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Experimental Study on Application of Clean Laser System
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Abstract - Surface preparation is very important process in repainting of steel bridges. Surface preparation method using laser is
attracting attention from abroad. In this study, coating and rust removal tests using clean laser system were performed with 2
types of specimens which have different coating system. Then, the optimal condition was evaluated for removal coating and rust
by laser power, pulse width, laser irradiation width and laser irradiation speed. In addition, the coating thickness, surface rough-

ness, surface observation using microscope, adhesion test were investigated.
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Table 1. Laser performance

Mode of operation CwW
Maximum average power 4 kW
Modulation frequency <50 kHz

Power tunability 5% -100 %

Power stability <1%

Wave length 1,070 + 10 nm
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(a) Control system

(b) Laser irradiation device

Fig. 1. Clean laser equipment
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Table 2. Manufacturing conditions for heavy-duty coating speci-
mens in general environments
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Table 4. Experimental matrix

Category Process Paint type Thickness
First surface SSPC SP10
treatment
. Inorganic zinc
Shop primer powder shop primer 20
Second surface SSPC SP10
treatment
Ist Inorganic zinc
. 75
layer powder paint
GEB Cgate? 2nd Mist coat
application| layer
3rd | High solid epoxy 20
layer type paint
4th Urethane type 30
Coater/ | layer paint
field 5th Urethane type 30
layer paint
Total 215

Table 3. Manufacturing conditions for heavy-duty coating speci-
mens in special environments

Category Process Paint type Thickness
First surface SSPC SP10
treatment
. Inorganic zinc
Shop primer powder shop primer 20
Second surface SSPC SP10
treatment
Ist Inorganic zinc
. 75
layer powder paint
SED Coater 2nd .
.. Mist coat
application| layer
3rd | High solid epoxy 100
layer type paint
4th Poly Vinylidene
. . 25
Coater/ | 1ayer | Fluoride type paint
field 5th | Poly Vinylidene 25
layer | Fluoride type paint
Total 225

Laser Pulse Laser Laser
power width speed width
500 W
1,000 W 5 kHz 5 mm/s 35 mm
1,500 W 10 kHz 10 mm/s 70 mm
2,000 W
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(a) Coating thickness (b) Surface roughness

(d) Adehesion test

(c) Microscope

Fig. 2. Measuring equipment
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Fig. 3. Example of cross cut cutting

Table 5. Classification of adhesion test

Grade Status
5B None of the squares of the lattice is detached
4B less than 5 % of the area is affected
3B The area affected is 5 % to 15 % of the lattice
2B The area affected is 15 % to 35 % of the lattice
1B The area affected is 35 % to 65 % of the lattice
0B Flaking and detachment than Grade 1
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Fig. 4. Residual coating thickness distribution by using
clean laser system I (special environments coating)
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Fig. 5. Residual coating thickness distribution by using
clean laser system II (special environments coating)
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Fig. 9. Residual coating thickness distribution by using
clean laser system II (general environments coating)
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Table 6. Roughness value of the specimen after completion of
coating removal (general environments coating)
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Table 7. Roughness value of the specimen after completion of
coating removal (special environments coating)

Specimen Roughness value (um) Results

Specimen Roughness value (um) Results

56, 55, 63, 58, 61
A-500-5-5-35 OK
Average: 58.6

67,59, 58, 55, 45
B-500-5-5-35 OK
Average: 56.8

56,61,71,45,71
A-500-10-5-35 OK
Average: 60.8

55,75, 60,71, 48
B-500-10-5-35 oK
Average: 61.8

96, 98, 98, 78, 83
A-1000-5-5-35 N.G
Average: 90.6

72,52, 62,58, 59
B-1000-5-5-35 O.K
Average: 60.6

81,72,79, 85, 68
A-1000-10-5-35 N.G
Average: 77

75, 67,70, 67,73
B-1000-10-5-35 O.K
Average: 70.4

97,135,139, 124,92
A-1500-5-5-35 N.G
Average: 117.4

252,344, 303, 283, 276
B-1500-10-5-35 N.G
Average: 291.6

143, 174, 169, 148, 144
A-1500-10-5-35 N.G
Average: 155.6

83,90, 82, 88, 71
B-2000-10-5-35 N.G
Average: 82.8

55,59, 67,53, 61
A-1000-5-5-70 OK
Average: 59

61,71,61,73, 58
B-1000-5-5-70 OK
Average: 64.8

119, 121, 112, 136, 103
A-1000-5-10-70 N.G
Average: 118.2

61,49,59, 57,58
B-1000-5-10-70 O.K
Average: 59.8

67,71,48,49, 74
A-1000-10-5-70 OK
Average: 61.4

64,70, 57, 68, 51
B-1000-10-5-70 O.K
Average: 62

99, 101, 90, 101, 107
A-1000-10-10-70 N.G
Average: 99.5

64,53,41,61,70
B-1000-10-10-70 O.K
Average: 57.8
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Fig. 11. Surface observation from microscope
in special environments coating I (x 50)
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(a) B-1500-10-5-35 (4 times)  (b) B-2000-10-5-35 (1 time)

Fig. 12. Melting phenomenon in base metal after
clean laser (special environments coating)
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(a) B-1000-5-5-70 (6 times)  (b) B-1000-10-5-70 (6 times)

(¢) B-1000-5-10-70 (6 times) (d) B-1000-10-10-70 (6 times)

Fig. 13. Surface observation from microscope
in special environments coating II (x 50)
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(b) A-500-10-5-35 (6 times)

(¢) A-1000-5-5-35 (3 times) (d) A-1000-10-5-35 (4 times)

Fig. 14. Surface observation from microscope
in general environments coating I (x 50)
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(a) B-1500-5-5-35 (2 times)

(b) B-1500-10-5-35 (2 times)

Fig. 15. Melting phenomenon in base metal after
clean laser (general environments coating)

o)A F-E 70 mm, F|o] A A WHES] 4= 53] A 2] 4
- Fig. 160 e Tt E08H 184 = A wyt
Zro], go|A AMEE 10 mm/sol| A= EuHEA| A A7} 6f
TR EEohA] Fotgl oH, RHAR T ST AT 7
= ool 5] Zokqiet 1B, ol A A<
T 5 mm/so| A= EHFA A AT SHEe A D Skgl o
HHRE ST A= 7129 ol E wHEokeitt

(a) A-1000-5-5-70 (5 times)  (b) A-1000-10-5-70 (5 times)

(¢) A-1000-5-10-70 (5 times) (d) A-1000-10-10-70 (5 times)

Fig. 16. Surface observation from microscope
in general environments coating II (x 50)
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(c) 3 times (d) 5 times

Fig. 17. Changes in rust removal with repeated laser irradiation
(heavy-duty coating specimens in general environments)

&
(b) After
Fig. 18. Surface observation from microscope
(% 50, heavy-duty coating specimens in general environments)

(a) Before
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(c) 4 times

(d) 6 times

Fig. 19. Changes in rust removal with repeated laser irradiation
(heavy-duty coating specimens in special environments)
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(a) Before

Fig. 20. Surface observation from microscope
(% 50, heavy-duty coating specimens in special environments)
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(¢) B-1000-5-5-70

(d) B-1000-10-5-70

Fig. 21. Examples of adhesion test results
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