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Abstract : CFRP is often used as lightweight hull material for luxury yachts or special-service ships. An electric propulsion system is also
eco-friendly, and has been trialled to equip a small vessel as its main propulsion. In this study, replacing the hull materials and propulsion system
with CFRP and electric motors, we made an estimate of the effect of weight reduction and compared it to the original design, for this purpose a
case study was conducted on a 45-ft yacht. When redesigning structures with CFRP, we applied the reinforcement content of the carbon fiber in the
same way as the original (GC=0.4), and when changing to the electric propulsion system, we designed motors and battery packs to achieve the
same performance as the original. The result showed that CFRP and the electric propulsion system could make the structural and machinery weights
45% and 58 % lighter, respectively. However, in terms of efficiency, it was confirmed that the electric propulsion system is practically inefficient

because it requires a huge amount of battery packs for the same navigation range with diesel engines.

Key Words : Small craft, CFRP (Carbon fiber reinforced plastic), Electric propulsion, Battery pack, Lightweight design
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Table 1. Principal particulars of MMU-GE.45

Item Requirement
Ly 45t
mycc (W/o Engine) 12.023 ton
Wm 1.5 ton
Speed Service Speed : 10 knot

Maximum Speed : 30 knot
Maximum 12 Persons

Passenger (w/ crew)

Sanitation facility and crew room
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MMU-GD.452] 7] #5-3= Volvo Penta®] D6-330171 27] 9} 2~
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Table 2. Fuel consumption estimates Table 29] At AR AX I Table 39 sl A &
. 8 F A SRR GAE S e AR FAsgen 1
Specific F_uel Power Fuel _ B .
Consumption kW) Consu?lptlon A 7= Table 67 2t}
(g/kWh) ( 10" g/h)
33, éq’/lfll\(;ECR) 257.9 80.82 20.84 Table 6. Cruising distance according to speed change
(103(3A;kn1\(/)ItCR) 230.1 2427 3585 \xl;;;t ConsFulllleqlotion (Slflfgg C;uiﬁqlgg Clgl;ﬁ;g
(kg) (kg/h) (hour) (NM)
ol 2ol e @ DS Tl 33 2ol B P 2084 0 | s 42
9lom, Table 29 A7HF HAEiu|EHe] Fow Lww 836 55.85 30 14.97 449.05
DA% FFE AL 5 ATHTable 4)
4, MA Aol HA(CFRP)O| ME ST H3l
Table 3. Cruising time estimates according to speed change
Speed Range Cruising Time 41 MMU—-CE.45 9] 2 2=
(kno) (M (hour) MMU-GD45 ©] 241 ¥Z3ke] CERP Z4] Huhg 44
10 E 3 Astsith CRRPAANS] S4 02 AFe] AFel7k Q7] white]
30 30 I AH A CRRP Avke] A Baale. i 5
gk WALl W} Fo aBE FATow o F7}
Table 4. Fuel weight estimates according to speed change FTEES FATTA 1SO 12217(1S0, 2002b)ll whe} 73131
Speed  Fuel Consumption  Cruising Time | Fuel Weight o ol W MMU-CEA452] 8852 Table 724 214
(knot) (kg/h) (hour) (kg)
10 20.84 3 62,52 Table 7. Principal particulars of MMU-CE.45
30 55.85 1 55.85 Items Unit Value
Lu m 13.064
9 AnE AbgEte] 249 A4 FuE nEe O Bu m 4039
Z1A 9] 71N TS Table 594 2t} Drwie m 1.705
T m 0.682
Table 5. Machinery weight estimates according to speed change mycc (W/o Engine) ton 9.006
P o - Total mypc ton 12.47
(Sl:f:t) nglnegkg(;p o (lg)elgt Set V\Eiight
2 4.2 MMU-CE.459 M8 M7 U 7x47|
10 730 62.52 2 1,625.04 138 7| += Maxsurf Modeler(Bentley, 2018)5 A}-8-3131 2.1,
30 750 55.85 2 | 161170 A3 2 fanke FAo)= Maxsurf Stability(Bentley, 2018)2
AT AR FAL 59 nHMde g ARHE
3.3 CJ®o =2 JH| &8 Savitsky Planing &3 2] 5 (Savitsky, 2012)= AF&3tith. 2 4
oA Z| @At A7) FERA Y J BN Fel v e AR Ao 29 30mEe] Ag, Xl ES 5%
WLE] 98] AR A Fees G 45w AdE  E HASAS W o eloskelel a7 Aow F4 4 )
FAH N WE S 45 B A7) Avke] FF v)wr Aok vkl met qlxle] 22e 305vhe o]l <X
T 3INES AHEEk], o] F Axld FXU)e SRS VIR B
Ao voA T vAFe] $HoR 7M. tA A FxAAE TAREE IS0 12215180, 2008)9F = A
fol FHe 1672000 o] 27]0]7] wEol Awel 8] 43 RINACIR o} 45383, Registro Maliano Navale)®] %
ot Anel e el Aol g, AARE TARINA, 20092 A&

