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TOM TAT

Bai bdo trinh bay mét nghién cliu so sanh vé chat lugng cla cac ki thuat diéu khién PWM phd
bién cho mach nghich luu T-NPC 3 bac. Cac phuong phap dugc khao sat bao gobm: ky thuat PWM
dua trén song mang dang sin (IPD-SPWM va POD-SPWM) va k§ thuat PWM vector khong gian gidm
dién ap common-mode (RCMV-SVPWM). Cac ky thudt trudc tién dugc phan tich Iy thuyét va sau
do dugc trién khai ca trén mo phong bang MATLAB/Simulink 1an trén phéan ciing thuc nghiém s
dung card DSP TMS320F28377. Trong diéu kién nguén DC-link hoan toan can bang, cac phuong
phap dugc so sénh theo cdc tiéu chi: 36 méo dang séng hai (THD, WTHD) cla dién dp va dong
dién ngo ra, bién d6, phan bé phé tan sé va tri hiéu dung clia dién 4p common-mode. Trong diéu
kién dién ap trén cac tu DC-link dao déng, d6 nhap nhé dién &p trén tu dién va tri hiéu dung dong
dién diém trung tinh dugc khéo sat. Két qua mé phong va thuc nghiém trong diéu kién van hanh
binh thudng ctia mach DC-link cho thay ky thuat RCMV-SVPWM c6 nhiéu uu diém hon so véi hai
ky thuat con lai & kha nang khai thac nguon dién DC-link, kha ndng gidm cac tac hai ctia CMV va
kha nang giam thi€u t8n hao chuyén mach. Déi véi diéu kién dién &p tu dién DC-link dao dong,
két qua md phong cho thay phuong phap POD-SPWM cho dép tng tét hon théng qua déc tinh
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d6 nhap nho dién ap tu dién DC-link va dong dién diém trung tinh nhd han.

GIGI THIEU

Mach nghich luu da bac (MLI) da thu hut nhiéu sy
quan tam trong nhiing nam gan day nho vao mot sé
uu diém so vé6i cdc mach nghich luu 2 bac (2L VSI)
truyén thong, vi du nhu: cé kha ning hoat dong & dién
ap cao va cong sudt 16n, c6 d6 méo dang dién ap va
dong dién ngo ra thap, c6 kha ning gidm hodc loai bd
dién 4p common-mode (CMV) xuéng cac muc thip,
tham chi MLI c6 thé triét titu CMV [1] [2]. MLI bao
gom 3 cdu hinh chinh: dang diode kep diém trung
tinh (NPC), dang tu dién kep (FC) va dang cdu H ghép
tdng (CHB) [1]. C4u hinh NPC do don gian dugc st
dung rong rai trong cong nghiép va dugc chia lam hai
cdu hinh phu: NPC théong thuong (dugc goi chung la
NPC) va NPC kiéu T (dugc goi la T-NPC).

So d6 T-NPC 3 béc (3L T-NPC) dugc gidi thiéu lan
dau vao nam 2010 [3]. So véGi so d6 3L NPC, so d6 3L
T-NPC loai bo cac diode kep, gidm chi philap dit. So
d6 T-NPC c6 cong sudt ton hao dan dién thdp hon,
nhu cong suét tdng hao chuyén mach 16n hon so véi
NPC [4] [5].

So d6 3L T-NPC thuong dugc st dung trong cac hé
théng hoat dong véi dién 4p ha thé, tan s6 chuyén
mach trong pham vi 4-25 kHz, vi du nhu: hé thong
dién mit troi (PV), hé thong truyén dong dién toc
do thay déi (VSD) [6]. Hinh 1 thé hién so d6 mach

nghich Iuu T-NPC 3 béc cdp nguoén cho dong co
khong dong bo ba pha.

Céc ky thuat PWM diéu khién mach 3L T-NPC lam
phét sinh CMV. CMV la nguyén nhén gay ra nhiéu
van dé nhu:

- Trong ting dung diéu khién dong co: Tao ra dién ap
cam ting ddu truc va dong dién 6 bi ctia dong ca, theo
thdi gian sé dan dén lam giam dang ké tudi tho & bi
(7] [8] [9].

- Trong cac ting dung hé thong PV, CMV gay ra dong
dién common-mode (CMC), chay qua dién dung tin
gilia cic tdm pin PV va mass lam mat an toan dién
[10].

