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Abstract @ The increasing international awareness regarding air pollutant reduction has resulted in increasing demand for eco-friendly ships; hence,
electric ships are being actively developed by various countries. Presently, studies on electric ships are mainly focused on electric propulsion systems and
electric motors. However, from the ship perspective, there are no studies on conceptual designs for coastal car ferries powered by removable power
supply systems. In the present study, the main research consideration is regarding the conceptual design of a fully electrified car ferry using a
battery-based removable system as the main power source. By analyzing the dimensions of more than 100 domestic coastal car ferries, the main criteria
satisfying the requirements for developing a suitable vessel were derived, and a study on intact/damage stability was conducted considering the

application of a removable battery truck. Further analyses of the problems concerning the conceptual design were also performed to derive solutions.
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Fig. 1. Operation concept of fully electrified car ferry (Hong et

al., 2021).
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Fig. 2. Comparison for G/T vs main dimension ratio.
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Fig. 3. Comparison for G/T vs Passengers and Cars.
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Table 1. Main requirement for fully electrified car ferry

Item Requirement
20 passenger cars
Cargo
120 Passengers
Nav.Distance 16 NM
Speed 10 knots
Power Capacity 1.6 M.W (800 kW x 2)
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Table 4. K-factor calculation by existing vessel’s lightweight

Item Unit A B C D
LBP m 52 39 45 47
B (mld) m 11.2 9 10.5 10.6
D (UPP DK) m 2.6 2.5 2.7 3.1
LWT t 395 321.2 | 497.474 | 526.047
LCG(fr. Mid.)) | m -0.289 -2.05 -2.178 | -3.039
% of L % -4.02% | -5.26% | -4.84% | -6.47%
VCG(fr. BIL) | m 3.625 3.225 3.267 3.548
% of D % 139% 129% 121% 114%
K-factor 0.5504 | 0.7162 | 0.8375 | 0.8170
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Table 5. Estimated main dimension for developing vessel

Item Unit Developing vessel
LBP m 49
B (mld) m 12.0
D (UPP DK) m 2.5
LWT t 580
LCG (fr. Mid.) m -2.372
% of L % -4.84%
VCG (fi. B/L) m 3.025
% of D % 121%
K-factor 0.8163
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Fig. 10. Initial General Arrangement.
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Table 7. Result of Intact stability calculation

27] 48 FoAUE vhFoR ARuR THuE
A4 71F A3E AN By AAE, o Ase] Ay | CLAREA@ID | e e
o] Az S5 Mol o ALO 2 0-30 | 0-40 |30-40 | 2%-D% Ty b |Status :

] A 2} 271 (Loading Condmon)oﬂ st HAdAd 5 ArNE deg, | deg, | deg (m) (b>a) Ratio
B HAH AAFE A BAR G 10me Qeld | G0 ) ba)
ol HAR@zge] A7 HolFA mE BAFHAAMW) S T 0251 | 1615 0891|0881 104.19

- A o1 Aol e )| 0. 934 | 0.251 | 1.615 | 0.8491 |0. OK 1%
% Aol AT AAERIMIWe] gelojok s, T 2)| 0.686 | 0.937 | 0.251 | 1.617 | 0.8638 |0.881 102.19
dherol o|ak AL o] 712 M astolo shu(Weather 2% 937 | 0.251 | 1.617 | 0. 8817| OK 1%
Criteria), PFAIPHo 2 7F 2)7A7F W191(0-30, 3040, 040deg) )| 674 | 0922 | 0.248 | 1.593 | 0.8231|0.8768| OK | 106.5%
oA EAATNGZ curveyotdl]l WA O] 7] F g (Required) 0 4| 0.677 | 0.925 | 0248 | 1.597 | 0.8374|0.8751| OK | 104.5%
A W= 3)oF SHCHMOF, 2020). 5)| 0.680 | 0.931 | 0.251 | 1.609 | 0.8425[0.8824| OK | 104.7%

