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Fig. 3 Coherent irradiance of reflection light of uniformly distributed convex microstructures with different center distances. (a) 100 pm;

(b) 150 pum

(a) attenuator focusing lens potential shift table

A
|
|

\"\/'

laser filter roll material
1.0 2
(®) @
0.5F ¥ - 5 oA
S R g e SN . -k
E -5 A E ol “a o
2 o5t vy e 4 22 g - g
%" -1.0r :'~‘\ & once ?‘ -4t B m
= F 4 AN T Jemw? " oom =) N
-15} 505 I dlem? gl R
20t b %?g %ﬁﬂz + 4times -6r ‘"‘::';"/ - decreasing energy|
- 388 J/cm® 5 times - increasing energy
-2. L L L L s L s L L o L s s f L
50 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
Location /um Location /um Location /um

&l 4

WO nh ity SO 5 B A T ST SR 2K o (o) SO b i 5298 6 B 5 S RO o o 25 076 15 M50 30 09 56 22 i 28 - (b) A [l g i

25 (o) ATl bl UG (D) AN ] s D X
Fig. 4 Optical path of laser impact experiment and curves of textured pit morphology. (a) Optical path of laser impact experiment;
relationship between laser impact condition and textured pit morphology: (b) different energy density; (c) different number of

impacts; (d) different impact mode

>R H T bR il fE 2 RE B (L 9 90O E o 4
JE X FLSR A RRE AR HEAT Sy o S P 5 B
R AT 0T I 50 B AR R AT R BE 1 40, D06 L AR AR R 1F
FM MG, WK 4(h) fras o W06 14 58 R % Rk
A2, BAMBT EAR S RESAME . REFHOLREE A
AR SRR O il YR, Xk LR A RHRE 1R S T 23 ) 1k A

il 2R IBCEL AR AR 1R 2 1w M B, an AT 4 Ce) B
N o Bl O RE B R B L el DR, [
GUE AR R TR EERE N o B A R B 8O A
T T R D) 45 SR WS VD B AR A A, R R M 4
DR R ™ & B AR BE 2 2 A B A AR B 2
203 A R AE B0 a A O 1 BUE AR A 2R O LA ARIE T

0524001-4



F¥ B A Ji i A9 2 T T IS 2R 2k s o M TR EE S, B
A BL AR 2 T K 55 22 X R A A A 3 TR RE B 4R
PR35 PO s ol OBOR A2 B0 O v o BB 1 2 Ui
S B U B, o O FL SR AR O 2E AT 22 Uk b, An
B ACd) Bz o X He i b s o 57 2R JE iy S E 3

%4435 E5HI/2024 &£ 3 B/REEIR
o Uik BE B % T bk i oS B TR AR M B E R B AR
Z W HR R Y O R R g, vp i e A
RO J il 4 i W R ek /D M BT IR S HE B B A S . Bl
WM R B M BB S oh s 2 0F B9 X R e R
J[—LIA%%IO

R FUARPDRME R B AL MBI 545 vl 2 1 A0 D0 96 2R

Table 1 Corresponding relationship of textured pit morphology and impact condition of roll material samples

Energy density /(J/cm?)

Number of impacts

Experimental conditions

77.5 155 233 310 388 1 2 3 4 5
Dimple diameter /pm 78 104 139 162 198 198 209 243 292 296
Dimple depth /pm 0.71 1.29 1.72 2.19 2.55 2.55 5.04 6.60 8.05 9.37
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Roll Laser Texturing Technology Based on Uniformly Randomly
Distributed Offset Phase
Ma Renhao, Yu Xuanyi, Li Jianyao, Shen Chongyang, Deng Xiaoxu
School of Physics and Astronomy, Shanghat Jiao Tong University, Shanghai 200240, China

Abstract
Objective Cold rolled strips are widely employed in automobiles, home appliances and other industries, and their surface

micromorphology affects the surface chromatic aberration of the strip steel. The strip steel surface with regularly distributed
microstructure tends to exhibit alternative bright and dark fringes. When the microstructure is randomly distributed, the
stripes caused by multi-beam interference will be weakened. The surface microstructure of the rolled strip corresponds to
that of the roll surface. The disordered roll laser texturing technology features less pollution, a wide range of texturing
roughness, and high surface hardness, which can reduce the surface chromatic aberration of the rolled strip and is expected
to meet the growing demand for sound stamping performance and fine brightness after the painting of cold rolled sheet

productions.

Methods

roughness of rolling rolls based on the offset phase difference of the random distribution. The formation mechanism of light

The laser texturing roller technology is presented for controlling the range of peak per inch (PPI) density and

and dark alternately stripes on the surface of rolled strip steel is analyzed using the multi-beam interference principle. By the

ray tracing method, the random distribution phase difference generated by the offset of equally spaced convex
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microstructures is studied to weaken the interference fringes formed by single-wavelength reflected light on the surface of
rolled strip steel, which thus eliminates Moiré fringes generated by multiple wavelengths. The reflected coherent irradiance
is adopted to study the corresponding uniform distribution function characteristic parameters under different center spacing
when the interference fringes are broken. Meanwhile, laser impact pit experiments are conducted on roll material samples
to obtain the corresponding relationship between the textured pit morphology and laser impact conditions. The random
deviation of the pit microstructure on the roll surface is the same as that of the convex microstructure on the rolling strip by
attenuating “copying”. We utilize Matlab’s pseudo-random number generator based on the linear congruence method to
generate two sets of random arrays that obey the uniform distribution obtained from the simulation analysis. Disordered
texturing is performed on the rolling roll material sample by laser impact, which is achieved by adopting deviation in the

convex microstructure center distance following a uniform distribution by theoretical and simulation analysis.

Results and Discussions When the center offset of the microstructure on the surface of the rolled strip steel obeys a
uniform distribution function, the coherent irradiance disorder of the single wavelength reflected light of the microstructure
is better (Fig. 2). When the interference fringes of the reflected light from the tabular microstructure are broken, different

center spacing corresponds to various characteristic parameters of the uniform distribution function (Fig. 3).

Conclusions By employing the uniform distribution function of pit center offset obtained from theoretical and simulation
analysis, and the relationship between experimentally obtained laser parameters and pit morphology, the surface of a roll
material sample with a roughness of 3.79 pm and PPI of 179 is experimentally realized as disordered laser texturing of the

roll material sample in a small area of 10 mm X 10 mm by laser texturing technology (Fig. 5).

Key words surface optics; multi-beam interference; laser texturing; cold rolling roller; uniform random distribution; offset

phase
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