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Abstract : Alternative marine power (AMP) is continuously used in ports and on docks because of regulations on global ship emission reduction. In
Korea, the use of AMP is also mandatory under the Special Act on Port Air Quality Improvement, and efforts are under way in comnection with
various eco-friendly ships, such as electric-propulsion ships. In this study, AC load flow analysis was performed by modeling the situation in which
onboard power is supplied through AMP. This analysis made it possible to study the electrical parameters and losses when power was supplied to
the ship. In addition, through a transient stability analysis, the high-speed generation transfer limit value for uninterruptible conversion through

onboard generators in the event of a system accident was derived. The results obtained when it was applied are presented
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1. M B 7] 29 =4S wf&stal A o] th(Shin and Wang, 2021).
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Swing Mode® A 7|8}5ith. W3k, High Voltage Transform<}
Low Voltage Transformer®] 717} AF8-%¥|=d], High Voltage
Transform 74-9- o]2] % ¢] Muto] H= uf Main TR A
F317F QI7tE nR S AF 37X (AMP)2] Feeder System
S 7|2 & Standard Availability 3! Power FactorS %3}
Rating MVAES 2+ 3}t Transformer®] Grounding Tap2| 73
$ 12} &L Delt, 23} & Wye 2402 XA B3
Q1 Dynll~-30 Vector= A 3}$1t}. Low Voltage Transformer

A% Aute] R3hg welsho] Rating MVAS 274 8h9la

1

Grounding Tap2] 7% 12} 52 Wye, 22} 52 Delta® A4l
&1, Yndl 230 Vector® | A3t} o] 9} o] A5 o} Au}
o] dAH A Fx= H7|H FF o] HEAAAEC] AL
Huo] AAENOEE kg 52 FEjolA e Ay 5&
= @A ste] 2t BUsel At H Y 27{7F &8 9] Wil
A& HESFA A 2"9] A EE AdsteE slo] vfg- T8

3HtH(Lee et al, 2011).
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229 kv /6.6 kv

LV Transformer 440 v / 50,60 Hz
6.6 kV /440 V

@7

440V / 50,60 Hz

X
On

6.6 kV /440 V
Fig. 1. Alternative Marine Power (AMP)- Ship Power Flow Block
Diagram.
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Fig. 2. Alternative Marine Power (AMP) internal configuration

diagram.
2.3 O 4 Mut meig
ANk o & dute] AZE T fl3l 37 2 479
717 29 iAo R AR, vl Al Al [dA7E
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et al., 2009).

3.1 AC Load Flow Analysis

F4AATFFAAMP)E o]-&35te] AU HdeE s FF3)
= 45 dukA <2l Power Flow, Active & Reactive Power &
Voltage Drop 5] 845 &Qlatar, H44 Hdx1s 4
3171 93] Load Flow Analysis”} ¥ Q3&}t} L3k o] 5 5
3] Unbalanced Load Flow 2 Transient Stability2] 7|5 27
gk 4= o} B Ao A 9] Load Flow Analysisi= ZA10] tff

sk At A7), 944 SelA YElYE Known Quantity<}b
SHAZAE T3 AH == Unknown Quantitys 24 0=
ALF3L7] 9138 Adaptive Nweton-Raphson MethodES &8 35131
t}. Etap W Load Flow AnalysisE $]3F =X A2t 7|Ho =2 =

Newton-Rapson Method, Fast-Decoupled Method, Accelerated

FA(AMP) o] &3 AUl A 5 Al AT A= 4

N
-

o

Gauss-Seidel Method 5-°] UAIRE, . =FollA= FHEE
w217 94 ¢l Newton-Rapson MethodS #8313t} o]
W 7o WAy] Fesl Frere vlwstel
719] - ol B-5 FEakal, BUS dSHe] ®Eol AS)
S ZA(IEEE Std. 141-1993, 5% wRhell A33stx] HE
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st=d A2 ETH(Kim and Cha, 2014).

