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An Improved Voitage Control Scheme for DC-Link Voltage Balancing in a
Four-Level Inverter
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Abstract - Multi-level inverters are now receiving widespread interest from the industrial drives for high power variable
speed applications. Especially, for the high power variable speed applications, a diode clamped multi-level inverter has
been widely used. However, it has the inherent problem that the voltage of the link capacitors fluctuates. This paper
describes a voltage control scheme effectively to suppress the DC-link potential fluctuation for a diode clamped four-level
inverter. The current to flow from/into the each link capacitor is analyzed and the operation limit is obtained when a
conventional SVPWM is used. To overcome the operation limit, a modified carrier-based SVPWM is proposed. Various
simulation and experiment results are presented to verify the proposed voltage control scheme for DC-link voltage

balancing.
Key Words : DC-link Balancing, Multi-level Inverter, SVPWM, Variable Speed Drives
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Fig. 1 Structure of a diode clamped four-level inverter.
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Table 1 Switching states of a four-level inverter. (X=A4,8,C)

Statef Ssxv | Sexu | Sixu { Saxe | Sexr | Sixp Vx
3 ON ON ON | OFF | OFF | OFF Voc
2 W OFF { ON ON ON | OFF | OFF {2Vpc/3
1 OFF | OFF | ON ON ON | OFF | Vpo/3
0 OFF | OFF { OFF | ON ON ON 0

k3 2 3vlol wE 4-2Y eivE{e) Mot WE 2R
Table 2 Classified voltage vectors of a four-level inverter.

Group Voltage vector states and redundancy
ZVVs (333) (222) (111) (000)
(322) i (332) i (232) i (233) | (223) | (323)
sSVVs || (211) i (221) | (121) | (122) © (112) | (212)
(100) | (110) i (010) i (011) i (001) i (101)
1SVVs (321) i (231) i (132) | (123) | (213) | (312)
(210) + (120) i (021) i (012) : (102) i (201)
SMVVs (311) i (331) | (131) i (133) | (113) | (313)
(200) | (220) i (020) | (022) | (002) | (202)
IMVVs (310), (320), (230), (130), (031), (032)
(023), (013), (103), (203), (302), (301)
LVVs (300), (330), (030), (033), (003), (303)
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Fig. 5 An approximated effective phase voltage.
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Table 3 Change of capacitor current conduction pattern.

Capacitor Modified Triangle Carriers
a | b [ei]c2lai]a2]l e [ f
C3 + + 0 i 0 " 7 0
c2 — T 0.9
Cl + + N T N n - -

x 4 C2 ZAE] M HoE st E-Y Holg
Table 4 Look-up table for the control of C2 capacitor voltage.
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Fig. 15 Voltage vector and C2 capacitor current by means of
conventional carrier and modified carrier.
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Table 5 A comparison of switching number according to  Table 6 Experiment parameters.
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Percentage 197 | 194 | 183 | 183 | 189 || 100 Motor Power| 2[HP] Volt 220/440[V]
Speed |1105[RPM])  Current 6.8/3.4[V]
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