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Abstract-- The pollution level in the area of the major maritme
ports is increasing at an alarming rate. The advidale solution to
decrease the ship’s emission volume is to shut of6 onboard
diesel generators and supply the onboard electricaystem from
a shore grid. This paper analyses a new Shore-to-iph
Connection System solution. The main advantage dhis solution
is the ability to perform frequency conversion, usig a Grid

Frequency Converter. In order to study the possiblevents that
can occur during the shore-to-ship connection, werst build the

simulated system model. Knowing that the ship has darge
onboard system, a strategy for aggregation loads iapplied.
Finally, a transient behavior analysis of the ports grid

supplying the ship system is performed.

Keywords: Ship, Shore-to-Ship Connection, Grid Connection
Converter, Transient Analyses.

l. INTRODUCTION

An alternative power supply system for ships during
berthed period is being developed in many portsiratahe
world [1]. While docked in port, the maritime shipbkut off
their propulsion engines and auxiliary diesel gatws. When
no diesel engine is used, the emissions and neisss| are
dramatically reduced. When the ship is connectedh®
harbor power supply system [2], the shore poweplyumust
manage conditions imposed by the onboard electsigstem

and it must be able to substitute the ship’s irlegenerators.

Ship electrical load at berth can consist of lightichillers,
pumps, fans, elevators and so on. The correctgsiafnthe
shore system is the key to a reliable and worksyéem and
it must be calculated according to the nature efghip load
when berthed.

Depending on the size of vessel, the onboard ptavet
can vary from 1 MVA to 20 MVA. The onboard distrimn
system is similar to a small scale industrial grilere the
motors can represent almost 2/3 of total loadsragdire an
adequate response from the supply system [4] khasvn that
the ship’s on-board system uses multiple generators
redundancy and efficiency.
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Fig. 1. Variety of vessels at berth [2]

. The generators are designed for large loads rmgwusi
oscillations, distortion and major transient powemands.
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Fig. 2. RO-RO (Roll-on/roll-off ship — used torgawheeled cargo) Load
Breakdown

As the load breakdown shows, the induction motassha
major influence on the ship system. The startiogdations of
the inductor motors, the transitory periods andfthdts that
could appear in the ship system must be studieatder to
evaluate the relative capacity of the shore poweply. To
perform these assessments, the shore connecti@mskias to
be modeled considering its grid frequency convertand
particularly its fault current limitation. As theasistics show,
European ports run a 50 Hz electrical grid, while
approximately 70% of vessels have an internal gyste
designed for 60 Hz [2]. This paper presents thelystof
transients concerning the motor behaviors of thgskystem
supplied by a shore grid with fault current limitet The
simulation studies are established using ATP-EMdieare.
The article is structured as follows. The secondptér
presents the Shore Connection system topology peapby
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simulation results are reported in chapter Il ahéd last
chapter sets out the final conclusions.

II.  SHORECONNECTIONDISTRIBUTION GRID TOPOLOGY

AND OPERATING PRINCIPLES

The Shore Connection Distribution Grid representsagbor
solution to supply ships at berth. The system matkes
connection between the national grid or the poterial
distribution system and the onboard grid. Theistidystem
is shown in Figure 3. The special feature of tbisition is the
use of Grid Frequency Converters as the link batwie
50Hz main grid and a 60 Hz onboard network.

This incompatibility can be solved with a specadlogy,
in which the Frequency Converter acts as a cetgcainology
and manages the power demand. According to thelatds,
the vessels will be supplied with a high-voltagerection.
An onboard transformer adapts the high voltagetritéy to
the ship main switchboard voltage.
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Fig. 3. Shore Connection Distribution Grid topatog

In order to obtain a complete view of the studigstam,
the next sections present each component with @n m
characteristics and modeling aspects.

a) Harbour grid and Grid Frequency Converter

The ATP-EMTP system and the
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Fig. 5. Single-phase Inverter model in ATP-EMTP

