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The Carrier-based PWM Method for Voltage Balance of
Flying Capacitor Multi-level Inverter
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ABSTRACT

This paper proposes a new carrier-based PWM method to solve the most serious problem of flying capacitor
multi-level inverter that is the unbalance of capacitor voltages. The voltage unbalance occurs due to the
difference of each capacitor’'s charging and discharging time applied to Flying Capacitor Inverter. New solution
controls the variation of capacitor voltages into the mean ‘0’ during some period by means of new carriers
using the leg voltage redundancy in the flying capacitor inverter. The solution can be easily expanded to the
multi-level inverter. The leg voltage redundancy in the new method makes the switching loss of device equals
to the conduction loss of device. This paper will examine the unbalance of capacitor voltage and the
conventional theory of self-balance using phase-shifted carrier. And then the new method that is suitable to
the flying capacitor inverter will be explained.

Key Words : carrier-based PWM, flying capacitor inverter, voltage redundancy, balance of capacitor voltages
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Table 2 Simulation condition

Ve 800V

T 125s
Modulation index 0.9
Qutput frequency 50Hz
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Flying Cap. capacitance(C;) 250F

Flying Cap. capacitance(Cs) 500F

Flying Cap. capacitance(C3) 750F
Load resistance 10
Load inductance 10mH

2eRanpgecee s

I

f
g
&
]
i

D
|
ue
" Tt

|
g

]

£

fRESTEEEFESTTT

L

i

H

gl 7 52 Z2b AHIAE AHE 2| simutink diagram
Fig. 7 simulink diagram of 5-level flying capacitor
inverter

p

>

op

ob

rir

A

lo

1

4

9,

o ok

=

)

T,

Al

>

il

=]
oW oE o

urAEhe] AzbAere] o] YAA FLe HAF
At hasefshlft PWMHFAlS o1 3)%] e A HL
2 OJ'E’M “7“4?}01] e e Hiko]l &9

% 02 Phase-shift PWM¥Y4
AFgEe]l A vehta
7191 Tv5 125 usec & &
Phase—shift PWM®94]-2
—’F% Zk= HbA Qe PWM
& 7t7] uEolt)

Aed L oolfE @%‘
d3A ARzl o
4kHz9) A 29455
HHH O L0 AQAF

“‘-1)4

(a) Mot=l pametAlol ofst MZEMQ) 1t
(a) Line-to-line voltage by the proposed PWM method

(b} Phase-shift PWMzalol o|st MZIMQF mHad
(b) Line-to-line voltage by the phase-shift PWM method

CER CEE a1

(c) BIHEHA|S 12{slX| o2 PUMEHA0| ofst MZINQtulE
(c) Line-to-line voltage by the PWM method not
considering of redundancy
a2 8 5-d E}UAHDAY Qlu{E{e] EH MM 0H
Fig. 8 Qutput line-to-line voltage of 5-level flying
capacitor inverter

HEAE a#EA] e PWMHAS AFAY
AgwEoz <& dAA ¥ AFVE z=2A #H
a9 102 4 Ao ZEkd] AAE ASES e
W 9322 Phase shift PWMHEH2lo] A %ol
74 AR Mil UGS HAFa 9lon A
obel ME PgAHoE AWAY HpEo]l AL
Aee VeERfE ok F WA AFAE dgE
Z9] Ao] GA] ME 2YPAFHFY AoloA H]FEEH

o ASAE AYREF Aole
nelg W oasitn



72 EJJE e RIGE TR B 20024 2H

aol
30
20
10 l—
o
-10
-20
-30
-ao0

0o 0.02 0.04 0.06 0.08 0.1

(a) HMCHEl PWM Aol o|Bh oM uty

(a) Load current by the proposed PW method

] 002 004 0 06 008 01

(b) Phase-shift PWMZrAlol 2|5t 251X 7 i
(b) Load current by the phase-shift PWM method

] 002 aoa o 06 008 Rl

(c) ElHHAIE 1235Ix| &2 PmzrAlol o3t 2518 F by
(c) Load current by the PWM method not considering of
redundancy -

a8 9 5-2d ZE21 FHWMAIH ol o] BN Ty
Fig. 9 Load current of 5-level flying capacitor
inverter

il SddAE nsH] & PWMHEA 2 F-3
E3 MxA| o] weh AAAY o] A HE

AEE BolFn gloh "X 57 AYEDC-
P2 AMEOV)F SHAE 2 A e F}Y A
HAE A=) Aol A 2Apge] BEY 3

she Astol Hv oW sk ope] AdAE 27
200Ve] ARl M A S7keiirh ko] Hyola
O LS 9A HE &z gy olF 5 e

As & T Aok

k18

4.