Table 1. Analysis Conditions for AC Load Flow Analysis

No. Analysis Conditions
1 Power supply using vessel generators
2 Power supply using alternative marine power

Table loﬂ w}a} H/\-l No.1& /ﬂq] H]—x47]?_ /\]__&3],0:] x{rl‘l
TG F9-o]H, ol wE AC Load Flow Analysis Z 3}
Table 20| LFERATE 3t9] &7] W 7|7} 7 48}
32 Eobstal glom A7) AE Swing SHS SR
EAor fraxddyd Fa Mg AV|E =A 2453
P RA A A7) 2 e Wsito] kAl Al
gk IEEE Std. 141-1993d ol whe} 5% whxl R9] oo,
3] Main Source®} 73 AA 0.11 %2 A A3sH7)
WA S22 3%9] FlickerS 313} Utility Guide Limit ol
=

&)= e
F3eles AS & 4

T e

Table 19] No2¥= S YLFTFX(AMP)E At-&3to] A
A7) 7F B apeke
FEf A Fate dES ATl Faska vk Ay F
g A Noldt 59§ Jejolrh. o] wf Load Flow 2%+

AN 38k 5% ool AW 4] No.loll Hl&] M=
o139 ¥l 29} Transformer & 0. % 23] At 7Z3H7F 2o 3u)
7hA o] UEtue RS Table 39 A3E Fal ST F
Atk wEkA Mz A2 Transformer, ZEF 5 A%

_l

Aek7b AA BT ¢ e A= it AdA etet
© @s U F gle Adde] B nE, §4 Xd%%%
A (AMP)SF Adute] AlE ol Wi AEd HEV 2
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Table 2. Results of AC Load Flow Analysis when supplying

power on board using onboard generators (No.1)

=z

3.2 Transient Stability Analysis

FAQFFAAAMPR] AHE o A FE v A

o

[e]
FHEAH ol
W A7) mdk Fat EES sh] fls AR
Unit Generator ~ Generator ~ Generator o . ) N
n A B C Il QL AdEollA] ek T B ARAL A T 2 e ol
pave o e aa SRl wokRan ol AR wlE US
pover (V] 1 ' ' 2 k% S ol HE AT Axskn B deel =
Reactive [kVar] 214.45 177.98 117.15 g3t7] flal e Atk ol g sl A HdHAE
Power ' ' SH 54 Bl Ao A Fee £dar]7)
AP pvAl  ass assss asa1d A Agel mAE S BAste] M) wat vl of
. 4 A wAele]l AAA AN NP S Fusof
arent _ _
ggwer [A] 416.65 374.69 330.88 g}, o] 2 913 Transient Stability AnalysisZ <=3},
AFAA SEHALTTEX(AMP) o] &38le] Falehe]| A
Power %] 7375 78.20 88.55 -
Factor L - - - 9e FHas A% AB el Anrt e 48
Unig ~ Minswich  Criticl LV Load ojghe] Ao wet S4AdTFEAE 2Add F vk
" gearBus  Load Bus  Bus £ gasde AF A9 e Ay #8717 2 F
VOlt_af;e [%] 99.89 99.12 99.01 8 J_flé.‘]—oﬂ ;1(_@'% :&)lﬁé‘_]';q %é‘]'ﬂ] E’]Oi AK]Z]L:_]_— 0363:% tl]
Vogn A 5 ek o] SRS F YA AMP)E o §3ke] A
\letg"llie [°] 0.01 031 -0.07 W A9e TF 5 A% dA 23 BAR e 44
A AEFEA(AMP)Y7L 2kekd o, Ad] H7]= FA4% 71F
Pove kW] 379.89 12.63 3.01 o =g AU Ade] B AU AH 44 A woa
Reactive A ek olm wav)e] §48 7)Fel upe Ayl Fah A
kVar] 284.20 9.47 2.26 e 6 =l T = [ -
Flow | £Hom gRtE FAAAB ey, AAFFAL
Apparent [KVA] 47909 15.79 376 FARAAES A 717159 A ASAHS ST F
Power ' ' ' Rnormw HAFHade] FAAHNAE dAgS =5kl g
Cl];llrrem [A] 629.33 20.90 21.95 AE 2Fste 207 29k &5 2 gi§) dl4lst
> Ag A% 2 Aol el Alsta) det
Table 3. Results of AC Load Flow Analysis during onboard power Table 4. Transient Stability Analysis Time Flowchart for
supply using onboard power generators and onboard Interpretation
power supply using Alternative Marine Power (AMP)
Time ..
Main switch  Critical LV Load N Condition
) gear Bus Load Bus Bus . . .
Unit 1 0 Power supply using alternative marine power
No.l No2 No.l No2 No.l No.z2 . . .
© © © © © © 2 1 Alternative marine power circuit breaker open
Active kW] 99 979 %1 971 90 970 Power supply using vessel generators : Transient
Power 3 L state
Reactive kva] 001 045 031 076 007 037 4 15 Power supply using vessel generators : steady
Power ’ state
Agg;r;m KVA] 3798 4002 1263 1263 301 289
ps— Table 40 e} No.l §3HdLeHEA(AMP)E Faf A
Power [A] 2842 2800 947 947 226 217 Y AFL orgxow wFaw ok Auk ) wrAr b 2
Power W AEfoln], BE Faks AlE Aol ofal 2wk Ay
0,
Z

