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Outline of the block course:
Modeling and control of wind turbine systems:
An introduction

Date Time Content

22.04.2014 14:00–15:30 Modeling of core components on machine and grid side
23.04.2014 10:00–11:30 Controller design on machine and grid side
29.04.2014 14:00–15:30 Controller design for the DC-link and power flow
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Outline of 3. Lecture (29.04.2014)

1 Problem: DC-link control
Motivation
Modeling (revisited)
Block diagram of DC-link control

2 PI-controller design
Linearization at equilibrium
Structurally varying system
Root locus
Stability analysis (Hurwitz criterion)
Simulation results
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Motivation: DC-link control
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Modeling of grid-side network (revisited)

oDC

iDC

CDCuDC

iN

`

´

iM

`

´

Load

pNpM

pDC

ia
F LF RF

ua
F

ua
0U

oN

ib
F LF RF

ub
0V

ic
F LF RF

uc
0W

PCC

Network

u
abc
F “

`
ua
F , ub

F , uc
F

˘J “ RF i
abc
F ` LF

d
dt

i
abc
F ` u

abc
0

Power (lossless inverter)

pN “ iNuDC “ ua
F i

a
F ` ub

F i
b
F ` uc

F i
c
F “ puabc

F qJ
i
abc
F

29.04.2014 “Modeling and control of wind turbine systems: An introduction”, C. Hackl 5/16



Munich School of Engineering Technische Universität München

Modeling of grid (revisited)
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0 “ û0 und u

q
0

“ 0

29.04.2014 “Modeling and control of wind turbine systems: An introduction”, C. Hackl 6/16



Munich School of Engineering Technische Universität München

Modeling of grid-side network (voltage orientation)
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Block diagram of DC-link control
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Linearization at equilibrium pu‹
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û0 ` 2RF i

d,‹

F

¯
ridF ` LF i

d,‹

F

d
dt

ridF
˙

`
3

2

ˆ
2RF i

q,‹

F
riqF ` LF i

d,‹

F

d
dt

riqF
˙ 

❝ ssruDCpsq “ ´
1

CDCu
‹

DC

„
rpLpsq `

3

2

´´
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Structurally varying system
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Root locus of linearized closed-loop system
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Root locus for different equilibria
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Stability analysis (Hurwitz criterion)
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Simulation: Set-point tracking (LF “ L0)
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Simulation: Disturbance rejection (LF “ 3L0)
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Simulation: Set-point tracking (LF “ 3L0)
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