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Abstract Metal laminated sheets with fine material and structural performance reveal broad application prospects in
ships, automobiles, aircrafts and other equipments. In order to study the influence of process factors on laser bending
of metal laminated sheets, a stainless steel-carbon steel laminated sheet is chosen as the object of the research and a

systematic experimental study is conducted to investigate the bending angle and transformative law of this metal

Meanwhile, there are differences between them. With the increase of the sheet width, the bending angle of stainless
steel-carbon steel laminated sheet decreases at first, and then increases. The bending angle of stainless steel-carbon
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laminated sheet by laser bending. The results reveal that, there are common features between stainless steel-carbon
steel laminated sheet is bigger than that of the stainless sheet in the same processing condition. And the ultimate
bending angle, 85.6°, which approximates right angle, is obtained in one clamping.

steel laminated sheet and stainless steel sheet during laser bending. For instance, the bending angle increases with

5

.

the increase of laser power, scanning times and decreases with the increase of scanning velocity, the sheet thickness.
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surface layer (304 stainless steel) |
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\ matrix (Q235A carbon steel)
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1.0 mm AENES IR E R, HEE R 304 N5, Fig. 1 Schematic of stainless steel laminated
LR Q235A B4 . AL 2% A bR fiE S i sheet with 1.0 mm thickness
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Table 1 Composition of stainless steel laminated sheet (mass fraction, %)
C Si Mn P S Ni Cr
Matrix (Q235A) <0.22 <0. 35 <1.40 <20. 045 <0. 050 0 0
Surface layer (304) <0. 07 <1.00 <2.00 <C0. 035 <C0. 030 8.00~11. 00 17.00~19. 00
®2 NBWZ G EERES S
Table 2 Characteristic parameters of stainless steel laminated sheet
Parameter Matrix (Q235A) Surface layer (304)
Density /(gecm™*) 7.86 7.93
Melting point / C 1400 1398~1454
Specific heat /(Jekg '+K™") 465 500
Heat conductivity /(Wem ™' +K™!) 80. 3 16.3
Coefficient of linear expansion /(10 K™') 10.6 17.2
Yield strength /MPa 235 205
Young modulus /GPa 200~210 200

2.2 RWHE

AL R A JTK701H 2 ki Nd= YAG [E AR B0 A » a7 5 T 2350 45 2 2 W1 SOE AR 0 25 il A K232 Wi A
K75 JEBIHOLARAS B A FEE 1 » 208 AR (0 i i 2 80 3R 40 Hz 100 450K 9 Ik 5 %0 4 408 03 50K i i 42
NIRKSE 2 ms. T PN BE YR B R R JE TR 2B 1k SR T A A R AL . — 7T D T B 1k 2 T A
16RO T 2 s 3 B P AT IR . R E R — A 150 mm X 90 mm X 40 mm BN AR & 1. 7Y
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Table 3 Parameters of laser bending

Parameter Value
laser beam '
Pulse frequency /Hz 40 . N g
uartz glass g
Pulse width /ms 2 a g gas inlet
fixture
Laser power /W 60~160
Scanning velocity /(mmemin ') 300~1000
Defocusing distance /mm 7~12
Scanning times 5~50 gas outlet

working platform
e o AT B R FE 4 100 mons i 1 I .,
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Fig. 2 Experimental setup of laser bending
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Fig. 3 Schematic of scanning path Fig. 4 Surface appearance of bended sheet
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Fig. 5 Effect of laser power on bending angle Fig. 6 Effect of scanning velocity on bending angle

T3 B AR T LA G B AR, LA A B AR A S OGBS NG O AT B O R AR OGS
M, it HORTHE L R 4 At T B R E SOREE EAR X IRE . 7 & 100 mm X 30 mm X 1. 0 mm & 4 75 L
JEINF Py 140 WA 100 WL 1538 B v=600 mm/min, K N=10 ® TESET Sl o BEE
et Z etz IWIE R LIE 1, 4 P=140 W I, Z<<10 mm.q BEH Z BN K, Z>10 mm.q
BEA Z BN/ s 2 P=100 W It o FEAE Z ROHG N9/ . b SCHERC1T0JmT 0 B Z A3 0 — 5 TG
R4 S DX 114 R 2 8 R AR AR o g — T Y6 R A ST DX TR RR MG K. A B R R R R L R D AROBE S B 1 TR
JE R AT it O 5 52 D) S DX TR AR 49 DR R o o 3 0 5 A R e AT L S R R AT I R R RO
o DX AR HE LA R A A B . P42 P=140 W, Z<C10 mm B, 0] DUAR A5 85 i 1Y AE 0 25 B2 2 LA 3
35 B0 A A I IS 55 A )2 5 A ) e AR5 2, B Z DN 7 o 3 B3] 10 e, 8 S5 X T AR O, 257 £
JEER Y Z=10 mm B, FlE Z W30, SEBESRE BT DX RE & 5% B B AN R DA RRAR AN 85 X2 & A 19 s IR 5
JE {55 DX T AR s 2t A R . 2 P=100 WO B Z=7 mm, 58 5T X BE 5 %5 B,
W& Z 3N . B8 5 25 FE i — 20 AR, SN BR R A 85 409 )2 5 A A Je AR ot 32 TRt BB Z B4 T e D/
4 BRSO EAR MR IRk 25

