
KIT – The Research University in the Helmholtz Association

Institute of Electrical Engineering (ETI)

Power Electronic Systems

Kaiserstr. 12 Bldg. 11.10

76131 Karlsruhe, Germany

www.eti.kit.edu

3 level NPC T-Type AFE converter with different 

strategies for DC-Link voltage balancing
M.Sc. Fabian Stamer, M.Sc. Firat Yüce, Prof. Dr.-Ing. Marc Hiller

contact person: Fabian Stamer - fabian.stamer@kit.edu

Hardware and control concept
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Virtual vector

 Prevent zero point current with 

a new virtual vector

 No control of DC-link voltage

Hysteresis controller

 Choose best small vector       

for capacitor balancing

 Control of DC-link voltage
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12 logic signals
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Hysteresis virtual vector controller
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Measurement results

Startup at 20A RMS 

grid-current

Balancing starts at 

30ms

Current step to 6A 

RMS at 100ms

Same results for 

simulation

Virtual vector control

Hysteresis virtual vector control

Parameter Value Unit

dc-link voltage 680 V

Phase current 80 A

Switching 

frequency
16 kHz

Line voltage 400 V

3 Level 3 phase converter

T-Type Topology 

Balancing Capacitor 

voltages

Additive zero component controller

Hysteresis controller

Additive zero component

 No space vector modulation 

needed

 Control of DC-link voltage

Hysteresis virtual vector

 No zero point current

 Control of DC-link voltage

 Reduction of capacitor possible

27 Possible switching states

Large vectors

Medium vectors

Small vectors (each two complementary)

Free wheeling states

Control of the AFE converter

Dynamic control of active and reactive power

Maintaining a constant dc-link voltage
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UDC =
1

C
∙ න iDC − iL dtud − 𝑢𝑁𝑑 = 𝐿 ∙

𝑑𝑖𝑑
𝑑𝑡

+ 𝑅 ∙ 𝑖𝑑 − 𝜔 ∙ 𝐿 ∙ 𝑖𝑑

uq − 𝑢𝑁𝑞 = 𝐿 ∙
𝑑𝑖𝑞

𝑑𝑡
+ 𝑅 ∙ 𝑖𝑞 − 𝜔 ∙ 𝐿 ∙ 𝑖𝑞

ua0 − R ∙ 𝑖𝑎 − 𝐿 ∙
𝑑𝑖𝑎
𝑑𝑡

− 𝑢1𝑁 − 𝑈𝑁0 = 0

ub0 − R ∙ 𝑖𝑏 − 𝐿 ∙
𝑑𝑖𝑏
𝑑𝑡

− 𝑢2𝑁 − 𝑈𝑁0 = 0

uc0 − R ∙ 𝑖𝑐 − 𝐿 ∙
𝑑𝑖𝑐
𝑑𝑡

− 𝑢3𝑁 − 𝑈𝑁0 = 0

Modulation methods for balancing the DC link voltage

Measurement Results for testing the modulation methods


