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Abstract - IMO (International Maritime Organization) has been strengthening the regulations of ship emission gas such as sulfir oxides
(SOX), nitrogen oxides (NOX) and carbon dioxides (COZ2) to protect the marine environment. Especially, ECA (Emission Control Area)
has been set and operated in the USA and US. As a countermeasure against these environmental regulations, the demand for
environmentally, fiiendly and highly eflicient vessels has led to a growing interest in technology related research with respect to electric
propulsion systems capable of reducing exhaust gas. Container ships were excluded from the application coverage of the electric
propulsion systems or reasons of operation at economical speed. However, in the fiture, the need for electric propulsion system Is
expected to rise, because it is easy to monitor and control so that it can be an applicate to smart ship which are represented by fourth
Industrial revolution technology. In this study, research was carried out to design a generator and battery capacity through the load
analysis of the 6,S00TEU container ship to apply the electric propulsion system of the container ship. A capacity design based on the
load analysis has an advantage that the generator can be operated in a high efiiciency section through the load distribution control using
the battery
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Fig. 1 Energy conversion efficiency of electric propulsion

system
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Table 2 List of collected data

3. CHAMMELO| C|O|E| =& No. | Signal name 5@2{ —
1 Time & Date (UTC, LT, KST) DD-TT

A7NFAN 2 S5 98 WL He ERHS FHe LA
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A A7 Z7F AR em &S £ glon) H wiETbAd 5 | NO2 Gen Load kW
W A Age el @ i=elsh SrkakEA Aol 6 | NOZ Gen Percent Load &
- _ I = 7 NO.2 /E Start/Stop 10

yxe] A7|FA 28 gl ek #Ad 3 Frtska = & TNO3 Cen Load W
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o) F4712 AgAnh W 471 F04 280 49, 257
Engine output 68,520kW / 93,120Bhp EHo2 AYS Asle] AgAe B8 FAATVER A
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Fig. 3 Use ratio according to auxiliary load size
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A2 2 600kWoll Al ] 18700kW 1 $]ell 4]
Yo tq 1,20071,300kW ®H$1ellA] 9.13% =2 7Hd =2 H]

o] thalA] Fig. 50 JeElSIch A=

AR F-3h=

H2A  500kWoll A

10.00%
2.00%
8.00%
Fime ~1300,9.11%
5.00%
5.00%
4.00%
3.00%
2.00%
1.00%
o000%

Ratio of operations(%)

Qutput range(kW)

Fig. 5 Use ratio according to total load size

At Rahe] 70% o4& FARSIE A we] A
$ate] Aol FARsh A Lhehuith
424 A&

25.00%

000% e --IIII‘ ‘II

0 1 2 3% 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

g

Ratio of eperations(%)
B g
i § 3

g
ES

shipspeed|knot)

Fig. 6 Distribution of speed of target ship

Fig. 6 th4 4lvbe] d4e] BxE e o) zold.

g deke A F HUEEr) 25knoto] A, 15knotol A =
S HEE F8E e, 20knot o]/FelAl= ’\}%QX] %L%%‘:}.
4.3 282E0 g Fst 2=

EMSe] FapAlol gy dugEFe $E&R=E
Tt 8 55 aFste] AFdE S Gugnh MdEke &
SREE 7|EHo 2+ gdl(seagoing), Y& harbour), A
Wport) &%= o] Xtk of 7] e
(Load/unload B+ cargo handling) 5 A =4
el L8RV FrhEY 8= nE fEFHo R s

3o ge AY g 54zt

o w0 F AL Aol g F1¥5)

e %3 : Bow Thruster 59 %32 AL&
o AHub: S WS AMETbsE AE. &4 A 3F A%

- 440 -



of wg} Aulold WYL FHF = Anchorel AMP
(Alternate Maritime Power)5 2] S/3A] oA AES &
T Shore FHIE B5 X3

5

- A8h4 Aol Crain

o] & MatAe] A, Mute] EAo mu detd e
w, Mutd] w2 $ERE PR AATEA Y FeHEA(Load
Analysis, LA)OIA AoJsh= REg Fugth FsitAxs
= Aute] Fate] tisiA AEF W Rt AME-S F3te] &85
< YeEhl= $-3HA15(Load Factor, LF)<9} A A& Al-&-3}
of Yehi, Mute] Sgnrco wl FEEo] W] &%
A7, wARE A, AEAelE A7) A4 T AEAI~FY] A
Az gd oS Fig. 7S FaE4 82 dAjo]th

pAGE: 3/13
b | o[ el oo | i | e | s u
OF CAPACITY (KW) | FACTOR| LOAD | SAILING HANDLING | HARBOUR
UNIT [ OUTPUT | INPUT | (%) | (kw) [No[ (kW) [NO] (kW) [NO[ (kW) [No (kW)
628. 4| 737, 388. 388.