- 820 -



CFRP A A &9} #7]3=%]

PRl G
3 67st A 27)
2 o7, F Ao

N ]

Fig. 2. Structural layout
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Fig. 3. Design pressure distribution.
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Table 8. Structures weight estimation from 3D CAD model

Structure Area or Length | Weight (kg)
Single Bottom 40.902n” 570.99
Hull | g Side 35.638n 461.87
Plating
Sub Total - 1032.86
Side Girder 66.56m 98.04
Bottom Floor 16.80m 60.29
. Top-hat Stiffener 21.40m 12.80
Stiffencr ~ |Longitudinal|  68.86m 61.78
Side T ame 541m 404
Sub Total - 236.95
Lower deck 10.489m’ 104.57
Cockpit Deck 6.929m’ 69.08
Upper Deck 18.763m’ 187.05
Weather Deck 14.795m’ 147.49
BBE;];; d Sandwich Transom 3.199m> 31.89
Bulkhead 2 3.195m? 31.85
Bulkhead 3 4.797m’ 76.52
Bulkhead 4 7.103m’ 169.95
Bulkhead 5 5.576m’ 100.06
Collision Bulkhead 0.796m’ 6.35
Sub Total - 924.81
Core Material - 1543.16
Total - 3737.79
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R e EE LT
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Table 9. Comparison of weight (micc) of GFRP and CFRP hull

vessel
MMU-GD.45 MMU-CE. 45 Unit
(GFRP) (CFRP)
Ws + Wo 12.023 9.006
Wo 5.268 5.268 ton
Ws 6.755 3.738
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Table 10. Specifications of diesel engine and electric motor

MMU-GD.45 MMU-CE.45
Diesel Engine Electric Motor
Model .ﬂ'
% X xem06R0
Volvo D6-330 LGM i-330
HP 330 330
RPM 0~3,500 0~3,525
Fuel Type Diesel Oil Electric Battery
Operating Voltage
- 300 ~ 750
™
Propulsion Sterndrive Sterndrive
Engine Weight 370
(ke) 750
Propulsion Weight 67
(kg)
Wm (k;
Vm (ke) 750 437
51 MIFZAS 7148 B
MMU-CE45¢] 7] 3H-+= LGmarines®] i-330 #&7] 27]9}
sgEgeln F47] 27lo|th Axlw 7] & MEY F
&o] 0.437%(LG Marines, 2017)°] 22 MMUCE454 714&—‘?—
O % 874=0lt}. o= AA| FallE adshA L 7|
e, A Falls ysty] ffs o Av|E HP{W}
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Table 11. Specification of battery pack

Items Value Unit
Number of Module 15 ea
Voltage 660 \%
Energy 26.4 kWh
Weight 300 kg
e Azge] FRe A%l o AdF T4
3, @l 2= wel FAE = e, ol v Ar| e
HAR % 34 P FAks
MMU-CE45¢] @3] 21& W5ehe 87 d8zds +
A7) A AT A5 Azl Ao B4R
& dlolg & AFrsktt. dE7]o A% 660VE HIE
g EES 157 oE ARSI 53 = vk AE7]9
AFE AL go Ei—% Flg 49} o] £ o AF
o st At 5ol wEl MMU-CE457F AlH] 2
£rel |V=ER F38 HH As71el 87 AFE 2354, F
fEEel 30ER F38 ws 500AR F43H
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y = 0.4827x? - 6.056x + 247.23
500 e L0
1
< 400 I
= 1
o I
£ 300 |
o 235A |
T TTTTA 1
= 200 i |
=1
o 1 1
% 100 I I
1 |
1 1
O x
5 10 15 20 25 30 35
Speed (Knot)

Fig. 4. Current consumption estimate in change with speed.