Dbé giam thiéu tac hai ctia CMV, cic phuong phép diéu
khién gidam CMV (RCMV) dugc stt dung do tiét kiém
va linh hoat [7] [8] [10].

Mot van dé€ khac quan trong d6i véi nghich luu 3 bac
NPC la hién tugng mét cAn bang dién ap DC, lam dnh
huong x4u dén chat lugng ngd ra ctia mach nghich
luu, nhu gy qud dién &p co thé lam hong linh kién
va lam ting THD dong dién ng6 ra [11]. Do d6, viéc
nghién ctu déc tinh CMV, va dic tinh dién 4p DC-
link trong céc phuong phép diéu khién PWM cho
mach 3L T-NPC c6 y nghia quan trong.

béi v6i mach 3L T-NPC, ¢6 2 nhém phuong phap
diéu khién PWM chinh: PWM dua trén séng mang
(CBPWM) va PWM sti dung vector khong gian

Trich dan bai bao nay: Phong L N H, Lugng V T, Tai N T, Nh& N V. So sanh Dac tinh Cac Ky thuat Diéu
khién PWM Mach Nghich luu T-NPC 3 bac trong cac Piéu kién Dién ap Tu dién DC-link khac nhau.
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12 xung Tu dién DC-link Mach nghich Iwu T-NPC 3 bac Tai dong co

Hinh 1. So d& mach nghich Iuu T-NPC 3 bac (3L T-NPC).

(SVPWM). Péi voi phuong phap
CBPWM, kha nang RCMV tuy thudc
vao cach bé tri song mang. Nguoc lai,
phuong phdp SVPWM st dung cac
vector ¢o bién d6 CMV nhé dé thuc
hién giam ap CMV. Tuy nhién, van dé
khao sat so sanh cac dic diém cac
phuong phap trén chua dugc cac
nhém nghién ctru quan tdm. Do do,
bai bao nay tap trung khao St cac van
dé trén. Bai bao dugc td chire theo ciu
trdc sau day:

Phan 2 trudc tién dinh nghia cac
trang thai dong ngit va gian do vector
khdng gian ctia mach 3L T-NPC, sau
d6 phan tich 1y thuyét cho cac ky thuat
diéu khién IPD-SPWM, POD-SPWM
va RCMV-SVPWM.

Phan 3 trinh bay két qua mé phong,
két qua thuc nghiém va cac nhan xét,
danh gia cho ba phuong phap trong
hai diéu kién cua dién ap trén tu dién
DC-link: diéu kién can bang va diéu
kién dao dong tu do.

Phan 4 12 phan két luan.

PHAN TiCH CAC KY THUAT

CBPWM VA SVPWM CHO MACH

NGHICH LUU 3L T-NPC

Pinh nghia trang thai déng ngat va
gian dé vector khéng gian

Xét so d6 mach 3L T-NPC nhu
Hinh 1. Trang thai déng ngét cia mdi
khoa Sx1... Sx4, X Z{A,B,C} duqc

xac dinh nhu Bang I.
Pinh Nghia Cac Trang Thai Pong Ngit Cua
mach 31 T-Npc, X = {A, B, C}

BANG |

DINH NGHIA CAC TRANG THAI DONG NGAT
CUAMACH 3L T-Npc, X ={A, B, C}

Sxi Sx2 Sxa Sxa Sx=Sx1+Sx2
0 0 1 1 0
0 1 1 0 1
1 1 0 0 2

Gia tri thc thoi cua dién ap pha
nhanh, ky hiéu Vi ? véi O 1a diém noi
vOl cuc 4m cuda nguén DC, duoc xac
dinh theo cong thirc:

Vo = Sx

Va
> (1)

Béng 1 liét ké céc gia tri v, ting voi
ting trang thai Sx.

BANG Il
DPIEN AP NGO RA CUA MACH 3L T-NPC, X =

{A.B,C}

Sx Vio =S4 (V4/2)

2 v,

1 v, /2

0 0

Tr cac gida tri v,, trong

Bang II, phuong trinh tong hop nén
vector dién ap tham chiéu \E trong

hé toa d6 a-p duoc viét nhu sau:
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— 2
Vit = §|:VAO +tavVg + a’ 'Vco] 2

Trong d6 a=e'?"*. Pbi véi mach 3L
T-NPC, tir 3* =27 kha ning két hop
cua (Sa, S, Sc) hinh thanh nén 27
vector trang thai, tuong ung voi do la
19 vector dién ap, nhu thé hién trong
gian dd vector khong gian (SVD) &
Hinh 2.

