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ABSTRACT: Because the environmental regulations for ships are getting tighter, green ships employing ecofriendly technology have recently
received a large amount of attention. Among them, various studies for electric propulsion ships have been carried out, particularly in the United
States, European Union, and Japan. On the other hand, research related to electric propulsion ships in Korea is in a very nascent stage. In this
paper, an estimation process based on the rough requirements of ship-owners for the operating performance of electric propulsion ships is proposed.
In addition, the estimation process is applied to a small fishing boat for verification of the process. These results are expected to be used as design
Quidelines in the early stage of the design process for electric propulsion ships.
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Table 1 Level of hybrid propulsion system (for vehicle) (Mattsson
and Thordsson, 2010)

Lv. of
Type  Hybridization Description
(EM:"ICE)

Micro Low level EM is only used to start the ICE
hybrid and for limited regenerative braking
. EM is used to when additional

Mild .
hvbrid 19 torque is needed and regenerates
Y braking energy

Full . Drive long distances using only the
hybrid WP 46 gy

"EM: electric motor, ~ICE: Internal combustion engine
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Fig. 1 Overview of the power source distribution(Mattsson and
Thordsson, 2010)
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Reduction Diesel Diesel Ship
1 . — service
gear engine generator power
(@) Mechanical propulsion system
- Separate propulsion and power generation

service

Electric motor H Motor drive Power distribution power
Reduction gear H Diesel engine ‘ | Power conversion }—T
(b) Hybrid propulsion system
- Propulsion and power generation interconnected

K

- Diesel generator
Electric Motor Power Ship
motor drive distribution service

power

(c) Electrical propulsion system
- All-electric propulsion and power generation

Fig. 2 Basic structure of ship propulsion systems
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Table 2 Main dimensions of the project ship

Items Mo(%gziup Remarks
Lpp [m] 6.50 -

B [m] 3.00 Catamaran

B’ [m] 0.64 Demi hull
D [m] 1.00 -
d [m] 0.40 -
Cb 0.676 -
Displacement [ton] 2.34 -
Design speed [knots] 5.0 -

Speed - DHP Curve

20

2 3 4 5 6 7 8 9 10
Speed (knots)

Fig. 3 Power prediction of the project ship
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[ Step 2. Define input data

‘ | Step 3-1 . Design battery system
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Fig. 4 Diagram of the electric propulsion system design process
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Table 3 Battery pack information database

e

CREE - ot - AFA

Table 4 Input variable for estimate operating time

No Operating Weight Dimensions

Model name C[zpﬁ? vo[l;c;a]ge [kg] [mnm]

WB-LYP40AHA 40 2.8~4.0 15 116x46x183
WB-LYP6OAHA 60 2.8~4.0 23 115x61x203
WB-LYP9OAHA 90 2.8~4.0 3.0 143x61x218
WB-LYP100AHA 100 2.8~4.0 35  179x62x218
WB-LYP160AHA 160 2.8~4.0 56  209x65x280
WB-LYP200AHA 200 2.8~4.0 7.3 362x55.5x256
WB-LYP260AHA 260 2.8~4.0 8.7  362x555x283
WB-LYP300AHA 300 2.8~4.0 9.6 362x55.5x306
WB-LYP400AHA 400 28~40 135 461x65%285
WB-LYP700AHA 700 28~40  21.0 627x67%306
WB-LYP1000AHA 1000 28~40  33.0 850x71x375
WB-LYP1000AHC 1000 28~40 350 560x130%356
WB-LYP10000AHA 10000  2.8~4.0 173.0 687%367x756
WB-LSP600AHA 600 1.0~2.3 53  163x117x338
WB-LSP900AHA 900 1.0~2.3 7.3  163x167x338
WB-LSP2000AHA 2000 1.0~23 170 290x163x338
WB-LSP3000AHA 3000 1.0~23 250 560x130x356
WB-LSP30000AHA 30000 1.0~23  310.0 687x367x756
WB-LP12V40AH 40 11.0~16.0 7.0 225x125x208
WB-LP12V60AH 60 11.0~16.0 10.0 282x125x230
WB-LP12V90AH 90 11.0~16.0 13.0 282x155x248
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t - Operating time [hour]

