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Project 712/=71 R&D Facility

ESRDC

5MW Dynamometer
Florida State Univ.. | 5MW VVVF converter
DOE |/ 0|= 2.8 MW, 500~1150V dc

2MW, 450VAC
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5MW Advanced Prototype Test Bed
-4.16kV distribution system(450VAC)
-5MW VVVF converter

-5MW dynamometer(2x2.5MW motor)
Real Time Digital Simulator-14 rack
Controls Test Bed
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3.2 |EEE ESTSC| ¢ S5t

20052 IEEES] 67H2] 5HE THA|(IAS—Industry Appli—
cations Society, PES—Power&Energy Society, PELS—
Power Electronics Society, OES—-Ocean Engineering
Society, DEIS-Dielectrics and Electrical Insulation Society,
VTS— Vehicular Technology Society)2] SsAEC2 2
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62

1662— 2008:Guide for the Design and Application of Power
Electronics in Electrical Power Systems on Ships2| 7 [&=HE
=0 MVDC 2HZEQ! IEEE 1709-2010:Recommended Practice
for 1 to 35kV Medium Voltage DC Power Systems on Ships
T SMME Zg Yol st WGl P1713 :Electrical
Shore—to—-Ship Connections] 7|&HE &2 4ali5k0 Q)
Ct PES= WG i8:Guide for Control Architecture for High
Power Electronics (1 MW and Greater) Used in Electric
Power Transmission and Distribution Systems2}t P1676:Guide
for Control Architecture for High Power Electronics( MW
and Greater) Used in Electric Power Transmission and
Distribution SystemsOf| LSt 7=HE 252 et ot
PELSE= IEEE 1515—200:Recommended Practice for Electronic
Power Subsystems: Parameter Definitions, Test Conditions,
and Test Methods} 1573—2003:Recommended Practice for

Electronic Power Subsystems:Parameters, Interfaces,
Elements, and Performance Q| MX7|7| & HES MEE
St Qo
3.2.1 IEEE Standard 1662—2008
I 5. |EEE 1662-2008 HEZO| Al &

=AY 2 Oi2to|E

System voltage

Power rating

Duty Cycle

Efficiency

No—load losses

Overload

Size and weight

Reliability and Maintainability requirements
Selection of parts

Heat dissipation requirements
Environmental design requirements
Ambient temperature

Cooling arrangements

Airborne noise

Structure—borne noise

Vibration

Electromagnetic effects
Electromagnetic interference
Electromagnetic self—compatibility
Electromagnetic pulse

data communications standards and capability
Control power supply voltage
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3.2.2 |EEE Standard 1709—-2010

IEEE 1709-20102 AEtO| MVDCO| At XM=t W22
71&0f thh 7ieHES Oi6 et HTE SEetn Tt
MVDCQ| M= 1~15kVE $|O|D4 MVDCet HA=l= &
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MEMEER|

Ship Wide Electric Power and Energy
Management and Control

System Protection

Bus Regulation
(Power Conditioning)

jon)

Shore P
ore Power Pulse Load

Interface

Ship Service

Dedicated
High-Power Load

Power
Generation

Energy Storage

MVDC Bus
(Connect, Disconnect, Control, and Informati

3.2.3 IEC/ISO/IEEE 60092-510
IEC 60092-5102 IEC2} ISO, IEEE7 392 JHdsk=
7ls #720|0 SA0IM SHYAIE0[LE 8ol MeEsEE ¢
ot High—Voltage Shore Connection Systems0i| CHot HE=
TESI T}, £ CiR= 7IE2 ofefiet 2L
* high voltage shore distribution system
* shore—to—ship connections
* transformers/reactors
* semiconductor / rotating converters
* ship distribution systems
* control, monitoring, interlocking and power manage—
ment system
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3.2.4 |EEE WG i8
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OAARL 1/0RE, SAMAR 50| ZalE HElZ 3XEA
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* PEBB defined by IEEE
Thermal (Power Engineeting Sodety}
Power Switching f
filter
Senseswhat >
they are <:|
plugged info...

