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Abstract @ When the fouling of a vessel occurs, its resistance at sea increases and there is a corresponding increase in fuel consumption. The
maintenance cost of the vessel also increases because it is time-consuming to remove the fouling. To solve this problem and minimize environmental
contamination of sea-water, there have been recent developments in anti-fouling paints as self-polishing copolymers that not include toxic elements such
as tin. When these conventional techniques are applied to vessels, polishing is promoted during the operation whereby friction or vibration with seawater
occurs. This leads to enhanced anti-fouling performance. However, when fouling is intensified such as during an anchorage, there is no flow of seawater
and polishing is suppressed. This leads to a deterioration of the performance of anti-fouling. To solve these problems, we developed a system that induces
vibration in a vessel during anchorage. As such, the deterioration of polishing due to insufficient flow of seawater is inhibited. The reliability of the
ultrasonic antifouling system was evaluated by calculating its repeatability. The removal efficiency of fouling of the proposed system was qualitatively
evaluated using test specimens. The test revealed that the value of the coefficient of variation for the reproducibility of the frequency and amplitude was
0.2% and 4.0 % on average. The degree of fouling of the specimens was the highest at 73.3g in the No.5 sepcimen. Moreover, efficiency of fouling

removal was 93.2 % on average compared to the specimens without the proposed system.
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Horg= :m] E-24 %= B (Insoluble matrix type), 7HEA &
T (Souble matrix type), AF7]91v}&] = 7 (Self-polishing copolymer)
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Fig. 3. Experimental setup.

Table 1. Specifications of self-polishing anti-fouling promotion

equipment
No. Contents Details
KSA SYSTEM
! Manufacture Boat Super Shicld
Boat Super Shield -
2 Product Name Ultrasonic
3 Electric Source DC 12V
4 Power 14 Watt
Ultrasonic generator 1 piece
6 Transducer 2 piece
7 Transducer Cable Each 5m in length
Ultrasonic 157.5 x 62.2 x 198.9
3 Dimension generator (W x H x D), mm
Transducer 90mm x 702
Table 2. Specifications of Picscope
No. Contents Details
PicoScope 204A
! Type (PC Oscilloscope)
2 Resolution 8 bit at 100 MS/s
3 Tuned probe MI007
4 Memory 8kS
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Re N without equipmen quipn x 100 (1)
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3.3derE ni2g
wern A 54 e g2 =v FA gy oR
SO 290801 whet BE A el Held 2y FAE 5
4 A AR 5 %l TQCARS] RelE AHE-3FSITH Table 3
2 B A AR EE ArIAntE e rn T SA
Q1 Superpig sp10002] AFFS WERATE ZHg(Cutter)> 229
‘%ﬂi% JEJ-"JO 7:‘E(Cutter. angle)’} 14°] 3L ED Fiit?ri e g npRge Al uel Axeth Aol Ry
microns®] 31 H-91:= 5-600 microns?] No.3 blade_E AHestat 2 WeERY "EE, Tews AE A WERS T4,
Aee] 7k AR FHEE o2 FEAA AN B L D o s mos ol
ww well FAE el A8 HEHas welEh dx =
7+ S 7(D.E.T, Dry Film Thickness)S 4 & 4 & 334 Ty pore = Tog
WHE A ol BomE mRotell A 4% Bt Ruw = g X 10 @
Z~E](FRP, Fiber Reinforce Plastic)®] A}-&%%17] wj&o]t}. Fig,
6> 2w A2 &S Supepigd] AVAS FE vEE w2 A7 Ants o wE o] AS wute] npRo wal 4o
weolelolth 12 sgelal 2= o] AL G2 AE A Ageel An fARS A Y v gAY} guHon A
g dhwolal 32 oAl 4= o] QEANIER A2 agy] Wi oree nuagl e Fad gse) d
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Table 3. Specifications of Thickness meter
T Ol X
No. Contents Details 4. d )
1 Rai 2 to 2000
e ° 41 Fop4ot FZo| uhEy
2 Microscope Magnification 50X 2gv oA el Ao Fue @ A% wEy 9w A
(with graduation-scale) ) B _ N )
UEE 33 ghEsle] £4S 13351321 Table 4, Fig. 7,
Seale range _0-2.5mm o Fugel AFe] wng Bk Ast g veha o
(rectilinear measured)
WA 0 2 W5 A| 5(Coefficient of Variation, CV)7} +5 % 7|7t
! Cutter Number AL YA ACE BUFHEE G o] Frire] W
Cutter Angle 14 AGEgke] 02%, W&o WEAFLL 40%2 D=7t &
6 D Factor (microns) St UEbE T dEE ARAY oA e HUA AlE
7 Range (microns) 5-600 oﬂ }\194 ;QLT?T(NOiSG)O] ‘?——_}*g 3]’9;12-"}‘ ;ﬂ‘ﬂ'@ o= %‘ 6]%)\"1% ‘IQF
ASHS BT
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Table 4. Coefficient of Variation of Frequency & Amplitude for

the self-polishing antifouling paints promoting device

Average Average
Test of CvV of CvV
condition Frequency (%) Amplitude (%)
(kHz) V)
1 99.7 03 1.16 2.1
2 100.58 0 1.47 5.4
3 102.4 03 1.27 43
4 105.6 03 0.43 8.1
5 107.0 03 1.75 03
6 108.1 03 1.39 3.6
7 109.5 0 0.24 7.2
8 109.5 0 0.90 1.9
9 114.9 03 0.81 3.7
Average 0.2 Average 4.0
118
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114 [ é
12 F
é, 110 F B B
éj 108 ~ ] n #lcycle
S%‘106 r g W 2cycle
= 104 | 3cycle
102 F e
100 ﬂ u
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Fig. 7. Frequency of equipment.
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Fig. 8. Amplitude of equipment.
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Table 5. Results of Thickness for Antifouling marine coating

No. of Scales D Factor DET
test readings | (microns) measured
sheet & (microns)
1 6 30
2 5 25
S_oon be_fore 3 6 5 30
immersion
4 6 30
5 6 30
1 5 25
2 5 25
6 months
after 3 6 x5 30
immersion
4 6 30
5 6 25
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Fig. 9. Surfaces of No.5 test sheet without equipment.

Fig. 10. Surface of No.5 test sheet with equipment.
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Table 6. Comparison of Weight of marine organism, Reduction rate

of marine organism, and wear ratios for the test sheets

No. of Weight of marine Reduction wear
0. o organism (g) rate of ratios for
Test ine the test
sheet Waith Waithout mary

) ) organism (%) | sheets (%)
equipment equipment

1 1.4 329 95.7 16.7

2 2.3 16.1 85.7 -

3 2.3 11.2 79.5 -

4 2.0 12 83.3 -

5 1.9 73.3 97.4 16.7
Average 2.0 29.1 93.2 6.7
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