bién 4p common-mode (CMV)
dugc do gitra hai diém N (diém trung
tinh tai) va G (diém giita cua ngudn
DC), xem Hinh 1. Gia trj tirc thoi cta
CMV, ky hiéu 1a vem, dugc xac dinh
theo cdng thirc:

V. =V = Vac T Vs T Veo
cm NG 3

@)

Dbong thoi, gifta v, Va v, €6 moi

quan hé:
\Y vV, V V
Vie on_?d_sx?d_ d:(sx 1)?d
4

Thay (4) vao (3) thu duoc két qua:

: :(SA+SB ;SC -3)V, ©)

020

Hinh 2. SVD ctia mach 3L T-NPC.

Néu dit & =v,/V, la bién do
CMV quy chuan theo V,, khi do tur
(5) suy ra:

c Ve, _(SA+SB+SC -3)

v, 6

(6)

Tir (5) va (6), c6 thé xac dinh tryc
tiép gia tri CMV tir trang thai (Sa, Ss,
Sc) clia mdi vector dong ngat. Két qua
duoc liét ké trong Bang lII.

Co thé thay cac vector 16n déu cho
ra CMV c¢o6 bién d6 nho (£V,/6),
trong khi céc vector trung binh déu
triét tifu CMV. Cac vector nho duogc
chia lam 2 nhém: nhom c6 CMV 16n
(xV,/3) va nhém c6 CMV nho
(£V, /6). Dbi véi vector zero, ¢6 hai
vector tao ra CMV c¢6 bién do 1on
(+V,/2) 1a 000 va 222. Vector 111 la

vector triét tiéu CMV.

BANG Il1
CAC VECTOR CUA MACH NGHICH Luu 3L T-NPC

VA BIEN PO CMV TUONG UNG

Loai bo Céc trang thai bién ap
vector 16n dong ngit CMV
Vector 2v, 200,020, 002 ~Vdl6
16n T3 220,202,022 +Vy/6
Vector v, 210, 201, 120 0
trung J3 102,021,012 0
Vector 100, 010, 001 ~Vdl3
nho v, 211,112,121 +V4/6
"3 110,101, 011 ~Vdl6
221,212,122 +Vl3
Vector 000 —V4l2
zero 0 111 0
222 + Va2

Phan tich ky thuat CBPWM
Nguyén 1y cuia CBPWM la so sanh
tin hiéu diéu khién v6i séng mang tan
sO cao, x4c dinh trang thii dong ngat
cua khoa.
Tin hiéu diéu khién )
Vector dién ap tham chi€u cua
mach 3L T-NPC c6 thé duge biéu dién
dudi dang:
Vo =V, | (7

ref ref

trong d6 V.| la mo-dun

cua \E va 60
(0<@<2r).

Trong mét chu ky song
mang, tri trung binh dién ap
tham chiéu duoc xac dinh
theo cong thirc:

la gbéc pha
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=V . cosd

Aref ref

V
=V, c0s(0—27/3)

VBref ref

Vet =V, €OS(0+27/3)

(®)

Tin hiéu dién ap tham chiéu moi
pha:

fAref = 2VAref /V d
gBref = 2\/Bref /Vd (9)
gCref = 2VCref /Vd

Dién ap diéu khién mdi pha &, ,
& & bang dién ap tham chiéu cong
thém gia tri offset.

§A = §Aref + §0ﬁ
":KB = éBref + éoff
S = Serer + ot

(10)

DPién ap offset dugc rang budc boi
dleu klen fffmln — Doff — éroff max ! trong

d6 cac gia tri &y nax

va & lan luogt

dugc xac dinh nhu sau [12]:

CJgoff max — 2—max <§Aref ) é:Bref '§Cref )

(11
goff min = T min (§Aref ’gBref ’§Cref )

Phuong phap CBPWM sin, hay
SPWM cé gia tri ham offset 1a
S =1. Dang song cua &, , &, &
trong SPWM dugc thé hién
trong Hinh 3.

Bé tri séng mang

Phuong phap SPWM duogc chia
thanh IPD-SPWM va POD-SPWM.

