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¢ State-of-the-art in Shipboard Microgric
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¢ State-of-the-art in Shipboard Microgric

ABB’s Onboard DC Grid technology

NKT Victoria = 9%
DC distribution technology can save up to 27% of fuel, and 8 \/\)\s \
while 14% more of fuel can be saved in Dynamic Position (DP) Q Q \%)(\ “
mode, while the engine room noise can be reduced by 30%. Y ™ i

® Considerable reduction of fuel consumption

® Less maintenance of generator sets

® Improved dynamic response and maneuverability
® Ready for new energy sources

® Increased space for payload




4 State-of-the-art in Shipboard Microgrid

Renewable energy-baded Microgrids Shipboard Microgrids
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4 Bow Thruster in Shipboard Microgrid

Battery storage supply for the driver of the bow thruster
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® Reduce the capacity of diesel generators

® Improve fuel efficiency

® Regenerative braking



4 Bow Thruster in Shipboard Microgrid

Battery discharges when power

226 —— 700pm
224% — demand is greater than the diesel
222 engine output
< 220}
=218} rower ~—— Diesel engine
9 216 }+ Power demand
T
214}
212 [
210+ =
208 L | | | | |
20 40 60 80 100 120 i
Generation power (KW) ’
| / I
Fig. Relationship between specific fuel 0 a0 20 30 o s0 &0 700
- - ime
consumption, generation power and speed of Output power of fhe Bow thruster
diesel engine. Battery charges when power demand

Is less than the diesel engine output



4 Bow Thruster in Shipboard Microgrid

An adaptive
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4 Bow Thruster in Shipboard Microgrid

Simulation of the bow thruster with a battery
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4 a Hybrid Electric Ferry

Asia’s first hybrid electric ferry

AC 440v DC 750V Battery
Shore Power p— I 650V
Soe D290 T | tooan
phase
60Hz Interleaved three-phase 3.3V/cell
bidirectional DC/DC converter
Diesel SG —
Engine ~_ s o - PMSM
Generatoer 71 N,
2*88kW ~N/ - - f
Propulsion driver  Propulsion Motor
440V AC — 150k
3 phase 60Hz —
Diesel SG Bi-directional
Engine ~ AC/DC with LCL-filter
- PMSM
f ~

Propulsion driver Propulsion Motor

150kw

Hotel Load Peak
35kW

Extra Capacitor

440/220 45kVA

To negative
Transformer

® Mode I : Pure electric mode (PE) e Mode II: The battery and diesel-generator
supple mode (BU&DGS)



4 A Hybrid Electric Ferry

Mode I : Pure electric mode (PE)

AC 440V

3 phase
60Hz

e DC distribution power system @ >
SG

6

® The DGs are disconnected

2*88kwW
440V AC
3 phase 60Hz

Diesel SG >

e The BUs supplies the Q>

propulsion motors and the hotel
loads

Hotel Load Peak
35kW

440/220 45kVA
Transformer

- DC 750V Battery
— | 650V
— 100kWh
= T | 160an

Interleaved three-phase 3.3V/cell
bidirectional DC/DC converter

Propulsion driver —Propulsion Motor
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2
Propulsion driver

Propulsion Motor
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4 A Hybrid Electric Ferry

The interleaved three-phase bidirectional DC/DC converter with its controller

® the large supply power

Anti-windup Pl

®  small current ripple

——————————————————————————————————————————————————————————————————————

" To reduce the capacity of the DC-bus capacitor and escape the
" saturation of the duty cycle when the propulsion motors start
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4 A Hybrid Electric Ferry

Choice of DC/DC Converter Controller Parameters

Consider the following

® Improve the dynamic response characteristics and ripple of the
DC bus voltage

AC 440V Battery

J_ 650V

100kWh
T | 160an

e 3.3V/cell
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d onal DC/DC converter
' ud @ !
Propulsion driver  Propulsion Motor

150kwW
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Propulsion dri

Ve propulsion Motor
150kwW

® Choose a smaller DC bus capacitor shore Powe
3 phase o= o

60Hz

Diesel
Engine

® The propulsion motors with its power
electronic driver can be considered as Generatoer
a constant power load from the source 35;12853%
terminal. Constant power load has the i
characteristic of negative increment
Impedance and may reduce the system
dump and cause the system unstable.

Bi-directional
AC/DC with LCL-filter

Hotel Load Peak
35kW

Extra Capacitor

440/220 45kVA

To negative
Transformer



4 A Hybrid Electric Ferry

Mathematical block of the DC/DC converter

Us
Giu <
v
ca] 4 ]
+ X+ io
W Gii W
X ; Gy Vy/d G. i,
op
—_ + - -
Vo Gpiy i Gpii [ Gnm » Gyg t(é +:é Vdc’ Gid II/d GiU II/Ub
v, _ _
’ Zop Vdc/ Io Guu Vch b
Gig
Gp, Voltage Pl Gp; the inner loop current
controller Pl controller
V G .G.,G v, Z -G -G -G
G — dc — ud =~ Pli ~Plu 7 — de _ ~op i icc ud —_ 2 —
° ; Vref 1+GidGPli +GudGPIiGPIu ° ° io 1+Gpiu 'Gicc 'Gud ° ZL(S) Udc /Pe .(S+(D)/(D ° N(S) ZO(S)/ZI(S)



Amplitude

Imaginary Axis
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Nyquist curve of N(s) AND Bode plots of G,

K, Changes
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4 A Hybrid Electric Ferry

Mode?2 : The battery and diesel-generator supple mode

AC 440V DC 750V Battery
Shore Power - I 650V
380VAC (o o 100kWh
~ 3phase  — T | s0an
60Hz ‘ Interleaved three-phase 3.3V/cell
Y bidirectional DC/DC converter
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3 phase 60Hz — 150kw
Bi-directional
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4 A Hybrid Electric Ferry

Bidirectional DC/AC converter
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4 A Hybrid Electric Ferry

Diesel generator’s speed regulator and exciter
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4 A Hybrid Electric Ferry

Simulation of different operation modes of hybrid electric ferry
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(e) The active power of PMSM1 and PMSM1  (f)The frequency of diesel generator
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(h)The active power of DG1 and DG2. (i) The reactive power of DG1 and DG2.



Thanks for your attention!
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