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Analysis of Neutral Point Current in T-Type Three-Level PWM Converter

Kui-Jun Lee™

Abstract

As a T-type three-level PWM converter has several intrinsic advantages, it has been widely studied for

many applications.

However, it requires an additional voltage control loop for balancing each DC link voltage.

Generally, satisfying this requirement involves the use of an offset voltage to provide a neutral point current
without affecting other variables, such as the total DC link voltage and three—phase input current. In this study,
the theoretical relationship between the offset voltage and the neutral point current is analyzed. The results can
be beneficial for effective voltage balancing controller design. The effectiveness of the analytical modeling is

verified by simulation and experimental results.
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Fig. 1. T-type three-level PWM converter system.

of tigt g&st o]E4 FAlo] YA &Urt

Fo|l = T-type 3-#¥ PWM ZAHE

ol digh siAA] RS Atek

om olEF 3 FoX HAWE A 2ge] F2 oA

LAY = SAAH A7 2 /e DC-9Ja dtahe] #
g Q) o] flE] FHEE PWM 76k

AWE Alz="ls Ao, BHYAdS S| flst

o

S
2. T-type 3-2ld PWM ZiH{E

21 32 74
a9 18 T-type 3-#¥ PWM AHEHE L dES

olgalo] AF AAY ALAGA 2T HEH A2
B2 uozd. 19 19 ol £¢ AR Ag 4



T-type 3-2 PWM ZAnE ] A A

anald
! i i = U
P g4 = 2
-1 A \‘“\
0 i 3 wt
N
\ / N
e /// N
I,
AO —>jj—
1 Ny 1 d, dy s g 1
TR
0 b A N

L — ot
\__/‘/ \\~»<.___/~/ i { \_,// ,(\‘_/’

A2k : T \_/,_.7 |t L (.\___
\ \ / N
N\ !
0 g - wt
\l L/ X
SRENSTC ST S SN BRI SRS S ST S . SR IR N

AiIBiAiBiAiBiAi BiAiBi A1 B

0 0, 0, 6, 05 6 6, 6 6 6,6, 6, 6
[ T — [ )
1 11 111 v v VI

Fig. 2. Theoretical operational waveforms.
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TABLE 1 TABLE I
NEUTRAL POINT CURRENT EXPRESSIONS SYSTEM PARAMETERS
Sector Neutral point current Output power (P,) 32 kW
A | iy=amed, B+ (3/4)-cosg-(B3/4)-sing) Output voltage (v v) 200 v
I Grid line-to-line voltage 220 Vrms
B i, ==ay+m-1, (—/33 +(3/4)-cos g+ (3 4)~sin¢) Filter inductance (Z) 3 mH
A i, =ay+m-I, ( B~ (3/4)-cos g+ ( B /4)~sin ¢] Equivalent series resistance (/) 01 Q
I _ Output capacitacne (C) 1680 uF
B h=atml, (ﬁ - (4)-cosg-(43/ 4)'Sm¢) Switching frequency (£) 10 kHz
A i, ==y +m-1,( B+ (3/4)-cos g~ (3 /4) sing
I Exlot 5 = 5 2= A=l WAFZO A
B | iy=—aytm-L, (B +(34)-cosg+(3/4)-sing, AEAS @ T AR S e B
\ Q= FoAX ], Atel] Dot zhzbe] e & 24
LA ety (h -G cosp+ (BfAsing) e wa 5y ek 2AE AYIR(a00) 4
B i, =ay+m 1, ( By~ (3/4)-cos g (V3/4)-sing) Q)= 4 (10)e2 AEHE = k.
A i, ==y +m-1, (=, + (3/4)-cos p—(3/4)-sin) LR o
\% io‘m—Z[/ i,d(wt)
B i, ==y +m-1,(~f, +(3/4)-cosg+ (\3/4) sing) ' 2m (=4 | o,
—6d,,IcosAf » cos¢
A | i =ayemed, (- - (/4)-cosg+ (3 /4)sing) = - ©)
VI
. . ml
B =oy+mI, (_IBI_(3/4)'COS¢_(\/§/4)'SIH¢] + r;L p9cos¢(ész’n(2A9)fA€)
™
TABLE I ) _ —6d,.Lcosd (10)
THETA VALUES boramg = ™
_— 3. AlEdolM 2 NE A
0 =-n/6+A0+¢| 6,=¢ 0, =71/6-AO+¢ - = = =28 =
6, =7/3+ O =6,+2x/3 =
. o Z622f42’;f T-type 3-d% PWM 2Mele] $49 4F 29
b=birdns | G=byelnf3 | G- Azs7) 918l AEdolfa A8 FAseon, AL
O = 0, +47/3 O =0 +47/3 Oy =0 +47/3 H AzE e E 39 2 23 B A
O3 =6 +27 T 29y Fat 2dE uys] fste] 29 A/ A
) B 3 ) stel st HEAQA FakE ket AR ® 100
A, sAE A O AHANE AR WE g 2yq aRel g xRN A AF A
o, 2gel Agdset O Hele] AHATE LA o) mgz asleige Ao Yttt
A ¢ ok 29 32 dEE 49 A 949 O a8 4= 28 2a z2A0Ae] AEFold s
B AGAEE JET G FA oA S48 AR pozg a9 4@ Be 2 we) o279 by
= A (DR Foixa, At WS e 990 BT ojm a9 4= 293 wd s|uke] A|EF ol 1
Agshw 13 2ol AHH, F 19 AR WSS o Ay Bals Zh2 1009% 9 80% o] H, olw)
A ®F 2 AaH oz ANE ¢ o 40 = 27 ok 0067 [rad],
' ‘ ‘ ‘ 0.058 [rad] eIt} 19 4(a)e] T4 A7G)= A&s
fo = 1 Jda (1= | )i (1= [ i A E 20 Fold olzgst AASH, Firghe o -
=—2d, I coswt ’
™ ; M 16 [A] oItk sH% 28 4D)ld A4 F4H A7
+m[p( B sin(?wt—qﬁ—%)Jrzcosqﬁ— 1 sing (e 29x oz <3t HA ggo)y w A=y F7)
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oy =2d, Icoswt 4@ TAH A7) 4E b fARRS & 2
oy =2d,,f,cos (wt —2m/3) Qat, olwl Hitgh W o Egkyt FAT o -16 [A]
a3:2dos]pcos(wt+27r/3) 2 gol¥ ot}
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Fig. 4. Simulation waveforms in unbalanced load conditions.
(a) Average model, (b) Switching model.
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Fig. 5. Experimental waveforms in unbalanced load conditions.
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