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Presentation format

ÅWhy are we here? 

ÅWhat are we looking to achieve?

ÅWhere are we now?
ÅWhere are we going? 
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Summary

To build a hardware rig with dSpace® equipment to allow 
άƘŀǊŘǿŀǊŜ-in-ƭƻƻǇέ ǾŀƭƛŘŀǘƛƻƴ ƻŦ Simulink® models.

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)

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

ÅSupervisor, Dr Mike Barnes, Reader in Power Electronics. 
mike.barnes@manchester.ac.uk

ÅProject owner, Dr Kevin Dyke, Research Associate 
k.dyke@manchester.ac.uk

ÅEnd-users, Ting Lei, Antony Beddard, SiyuGao

ÅEnd-Customers, robust research tools and models for 
SUPERGEN partners and shared expertise.

Slide  5 (of  49)



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

Academic Partners (7) Å (SUPERGEN)  A UK wind energy 
research consortium, which was 
established by the EPSRC on 23 March 
2006 as part of theSustainable Power 
Generation and Supply.

ïPhase 2 objective: To undertake research 
to achieve an integrated, cost-effective, 
reliable & available Offshore Wind Power 
Station.

ÅThis project: Enables power and 
control model validating via scaled 
hardware for robust simulations.

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
E-on
EA Technology
GL GarradHassan
Mott MacDonald
Nordic Windpower
Narec
QinetiQ
RomaxTechnology
Rolls-Royce
Siemens
Scottish Power 
TNEI
Vestas
Wind Prospect
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End Users of HIL project

Å The Hardware-in loop test rig will provide support to several 
SUPERGEN researchers; including:

Å Caroline: Converter reliability, using PSCAD to investigate converter 
failure mechanisms and evaluate control strategies with an aim to 
enhance reliability. When validating models the converter control 
scheme will be ported into Simulink to interface with the rig 
hardware. 

Å Siyu: Phase-Locked Loop for HVDC networks,Research centres 
around point-to-point type HVDC link. Currently focus on Phase-
Locked Loop(PLL), which is essential to grid synchronization and can 
have significant impact on grid reliability. Modelling of different 
types of PLLs are progressing in PSCAD and will be validated on 
hardware.

Å Tony: Investigating HVDC protection and filing patent for a novel 
circuit breaker.  Assessing HVDC converters including models for 
marine cabling.  
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Converter reliability modelling
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Rig Capability

System Capability

Å Dual 30 kW inverter

Å Back-to-Back configuration

Controller Capability (Focus on a wide range of features) 

Å 3x 3-phase inverter PWM

Å 8 channel temperature array

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

Å CAN controller

Å Relay drivers

Software written includes

Å 6 phase interleaved bi-directional DC-DC converter

Å Multiple dual interleaved PWM

Å CAN status and control mailboxes

Å All variables as global struct so easy to expand and ensure correct coding
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Development of Systems

Why Build?

ÅNeed to validate models for rigour in simulations

ÅSystem complexity is large or difficult to accurately 
model

ÅRequirement to prove work and increase credibility 

ÅProvide capability for future investigations 
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Development of Systems

Typical approach

ÅSingle rig required for specific project

ÅTake what equipment is available and make it fit

ÅLearn/Pay for one platform...

ïdSpace, Labview. 

Slide  11 (of  49)



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

Development of Systems

Å Several layers of 
computation required.

Å Designer must manage 
each layer (is this wise?)

Å Hardware must operate 
reliably over loop ςthis 
can be CPU and hardware 
dependent 

Å 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 irrelative.
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Development of Systems

Typical problems

ÅSystem measurement resolution to low or insufficient in 
channels to monitor all events.

ÅOops I forgot, never thought of this...System safety is left to 
designer, unforeseen events lead to damaged equipment or 
components (good learning curve, but costs times and 
money)

ÅDo it again...Interesting events have to be recreated so higher 
resolution equipment can be used (increasing workload)

ÅSomething broke...is there a manual, is there a replacement
Å Is the kit working...does it really behave how we wanted. 
ÅGo through several test cycles, configure, test, analysis, re-

configure or repeat test with additional measurements. 
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Development of Systems

²ƘŜǊŜ ŘƻŜǎ ǘƘƛǎ ƎŜǘ ǳǎΧ

ÅSome useful results and insight

ÅReal-time control with plant simulation is 
fragile

ÅSystem is not expandable without further 
processing penalties

ÅSafety, timing and reliability dependant one 
designer.
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Development of Systems

