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System for the Verification of 
Control Algorithms via HIL-

Simulation using 
PowerFactory
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Concept

“The proof of concept of a hardware-in-the-
loop simulation that allows testing of 

controller functionality within a simulated 
power system.”
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Simulated Power System in 
PowerFactory

• PowerFactory running on 
Computer

• Reproducible Specific 
Event Scenarios

• Repeatable Tests

• Graphs

• Documentation
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Hardware-in-the-loop Simulation
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• Integration of Controller

• Simulation includes 
Calculations from Controller
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Power System Architecture
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Power System Architecture
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Communication

Network
(Pool Protocol via 

Ethernet)

Control CentreWind Turbine Generator

PV Array

Diesel Generator

Gas Turbine

Energy Storage 
System

Data Recorder
Desalination Plant

Smart Consumers

Heating Load

Cooling Load

Water Pumping  Load

H-I-L System Architecture
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Powercorp Distributed 
Control System (DCS)
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OPC Server

• Free Software & Free 
Support

• Runs on Windows Machines

• Accessible through the 
Network

• Names of Variables can be 
chosen as required.

• They have to match signals 
within PowerFactory
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Typical Data Definition

OPC Server

24.02.2011 PowerFactory Users' Conference Melbourne 12



3/30/2011

7

Interaction to OPC Server
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Python Script
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Looking for 
variables

OPC Server

Python Script
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Python Script

While(1)

{

for(items in OPC-to-IDC)

read-var-val(OPC-to-IDC) // From the OPC Server

write(variables, values) // = Wtg1PAct 300

for(items in IDC-to-OPC)

read-var(IDC-to-OPC) // From the OPC Server

poll-for-val(variable) // ? Wtg1PSet

write(variable, value) //  Write into OPC Server

}

28.07.2010 Prepared for internal use only 15

Group IDC-to-OPC
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Wtg1PSet = 200

Wtg1PSet = 200

Pool Protocol

OPC Server
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Group OPC-to-IDC
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Gen1PAct = 130

Gen1PAct = 130

Pool Protocol

OPC Server

H-I-L System Architecture
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OPC Server

PowerFactory

Python Script
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The actual test board

• Network Switch

• GCMS

• WCMS

• FCMS

• RIO (CB status, CB close for load 
step)

• Circuit Breaker

• Power Supply
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Successful Interaction

24.02.2011 PowerFactory Users' Conference Melbourne 21

227.3203.1178.9

250.00

200.00

150.00

100.00

50.00

0.00

Wtg100: Total Active Power in kW

P_set(1): Wtg100PSet

Gen100: Total Active Power in kW

227.3203.1178.9

10.25

10.00

9.75

9.50

9.25

9.00

8.75

On_Off: wind_speed

1. Wind speed is constant

2. Controller turned off - on

3. Wind speed is measured by 
controller

4. Set Point (red) increases after 
turning on controller

5. Wind turbine follows the set point

Communication Speed
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  Subplot/Diagramm(1)

    

  Date:  7/26/2010 

  Annex:   /7

D
Ig

S
IL

E
N

T

Time 

difference 

between 

each 

transmitted 

change in set 

point: 100ms



3/30/2011

12

Agenda

• Thesis Statement

• Hardware-in-the-loop Concept

• Developed Hardware-in-the-loop System

• Real Time Simulation Results

• Prospect

• Summary

24.02.2011 23PowerFactory Users' Conference Melbourne

Use and Benefits

• Use as Development Tool for new Control Algorithms

– New Control Algorithms can be tested against a Real Power System

• Show System for Customers

– Education of Customers

– Demonstration of the DCS Functionality and its Value

• Hardware Testing Platform

– Use as tool to test new Hardware before Commitment to a complete 
system
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New Controller Development

• How we do controller development now:
– Writing of the distributed control Requirements Specification

– Adding relevant Use Case Scenarios

– Propose control algorithms 

– Analyse the algorithms (first analysis of performance)

– Implement the control algorithms within PowerFactory 

– Measure their performance by simulating operation within PowerFactory 
(second analysis of performance)

– Implement the final algorithms on the controller hardware

– Run the power system model with H-I-L operation of the controller hardware 
in PowerFactory in real-time

– Test against the Use Case Scenarios (third analysis of performance)
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Summary

• Proof of Concept – It’s Working!

but

• Improvements can be made – It’s a Proof of Concept!
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