9 J2 B A LA TR RR 2 B A0 il % BT R A LA T AR 2 e T AR ) 2% &
o il 45 7 R IE AL, R EE S 304 AEE . PR N Q235A BREY, AL o S B g
REB RN 1.2 Rt BRAMEEMMA 1.0,1.5,2.0 mm =Fb, SR VUE Bk 287 4 Brag ]R~F . 25l
TR AT A BHIAS  100 mm X 50 mm X 1.0 mm,100 mm X 50 mmX 1.5 mm F1 100 mm X 50 mmX 2.0 mm=
i, S HT AN D AR T 1S 2 T 25 Bl T SR AR B B A 2 o T K S Bil e e i, Bt T4 1

F1 AENBEE B 5T 20

Table 1 Composition of stainless steel laminated plate (mass fraction, %)

C Si P S Mn Cr Ni
Surface layer (304) <0.07 <1.00 <0.035 <0.03 <2.00 17.00-19.00 8.00-11.00
Matrix (Q235A) 0.14-0.22  <0.30 <0.045 <0.05  0.30-0.65 — —
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Table 2 Characteristic parameters of stainless steel laminated plate

Parameter Surface layer (304) Matrix (Q235A)

Density /(g * m *) 7.93 7.86
Melting point /°C 1398-1454 1400
Yield strength /MPa 205 235

Young's modulus /GPa 204 200-210
Specific heat /(J - K1) 500 465
Heat conductivity /(W + m ' - K1) 16.3 80.3
Coefficient of linear expansion /(10 ° K™') 17.2 10.6
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Table 3 Parameters and results of laser bending experiment

Sample size Power Scanning speed Defocus Impulse Number of Bending
/(mmXmmXmm) /kW /(mm * min ) distance /mm frequency /Hz scanning angle /(*)
100X50X1.0 140 400 10 40 40 69.1
100 X50X 1.5 140 400 10 40 40 41.5
100 X50X 2.0 140 400 10 40 40 22.2
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Fig. 1 Microscopic images of transition layer. (a) Metallographic structure of laminated plate corroded with

nitrohydrochloric acid (500X ); (b) microscopic image under electronic probe system (5000 X)
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Fig. 2 Line scanning data of laminated plate (1 mm thick). (a) Scanning path; (b) distribution curves of Fe and Cr;

(¢) distribution curves of C and Ni
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Fig. 3 EPMA plane scanning data of transition layer in bending zone. (a)(b) Element distribution curves of 2.0 mm thick
laminated plate before and after bending; (c)(d) element distribution curves of 1.5 mm thick laminated plate before and

after bending; (e)(f) element distribution curves of 1.0 mm thick laminated plate before and after bending
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Fig. 4 Distribution of Cr near transition layer. (a) Before laser bending; (b) after laser bending
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Table 4 Analysis of energy dispersive spectrometer results (mass fraction, %)

Element content

Measuring position

Fe Cr Ni Si Rest

Stainless steel 70.24 17.66 9.63 0.36 Rest
Transition layer 85.02 8.63 5.18 0.18 Rest
Carbon steel 97.64 0.11 0.09 0.06 Rest
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Fig. 5 Variation curves of (a) nano-hardness and (b) elastic modulus near the transition layer
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