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Key words

The bending zone thickening of the metal sheet becomes bigger after laser bending. IPP image processing
and forming extrusion thickening (ET)
bending mould and quality

software is the measure tool of the thickness and the grain size. Then rely on temperature gradient mechanism (TGM) to

laser technique; laminated sheet
extrusion thickening
OCIS codes

research the thickening mechanism. The results show that the grain size becomes bigger in the heating process which means
at least account for 69% . At last, the relation between the energy parameters (ie. power, scanning speed, scanning
frequency and defocusing amount) and the thickened value is studied, which are the basis of theory and experiment for better

thermal expansion thickening (TET). In the positive bending process grains are squeezed and extended by the bending stress
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TET and ET are the principal factors of thickening appearance, and TET occupies

the main position. The stainless steel layer and the carbon layer become thicker, and the thickened value of the carbon layer
140.3535; 140.6810; 160.3900

temperature gradient mechanism

thermal expansion thickening;
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Fig. 1 Temperature gradient mechanism and thickening phenomenon of laser bending laminated sheet.

(a) Heating process; (b) cooling process; (c) thickening phenomenon
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Fig. 2 Schematic of stainless steel laminated sheet
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Table 1 Composition of stainless steel laminated sheet (mass fraction, %)
Composition C Si P S Ni Cr
Matrix (Q235A) <0.22 <0. 35 <1.40 <0. 045 <0. 050 0 0
Surface layer (304) <0. 07 <1.00 <2.00 <0. 035 <0. 030 8.00~11.00 17.00~19. 00

# 2 REMWZ G EHERES

Table 2 Characteristic parameters of stainless steel laminated sheet

Parameter

Matrix (Q235A)

Surface layer (304)

Density /(g/cm®)
Melt point /C
Specific heat /[J/(kg *+ K) ]

Heat conductivity /[W/(m * K) ]
Coefficient of linear expansion /(107 °/K)
Yield strength /MPa
Young's modulus /GPa

7.86 7.93
1400 1398~1454
465 500
80.3 16.3
10. 6 17.2
235 205
200~210 200
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Fig. 3 Microscopic image processing (100X). (a) Contrast enhancement of image; (b) region marking;

(¢) region filling; (d) cross sectional area of the grains S
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Table 3 Bending angle and thickening value

a /() h /‘U.m }onrt/[im thss/;Lm hz;m /p-m hsot /R /% Sm/[sz

19.2 31 4 30 —3 13 604

34.2 61 16 55 —10 26 824

43.5 96 25 84 —13 31 966

85.6 311 77 230 4 24 —
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Fig. 6 Fitting curve between bending angle and thickening value
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Table 4 Bending angle and thickening value with different energy parameters
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Fig. 7 Relationship curve between power and thickening value
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