The value of the reference current in the innempli®
limited at an admissible maximal value due to shétc
thermal constraints. The GFC output current (I outft))
calculated by the controlled loops is deliveredainTASC
current source that makes the link between the TAIO8ks
and the simple model of power components. The ditioihs
depend on the fault intensity and the availabilitfy the
inverter's power. If the fault exceeds a certaimation, the
installation switches to standby. As mentioned, tRed
Frequency Converter’s behavior must be evaluatécirsient
regimes (motor turn on/off, load variation) to azal that
limitation period.

b) LV and HV cables model

The low voltage cables model (185mm2 - 10m)
represented by a symmetrical RL coupled line mod&he
high voltage cables model (95 mm2 -1km) is an LCQdeh
(P1 model type), having three phases, with theestigeing
grounded.

c) Transformer model

The proposed system has two 3.15 MVA Dynll

transformers: one transformer (LV/HV) on the shside and
another step-down transformer (HV/LV) onboard tlessel;
both of them are modeled in ATP using the BCTrardeho

The Grid Frequency Converter (GFC) model is compposghe model takes into account the number of windirige

of two main converters: a rectifier with a powerctta
corrector (PFC) and an inverter. In our simulatgstesm, the
network between the harbor grid and the DC/AC cosiva
stage is considered as a perfect.gfide PFC regulation loops
are treated like ideal ones, therefore the curiamd the
voltage references on the DC level are fixed. Tieguency
converter model contains a DC voltage source thpplges
the output inverter. The Inverter regulation isdeled with
TACS blocks in ATP-EMTP and is made up of an ostew
voltage regulation loop and an inner current reijuidoop.
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Fig. 4. Control block diagram of the single-phasesrter system

Inner Loop

transformation ratio, and the open circuit and shibcuit
data.

d) Loads model

The various loads of a ship’s network consist dfedent
components, such as lighting, air conditioningrigefrators,
ventilation equipment and hotel loads. These etzdtr
consumers vary throughout the operating period.sTlituis
difficult to estimate an equivalent load. Most dietship’s
loads are driven by induction motors on differeenels of
power, on medium or low voltage.

On the other hand, the simulation time requiredthosy
study of a large number of induction motors is veryg and
the model is too complex. In order to reduce thstesy's
complexity and to simplify the computation for tbgnamic
behavior of the ship power system, the number aforsois
reduced by applying the aggregation method.

The accuracy of the aggregation results may depertbe
precise formulation of simplifying assumptions deth
below. Various aggregation models have been prapog¢he
literature [6], [7]. This paper uses the aggregatioethod in
which the induction motors are connected to a comings in
the power system.
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Fig. 6. Ship electrical system

The ship’s electrical system has a radial architect
(figure 6). The aggregation method was applied frira
farthest point to the common bus. The motors wesaed in
five homogenous zones and the aggregation is abjitie
each motor group. It was assumed that all five egafe
motors were connected to the same common bus. dn
second phase the various aggregated models araldsdean
a unigue aggregated motor model.
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wagg

angular speed of the motors under consideration and

W.gq [rad/s] - the angular speed of the aggregation moto
Also, the motors have the same number of poless Thi

hypothesis about the number of poles is a very itapb
aspect of the aggregation method. The number efspaffects
both the synchronous speed and the inertia of daction
motor. Therefore, the number of poles in an agdeegedel
is chosen in accordance with the application. &literature,
the number of poles of an aggregate motor can bal ég the
number of poles of the largest motor among the rsatader
consideration [9]. This number of poles is caladiatike a
pseudo number [10]. According to the above, in gaper, it
\t/;/]as assumed thatp,y, =np;, for i =1+N.

Rs — stator resistance [Ohm];  Ls — stator iteshuze [H];

Rr — rotor resistance [Ohm]; Lr — rotor inthree [H];

The method used for the aggregation motor uses the

conventional equivalent circuit model [6]. The dgstata are
taken from the standard motor specifications predidy the

manufacturer and then converted, using the Wind$yhA

software, into electrical parameters.

