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N Presentation format

A Why are we here?
A What are we looking to achieve?

AWhere are we now?

A Where are we going?
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N Summary

To build a hardware rig withSpac® equipment to allow
a K I NRiifl NBLIE I Simumi®imddely. 2 F

Voltage and current sensor boards have been designed and

built (designs available for others to use)

A dedicated hardware controller has been implemented to
drive power electronic devices, service faults, protect system
and allow control over CAN to other systems.

(designs available for others to use)

dSpac® has been implemented to provide power flow
control to each inverter and provide data acquisition of the
entire system
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: N Project People

20

E%j A Supervisor Dr Mike Barnes, Reader in Power Electronics.
%é mike.barnes@manchester.ac.uk

=5 A Project owner Dr Kevin Dyke, Research Associate

k.dyke@manchester.ac.uk
A Endusers Ting Lei, AntonBeddard SiyuGao

A EndCustomers robust research tools and models for
SUPERGEN partners and shared expertise.
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The Universit
of Manchester

The University of Manchester
Durham University

Loughborough University
Manchester Metropolitan University
Rutherford Appleton Laboratory
University of Surrey

University ofStrathclyde

Industrial Partners (19)

3M

AREVA

Cefas

Clipper

Eon

EA Technology
GLGarradHassan
Mott MacDonald
NordicWindpower
Narec

QinetiQ
RomaxTechnology
RollsRoyce
Siemens

Scottish Power
TNEI

Vestas

Wind Prospect

Academic Partners (7) A (SUPERGEM UK wind energy

research consortium, which was
established by the EPSRC on 23 Mairg
2006 as part of th&ustainable Power
Generation and Supply.

I Phase 2 objectivelTo undertake research
to achieve anntegrated, costeffective,
reliable &available Offshor&Vind Power
Station

A This project:Enables power and
control model validating via scaled
hardware for robust simulations.
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A The Hardwaren loop test rig will provide support to several
SUPERGEN researchers; including:

A Caroline Converter reliabilityusing PSCAD to investigate converte
failure mechanisms and evaluate control strategies with an aim tc
enhance reliability. When validating models the converter control
scheme will be ported into Simulink to interface with the rig
hardware.

Siyu Phasel.ocked Loop for HVDC netwofResearch centres

around pointto-point type HVDC link. Currently focus on Phase

Locked Loop(PLL), which is essential to grid synchronization and

have significant impact on grid reliability. Modelling of different

Lyp%s of PLLs are progressing in PSCAD and will be validated on
ardware.

Tony:. Investigating HVDC protection and filing patent for a novel
circuit breaker. Assessing HVDC converters including models for
marine cabling.
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: N Converter reliability modelling
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System Capabllity

A Dual 30 kW inverter

A Backto-Back configuration

Controller Capability (Focus on a wide range of features)
3x 3phase inverter PWM

8 channel temperature array

2x 6 channel fault detection (done with hardware and DSP service
routine)

CAN controller

Relay drivers

Software written includes

A 6 phase interleaved Hiirectional DEC converter

A Multiple dual interleaved PWM

A CAN status and control mailboxes

A All variables as globatruct so easy to expand and ensure correct coding

Do o Po Do I
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Why Build?
A Need to validate models for rigour in simulations

A System complexity is large or difficult to accurately
model

A Requirement to prove work and increase credibility
A Provide capability for future investigations
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‘ N Development of Systems

Typical approach
A Single rig required for specific project
A Take what equipment is available and make it fit

A Learn/Pay for one platform...

I dSpace, Labview.
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Development of Systems
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A Several layers of
computation required.
A

A

The Universit
of Manchest

reliably over loog; this

can be CPU and hardware

dependent

Software architecture
now becomes

Increasingly complex and

can easily start to slow
the timing if efficient

techniques are not used.

Large systems will -
become slow Iirrelative.

Designer must manage
each layer (is this wise?)

Hardware must operate

Control Layer
Communications Layer

Safety Control Layer

Hardware Control Layer

\

Measurements
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‘ N Development of Systems

Typical problems

A System measurement resolutign low or insufficient in
channels to monitor all events.

A Oops | forgot, never thought of thi$ystem safety is left to
designer, unforeseen events lead to damaged equipment of]
components (good learning curve, but costs times and
money)

A Do it again..Interesting events have to be recreated so highe
resolution equipment can be used (increasing workload)

A Something brokeis there a manual, is there a replacement
A 1s the kit working.does it really behave how we wanted.

A Go through several test cycles, configure, test, analysis, re
configure or repeat test with additional measurements.
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N Development of Systems
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A Some useful results and insight

A Realtime control with plant simulation is
fragile

A System is not expandable without further
processing penalties

A Safety, timing and reliability dependant on
designer.