H
o] 212292 kVA©] ™ Auk 1, 20 ZFZF 959.46 kVA / 763.93 kW
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AsA= Als Abal Aol wet Muk o] 77 54sk
A F2ete] Fats Edetelol sl ©]& HSGT(High
Speed Generation Transfer)o] 2}l 3tc}, AlFo] Al o
2 Q8 SAHRLTFEA(AMPE 53 AU FFo] #7]
A Y= A F8 o] Eodoll= # 7ol glojof g
oh wheba] Ak A Al F A HASS 8H7] 98l Transient
Stability AnalysisZ %3] HSGT LimitS =Z 3ok 3t}

Table 5. Power Parameters in Transient Stability Analysis Mode 1

Unit Main-Source AMP-1 AMP-2
Output Incoming Incoming
Active
Pone kW] 1531.70 763.93 763.93
Reactive v 1469.92 709.95 709.95
Power
Apparent ay 9100 90 1042.89 1042.89
Power
Apparent
[A] 53.52 92.85 92.85
Power
Power o
Foer %] 72.15 73.25 73.25
. Vessel No.l Vessel NO'Z
Unit Incomin Incoming
coming LV Load Bus
Adive 700.62 700.62
Power
lez‘c;ge ] 655.51 655.51
Apparent ) 959.46 959.46
Power ' ’
Apparent
oo IkVar] 1276.74 1276.74
Power
Foer [KVA] 73.02 73.02

HSGT Limitgk-& ARl A A] A Bl 2 Ash= d74
& w4t d& o vk dWbH o' HSGT antgko wA
o 3k et _r]/\} P E ] o
ANSI C50.411 w2} A7 3T}, Transient Stablhty Analys1s°ﬂ A}
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No.2o A &

Fig. 33} #th
oA Q37 (AMP) 2H57]7F OPEN ¥ ¥ =4

=2
_>.:
oo
~
*
o

[e}
9
f

>

2
x
r2
(%)
o
é
R
)
oo
1o
(%)
FiN

o
9
f

ghelek 4= Sl wek Meke] A7) WSk 1.063%
60 %, 1.08%°lA 79.90 %2 AE Flsh 4= 9l
Ao aefed wf 7 AEe £ AIRRS 1.06
Z, A T AR 1283908 ER1E 4 Tt 1.28% 004
1.30% Alololl A V/HzS] 3k B3 125.50 % ~ 134.80 %2] #+S
JIA 2R 128% 5 HSGT Limit 2 2334 Tk 133%
& 2FeA] geth § Al F8 FstE AA3 Main
Cargooll A= AlF9] Al EA Al 1.06301A4 1.28% Alo]
A717F FdElojoF g dgke] Thsettt ey FYAl
HE 10622 A3 79 Swing Mode® A F ¥ 7] A
o] F=#Fo] 60Hz A T2] 3.6 Cycle oJulell o] F#]oF sl=t]
AAAo R FEo] o, 11026 Cyce)®] FAAZ
o= HdAsi

o]% 5?‘51—

ACTVE POWER (MW)