Iƻǿ ǘƻ ƛƳǇǊƻǾŜΧ

ÅHave common sensors, replaceable, replicable, 
others with experience or familiarity 

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

ÅHave a boot sequence to ensure safety (well 
timed)

ΧǘƘƛǎ ƭŜŀŘǎ ǘƻ ŀ ƳƻǊŜ ǎǘŀōƭŜ ŀƴŘ ǊŜƭƛŀōƭŜ ǎȅǎǘŜƳΣ 
quick to learn and safe for others to use.
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Modularity: Advantages

ÅStability, well timed & dedicated hardware

ÅExpandable, 

ÅHuman Machine Interface, CPU lightly loaded 
able to run tasks better: simulation, remote 
access via network

ÅBetter user experience

ÅGreater repeatability

ÅGreater reliability
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Modularity: Challenges

ÅLarge number of systems to design

ïSensors, Common power levels, connectors,

ÅSeveral software platforms to develop

ïCoding (DSP, dSpace, HMI, DAQ)

ÅRequirement to design system in advance

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

Model Validation

ÅSystem Models developed in PSCAD®

ÅControl element copied to SIMULINK®

ÅBlack box models, induction motor etc 
replaced by hardware
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System Components

Hardware used in this project
Å Texas Instruments eZdspplatform integrated as hardware 

controller and safety system
ïStrong online community
ïRange of DSP devices
ïeZdspallows plug-and-play replacement (forwards and backwards)

Å CAN protocol used
ïGood noise immunity
ïAllows several systems to be integrated
ïAllows monitoring and controlling systems to be running on separate 

machines

Å dSpace® simulink® hardware allowing matlabmodel integration of 
plant variables (making integration simple)
ïOnly plant simulation variables  required, safety and control managed 

by dedicated DSP
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Modularity and HIL
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ÅFast dedicated controller
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external sources
ÅOne place to change safety limits 
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Development of Systems

Sensors

ÅVoltage 1500 V, Current 50 A & Temperature 0-150 C

ÅdSpace ±10 V

ÅDSP 0-3 V 

System

ÅBoot sequence

ÅDC link charging/discharge

ÅRelay drivers
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Voltage Sensor
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Sensor Protection
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Sensor Isolation
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Sensor Signal Conditioning
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Sensor Configuration
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Sensor Configuration
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Sensor Board, typical tasks

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

Applications are:
Å Inverters, rectifiers, DC-DC converters

ÅSwitching speeds
ï Inverters, 2-5 kHz

ïConverters 20 kHz and more

Each board...
Å4 voltage sensors, 1kV 80 kHz (e.g. 3 phase and DC)

Å4 current sensors, conditioning only 4Mhz, (e.g. 3 phase and DC)

Å±10V for dSpace or Labview

Å0-3V for DSP, FPGA
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Sensor board

dSpace
labview

Female socket

DSP
Male Plug

+0- 15V, +5V

4 Current 
conditioning 

circuits

4 Voltage 
isolation 
circuits
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DSP Controller
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DSP Controller
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DSP Controller
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Rig: The cabinet

ÅHouse all hardware required to use the system
ÅΨtƻǿŜǊ ǎƛŘŜΩ ŀŎŎŜǎǎ ŦƻǊ ǿƛǊƛƴƎ ƻŦ ǇƻǿŜǊ ǎȅǎǘŜƳ
ÅΨ/ƻƴǘǊƻƭ ǎƛŘŜΩ ŀŎŎŜǎǎ ŦƻǊ ǘǊƻǳōƭŜ ǎƘƻƻǘƛƴƎ ǘŀƪƛƴƎ 

measurement
ÅForce air cooled system to avoid water cooling 

system maintenance and lower risk assessment 
categories
ÅSeparate power system so single phase can keep 

control/monitor should the system trip etc.
ÅMost fixtures are studded so single user can 

easily remove parts for 
replacement/upgrade/analysis
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Rig: Control Side

3 P+N+E 
Power Inlet

DSP
Male Plug

Cooling fans

dSpace
outlet

Activity 
lights

DSP control 
switch

Contactor 
State 

indictors
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Rig: Control Side

dSpace
outlet

dSpace
outlet

dSpace
outlet
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Rig: Control Side
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Rig: Control Side
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Rig: Control Side
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