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Technische Universitat Minchen (TUM)
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Munich School of Engineering (MSE)

Integrative research center

Munich School of Engineering

Lehre Forschung — TUM.Energy

Masterstudiengang
Industrielle Biotechnologie

Masterstudiengang
Human Factors Engineering

Regenerative Energien
Wissenschaftszentrum
Elektromobilitat
Zentrum fiir
nachhaltiges Bauen

MSE Graduste Center

Bachelorstudiengang
Ingenieurwissenschaften

Center for Power Generation

TUM Applied Technology Forum
MSE Junior Ressarch Groups

Projekt TUM.Energy Valley Bavaria
Orientierungsprogramm
studium MINT Projekt EEBatt

C.Hackl | 11.04.2016 | Research group “Control Renewable Energy Systems (CRES)” 4/16



nm
Group “Control of renewable energy systems (CRES)”

Team

it ) =l
H Eldeeb, M. Sc. C. Dirscherl, M.Sc. C. Hackl, Dr.-Ing. J. Kullick, M.Sc. K. Schechner, M.Sc. Z. Zhang, M.Sc.
(CRES,09/2015) (CRES,01/2014) (CRES,01/2014) (CRES,10/2015) (CRES,01/2014) (CRES/EAL,07/2015)
External PhD candidates ... and collaborations with EAL (Prof. Kennel)
S. Kriiner, M.Sc. A. Birda, M.Sc. F. Bauer, M.Sc. M Abdelrahem
(SINNPower,11/2015)  (BMW,04/2016) (EAL) M.Sc. (EAL)
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Tm

Group “Control of renewable energy systems (CRES)”

Research projects

(Classical wind turbine systems‘ (Airborne wind energy systems‘ (" Small-scale wind turbines

Focus: Efficiency and reliability Focus: Fault-tolerant control Focus: Use of RSMs (< 50 kW)

(Wave converters (SINN Power)‘ Geothermal power systems (" Electric vehicles (BMW)

Focus: Efficiency and reliability Focus: Fault-tolerant control Focus: Optimal control

\ J \ J
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nm
Group “Control of renewable energy systems (CRES)”

Point of view and publications: Electrical components of e.g. large-scale wind turbine systems

Turbing Generator current control Back-to-back converter
e parameter-free [7] -
e model-based [1, 8, 13] DC-link control [1, 16—19]
o MTPA, MTPV [14, 15] 7

Grid

Grid faults
[20, 21]

Grid current control

o RL filter [1, 16, 17]

o LCL filter [20, 21]
OF—

VS| DCAnk VS|

ac /T pc
ocl | T | |

Speed control AC

e encoderless [6, 9] \

. param(eCer—free [10, ‘111] isbc & \{:znbc

| Machine topologies]J Online parameter

Grid synchronization
o PLL[1]
e geberlos [22]

Udc s

Power control [1, 22]
¢ PMSG [1, 3, 4] estimation DFIG [5]

e DFIG [2, 5, 6] Converter topologies

¢ RSM [7 8] o Two-level converters [1]
8 Wi, ref ugc,| ® Three-level NPC converters [22]
ref

Ipee

1
[Dynamlc power ﬂOW 1, 2 Further contributions
| / Operatlon manage « Dynamic friction modeling (chapter) [23]
A o Non-identifier based adaptive control
[Modeling & control WTS (chapter) [1]) in mechatronics (monograph) [24]
o Airborne wind energy (chapters) [19, 25, 26]
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Tm

Group “Control of renewable energy systems (CRES)”

Interdisciplinary approach

Electrical Energy
Materials Mathematics
engineering economics

Aero-
Remote sensing
dynamics

Landscape
Semiconductors
architecture

Mechanical
Politics
engineering
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Tm

Group “Control of renewable energy systems (CRES)”

Research concept

Theory & application

Modeling &
system identification

Renewable energy systems

Theory & application

(e.g. Wind turbines: conventional/airborne)

and Mechatronics
(e.g. el. drives, power electronics)

Fault detection &
condition monitoring

A

Theory & application
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Controller design
(stability & robustness)
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Tm

Group “Control of renewable energy systems (CRES)”
Laboratory setup 1: Reluctance and permanent-magnet synchronous machine

Netz i§®™ = v/3v/2- 230V ~ 563V (verkettet)

Gabe qabe
7% UG Gorc

Drossel (Netzfilter) L

m—

o
; o o
51 51 abe
-Gy |, e SP1
- 5

°1 @ ST,
™ ™ B6-Briicke w1,0C
11CL.DC u1.pc
i
. ucnp,1
e g,r,( hopper ___ |4 | Realzeitsystem
T Cane uzpe 4x3 (4x2) Strome
I T 3x DC-link
T 2-Level Unnrichter — uspe ||| 1x3 Netzspannung
3,DC | —— 2,DC donra Ix Drehmoment

A0 3xd PWM

wibe | spy ¢] 2x Chopper

| _’@A_@: ugle,, sPy D/O  3x Umricl abe

5 (T 1sms b &3 D/I 3x Umrichterstatus
O = [ srad  2x Winkel

Kupplung

jabe
i jabe
5] g

$1 (wi)]

Mahate

PMSM

Drehmomentsensor

$2 (wa)

C.Hackl | 11.04.2016 | Research group “Control Renewable Energy Systems (CRES)” 10/16



Tm
Group “Control of renewable energy systems (CRES)”

Laboratory setup 2: Electrically-excited synchronous machine and doubly-fed induction machine

Netz ™ = V3v2- 230V & 563 V (verkettet)
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Group “Control of renewable energy systems (CRES)”

Laboratory setup: Some photos

Reluctance and Permanent-magnet SMs

.

Real-time system and VSls
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