TIME (s)

(a) Active Power for LM-Main-Cargo-Al

REACTIVE POWER (MVar)

TIME (s)

(b) Reactive Power for LM-Main-Cargo-Al

AMPARE (&)

TIME (s)

(c) Current for LM-Main-Cargo-Al
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(d) Voltage fluctuation(%) for LM-Main-Cargo-Al
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(e) LM-Main-Cargo-Al Bus Voltage Angle

\ —

816
‘ 0.02

.79.9

T
4 Seconds

106 108

(f) LM-Main-Cargo-Al Bus Voltage Angle Zoom in

Fig. 3. Transient Stability Analysis Mode 2 Power Parameters
in LM-Main-Cargo-Al
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HSGT Limit& %33+ 15230 Cycle)2 A A&AS 45 A
Ul W77 A, B, C= Fig 49} o] dAH H = e E AA
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(a) Speed of a generator

i
2
g, —
§ ) ‘. 1
£
Z
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& 1
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Fig. 4. Generator parameter in Transient Stability Analysis

mode 2 (HSGT Limit: 30 Cycle setting)
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FAAAETTEA(AMP) o] &3 A A

ACTVE POWER (MW)

TIME (5)

(a) Active Power for LM-Main-Cargo-Al

REACTVE POWER (MVar)

AMPARE ()

TIME ()

(c) Current for LM-Main-Cargo-Al

e S S N — o

% OF MACHUNE VOLTAGE (kv)

TIME ()

(d) Voltage fluctuation(%) for LM-Main-Cargo-Al

Fig. 5. Power parameter in Transient Stability Analysis Mode 2
LM-Main-Cargo-Al (when setting HSGT Limit : 30 Cycle).

Fig. 6 Atal B4 A] HSGT LimitE 1.10%(6 Cycle)= A
g 3kal HSGT Limit o|W] 7|5 FY9& 45 Adfolr}. &
A 2dskat 7o) Table 40 Wt Nodell A S7d< 2
(AMP)E &3l AlgolA HgAow Ay A
Atk No2¢l A Huto g FFuE Ago ok 2
WA= 2k} olw] HSGT LimitS 1.1%2 A&
7)ol &4 54 Fig 694 o] vepdc) w
£ 7102 °F 3.98[sec]ell 3tHe] &7] W 7] 7} Steady-State

of EgehE A% FAT 4tk 20 B FE Y TE
FYe) AnE Aw JUE AH Fol paur P
o meehs A% S 5 9

A Ta A AS = 24

g
2
&
£

TIME (s)

(a) Speed of a generator

'g‘ ¢
2
g -
g =il 1. e ———
g
:

TIME (<)

(b) Reactive power of the generator

g |
2
g
i —
2
g

TIME (s)

(c) Active power of the generator

H
2
&
g, / ~— I —— - wa—
El
E

TIME (s)

(d) Generator exciter voltage

Fig. 6. Generator parameter in Transient Stability Analysis
mode 2 (HSGT Limit: 6 Cycle setting).

Fig. 73} o] AW 2 ZX<Ql LM-Main-Cargo-A12] 7-$-
FAALAFTTZA(AMP)S] &H- 1 Aol = B skar 9F
429 1S &21E 4= At} Instantaneous Interruption®] L

LN = h
EFpAINE A X e 2 F 8 X 931 Re-Acceleration Current
(e}

Line Current= 1732.00 [A]°] %12t} HSGT LimitS =33+ 1.1
(6 Cycle)o| 41 9] Line Current= 588.00 [A]Z ¥A]H T} A3}
Z o0& 1.1%(6 Cycle)®] HSGT Limitol A= Vessel W3 3}
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= I
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g _ . —
5
&
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(d) Voltage fluctuation(%) for LM-Main-Cargo-Al

Fig. 7. Power parameter in Transient Stability Analysis Mode 2
LM-Main-Cargo-Al (when setting HSGT Limit : 6 Cycle).
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