Total Energy - Total energy [kWh]
Power ) Power consumption per [KW]
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Ep constant Battery energy [kWh]
Input o
SoC constant Battery SoC [%]
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Efs constant Battery efficiency [%]
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Table 5 Input constant value (20 kW-class twin system)

Variable Type Value Remarks
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Table 6 Result table of the 20 kW-class twin EPS design (opera-
ting time, hour)

Ep Input constant 14.4 kWh -
SoC 75 % -
Efs Input constant 9% % -

10 kW x 2 50% of
(Twin) motor output
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1/ 09 90%

15 kW -

Input constant

Ec Input constant

Input constant
Input constant
Input constant

Ep Input constant

HolBE Twin F3 Al 2=H]
‘3~< 7] &8 7k
Aol dEE 3 o

< gAstaA sk AdRbe] A%

HEsh= Ay e tigte] &5

SIS EF sigo, 74 dF

Table 52} 2t}
7] F71 Ak

oA AMuto] 23 & 4~

A7t daks B3 Bfets Azbest &3o] 7t

’ﬂ

171 a7 471101]/‘1

o m{o

q

A

;
L
N
Tcz
%
to
Oi('JE ;‘9’
on rlrg:-%H
o
( >
jﬁﬁe?‘: N
EENEREN
—
mgﬁ giﬁ
2 > oot o mi
e oS
By,
mh Moo roh
L
o S X
R
>}L°lrt°rﬂ
x G SR
N () Qs
RUS

?%"“:QP ‘%7“7] 7]’
gtk 3 BE9] 2L A S04 Bagh =Y
S d ¢ ojof ahH, WA TFEAE &%
ofopat= Afzzdo] Utk L=} WHY] s AREE W
T2 3t i Aduke] LIS =
Fig. 59} ZTt}.
+EEEE ZYAY A3 EA8= 2.0knotsol 4] 10.0knots
2 Ay dubE e g 10kW 7 2x7E st 0%
uf 1AIZ ] 6.6LY] AEE ARSTY d#A 7] ol i
Ankel H719F MH7E Jlsshet] Badk A5 HAHH 50
LZ 714)& 83ty A7) 7HeARke Aol 3/t R 8%
st AldkE AT S-S5 10knots ©]73¢l 7 f-ell=
7ol B o3 olUA] Fo] IA F7Iet AR = U AUA
F RO AR AREE dUA] o] Z7] wiiel] AR
15 & < Qith Fg 62 At AFE vl o = i Aduto] &
e Ao A} A M-S =24348 Aotk ¢
+& £57F SMETE AdAo &8st Ade]l 7
Z7Y¥s17] Eﬁ%oﬂ 3 7hs AR A FolEw A
o

} 7Fsd Ads A3 F7H00E oAl 7

>
()
flo
2t
iy
fru
ol
&
Ho
oot
>
A
flo

b o

o
Lo e ol dw s

N
Ei"l
i
—ﬂrmm

)

o
2o
ook

2 |o
Hu'“

[0
-
gl

aug

O P ot Yoz
f
2
o
:1
e

She e nelt) we SUT SEE 2Pk R

W, 93 @ 5t At Al dknotsE L5 So]
Vg BARNE & 4+ e,

HiElE] Al2Ee QJE e wiElE] §99 LAWhE NS
£ O 97 27 SO AHsHe B, A, 429d A &
2 AR 5L 1esel 2YHAT AFHOE WB-LYP0D-
AHA 249 15748 HE2 AAste] wels] A2de PGS

ol Hl3te] Ax|shs Hul7k

3|
Ml JpSE ARed A e AR B2 QoE

Speed
(kts)

