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Study on orthogonal processing experiment of light
absorbing coatings for laser micro-dimple

SUN Jianguo, LI Sheng, HE Zhenyan, HUA Xijun, ZHANG Peiyun, FU Yonghong, JI Jinghu
(School of Mechanical Engineering, Jiangsu University ,Zhenjiang 212013, China)

Abstract: In order to improve the laser absorption rate of metal surface and processing surface quality of laser micro-
dimple, W-71s type spray gun was used to spray black paint, water glass and yellow material on the surface of samples,
respectively. Then, the samples were processed by Nd: YAG laser. Compared with the uncoated specimens, the dimple volume
increased and slag volume decreased respectively, around the dimples of specimen surface coated with water glass and yellow
material. Dimple volume of the sample coated with yellow material increased by 29.4% . On the basis, the influence of thickness
and formula of water glass and yellow material on dimple volume and slag volume of laser processing surface were discussed by
orthogonal experimental method. The results show that when the thickness of absorb light coating is about 0. 1mm, the content of
yellow material is 17% and the content of water glass is 18% , the coating formulation is optimal. Compared with the uncoated
sample, dimple volume of the best sample in orthogonal table increased by 70. 6% and the corresponding slag volume around the
dimple decreased by 16.2% . The study indicates that laser absorption rate and laser processing quality on the surface can be
significantly improved.
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Fig. 1 Measuring parameters of dimple morphology
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Table 1 ~ Factors and levels
-5 3 RS —
; s ; 10~ mm’ HEERUIR 40 1 5. R EE A HE bR 1
levels N N —
e thickness/mm ~ yellow material/%  water glass/% 57\ s ?ﬂ/ﬁ\'ﬁﬁi’gﬁ /ﬁﬂﬁﬁ E@%E% 5 W :J:T%o 5’?[‘5\@]
I 0.1 17 6 LIBFIREAEE RSP AN ER - Y LI B R N/AC 58 T 65
2 0.2 34 12 N2 B R BRSO 1, B A 50 ) =
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Table 2 Parameter of orthogonal test
outer diameter/  inner diameter/ . 53 53
levels depth/ pm height/pm ~ V;/10 7" mm score-1 V,/10 7"mm”  score-2 overall score
pm pwm
1 122.5 85.0 8.80 0.47 2.5 7.8 0.29 7.0 22.6
2 118.8 82.0 7.85 0.42 2.1 5.5 0.24 6.8 18.8
3 118.4 90.2 8.90 0.68 2.9 10.0 0.31 6.7 26.7
4 112.0 84.1 8.50 0.54 2.4 7.2 0.23 7.9 22.3
5 120.0 81.3 6.90 0.83 1.8 3.8 0.51 3.7 11.3
6 117.0 86.0 8.00 1.40 2.3 6.6 0.69 1.0 14.2
7 98.8 77.0 6.80 0.33 1.6 2.7 0.1 9.9 15.3
8 99.8 71.8 6.41 0.25 1.3 1.0 0.09 10.0 12.0
9 109.6 77.5 5.90 0.40 1.4 1.6 0.19 8.5 11.7
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Fig.2 Physical map of different surfaces

a—uncoated b—black paint c—water glass d—yellow material
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Fig.3 Morphology of surface without coatings
a—morphology of dimple b—the profile of dimple
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Fig.4 Morphology of surface coated with black painting
a—morphology of dimple ~b—the profile of dimple
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Fig.5 Morphology of surface coated with water glass
a—morphology of dimple ~b—the profile of dimple
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Fig. 6 Morphology of surface coated with yellow material
a—morphology of dimple b—the profile of dimple
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Table 3 Parameters of dimple morphology

oating L outer diameter/ inner diameter/ depth/ height/ slag volume/ dimple volume/
coatmg ype m pm m m 10 > mm? 10 3 mm?
uncoated 114 79 7.0 0.70 0.37 1.7
black paint 100 86 6.0 0.40 0.17 0.8
water glass 110 86 6.0 0.36 0.13 1.8
yellow material 110 87 7.4 0.60 0.21 2.2
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Fig.7 Effect of various factors on the volume of dimple and slag

a—thickness b—yellow material c—water glass
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Fig.9 Morphology of No.3 sample surface
a—morphology of dimple b—the profile of dimple
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Fig. 8 Morphology of No. 1 sample surface
a—morphology of dimple b—the profile of dimple
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Fig. 10 Morphology of No.4 sample surface
a—morphology of dimple b—the profile of dimple

Table 4  Results of orthogonal test

levels thickness /mm  yellow material ~ water glass  overall score
1 A,(0.1) B, (17%) C (6%) 22.6
2 A,(0.1) B, (34% ) C,(12%) 18.8
3 A,(0.1) B;(51%) C;(18%) 26.7
4 A4,(0.2) B, (17%) C,(12%) 22.3
5 A4,(0.2) B, (34% ) C;(18%) 11.3
6 A,(0.2) B;(51%) C (6%) 14.2
7 45(0.3) B, (17%) C;(18%) 15.3
8 A;(0.3) B, (34% ) C,(6%) 12
9 45(0.3) By (51%) C,(12%) 11.7
ky 22.700 20. 067 16. 267
k, 15.933 14. 033 17. 600
ks 13. 000 17.533 17.767
R 9.700 6.034 1.500

optimal case A, B, Cy
order A>B>C
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