659 | 135, 1313 |69,
1678 | 188.8] | 135.4] | 135
103, 189. 186.
58.9 SLo[ |66

I

(H]

1 1 o I o

9210 | 1271.4] | s10.4] | 845.4

6 _|REEF. CONTAINER ¥ 2370.0 | 2370.0] | 230.0] | #370.0
7__|BOW THRUSTER 1768. 8|

|| CEEEEREEL L

[GROUP|LOAD CONDITION; SO
[No. DIV, FACTOR

| CEEEEE] =)

REQ. LOAD 1l

NV, [MAIN MAUHINENIED VLY, FALLUK. 1 1 1 1]

o] EER TV I T ) R BT
leam| ENT T I

Fig. 7 Example of load analysis table
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Table 3 Generator capacity selection step

Calculating the maximum load(Z7, )

Step 1

Calculating the minimum capacity required
for generation(7,,,)

Deriving the generator
combination (Case 176)
Selecting battery capacity(C,,,) using ship
load data

Evaluate capacity of generator-battery by
operating combination

Step 2

Step 3 operation

Step 4

Step 5
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Table 4 Combination of generation

Combination | Load of 80% operating

1 3p; 3,750

2 3py 10,050
3 3ps 23,250
4 3py 33,150
5 Pyt 2p, 7,950

6 Pyt 2py 16,750
7 Pyt 2py 23,350
8 Dy 2p, 5,850

9 Dyt 2py 18,850
10 Dy + 2py 25,450
11 ps + 2p; 10,250
12 P3+ 2p, 14,450
13 D3+ 2py 29,850

Table 40| & 230l 80% F3aldS aesio] 2ddad

AE(P, S BEFE W7

gen = = ! il
Table 49] 3, 4, 7, 10, 13 233} 247 30 o= 24
SAREHP,,)T WHHE FUEY 2PL PERTO

Q
gen ©
8370kW 7] 4t x3FE& F71ate]

|

o HoF 2ol 674

Table 5 Selecting generator capacity combination

Combina GEN1 GEN2 GEN3 GEN4
Case . Total
tion (80%load) (80%load) (80%load) (80%load)
. P 8375 8,375 8375 8,375 33,500
- (67000 | (6,700) | (67000 | (6,700) | (26800)
9 4 9,750 9,750 9,750 9,750 39,000
bs (7800) (7,300) (7,300) (7800) (31,200)
3 4 12,625 12,625 12,625 12,625 50,500
b1 (10,100) | (10,100) | (10,100) | (10,100) | (40,400)
1,625 1,625 12,625 12,625 30,750
4 2p; +2py
(1,300) (1,300) (10,100) | (10,100) | (24,600)
4,250 4,250 12,625 12,625 36,000
5 2p, + 2py
(3,400) (3,400) (10,100) | (10,100) | (283800)
9,750 9,750 12,625 12,625 47,000
6 2ps+ 2p,
(7,300) (7,300) (10,100) | (10,100) | (37,600)

o - 9714

3th FHel Py.,°l H+= Case 15 Wl o2 shof, 4l

s Ve AAR B &5 233 wiE g E vlast

Atk

6. YXI|-HE 2| S2F "ot

Algdoldel AR 7] 23S A%

oL
ol

131, olg Al
o] Case® Ao}, WlEe] 78 (% 6,800TEU A
14 53} vjolEle] shaatel el AlEEoldE Fast]

Table 6 Optimized operation load of generator by Case 4

Generator Combination of Optimized operation
capacity generator load of generator
(KW) operation(kW) (kW)

GEN1 1,625 a 1,625 0.8 Xa 1,300
GEN2 | 1,625 2a 3,250 0.8 % (2a) 2,600
GEN3 | 12625 | b 12625 | 0.8%<b 10,100
GEN4 | 12,625 | 2b 25250 | 0.8 <(2b) 20,200
GEN1,2=a 2a+b | 15875 | 0.8 (2a+0b) | 12,700
GEN3,3=b a+2b | 26875 | 0.8 (a+2b) | 21,500

4475 $EHL /1FoR oot wolzl ALF ol &3

B(]iff = {bp17bp27 “.7bpu} (4)
bplz |p17Pl|7 bp2: |p27pk|7 ) b[m: |pnipk| (5>
Biiffmin = min(leiff) ©)

—Case ] = = =Case 2 Case 3

Case 4 +wseseses Case 5 — - =Case 6

15000 i~ MO AR MO AR MON AR MO NMS N o~
NNROMNDOMOOIEMUOUOSTOOINT SO NNN
Ad A A NNNNMMOHT T T ETAN DD OO

Fig. 12 Result of simulation of charge and discharge
tendency
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Table 7 Distribution of battery capacity by generator

combination(3)
nd -
Case 1% quartile 2 qu@le 3¢ quartile
(median)

min -20839 5633 58,274

Case 1 | average 858 40,151 10,476
max 888 75,951 18507

min -16,902 8,169 64,366

Case 2 | average 1,042 44614 129,140
max 1,068 78,042 225,490

min 1,581 71,891 202,710

Case 3 | average 15%4 112,970 276,480
max 1612 228,660 517,700

min -37,403 -1381 1,441

Case 4 | average -3468 487 7807
max -902 4099 8,078

min -9,803 4,863 25,165

Case 5 | average 316 14,868 44,087
max 338 26,760 70,984

min 1,041 30,305 86,284

Case 6 | average 1,057 491 140,830
max 1,079 101,300 274,170
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Table 8 Generator and battery capacity of virtual electric
propulsion ship

System Capacity
Generator 1 4,250kW
Generator 2 4,250kW
Generator 3 12,625kW
Generator 4 12,625kW

battery 44,087kW

{ek oA we] Alade) Alo] dudEss A

Az AlEEoly o] &-ge ool

o] =& 2018 el n&He} sl A x) ¢
# o] (NRF-2018R1D1A1B07049361).
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