The Universit
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Power Conversion Group
School of Electrical & Electronic Engineering
The University of Manchester

Slide 14 (of 49)




Yy
er

The Universit
of Manchest

N Development of Systems

| 26 02 AYLINRGSX
A Have common sensors, replaceable, replicable,
others with experience or familiarity

A Break down control loops, have dedicated
systems (then user could make any request
without damage to system)

A Have a boot sequence to ensure safety (well
timed)

XUKAa fSIRa G2 | Y2Z2NB
quick to learn and safe for others to use.
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N Modularity: Advantages
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A Stability,well timed & dedicated hardware
A Expandable,

A Human Machine Interface, CPU lightly loade
able to run tasks better: simulation, remote
access via network

A Better user experience
A Greater repeatability
A Greater reliability

The Universit
of Manchest
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N Modularity: Challenges

A Large number of systems to design
i Sensors, Common power levels, connectors,

A Several software platforms to develop
I Coding (DSP, dSpace, HMI, DAQ)
A Requirement to design system in advance

I Must all talk to each other, must be compatible,
who does what, who controls who and when?
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N HIL and Validation

Model Validation
A System Models developed in PSCAD®
A Control element copied to SIMULINK®

A Black box models, induction motor etc
replaced by hardware
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: N System Components

Hardware used in this project
A Texas InstrumentsZdspplatform integrated as hardware
controller and safety system
I Strong online community
I Range of DSP devices
I eZdspallows plugand-play replacement (forwards and backwards)

A CAN protocol used
I Good noise immunity
I Allows several systems to be integrated

I Allows monitoring and controlling systems to be running on separate
machines
A dSpac®simulink® hardware allowingatlabmodel integration of
plant variables (making integration simple)

i Only plant simulation variables required, safety and control manage
by dedicated DSP
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: N Modularity and HIL

dSPACE ‘ DSP
~HMI Control Layer
P . . . :‘- x;‘ .

Communications

- Control Layer Layer

Communications Layer RN Coiiel Layer

Hardware Control Layer

- Measurements

Alow CPU load AFast dedicated controller
Ano need for user to control safety ANo loading of the system from
external sources
AOne place to change safety limits
and design interlocks
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N Development of Systems
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Sensors

A Voltage 1500 V, Current 50 A & Temperatwes0 C
A dSpacet10 V

A DSP B V

System

A Boot sequence

A DC link charging/discharge

A Relay drivers

The Universit
of Manchest
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: N \oltage Sensor
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dSPACE®
High Voltage | Filter and . Signal B0V
Input i ioni

p Isolation Condioning g Sienal

Conditioning
DSP
Potential divider HCPL 7800 TLE2072 0-3V
80 kHz 9.4 MHz, 35 V/us
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Sensor Protection

DC Fault Current Limiter

FUSE-DC RL12 WOTE: Short for AT version
1000V, §0mA § 3332 SOORSW 500V, Fault Currsnt Limit. F
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: N Sensor Isolation

Low noize, Precizion Impedancs Pazzive, Low Pazz Optical Isolation Amplifs Diifr=ntizl amplifr Output Stazs x5
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Sensor Signal Conditioning
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§1: Scale Signal (+-10V)
OP1: Unity Bud®r Inverting
OP2: Gain{x60)/'0fat{10V) Protction(~10V-10V)

§2: Scale Signal (+3V)
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: N Sensor Configuration

+15V
V+ 3 ® ia
T S —wi—o | > ov
: o_—win—a 7 JCHDNgE, . -15V
=3 - +5V

“ .l; _vp':(if. : : ) ' | : 0 :
" ' Z5. T S — S10 (dSpace)
— S3 (DSP)

+100 [ £200 | =800 [+=1600 +0 xG +0 | Uni
NC NC NC NC :tVbIO x1 :tVb3 b1
Potential Divider Selector Signal Conditioning
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: N Sensor Configuration
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Load selector
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+0 xG +0 Uni

ﬂ:Vbl() x1 :tVb_?, bi

Signal Conditioning
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N Sensor Board, typical tasks

Tasks in power electronics: Measure Voltage, current, x Times

Applications are:
A Inverters, rectifiers, DOC converters
A Switching speeds

I Inverters, 25 kHz
I Converters 20 kHz and more

Each board...

A 4 voltage sensors, 1kV 80 ka. 3 phase and DC)

A 4 current sensors, conditioning only 4Mlzg. 3 phase and DC)
A +10V for dSpace or Labview

A 0-3V for DSP, FPGA
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: N Sensor board

+0- 15V, +5V

dSpace
labview
Female socket

4 Voltage s J |
Isolation S ey ' DSP

circuits Male Plug

4 Current
conditioning
circuits
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: N DSP Controller
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3x Inverter isolation
~{ with brake and fault
| lines

2x 6 Ch
Fault detection

of Manchest

‘w
L
v

2
c

2
W

e

|_

8 isolated digital inputs 2x 8 analogue inputs with
8 isolated digital outputs | buffer and rail protection
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N Rig: The cabinet

A House aIIAhardware rvquuired to use tr)e system

AWt 2 S NI aA RSQ | C)éSéé T

AW/ 2y ONRE &aARSQ I OOS4aa
measurement

A Force air cooled system to avoid water cooling
system maintenance and lower risk assessmen

categories

A Separate power system so single phase can ke
control/monitor should the system trip etc.

A Most fixtures are studded so single user can
easily remove parts for |
replacement/upgrade/analysis
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‘ N Rig: Control Side

Activity
lights

DSP control
switch

Contactor
State
indictors
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‘ M Rig: Control Side

dSpace
outlet

P S ITMm I

dSpace
outlet
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‘ N Rig: Control Side

HH -

BNG Connections
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‘ N Rig: Control Side
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‘ N Rig: Control Side
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