Continue Exit Enter induction motor data

Systern frequency Hz 50| Staring current  p.u. full load 6
Rotor Type Single Starting torque  p.u. full load 07
Rated power hp 1000 Load torque at rated p.u. ofrating 1
Rated voltage L-L kY rms 10 Inertia kKi/s/kvA 097
Speed rpom. 1600 Saturation start at p.u. current 2
Power factor {cos fi) pu 09 Qutput file name + ext Indmot wis
Efficiency (full load) pu 0.98
Fullload slip %! 1

@ KisiA (H)

Enter inertia in  kgm™2
Return to type selection
©WR'2

Fig. 7. WindsynATP window

Using this data and applying the following hypottseshe
equivalent circuit parameters of the aggregatiodudtion
motor are determined. The first hypothesis and riest
significant one is that the motors must be conmedte
parallel, on the same bus, operating at a commdtage
(440V) and frequency (60 Hz). It was assumed thatpower
and the torque of the aggregate motor are equalktsum of
the power and the sum of the torque of the motomdeu
consideration.

The equivalent circuit parameters are determined
applying two operating conditions: no-load tesip(si 0) and
locked-rotor test (slip = 1).

The inertia of the aggregation motor is consideodoke:

Lm — magnetizing inductance [H]; s - slip [%];
Un — nominal voltage [V]

N — number of motors to be aggregated.
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Fig. 8. Aggregation method

In ATP, the aggregate model is simulated using M8U
model (Universal Machine Model) and the mechanpeat is
modeled as an electrical circuit. To simulate thengient
behavior of the induction motor, it is necessaryrdpresent
the load’s characteristic. Here, the motor’s lzadefined as a
variable resistor (Voltage f(Current)). In a sheatate
period, the motor’s load profile is assumed to testant.
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Fig. 9. Equivalent Variable Resistor model



Speed = f (Torque)— Voltage = f (Current) LV

In starting period, the motor use the pumps andiladon = iJ( J( J( J( J(
profile: C =k M2 [Nm]. The voltage is equal with the square W ﬁ
of current.
The ship’s load system has been divided into ttyjees of §§ é
load: motors, RLC loads and resistive load. Aggregate  RL  Resistive
Motors LOADS  LOADS

- Ventilators, pumps, refrigerators: Motors = 1M%/
- Other loads: Resistive load = 210 kW
- Lighting: RL load = 380 kW.

Fig. 10. Ship’'s Loads

. ATP-EMTPSYSTEM AND THE SIMULATION RESULTS

A) Steady-state Scenario
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Fig. 11. Simulated system in ATP
The steady state simulation has been carried ouérify 7000
the simplified model of a grid frequency converter. 5250 N N A A
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As shown in figures 13 and 14, the shore statios dna (file 3phGFC_3MVA_slim.pl4; x-var t) c:X0204A-GFCA  t:XX0205

stable behavior and delivers the power demanddheoghip.
P ghip Fig. 13. GFC output current waveforms and RMS @alu
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B) Short-circuit Scenario

A three-phase short-circuit is provoked near a ¥BOk
motor in the ship electrical system. The fault lsaced after
100ms. The impact of this incident affects the sho
installation and GFC output voltage decreases 8%; 1 the
GFC controller detects a current value which exsedt
imposed limitation.

On-Board Ship
System (LV)

) (0) SR
HVILV 1MW |
Transformer| \ :

GFC Model

Il amr
-L AC Lv LV/HV HV
Cable Transformer Cable

Multimeter

540 kW'

-8

RL

R

Fig. 16. Short-Circuit System

The effects of the onboard short-circuit are shawithe
next figures. The magnitude of the voltage dippetiels on
the fault location (HV or LV side) and the typelo&d which
is affected by the short-circuit. In this studyisitssumed that
the short-circuit occurs on the LV side close te #50 kW
motor (figure 16).
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In the fault period, there is a large transientenir of the
order of the starting current which is limited byetGrid
Converter Frequency system and the voltage becomes
unstable. The fault duration depends on ship prioteclf that
period exceeds the GFC's protections’ time thrashible

rshore system experiences a blackout.
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Fig. 19. GFC output current

C) Starting Motors
In order to verify the GFC limits of a 3MVA instation,

in Motor Direct-On-Line Starting, three differenttors were
tested: an aggregate motor of 500 kW and two othietsI\W
and 1.5 MW (table 1). This test provides that tmdaard
system is operating normally, all the loads arézactind only

one motor will start on direct line at t=3s.