6)| 0.683 | 0.934 | 0.251 | 1.612 | 0.8571[0.8802| OK | 102.7%
Table 6 Loadlng COIlditiOIl for stablhty calculation 7) 0609 0823 0214 1403 07527 07587 OK 1008%
1) | Design load departure condition 8)| 0.611 | 0.826 | 0.214 | 1.406 | 0.7650 |0.7569| FAIL| 98.9%
2) | Design load arrival condition 9)] 0.600 | 0.812 | 0.212 | 1.383 {0.7305|0.7516| OK | 102.9%
3) | Design load dep. cond. fixed batt.(1.6MW) 10)| 0.603 | 0.815 | 0.212 | 1.387 | 0.74250.7503| OK | 101.1%
4) | Design load arr. cond. fixed batt.(1.6MW) 11)| 0.607 | 0.820 | 0.214 | 1.398 | 0.74710.7570| OK | 101.3%
5) Design load dep. cond. fixed batt.(0.4MW)
o | Design load 4 fixed batt(04 12)| 0.609 | 0.823 | 0.214 | 1.401 | 7.5930 |7.5540| FAIL| 99.5%
sign load arr. cond. nxe att.(V. I\/IWD
0,
2 | Full load departure condition (25ton track) 13)] 0.589 | 0.791 | 0.202 | 1.336 | 0.7194 [0.7220| OK | 100.4%
$) | Full load arrival condition (25ton truck) 14)] 0.592 | 0.794 | 0.202 | 1.339 | 0.7312|0.7208| FAIL| 98.6%
9) | 25ton truck load dep. cond. fixed batt.(1.6MW) 15)| 0.580 | 0.779 | 0.199 | 1.314 |0.6974 [0.7133| OK | 102.3%
10) | 25ton truck load arr. cond. fixed batt.(1.6MW) 16)| 0.583 | 0.783 | 0.200 | 1.318 |0.7090 [0.7127| OK | 100.5%
11) | 25ton truck load dep. cond. fixed batt.(0.4MW) 17)| 0.587 | 0.789 | 0.202 | 1.331 |0.7138(0.7199| OK | 100.9%
12) | 25ton truck load arr. cond. fixed batt.(0.4MW) 18)] 0.590 | 0.792 | 0.202 | 1.334 | 0.7256 |0.7189| FAIL| 99.1%

13) | Full load departure condition (Mixer)

14) Full load arrival condition (Mixer)

15) | Mixer load dep. cond. fixed batt.(1.6MW)
16) Mixer load arr. cond. fixed batt.(1.6MW)
17) | Mixer load dep. cond. fixed batt.(0.4MW)
18) Mixer load arr. cond. fixed batt.(0.4AMW)
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Table 9. Damage calculation for design load departure condition
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Table 10. Revision of main dimension

Item Unit Initial Revision
LBP m 49 49
B (mld) m 12.0 13.0
D (UPP DK) m 2.5 3.15
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Table 11. Area ratio (area b/area a) for loading condition

Contiion | Gl | Gty | Doiion
1) 104.10% 116.49% 12.39%
2) 102.10% 114.57% 12.47%
3) 106.50% 118.55% 12.05%
4) 104.50% 116.67% 12.17%
5) 104.70% 117.02% 12.32%
6) 102.70% 115.08% 12.38%
7 100.80% 113.10% 12.30%
8) 101.20% 113.50% 12.30%
9) 102.90% 114.87% 11.97%
10) 101.10% 113.24% 12.14%
11) 101.30% 113.41% 12.11%
12) 101.70% 130.96% 29.26%
13) 100.40% 112.06% 11.66%
14) 100.80% 122.04% 21.24%
15) 102.30% 113.74% 11.44%
16) 100.50% 112.20% 11.70%
17) 100.90% 112.50% 11.60%
18) 101.20% 129.42% 28.22%

Note) Name of Loading condition is same as Table 6
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Table 12. Comparison of Initial and Revision weight
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VCG(fr. BIL) m 3.025 45 Table 13. Weather Criteria Area ratio for loading condition
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Fig. 13. Arrangement concept of developing vessel.

Note) Name of Loading condition is same as Table 6
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Fig. 14. Reduction rate of K coefficient for Bilge keel area.
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Table 14. Weather Criteria Area ratio for loading condition

Loading | Initial(A) | Revision 1(B) | Revision 2(C)| Deviation
Condition | (>100%) (>100%) (>100%) ©O-(A)
1) 75.51% 93.91% 111.91% 36.39%
2) 73.74% 91.36% 109.61% 35.87%
3) 77.80% 97.01% 114.84% 37.04%
4) 76.06% 94.59% 112.43% 36.37%
5) 76.08% 94.61% 112.67% 36.59%
6) 74.29% 92.15% 110.20% 35.91%
7 74.39% 91.88% 107.89% 33.50%
8) 74.67% 92.28% 108.22% 33.55%
9) 76.39% 95.50% 110.40% 34.01%
10) 74.83% 92.37% 108.27% 33.44%
1) 74.83% 92.53% 108.55% 33.72%
12) 91.62% 115.52% 130.14% 38.52%
13) 75.14% 92.82% 107.93% 32.79%
14) 84.62% 105.99% 120.87% 36.26%
15) 76.95% 95.24% 110.19% 33.24%
16) 75.58% 93.31% 108.33% 32.76%
17) 75.69% 93.48% 108.45% 32.76%
18) 91.54% 115.25% 129.04% 37.50%
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