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Objectives

Implement a complete dynamic model of an active front-
end converter (grid connected voltage source PWM 
converter)
The model is to be implemented in the simulation software 
PSCAD/EMTDC
Illustrate how Mathcad can be used for stability analysis of 
converter controller
Illustarte how Matlab can be used for harmonic analysis
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Active front-end characteristics
Active and reactive power flow can be controlled in both 
directions and independently.
Possibility for sinusoidal current drawn from, or delivered 
to, the power grid
Small filter requirements compared to traditional thyristor
converters
The DC-link voltage level can be controlled
Can be used as the only power source in an AC network 
(stand-alone application) 
Can inject currents to compensate for non-linear loads or 
for transients (e.g. operating as an active filter)
Very short response time (step changes in active / reactive 
power and current in less than a ms)
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Simulation model (top level)
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Example: Step reversal of reactive 
current/power flow
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Stability analysis: Phase locked loop
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Stability 
analysis of 
the phase 
locked 
loop

(Mathcad)

Frequency (Hz)

A
m

pl
itu

de
 (d

B
)

6−

0

Ph
as

e 
an

gl
e 

(d
eg

re
e)

135−

180−

Bodediagram

Frequency (Hz)



8SINTEF Energy Research

Example: Harmonic content in 
converter current (Matlab)
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Conclusions

SINTEF Energy Research now have models and analysis 
tools well suited for design and verification of active front-
end converters. 
The established model and the analysis tools 
(PSCAD/EMTDC) are well suited for further investigation 
on problems related to interfacing of alternative energy 
sources and energy storage devices to the power grid or 
to an autonomous power system.
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SUMMARY 
This memo is a continuation and systematisation of previous work on mains integrated converters. 
It is a part of the result of the Strategic Institute Programme (SIP) “Power electronics and energy 
storage technologies for cost- and energy efficient power systems” funded by The Research 
Council of Norway. 
 
A complete dynamic model of an active front-end converter is presented in this memo. The model 
is implemented in the PSCAD/EMTDC simulation software and includes both the power circuit 
and the control loops.  
 
The memo also shows how MatLab can be used for calculation of harmonics and how MatCad 
can be used for investigation of converter stability analysis and also for determination of possible 
AC-filter resonance frequencies. The simulation examples clearly show that the filter design is a 
very important part of an active front-end converter.  
 
The memo shows that SINTEF Energy Research now have models and analysis tools well suited 
for design and verification of active front-end converters. The established model and the analysis 
tools are also well suited for further investigation on problems related to interfacing of alternative 
energy sources and energy storage devices to the power grid or to an autonomous power system. 
 
Further work will be: 
 

�� Define and describe design criteria for the controllers of the active front-end converter in 
different power system applications.  

�� Thorough investigation of AC-filter design for active front-end converters.
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