HSHTAEEUS =2& 2005.7.4 ~ 7.7

S AAE HeHE e 2 AGAE A 23S AT
HE Aol PWM 7|l g A+
s, AR, ZdS, @54
& distal
A Study on the Multi—carrier PWM Methods for Voltage Balancing of
Flying Capacitor in the Flying Capacitor Multi-level Inverter
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Hanyang University

ABSTRACT

The flying capacitor voltage control of the flying
capacitor multi-level inverter (FCMLI) is very
important for safe operation. The voltage unbalancing
of flying capacitors caused serious problems in safety
and reliability of system. In the FCMLI, balancing
problem of the flying capacitor has its applications
limited. The voltage unbalance is occurred by the
difference of each capacitors charging and discharging
time applied to FCMLIL. This paper investigates and
analyzes multi-carrier PWM methods to solve
capacitor voltage balancing problem. The Phase-Shift
PWM (PSPWM) method that is commonly used, The
Modified Carrier-Redistribution PWM (MCRPWM)
method and The  Saw-Tooth-Rotation PWM
(STRPWM) method are discussed and compared with
respect to switching state, balancing voltage of
capacitors and output waveform. These three PWM
methods are analyzed by using a flying capacitor
three-level inverter and provided result through
simulation. Finally, the harmonics about the output
voltages of their methods are compared using the
harmonic distortion factor (HDF).
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Fig. 1 General structure of one leg of flying Capacitor
three-level inverter
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Table 1 Qutput leg voltage and switch sequence for

switch states of flying capacitor 3-level inverter
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Fig. 3 PSPW method and Space voltage vector diagram
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3.3 STRPWM (Saw-Tooth—Rotation PWM)

H}EH
o H

(a) (b)
O 5 STRPWM g2hgdnt S22+ #iEf clolo{ad .
Fig. 5 STRPWM method and Space voltage vector diagram

STRPWM ®W¥& ¥ 5(a)d e, A
Ts &< 7l 13 Ago2& 7HAx2 Z H=EE
DEF O Ts ¢ A 18 M= (03
-Vde/22] Abol) of fAAA71x, Aol 28 A9
= (Vde/29F 0 Ale]) ol $ixAlZez2A 017 029
294 Azte Z2A T F Ak AL, B o
uele Azislz H4L o9, dyds AL9
AX ol we} 292 Aejr 2gA7] g2 S
d AFGAEHL AL #HEE ol £ A €49
(@A), 29 5(b)= STRPWMS &7+#E o}
olojz@olt}, MCRPWM W vl 2 QA
g UgEE 748 ¢ 5 Ag@

4. Al E8jolH

37} PWM 2¥< 3-#d4 Zgtd AdAgH 2
HE & ma%é}rﬂ AEgH ol AL FIY3IAT. AE
HolXd ZAL Va=700[V], Ts=125[us], H=ZX]|F
=09, 8% J]"F 0[Hz], ﬂﬁHAlﬁi%azloOO[uF],
B3l Ag=10[ 2], F35F19 " 2=10[mH].



+1000, 002 004 ooe 0os 01

1000
500
0
-500

1000562 o004 ()JOS oG08 01
C
3 6 &3 MY Algso|d o
(a)PSPWM 2Hed (b)MCRPWM M (c)STRPWM 2

Fig. 6 simulation result of |ine-to-line voltage
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