Lay vi du déi véi Sector I
(0< 0 < x/3) chia ra hai trudng hop:

a1z 26 (ing
0<O<x/6)Vva & =& >1> &, (Ing
voi 7/6<6<x/3). Trang thai dong
ngit mdi pha Sa, Sg, Sc va dang song
CMV cta phuong phdp IPD-SPWM
va POD-SPWM dugc thé hién trong
Hinh 3.
Tu Hinh 3, CMV trong ky thuat
IPD-SPWM Xuat hién murc
& =-1/3 (do vector 100 tao ra),
Hinh 4 (a). Trong khi d6, POD-
SPWM st dung céac vector 111, 211,
210 va 200 nhu Hinh 3 (b) dé lam
giam CMV.

vo1

Phan tich ky thuat RCMV-SVPWM

Nguyén ly giam CMV trong mach
3L T-NPC duwa trén nguyén tic sir
dung cac vector c6 bién d6 CMV nho:
V,, =0, v, =-V,/6 va v, =V,/6.
Pé kiém soat bién d6 CMV nam & cac
gia tri nay, tir (5) suy ra céc gia tri clia
(SA +S; +S¢ ) nhu sau:

Veary
&
2 v
1 1 1 cart 1
i i i & &
Gl 18 & & &
LNy
AN 0 Vearz 0 R
1~ N7 - i
! V‘\ / 2 T 111 2 |Sa T 2212(22 1 |Sa
| T 17| oI T Se T 11]0[T1 1 s
S S S — T g0 ol o[I 15 T 400 0T 15
0 w3 203 7 4n3573 21( 0 (rad) © c
| i i i i i +1/6 +1/6
i i i 1 1 1 0 Em 0 G
| I B | 1 O VARV VI -1/6 -1/6
Sector e
(@) (b)

Hinh 3. Dang séng c&c tin hiéu &a, &
va & trong 1 chu ky dién ap ngd ra
(0<6o<2r7).

Hinh 4. Trang thai dong ngit mdi pha va dang séng
&m trong 1 chu ky séng mang (Sector I, truong hop
£,>1>& > £ ): (a) IPD-SPWM, (b) POD-SPWM.
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(Sa+Ss+Sc)=2, v, = -V,/6
(Sa+Ss+S:)=3, v,= 0 (12)
(Sa+Ss+Sc)=4, Vv, = +V,/6

Co tit ca 19 vector thoa man didu
kién trong (12), cac vector nay hinh
thanh nén SVD RCMV nhu thé hién
trong Hinh 5 (a).

Vi dy, xét goéc phfin sau ther nhét
(Sector I, 0<@<x/3). Dua trén
nguyén ly NTV, Sector I dugc chia
lam 4 ving nho, dugc danh sb tir 1
dén 4 nhu Hinh 5 (b).

Goi:
3V
m= \/_ ref (I)m (13)
Vd
d, =m.sin(z/3-6
p=msin(/3-0) -y,
d, =m.siné

trong d6 m la chi sé diéu ché, Vi

1a bién do thanh phan hai co ban cua

020

120 220

- Sector (1)
"""" 1100

Noo11 \200

TS

022

7201

102

002 202
(@)
220
110 / @ \ 210

211

111 200

(b)
Hinh 5. Gian d6 vector khong gian RCMV: a) Gian d6
hoan chinh, b) Céach chia ving ddi vGi Sector |
(0<60<x/3)[13].

dién ap tham chiéu va V, 1a dién ap
DC-link.

Dua trén cac gia tri ctia di va dy, €6
thé xac dinh vung lam viéc va thoi
gian tac dong cua mdi vector, nhu
dugc liét ké trong Bang IV (ung voi
sector 1) [13]. Déi véi cac sector con
lai, qua trinh tinh toan l1a twong tu.

Tir Bang 1V, c6 thé thiy ky thuat
RCMV-SVPWM st dung diéu ché
PWM gian doan (DPWM). Trién
khai vector khong gian cua
RCMV-SVPWM cho vung 1, Sector |
dugc thé hién trong Hinh 6. Gia trj &m
cling dugc gidi han trong pham vi

(-1/6.1/6).