: o ‘o —a— 140 W
Table 4 Mapping table from defocusing distance to _ 100 W
spot diameter Y 20F
[
Defocusing distance /mm Spot diameter /mm %3 =
7 0.94 %‘3
8 1.27 = |
10 1. 54 & T =600 mowmin
. N=10
12 1.78 5 N N N :
— 6 8 10 12 14
K 8 & 100 mmX 30 mm X 1.0 mm R ALEHOC TR Defocusing distance /mm
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Fig. 8 Effect of scanning times on bending angle Fig. 9 Relation between angle increment and

scanning times
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Fig. 10 Picture of upsetting on heating area while. (a) N=50 and (b) N=40
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Fig. 11 Effect of sheet thickness on bending angle Fig. 12 Effect of sheet width on bending angle

091403-5



49,091403

BMSHHEIZFERE
oty 7 BB R R o SR WO VR FH R TRD RO R i 55 DX S R 24 AR LA T 25 21 . fE H A T2 28—
G BT B8 BE /N AROBE 6 F 90 2k b A i — [ 2 b R 408 9 0 A1 1 1 B ) ) B 2 A RO B ) e AN 8
EEEAR/N16.3 Wem KD L 08, ZWEHIE  IZ AR 2 R B E . DL R, B4
FARGL F AT LLARAS Ll 5 AR 0 e I BE o I 2 A A R A R BSOS WO AE R T2 AR B[R] b TE AR A L T B
& S 1a) g o BRI AE a1 B SRR B0 R B IR A BE T ARG B AR B B BE /D o BB A R S DX M M 24 TR A
AN BOCAE FTE ] 32 SOl B A 2l AR RO . BE B AR B 0, R A SR DX 2 A T A
1 58 B B IR B — e (E I 3 09 /E IR B . A AR 98 4 5 10 I o D A g Sk DX S 2 A T o L
B AR TE 3G I, Sl A RS K. BT LRL L Y W30 mm B BOGAE AT ] 7 5o B W 3G 0T 980/ 5 24 W =
30 mm I, SOV R B8 S DI D R TS 32 e BE W RGBS RS K.
3.3 MRMEREX T M A E NI
TEAE) L2 64T T 304/ Q235 A AN 25 A A 304 AEE N AR 19 T bl s, FH DA 5% D IR

SR BE TR RIS K AR BRI L IS X S il AR R B s . 18] 13 0 100 mm X 30 mm X 1. 0 mm [ 304 NN
HRFT 304/Q235A AWM= A RAEBOLTIHE P=140 W, B HE Z=10 mm, HHRA N=10 W L LS
BN A o BEEREEE o iRl Ze . NEI AT DUE R 8 IR B P 38 I ik 3R BORD EL B AR
ANTE] AR RS o BEIN o FRAEWNN BB AR OGS i A AR [ AR W] DL L AR AR R L2

KT A WE G AR R T AW . AR — 4510 B AT T H AR W] LA S5
X R L R AN 14 R G R B R R . O AN N2 A R OGSl B )2 8 T 4 A B
T 25 i A B 38 n DA K oA ORHPE BB =2 18] 28 ELAE AR 45

22r

www. opticsjournal. net

—a— Stainless ) 60r ar [P /W, v /(I'('llTl'I’('liIl’l)y Z/mm, ]V]
20} —a— carbon-stainless 5oL ™ carbon-stainless (140,800,
> 10,30)
3 18 g 6-\
e & s0f
M)
L ® 50l (80,300,
g 14} & (60, 300 (60,300, 10,15)
g P=140 W £ 20f 111 10 15)
A 19 Z=10mm g
oSt & 10
10 ' ) a
500 700 900 1100 0

Scanning velocity /(mme®min")

13 31 4 35200 A 455 A0 AR AS 45 40— 400 2 2 A 25 B 14 ARTEOE S BT A5 390 AS 5 40T B )2

8 15 R
Fig. 13 Effect of scanning velocity on bending angle of
stainless steel sheet and stainless steel-carbon

steel laminated sheet
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Fig. 14 Comparison of bending angle of stainless steel
sheet and stainless steel-carbon steel sheet with

different laser parameters
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Fig. 15 Metallographic photos of carbon-steel layer (a) before laser bending; (b) after laser bending and

(c) after laser bending with lower magnification
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