5.1.2 MMU-CE.459| HiH 2| 83 5% MF

ol 212 oA 71AA sdstRRE 7F SR ok
oA 7H-E Table 33 2k wheba Adute] ghajsior & uj
Blgle] A¥FS Table 123 o] AT 5= g}

Table 12. Power consumption estimates according to speed change

Speed  Voltage Current Power Cl,i,uiirili:g I}Eeg:rgn?/d

o) (V) W) W) om E
10 660 235 155.1 3 465.30
30 660 500 330 1 330
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Table 15. Machinery weight comparison of diesel engine and

S o] Auke) g3k vig e W] NS5E =AT 5 electric motor vessel
=, ol viE g ol wiE e RERbS wtE F7ske] ul MMU- MMU-
Bl Alxmls A ¢ dlorn® wiEe] Ao FE & Sped Tem GD.45 CEAS |
-7 A ALgEth vlE g & Mol 300kgo] DR QT HE (knot) (Diesel (Electric
wEle] We) Aaol T wokol wEE Al F3E ey Yok
o ool e ; Engine+Propulsion 1.500 0.874
T er, 2 A Table 139 2. 10 Fuel 0.125 5.282
Total Weight 1.625 6.156
Table 13. Battery system weight estimate according to power Engine+Propulsion 1500 0.874 ton
consumption 30 Fuel 0.112 3.750
Speed Required Energy Battery Pack Bat?ery Total Weight 1.612 4.627
(knot) Energy of Battery Amount (ca) Weight
(kWh)  Pack (kWh) (kg)
10 465.30 26.4 17.63 5,289 1‘;’: 5 7
30 330 26.4 12.5 3,750 BD‘V:
70%
60% 86 81
5.2 HiE{Elo] 5 Cju] &8 s =
04 Z) Ao} PRI R % O] 58S gele] 9 | o
3 OBy L3 /R SHFY A7 3 st iﬁ: i 1
A E 48U 71T $F 32BN D714 FU | 7 oeicosne  cecrictnne  Diselingne Elctickngine
el FFe AT 228 S ME A ~le] FFo R A 10 Ko okt
e o, 22082 HlE ] & 7.66712] Sl sEHE T DORate of Engine&Propulsion D Rate of Diesel Oil & Battery
vl 2] 7.66709] M= 202.22kWholH, sl &)

T /M4 £5=2 38 715 AglE Table 143 2Th

Table 14. Cruising range estimate according to battery system weight

Speed Energy Power Cfruil;ll:g szualr?;g
(knot) (kWh) (kW) (hour) (NM)
10 202.22 155.1 401.2 13

30 202.22 330 449.05 18.38
5.3 £ AAHE 7247 ST HW

MMU-GD.45¢} MMU-CE459] 7] %3 %25 Table 159 A
233t

A7)FAAE A8 71HE T of 8% A

% AsA s )

3 ul 3.8u, Ho &

2987k FUbekith Egk oAl v Aok A7) S5

| 2o M (Fig 57 A2 A AL B

B Pg it 5?&
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Fig. 5. Weight component ratio of machinery by engine(motor)
and fuel (battery).
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Table 16. Cruising distance comparison of diesel engine system

and electric motor system to the same fuel weight

condition
Speed Diesel Engine Electric Motor Unit
(knot) System System
10 401.2 13
NM
30 499.05 18.38
6. 28 ¥ &
AR zAle] wsiel F0A) WGl we Azt FR

£
7195 TS AestA Table 173 2t
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Table 17. Weight comparison of MMU-GD.45 and MMU-CE.45

Wm | Diesel Engine System

1.75 ton

Electric Motor System

Ws 6.156 ton

GFRP
6.755 ton

(MMU-GD.45)

8.505 ton 12.911 ton

CFRP
3.738 ton

(MMU-CE.45)

5.488 ton 9.894 ton
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