Cem

i 1 i
T—T' 2 T T 1Sa
T T T T T Se
O FITTTT1 0 Isc
Ts% Ts% Tsi Ts% Ts
+1/6 |----—t - f—— - -
0 | i
e IR L
Ts

Hinh 6. Chudi xung ctia phuong
phap RCMV-SVPWM trong Sector
I, ving 1 va gia tri &, tuong ang.
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BANG IV
K¥ THUAT RcMV-SvPwM Ap DUNG CHO SECTOR | [13]
S6.
. Tén Lya ) . chuyén
biéu kién vin chon Hg¢ s0 tac dong Chuoi trang thai mach
9 NTV trong 1
chu ky
110, d, =d;,, =2d, T 2 TTIS
d, +d,<0,5 1 111, dy=dy, =1-2(d,+d,) T T T TISs 4
211
dc =d,, =2d, 1T 1 1 Sc
d, =d,, =2d, -1 20 2 20 2]s,
200‘ 200 1
d,>0,5 3 210, d, =y, =2d, T 1 1 Sg 4
211
d, =d,, =2-2(d, +d,) oo ols.
1o, d, =dy=2-2(d, +d,) 2.2 27TIS,
d,>0,5 4 210, d,=d,,=2d, T 2 T TSs 4
20 4 _d, =2d,-1
o =l =20, — 0. 0 0!o0lsc
. 1o, d, =d,,, =1-2d, 20 2 27TIS
ac truong 2 210, dy=d,,=2(d,+d,)-1 T—T T TiSs 4
hop con lai 211

d,=d,,=1-2d,
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Tém tit qua trinh tinh BANG V
toan cha cac phuong phap THONG SO MO PHONG VA THUC NGHIEM
Hinh 7 thé hién qua trinh g Thong sé Gidtri  Ghichl
tinh toan cho cdc phuong Va Piénép DC-link 150V Puoc git
phap IPD-SPWM, POD- khéng dbi
SPWM  va  RCMV- 4700 Truong hop
SVPWM. C. C bién dung tu dién H Ve =Ve,
b2 DC-link 100 uF Truong hop
VCl ;éVCZ
R Dién tro tai 16 Q
L Dién cam tai 50 mH
f Tan sb co ban 50 Hz
fsw Tan sb dong ngét 5 kHz
ty Thoi gian chét 2 us
foaerr  Tansd FFTtida 20 kHz
o - 1 K 2
e THD I = > lm (16)
Vo= ‘Vm ‘e"’ Om \n=2
! 1 —
Tinh toan: O
Tinh toan: 1 (nm
Ener Earer, Ecur (8), 9) 6 WTHD v = v [— 17
En, e, &c (10) OHm n
(or = 1) Xéc dinh viing va NTV
* (Bang Il , N A \
Trién khai séng mang: ﬁ tl'Ol'lg dO V(n)m va I(n)m lan lll'O't la
A bién dg thanh phan hai bac n cua dién
—— ap ngd ra va dong dién ngod ra. Bién do
(1PD) ; (POD) da, do, de (Bang IV) thanh phan hai co ban ( f =50 Hz,
Spi... S So.So n=1) cua dién ap va dong dién lan
Sp1... S X A
S: Si: gii gz Iuot 1a V(l)m va |(1)m .
b Phuong phap IPD-SPWM va POD-
SPWM c6 chi sé didu ché 16n nhat dat
@) (b) dugc 1a m, = \/5/ 2~0,866. Nguoc

Hinh 7. Luu @6 tinh toan: (a) IPD-SPWM va
POD-SPWM, (b) RCMV-SVPWM.

Mét sé tiéu chi danh gia

DPé danh gia chat luong cia cac
phuong phap diéu khién, cac chi s6 do
méo dang séng hai tong (THD) va do
méo dang séng hai tong co xét trong
s6 (WTHD) dugc sir dung theo cong
thire [14]:

THD v = L

z:v(n)m2 (15)
n=2

Q)m

lai RCMV-SVPWM dat chi sé diéu
chédén m_ =1.

KET QUA VA THAO LUAN

Cic ky thuat didu khién IPD-
SPWM, POD-SPWM va RCMV-
SVPWM duoc trién khai trén ca md
hinh m6é phéng MATLAB/Simulink
va md hinh thyc nghiém (Xem Hinh 8)
voi tham s6 liét ké trong Bang V. M
hinh thyc nghiém st dung bo diéu
khién TI TMS320F28377. IGBT la
loai FGA25N120ANTD cua ON
Semiconductor. Tai ngd ra dang R-L
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diu Y. Dang song thyc nghiém dugc
thu thap bang dao dong ky Tektronix
TDS2024C.