110

- filter

> Senses whatis

IPEBBI <:ZI pluggedmto

Functions In Software
ﬁ Inverter

Breakers

Controls Frequency Converter

Mator Controller

Power Supply
Actuator Controller

Like a child’s set of blocks

Power Electronic Building Blocks PEBB

JE 3. IEEE WG i82| PEBB JHEx

Makes the electrical
conversion needed via
soffware programming

PEBB Concepts (IEEE WG PEBB TF2)

[ System Control |
A
Application Control
ication Control —Overriding Control and
' — y
J, Converter Control -
5 —PLL Synchronization
| e mé}’;ﬁﬂm o |4 —ap <> dq Transformations
—id-and iq Current Control __10 ps..1 ms
T !
v
PR PEBB Control =
- % —Modulator =
Converter 2 —Converter Switching Logic
Switching Logic g é —Second Level Protection 1.10 us.
Second Level 2 T
€| Protection ] B I
ols

PEBB -
—Stack or Module Assembly O -

—Snubbers for Safe Commutation
—Gate Drives and Feedbacks
—First Level Device Protection
—A/D and D/A Conversion
—Gate Drive Power Supply

—Current and Voltage Sensors
—ac/dc Power Terminals
—Thermal Management
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PEBBS| M ZASFX=  System control layer, ZAXE MRl HUEAE HEYT T2EZ2XE X
Application  Control Layer, Converter Control Layer, S5t SA0| LOLEZ RISt function@Z2 FEE= Z40|H X|
Switching control layer, Hardware Control layer2 57FX| | OlSA e Al DE0| %= M 0 layer0f 2|5 D&RIX|
o AE 22 7HIC £ Aldg o Q| oith

System control layer= 10ms O|AfQ] 7|2 SXit|H O2 5= IEEE 1709-20102] #Z0f &6t= MVDC &3
MMI(Man Mechine Interface) -22f AJAEIS| ZXxlof CHEH HAZIRE H7|IFEE F149] ol 20l Tt Drive

DE JI150| ESIBIC}E Application control layer= System

inverterL} dc/dc converter2|0|= 2= X7 |[XHSE 57t

ac/de MVDC
ac Generator Converter Bus
_ Radar
Main Load
Generator
Gas Turbine  ac Circuit dc Port
Breaker Disconnect 457._. Propulsion
Motor
Dedicated do Drive
MVDC Bus .y Disconnect Inverter
Energy
Storage Capacitor 4.4 Port Longitudinal dc Bus
Bank/Fuel c orﬁ.re?t er de/dc
Cells dc Disconnect Converter
UPS
Batteries
[ LVAC | ship Service
. ac/dc Load Load Centers
ac Circuit Converter
Breaker
Shore LVDC
Power —y dc/dc Converter Load
Interface Transformer Starboard Longitudinal dc Bus
ac/dc Starboard
Converter ] Propulsion
Auxiliary Drive Motor
Generator I Inverter
Diesel Motor ac
. A Pulsed
Disconnect 1 Load
de/de Pulse

Converter Charging

Circuit

3 5. IEEE 1709-20102 O|Z8t MVDC HX|A7 |8t 7 |FEIMEE o] o

controlOld] Z=OJZ1 7150 st EXI2 2650 69
Converter control layerQ| HQt FMFO| M7+ MHZ 434

St=X| &Rlok=E a2 43St Converter control layere
feedback M7|E ZE&Sh= layer2 Application control
layer@| referencegi0i ACHE SZEGt=XAl  =QIiCt
Switching control layer= MEATIXIO| AQ|R AXO| Helot
SA0| UojLt=Xlol CHell HEHoh= layerz TR AAO]
modulation” |s= £aliSiCt OFK|2ES 2 Hardware control
layer= di/dt, dv/dit 2= FMx[e S4l Qe Zadlat

42 HAHS 2|5t galvanic isolationS0| L= 024t A|
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