TABLE I. AGGREGATE MOTOR DATA BASE

Motor [KW] 500 1000 1500
No.agg.motors 2 49 66
Torque [Nm] 4322 5800 8272
Inertia [kgm?] 8 10 50
Rs[Ohm] | 0.00665 0.0141 0.0105%
Ls [H] 7.6E-5 2.477E-5 1.727E-b
Rr [Ohm] 0.00973 0.0099 0.0059
Lr[H] 7.6E-5 | 2.477E-5 1.727E-5
Lm [H] 1.67E-3 | 0.708E-3 0.514E-8

- Start-up of a 1500kW aggregate motor on a 3MVésed
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- Start-up of a 1000kW aggregate motor on a 3MVésed
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- Start-up of a 500kW aggregate motor on a 3MMAsel
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By starting the motors and analyzing the simulatiesults, it
can be seen that direct starting of a 500 kW migtsuitable
for a 3MVA shore system. The starting current iwdo than
the GFC limit. With the 1000 kW motor, the situatio
becomes much more critical, because the startingeru
reaches the limits imposed by the frequency coaveststem.
The limitation period for starting a 1000 kW mot
dependent on the inertia value, so it depends etotd type.
For the third case, direct starting of a 1500 kWtands not
feasible for a restrictive system like the shoréd.giThe
limitation period is very long and it is not adniide for
correct operation.

IV. CONCLUSIONS

This work presents the steady state and the tmansie
behavior of a current-limited system that powership’'s
electrical system. The proposed system can be eappb
industrial grids with a large number of inductiomtors. The
aggregate motor models have been modeled to symilé
complexity of a ship’s system. To study the int&oac
between the shore supply system and the onboandrietthe
paper describes the shore-to-ship components nbdale
ATP-EMTP. The proposed models take into accountriban
characteristics of the physical behavior, but atsp to
simplify the complex system by applying a few hypstes.
The aim of this study was to analyze the behavia shore-
to-ship system in steady state or in transientscase

V. REFERENCES

[1] Schneider Electric, “Plug in to green power — Syghlips with
highly-available, cost-effective energy using shooanection
solutions”.

D. Radu, L. Grandidier, “Shore Connection Technglog
Environmental Benefits and Best Practices”, Schareid
Electric, July 2012.

International Standard, IEC 92-201, Fourth EdititiElectrical
Installations in ships — Part 201: System desigBeneral”,
1994 -08.

International Standard, IEC 92-301, Third Editi6Blectrical
Installations in ships — Part 301: Equipment — Gatoes and
motors”, 1980.

P.Pillay, S.M.A. Sabur, M.M. Haq, “A model for inction
motor aggregation for power system studies”, Eieddower
Systems Research 42 (1997) 225-228, 8 November 1997

(2]

(3]

(4]

(5]



(6]

[7]

(8]

9]

Arif Karakas, Fangxing Li, Sarina Adhikari, "Aggreipon of
multiple induction motors using Matlab-based sofeva
package”, Power Systems Conference and Exposition,
2009,PSCE '09. IEEE/PES, 15-18 March 2009

|IEEE Standard Association, “IEC/ISO/IEEE 80005-1.1Ed
Cold Ironing Part 1: High Voltage Shore Connect{btVSC)
Systems — General requirements”

T. Ericsen, N. Hingorani, Y. Khersonsky, "Power &fenics
and Future Marine Electrical System”, |IEEE Tranges on
industry application, Vol.42, No.1, January/Febp2006.

K. Louie, “A New Way To Represent the Aggregatecef§ of
Induction Motors at a Same Bus in a Power System”,
Int.J.Appl.Sci.Eng., February 09, 2006.

[10] A. Kunakorn, T. Banyatnoppart, “Representation &@raup of

Three-phase Induction Motors Using Per Unit Aggtiega
Model”, IPST2009, Kyoto, Japan June 3-6, 2009.