Két qua cua cac phuong phap dugc
thu thap lan luot trong 2 truong hop:
a) dién ap trén mdi tu dién DC-link

Méy hién séng
TDS2024C

Card DSPTI Mach léi

dugc  thiét 1ap  cidn  bang
(Vo1 =Ve, =Vy/2) va b) dién ép trén
moi tu dién DC-link dao dong tu do
(Ve #Ve,)-

Méy bién ap ) ( Chinh Iuu | [ Tu dién |('May hién séng
nguén 12 xung DC-link TDS2024C

K
&

Maybiénap Chinhluu  Tudién  Mach 3L
nguon 12xung  DC-link  T-NPC
(@

Hinh 8. Hé thdng thuc nghiém: (a) So d6 khdi, (b) Mach dién thuc té.

Két qua trong truéng hop
Ver =Ve2 :Vd/z
Dang song dién dp, dong dién va CMV

Hinh 9 va Hinh 10 lan luot thé hién
dang song mo6 phong cua dién ap ngd
ra vag, dong dién ngd ra ia, gia tri Vem
tmg véi chi s6 diéu ché m=0,4 va
m=0,8.

K§ thuat IPD-SPWM cé bién d6
CMV cao hon so voi hai ky thuét con

lai, v6i ciac muac v, =+50 V
(+V,/3) va v, =-50 V (-V,/3).
Trong khi d6, ca POD-SPWM va
RCMV-SVPWM déu cho CMV c6
bién d6 nam giita hai pham vi Vem =
+25 V (+V,/6) va vem = -25 V
(-V,/6). Cac két qua thuc nghiém
(Hinh 11 va Hinh 12) nhit quan véi
dang song trong mo phong.

Bign 4p ngé ra B ién 4p ngd ra vAB Bign 4p ngd ra i,
- 0 wl
S Ss s:
w 0 - 1 T

we  oom w7 s e oos oW ome o 006 oo o oors 0o o oe  ame o1 a6 S 7 005 O s e 05 O
, Dong dién ngé ra n , Dong dién ngo ra i , Dong dién ngé ra n
2
< S K
2 1 2 2
4 4 4
G600 00 005 oW 0o Ge o 01 006 s ow a5 0o oms e oms i e oMs 00 oo e oss e wes 0o

Dién 4p common-mode  Chy

Dién ap common-mode i

Dién ap common-mode i

o6} oo 00 0ns

Ven =250 V = £V4/3

Ve =225V = 2V,f6

TR 006 05 007 ams 008 | ooes

00 0ms oo o 01
v

Ve = £25 V= 2V,f6

e oms o o6 oo 001 oS

Ven =25V = £V/6

@

(b) (©

Hinh 9. Dang séng mo phong: dién ap vag, dong dién i va CMV v¢, (M= 0,4, PF = 0,7): (a) IPD-

SPWM, (b) POD-SPWM, (c) RCMV-SVPWM.
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Dign ap ngé ra w8 Dign 4p ngd ra B Dién 4p ngé ra VA
w0 "o
So S
w0 w0
o6 oms oo oo ;o 009 om0l we o o Gos o oo oW o o w5 oo o5 e 0o G oo
, Déng dién ngé ra i , Déng dign ngé ra , Dong dign ngd ra it
2 H 2 1
<0 g 1 < i
2 | I 2 ] ! 1 2
4 4 4
06 oM oy 005 0 05 009 0 Of am oo 0 om0 oo ol 0ms i G5 07 00 e s 0 0o o
Dién 4p common-mode  chy Dign &p common-mode  cuy Dign &p common-mode  chav
e’ N e’
@ - ]
o ows o o o | ws o1 e o0 0N 005 0o | 00 om  0ms o1 s 007 0 o | ot w00
Ven = $50V = £V4/3 Vem = £25V = £V4/6 Ven =225V = £V,/6 Ven =25V = £V4/6
@ (b) ©

Hinh 10. Dang séng mé phong: dién ap vag, dong dién ia va CMV V¢ (M= 0,8, PF = 0,7): (a) IPD-
SPWM, (b) POD-SPWM, (c) RCMV-SVPWM.

M Pas; 0.000s

Tek .M. [] st+

Z'M

14 Pos: 0.000s

Tek .. [] sle+

b N N

CHZ 2004 M 5.00ms

M Pos: 00005

Tek .. [] Stop+

T N N

CHZ 2004 M500ms

M Pos: 0.000s

Tek .. [] Stop+

Vem= +50 (V) = +Vg/3

Vem=

Vem=
Vem= —50 (V) = -Vy/3

14 5.00ms

Tek  JL @ stop 1 Pos; 0,000
+

Vem=+25 (V) = +V4/6

Ven= =25 (V) = -Vg/6

1 5.00ms

Tek Nl @ M Pos: 1,000
+

Vem= +25 (V) = +V4/6)

-V/6

Van= =25 (V)

14 5.00ms

@

(b)

©

Hinh 11. Dang song thuc nghiém dién ap vag (100 V/div), dong dién ia (2 A/div) va CMV vy (40
V/div) (m = 0,4, PF = 0,7): (a) IPD-SPWM, (b) POD-SPWM, (c) RCMV-SVPWM. Gié tri truc

hoanh: 5 ms/div.

