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Group “Control of renewable energy systems (CRES)”
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Group “Control of renewable energy systems (CRES)”
Point of view and publications: Electrical components of e.g. large-scale wind turbine systems

Control

Operation management

Turbine Gear Generator

DFIG

Back-to-back converter

VSIVSI DC-link

DC

DC AC

AC

Filter PCC Trafo Grid

βref

β s
abc
m s

abc
g

ωm,ref

ωm

udc,ref

qpcc,refppcc,ref

ppcc qpcc

vw

i
abc
s i

abc
r

udc i
abc
f u

abc
g

Modeling & control WTS (chapter) [1]

Dynamic power flow [1, 2]

Machine topologies
‚ PMSG [1, 3, 4]
‚ DFIG [2, 5, 6]
‚ RSM [7, 8]

Speed control
‚ encoderless [6, 9]
‚ parameter-free [10, 11]

Impacts of non-ideal
torque control [3, 12]

Generator current control
‚ parameter-free [7]
‚ model-based [1, 8, 13]
‚ MTPA, MTPV [14, 15]

DC-link control [1, 16–19]

Grid current control
‚ RL filter [1, 16, 17]
‚ LCL filter [20, 21] Grid faults

[20, 21]

Grid synchronization
‚ PLL [1]
‚ geberlos [22]

Power control [1, 22]

Converter topologies
‚ Two-level converters [1]
‚ Three-level NPC converters [22]

Online parameter
estimation DFIG [5]

Further contributions
‚ Dynamic friction modeling (chapter) [23]
‚ Non-identifier based adaptive control

in mechatronics (monograph) [24]
‚ Airborne wind energy (chapters) [19, 25, 26]

C. Hackl | 10.05.2016 | Control of renewable energy systems 10/24



Group “Control of renewable energy systems (CRES)”
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Group “Control of renewable energy systems (CRES)”
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Group “Control of renewable energy systems (CRES)”
Laboratory setup
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2 State feedback (SF) control with observer for grid-connected
voltage source inverters (GC-VSIs) with LCL filter

Electrical network and problem statement

Block diagram of overall control structure

Implementation

Simulation results
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SF control with observer for GC-VSIs with LCL filter
Electrical network and problem statement

VSI

uo

udc

i
a

f

i
b

f

i
c

f

Rf

Rf

Rf

Lf

Lf

Lf

Rg

Rg

Rg

Lg

Lg

Lg

i
a

g

i
b

g

i
c

g

u
a

g

u
b

g

u
c

g

u
a

c u
b

c u
c

cC C C

R R R

u
a

f

PCC

‚ Control of grid currents i
abc
g (Active and reactive power)

‚ Measurement of inverter-side currents i
abc
f and grid voltage u

abc
g

‚ active damping of resonance frequency ωres “

c
Lf`Lg

CLfLg
of LCL filter

C. Hackl | 10.05.2016 | Control of renewable energy systems 14/24



SF control with observer for GC-VSIs with LCL filter
Block diagram of overall control structure
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SF control with observer for GC-VSIs with LCL filter
Implementation of controller and observer
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SF control with observer for GC-VSIs with LCL filter
Simulation results: Control performance of SFC with and without CDD
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SF control with observer for GC-VSIs with LCL filter
Simulation results: Estimation error of observer for SFC with CDD
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c [V]

0 0.05 0.1 0.15 0.2 0.25 0.3
−0.2

0

0.2

C. Hackl | 10.05.2016 | Control of renewable energy systems 18/24



SF control with observer for GC-VSIs with LCL filter
Simulation results: Estimation error of observer for SFC with CDD (Zoom)
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Outline

3 Conclusion
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Conclusion

Control

‚ is essential and achieves active damping (state space analysis very powerful)

‚ allows to reduce number of installed sensors in combination with observer

(cheaper)

‚ LQR with stability margin guarantees optimal operation and increased robustness

‚ Disturbance feedforward compensation and current decoupling additionally

improve control performance

Future challenges for “Renewable Energy Systems” (see also [27])

‚ Reduction of levelized costs of Energy

ùñ “Energiewende” economically feasible?

‚ Improving reliability and increasing fault tolerance

(in particular, controls and electrical sub-system are fault-prone)

‚ Flexible and robust grid connection

‚ Emerging technologies (e.g. new generator / converter topologies)
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