0 65 62 48 30 24 09 06 05 04
1 18.7 178 13.7 85 68 27 18 15 12
2 30.8 293 22.7 14.0 11.2 44 30 24 21
3 43.0 409 31.6 195 156 6.1 4.2

20kW-Class Twin Electrical Propulsion System

S

-
s

w
s

9

w
S

Operating time(hour)

=

y

4 T—
6

°

Generator
operating time(hour)

Speed (kts) ) 10
Fig. 5 Result graph of the 20 kW-class twin EPS design

20kW-Class Twin Electrical Propulsion System

250 50
Max. operating distance

Max. operating time

S
e
s
5

g
g

100 20

Max. operating distance (km)
1
Max. operating time (hour)

3
>

2 3 4 5 6 7 8 9 10
Speed (kts)

Fig. 6 Result graph of the 20 kW-class twin EPS design

FHAck 2AASE AR = Table 73 2t

FX A ="E P35k BHO A 292 £E-HEnty
FAE o] 83t &S HU £EoA st ol M2t
Myg 33l REIL AAZ ARse Ho EHRog 2 3%
o2 ZAAgsok gtk dA oid AdulellA o= sh= Hul &Y
e 3HET ) 10knots € ol 22.02kWolt}. o= 20kWH
B 2717} gAE @A d3ellA] SRS 74 7Hesh, 96
7} B7] W&ol EdestA & BV ARSE 2o E B 4 Qi

fd

o?l

wehd REQ] 2HE AAA A AAEHL HAT Fgo
o|uAl dgon, Ydntdo s FuEE RES &3S 1
to] 7)o ARt Hd EFHL 15% ZAaAZ 15kWH



Table 7 Battery pack selection

Model name Amount

Volume Weight Capacity Current

e

'] kgl [KWh]  [A]
WB-LSP30000AHA 1 0191 310.0 4950 30000
WB-LYP10000AHA 1 0191 173.0 34.00 10000
WB-LYP1000AHC 5 0130 1750 17.00 1000
WB-LYP1000AHA 5 0113 1650 17.00 1000
WB-LP12V40AH 27 0158 189.0 1458 40
WB-LP12V60AH 18 0146 180.0 1458 60
WB-LYP200AHA 2 0113 160.6 1496 200
WB-LP12V90AH 12 0130 156.0 14.58 90
WB-LYP100AHA 43 0104 1505 1462 100
WB-LYP160AHA 27 0103 151.2 1469 160
WB-LYP6OAHA 71 0101 1633 1448 60
WB-LYP40AHA 106 0104 1590 1442 40
WB-LYP400AHA 11 0.094 1485 1496 400
WB-LYP260AHA 17 0.097 1479 1503 260
WB-LSP600AHA 15 0097 795 148 600
WB-LYP700AHA 009 1470 1666 700
WB-LSP2000AHA 0080 8.0 1650 2000
WB-LYP300AHA 15 0092 1440 1530 300
WB-LSP900AHA 10 0092 730 148 900
WB-LSP3000AHA 3 0078 750 1485 3000
WB-LYP9OAHA 48 0091 1440 14.69 90
Table 8 Input constant value (15 kW-class twin system)
Variable Type Value Remarks
Es Input constant ~ 10.8 kWh -
SoC Input constant 75 % -
Efs Input constant 9%5 % -
Ec Input constant 75 kW ‘2 50% of
(Twin) motor output
Efc Input constant 9% % -
Ms Input constant 115 15%
My Input constant 1/09 90%
Ep Input constant 1.5 kW -

Table 9 Result table of the 15 kW-class twin EPS design

(operating time, hour)
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Table 10 Design result of the 2.5 displacement ton class EPS fishing

boat
Item Sub-Item Spec. Remarks
Design
Speed Speed 4 knots -
Motor Capacity 15 kW Twin
Capacity 75 kW Twin
Generator .
Oper. time 23.87 hour -
Model WB-LYP300AHA -
Weight 105.6 kg -
Battery
Volume 0.068 m3 -
Capacity 11.22 kW -
Shipboard ity 15 kKW -
power
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