M Pos: 0.000s

ek .. [ 350
+

A,

CH2 2004 M 5.00ms

Tek  JL. @ Stp T Pos: 10005
-

NN

M 50ms

CH2 2004

T Pos: 00005

ek . @ Stp
-

VAN

CH2 2004 M500ms
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Tek S @ Stop M Pos: 0.000s Tek S @ Stop M Pos: 0,000s Tek  JL. @ stop M Pos: 0.000s
+ + +
Vem= 150 (V) = +V¢/3
. Voy=+25 (V) = +V/6 Vo= +%5 (V) = +Vg/6 Vani= +25 (V) = +V4/6
..... Sm 3
Vem= =25 Vem= =25 (V) = -V/6 Van=-25 (V) = -Vd/6
Vem= -50 (V) = -V4/3
M 5.00ms M 5.00ms MM 5.00ms
@) (b) ©

Hinh 12. Dang séng thuc nghiém dién ap vag (100 V/div), dong dién ia (2 A/div) va CMV vy (40
V/div) (m = 0,8, PF = 0,7): (a) IPD-SPWM, (b) POD-SPWM, (c) RCMV-SVPWM. Gia tr truc
hoanh: 5 ms/div.

Két qud phan tich phé tin hiéu 13 (m6 phong) va Hinh 14 (thyc
nghié¢m).
Két qua phan tich pho dién ap vas
tai m=0,8 duoc thé hién trong Hinh

10 Vasmm/Va 10 Vasmm/Va 10 Vasmm/Va
= f=50 Hz f=50H |
0s f=50Hz THD=32 % osl THD=46 % el SoHz THD=35 %)
: WTHD = 0,22 % 8 WTHD = 0,38 %) : WTHD=0,34%
06 06" 1 06
04 04 04
02 02 ‘L 1 02
0 Jh m s A 0 | m Jal A;A 0 " M " N allly
5 10 15 20 5 10 15 20 5 10 15 20
(kHz) (kHz) (kH2)
(€Y (b) ©

Hinh 13. Két qua m6 phong: Phd dién ap vas (M = 0,8, PF = 0,7): (a) IPD-SPWM, (b) POD-SPWM,
(c) RCMV-SVPWM.

10 VAE(n)mNd 10 VAB(n)mNd 10 VVABMgmNd‘
f=50H f=50H - . f=50H.
08 =50tz THD=37 % 08 [ i THD=52 % 0l ] THD=39 %
| WTHD = 0,63 %: - WTHD = 0,86 % | WTHD =0,78 %
0.6 0.6 06
04" 0.4 04
0.2 0.2 j 02
ol . I o o
5 10 15 20 5 10 15 20 5 10 15 20
(kHz) (kHz) (kHz)
(@) (b) (©

Hinh 14. Két qua thyc nghiém: Phd dién 4p vas (M = 0,8, PF = 0,7): (a) IPD-SPWM, (b) POD-
SPWM, (c) RCMV-SVPWM.

Ky thudt POD-SPWM c6 bién d6  déu c6 bién do nho hon 10%Va.
16n nhét, cao gip doi so véi cac Hinh 15 (m6 phong) va Hinh 16
phuong phéap IPD-SPWM va RCMV  (thyc nghiém) mé ta phd CMV. Bién
SVPWM tai tan s 5 kHz. Céc thanh  d6 CMV tai tan s6 5 kHz dat dinh
phén hai tan s6 cao tai cac boi s6 cia  khoang 20%Vy & IPD-SPWM va giam
tan s6 dong ngat (10 kHz, 15 kHz, 20 con khoang 10%Vq & POD-SPWM va
kHz) cta vag trong ca 3 phuong phap RCMV-SVPWM. Sy xudt hién gia
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ting ddy tin cac hai bac thip cua
RCMV-SVPWM c¢6 bién do cao
khoang 5%Vy quanh ving 5 kHz c6
thé lam ting mtc do gy nhidu CMV

ctia phuong phép nay. Két qua thuc
nghiém Hinh 16 phu hop véi phan tich
mo phong.

