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Common-mode Voltage Reduction of Three Level Four Leg PWM Converter
Seung-Jun Chee', Sanggi Koz, Hyeon-Sik Kim', and Seung-Ki Sul™

Abstract

This paper presents a carrier-based pulse-width modulation(PWM) method for reducing the common-mode
voltage of a three-level four-leg converter. The idea of the proposed PWM method is intuitive and easy to be
implemented in digital signal processor-based converter control systems. On the basis of the analysis of
space-vector PWM(SVPWM) and sinusoidal PWM(SPWM) switching patterns, the fourth leg pole voltage of
the three-phase converter called “f leg pole voltage” is manipulated to reduce the common-mode voltage. To
synthesize f leg pole voltage for the suppression of the common-mode voltage, positive and negative pole
voltage references of f leg are calculated. An offset voltage is also deduced to prevent the distortion of a, b,
and c phase voltages. The feasihility of the proposed PWM method is verified by simulation and experimental
results. The common-mode voltage of the proposed PWM method in peak-to—peak value is 33% in comparison
with that of the conventional SVPWM method. The transition number of the common-mode voltage is also
reduced to 25%.

Key words: Pulse width modulation(PWM), Sinusoidal PWM(SPWM), Space-vector PWM(SVPWM), Digital
signal processor(DSP), Common-mode voltage(CMV), Common-mode current(CMC)
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Fig. 2. Switching patterns (a) SVPWM, (b) SPWM.

PWM ZWE = 293 o8& stz 7Ad 2
= A (Common Mode Voltage, CMV) o] Zd# o
2 EAFA By 2o Fu4o CMVE 71*@ 7H 3

AHE F3te] AW E= AF  (Common Mode

Ry

Current, CMC)E #AA]7]a, o]¥3 CMCe
(Electro Magnetic Interference)®] o] #rt}
ZAME 9 Aol A2l A QFAES
ofugl 9 AA FA 9 QEAS
Aojtf’ ojgl e CMCE Zol7] Sl8l B4 A
v W= F 7EA7E e, shde AW =2

Fe olgate olx”, e
LA

oo
=

e
o
N
£

u
rlr .

_,4
o
rE £ & orjr pe ok fo (= orlf

lﬂ

o] #% ol

CMVE AT AP 32 er k!

CMV

491 PWM g9 CMVE 2 (D3 o] ZAH
Tq_[lo].

I/an+ I/'bll,+ I/;Jll,+ I/fn
. A . 1)
21 (D9 CMVE 4929 =913 BH (9,9,9,5,) &
o] &slo] TR A3} 7o) thA] FAIE 4 Qlth
S+S5+S+S V,. | 7%
I/;”: a b4 c f Qd(,: AIV%. (2)
714 =93 A (S)9 CMV ZE (S,,,)E okt

[ 1,(8, :0n)
S,= 0,(Spnsz:on)|, Spp=5,+8+S5.+5. 3
l_17(Sr4 On)
Azt Wk sl (carrier wave) B3 SVPWM #H o]
431]:1 }\]—/:E“Oﬂ "41%‘1‘:4?_1[11], Sg[uv = .—l% 2. (a)oﬂj\i

ol T7HA(-3, -2, -1, 0, 1, 2, 3) @S 7
CMVE  -3/8V,,—2/8V,,—1/8V,,0,
1/8V,,2/8V,,3/8V, 7} €tk 1" 2. (b)9k 2ol
SPWM o] Agsml™ cMVE —2/81,,-1/8V,

0,1/8V,,2/8V, 7} Hrh
ad 20014 S, 7F oE #hEs THEAE VIR
7

TE A% (pole voltage) A1 H- Case A & B9



490 The Transactions of the Korean Institute of Power Electronics, Vol. 19, No. 6, December 2014

Case A Case B
7 T2 T, /2 B
7.y
- "‘- Pﬂ‘
o TR AL
s T 7
frm - :-:"'n | {I/b:
o |[*1 1 1
S IS 0
A1 0 0
1l 1 e A
T 0
V., J i
H i I
0 0 o 1y 1y “o 0 0
g g

rlj
i
B
i
_|L
=
—1ﬂ
o,

St a, b, ¢ 37N TG A
2@ MER o] ZTh
Case A: 27H7} ko]l Case BolAE= 1707} o]

o}L‘w POﬂ é}%‘ﬁr D]
-1 (Case A) = -2 (Case B)
E}E st a, b, ¢ FHY AHT A
doANA Sy 18 S7HETE Aol
o e ?r“ﬂ 2718te] 55 AHEsHA wHEelF
W, Sons HAAE 0o 7MHEE WEo] & & Aok 2
g 3 9 Case Aol = 10,-1-1S 7K™ FHaL, o]
) HEH 5,2 00010 ©r} Case B 7o,
Se L1012 7AW Han, o) HFA< Sm =
-100,00] €tk wA CMVE 0,0,0,1/8V, 28—
—1/87,,0,0,0 °] ¥t} AtE PWM HgelA CMVe
AFAE 1/4V,7F S, 7, /269 CMVE 1 ¥4 5
o} ol 2& PWM W& #-&std, SVPWM WHid

Hle] A AREEo] "olAlaL, 29 kst Aol F
bt wde] gloy CMVY HFx ¥ WHF 3¢
s 9 7 A "ok
4. M etEl PWM gHHeo| 5
Ake PWM W 22 5,5 wEdF7] fsiMe
f Az SAge]l 293 F719 Wk ARY (7,/2) S 2
W WA Eolok gtk o] & FHE] fEliME f #2e

<

5, Opned5n)

Vi Vs -
y + *X V,, K=+ .]:*Su (8.158.5)
S e S LA I N i ORON]

Calculation

Offset Voltage
(‘F’ Pole Voltage)

Fig. 4. Block diagram of proposed PWM method.
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Fig. 5. Simulation results - pole voltages (
and CMV of proposed PWM method.
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Fig. 8. CMVs (a) SVPWM, (b) SPWM (c) proposed PWM.
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