I

=
(=

Zh 2Ae] 293 st AFE
g Aadgs 29A AEa
Hor X

Agtd ¥He 7
24 s =4
AzEE 71&9) Az AeoE A7dst

M ot

==

(a) Hot=l pwMaralof ofst E2f FHulAlEf Moty
(a) Flying capacitor voltages by the proposed PWM method

o 002 God 006 0 08 61

(b) Phase-shift PWMEtAlol 25t E2tY HTAIE MYmhs
(b) Flying capacitor voltages by phase-shift PW method

(c) 2lHUAIE 2{siX| k2 pametalol ol Zaie
oA M2

(c) Flying capacitor voltages by the PWM method not
considering of redundancy

a8 10 5-aE Z2i FmAE oluiele] Z2tY HHujAle
xet oty

Fig. 10 Each flying capacitor voltages in three-phase
of 5-level flying capacitor inverter

2 MPAEL 7|E9 Az A
A& 7M. Ao WHE N
&L 34 2N-DT5 !

24 12IN-1DT:S 293F37E Z22A =™ phase-
shift PWM®#H] Bt 2934 Fo55 (N-DHE &
d g e FHE 7Y JEAGE A HEHE
2rk FAste 2H€AGY a2 EE A e
HE 7kt 2 AsAEe] At gE e o]F 7] Al
2AIN-DTs5r 718484 YA FANFLH o]
2 Qs o] AzbEet ATAY ke FHFH whA

Fo| HFH o2 LA HAUTE E3 AEHYIHE F
& phase-shift WH¥RT (N-Due] @& A9 A3
5 AFESlY A AdAE HAYE A 5



E89 ANAE e AWE Y ARAE A FEE AT Aol Mg BAZwzIY 73

ARen AAste] EHAF
}-
o

Aot wEA Ak W

Fopd AAE Ages A FASE Self-
balancing 715< 7FAx 7] W&
Mol AsfAE Hte] WEo] A7
A& FA8HA Bt wely 2o A8
AsAe AGHEAE 12 s PWMEH

oo} o,

[1] A. Nabae, I. Takahashi and H. Akagi, "A New
Neutral-point—clamped PWM Inverter”, IEEE Trans.
on Industrial Application, vol. 17, no. 5, pp. 518~523,
1981.

[2]1 C. Newton, M. Summer, "Neutral Point Control for
Muliti-level Inverter: theory, design and operational
limitation”, Industry Applications Conference, 1997,
Thirty-Second IAS Annual Meeting, IAS 97,
Conference Record of the 1997 IEEE, vol. 2, pp.
1336~1343, 1997.

[3] X. Yuan, H. Stemmler and 1. Barhi, "Investigation on
the Clamping Voltage Self-Balancing of the
Three-Level Capacitor Clamping Inverter’, IEEE-
PESC Conf Rec., pp. 1069~1064, 1999.

{4] Y. Liang, C. O. Nwankpa, "A Power Line Conditioner
Based on Flying capacitor multilevel Voltage Source
Converter with Phase Shift SPWM", Proceedings of
IEEE Industry Applications Meeting, vol. 4, pp.
2337~2343, 1999.

(B] Y. H Lee, R Y. Kim and D. S. Hyun, "A Novel
SVPWM Strategy Considering DC-link Balancing for a
Multi-level Voltage Source Inverter”, IEEE-APEC
Corf. Rec., pp. 509~514, 1999.

[6] D. W. Kang, Y. H Lee, B. S. Suh, C. H. Choi and D.
S. Hyun, "An Improved Carrier-based SVPWM
Method by the Redistribution of Carrier-wave Using
Leg Voltage Redundancies in Generalized Cascaded
Multilevel Inverter “, Journal o Power Electronics,
vol. 1, no. 1, pp. 36~47, April 2001.

[7] olRl7, A&A, AAE, =od, 2384, "E24d AFHA
B dEEd duE R AuElE A 2uy g2 o

Aol S(E&ME)

1970 63 424, 1998 et FII3,
e £, 20004 & tHER ©U|SED
ZAU(MAD. 20008 ~3H = diakgl M7

Bst3t 3. 1959 £ et MY
B EY(AMAD. 20019 5 ChEte 7|3
st3t Zel(Beh. 20019~ A (GHA}
Xl ojBaoloia 7L Melelnal

HEAM(XRA)
19504 48 g 19734 Rt M7|2
Vst B 1978 B ofst FY|Betnt
Zol(MAN, 1986 MBTH et F7|2
S =4h. 19844 ~19854 n|= &
SIS, 19885 ~ 19801 2%
S04, xSt MXE

b



