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DC-Link Voltage Unbalancing Compensation of Four-Switch Inverter
for Three-Phase BLDC Motor Drive
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(Sang-Hoon Park - Yong-Ho Yoon - Byoung-Kuk Lee -+ Su-Won Lee -+ Chung-Yuen Won)

Abstract - In this paper, a control algorithm for DC-Link voltage unbalancing compensation of a four-switch inverter
for a three-phase BLDC motor drive is proposed. Compared with a conventional six-switch inverter, the split source of
the four-switch inverter can be obtained by splitting DC-link capacitor into two capacitors to drive the three phase
BLDC motor. The voltages across each of two capacitors are not always equal in steady state because of the
unbalance in the impedance of the DC-link capacitors C; and C: or the variable current flowed into the capacitor’s
neutral point in motor control. Despite the unbalance, if the BLDC motor may be run for a long time the voltage across
one of the capacitors is more increased. So the unbalance in the capacitors voltages will be accelerated. As a result,
The current ripple and torque ripple is increased due to the fluctuation of input current which flows into 3-phase BLDC
motor. According to that, the vibration of motor will be increased and the whole system will be instable. This paper
presents a control algorithm for DC-Link voltage unbalancing compensation. The sampling from the voltages across
each of two capacitors is used to perform the voltage control of DC-Link by using the feedforward controller.
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Fig. 1 Overall system diagram
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Table 1 Operational mode of 4-switch inverter

FAEE x| W oy | BA 291
FARE ] A, B C Ty, Ty
FEERE 2 A, C Ty
THARE 3 B, C A T
=Z3RE 4 B, A C To, Ts
FR= 5 C A B T3
AR E 6 C B A Ty
i, i,
R L, e, e, L, R
_IVV\,_IWY\ O Vap\ fYW\_IVV\,_
+ -/ N N\
7Vdc -
o o¢n
1
Evdc -

392

el
—
]

L

—H——‘%
X
"

R L, e e L, R
——6
+ N
1
Evdc ‘,’
(o) S&2E 3
ib ia
R L, e, e, L, R
—A\N—TM VAN Y ANN\—
\ L4
+ N
Ve ==
) n
+
1
Evdc =
(d) S&ZE 4
i, i,
R L. €, €, L, R

L

—H——‘%
®
G

f SZHE2ZE 6
I8 2 sxz2EY S5 =2
Fig. 2 Equivalent circuit of a different operational mode

ol 4 29AE 0§ ¢

a9y 204 @ 5 9 83 3
3 % Aol AAE Age BEAAL
( 5

=
R I
(A= 13 4),

59} 6) AAEY Age 7zt g mew
S %

Web eAmEd SrhsRe fa dd @ AFRAse
2471 % ole AN es AN Foglon, gEdosn B4
9 134200 Wl A CE st e



- Expes ]

V,. =(Ri, +Ri,)+(L, %+Lb%)+(e —&) @
S T SR

di R 1 L

i WP I V2 =i, L =L 2
dt L a 2L(Vdc ab) a” b a C ( )
- FFEE2

1 . . di di

=V, =(Ri, +Ri.))+(L,—2+L —%)+(e, ¢ 3
2"°(a °)(adt I'“dt)(a 2 )
di' _E| i(lv —e,) =i, L=l (4)

olvd 34 LDC HAE71e TARE w}a}

FREE AR AL EbHAeR WeA "ok aea

olg|gh A2

AB7)9) AR gl T4 ke A wA

He <o) Ak

t}eo] ¥ 38 FRE 29 59 A9x] B
A

15, of
[
-4
=

Fejol el 4-292 AW E e AHAIE Aol 555
vebdl ol of mEsh gol Fasl HE el
AME ] AFd ARAE] THHEE E&oHA HER, T4H
A 2R waeA wew oA AgdRol A9
45 BEe AMAERE Aghe] 7)eolAE dio]l LAt
AA Azge] et e WA A Ak
——
C1 J: Ty o T2 O"G
—ee
BLDC
C2 ;I: T3 o Ty Hg
(@) ==t ol A2 SER
Gi J: T ‘HG To o
—
—p

C ==

T

BLDC
Taoﬂr;} Ty o

(b) SEE2E boMe| MHEEL

a7 3 SHEE 29 59 MHSER

Fig. 3 Power conduction diagram of operational mode 2 and 5
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Fig. 4 Control block diagram for PFC and voltage unbalancing
compensation using feed—forward controller
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Fig. 5 Simulation waveform of neutral point voltage unbalancing
condition of split capacitors
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Fig. 6 Simulation waveform of neutral point voltage unbalancing
condition compensation control of split capacitors
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circuit and BLDC motor
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