0.25 VetV 0,25, Vemom/Vs 0,25, VertolVs
0.20 0.20 0.20"
0.15 0.15 0.15¢
0.10 0.10 0.10
0.05 0.05 0.05¢
0 XS\ lx[x) M LO 0 5 lx()) }iué x20 0 5 10 15 20
(kH2) (kH2) (kH2)
(@) (b) (©)
Hinh 15. Két qua mé phong phé CMV (m = 0,8, PF = 0,7: (a) IPD-SPWM, (b) POD-SPWM, (c)
RCMV-SVPWM.
0.25 VeV 0,25 emmlVe 0.5 VentnlVe
0.201 0.207 0.207
0.15 0.15 0.15
0.10- 0.10"
0.05- 0.05"
0 5 10 15 20 0 hA A5 1@) JZsluéuh “20
(kHz) (kHz)
(@ (b)

Hinh 16. Két qua thuc nghiém phé CMV(m = 0,8,

RCMV-SVPWM.

Ddc tinh dién dp va dong dién ngé ra

Hinh 17 va Hinh 18 lan luot thé
hién dic tuyén THD va WTHD ciia
dién ap ngd ra vae. Mac du, IPD-
SPWM c6 bién d6 dinh tai 5 kHz giam
so v6i RCMV-SVPWM nhung anh
hudng cta bién dd cac song hai vung
10 kHz, 15 kHz lai cao hon nén d6
méo dang dién 4p téng cua né khong
tao ra khac biét 16n so voi RCMV-
SPWM trén Hinh 17. Vi dy, trong md
phong tai m = 0,6, THD(vag) ctua IPD-
SPWM, RCMV-SVPWM lan luot 1a
35%, 38% - Hinh 17 (a). Tai m =
0,866, THD(vag): 31% (IPD-SPWM),
32% (RCMV-SVPWM).

Nguoc lai, POD-SPWM cd THD
cao hon dang ké so voi hai phuong

PF = 0,7): (a) IPD-SPWM, (b) POD-SPWM, (c)

phap con lai. Vi duy, POD-SPWM dat
THD la 78% tai m=0,6 va 36% tai
m=0,866. Cac dic tinh thyc nghiém
dat dugc ¢ cac Hinh 17 va 18 phu hop
v&i md phong.

So véi sy khac biét d0 méo dang
dién &p khong rd rét cta hai phuong
phap IPD-SPWM va POD-SPWM, thi
sy khac biét vé do méo dang dong
dién qua chi s6 d6 méo dang dong
dién WTHD thé hién 13 rang hon &
Hinh 18; lic d6 anh hudng cua cac
song hai dién ap bac cao 10 kHz va 15
kHz duoc loc bot. Vi du, IPD-SPWM
dat WTHD cac gia tri 0,78% va 0,23%
tai m=0,2 va m=0,866, trong khi cac
gia tri tuong ung cua RCMV-
SVPWM lan luot 1a 1,2% va 0,31%.
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THD (%)
300

~4-RCMV SVPWM 100
~=- POD-SPWM
—&-IPD-SPWM 78

02 03 04 05 06 07 08 09 1 0.6 0.7 0.8 0.9 1
Chi s6 diéu ché (m)
(@)
THD (%)
300 ~&-RCMV SVPWM 100
= POD-SPWM 86
222 —&- IPD-SPWM
80
200
15
155 0
100 44 40
7 35
34
27
0
02 03 04 05 06 07 08 09 1 0.6 0.7 0.8 0.9 1
Chi sb didu ché (m)
(b)
Hinh 17. D6 thi THD(Vag) theo m (PF = 0,7): () M6 phong; (b) Thuc nghiém.
WTHD (%)
30 ~5-RCMV SVPWM 15
-5~ POD-SPWM
—a- IPD-SPWM
2.0 1.0
1.44 0.73
20
10 05 o3 0.31
0.28
oo 028 023
0.78 023°——%
0.25
0.0 0.0
02 03 04 05 06 07 08 09 1 0.6 0.7 0.8 0.9 1
Chi s6 diéu ché (m)
@)
WTHD (%)
3.0 ~&RCMV SVPWM 15
-5-POD-SPWM

0.0
0.2 0.3

0.4

——IPD-SPWM

0.0
0.5 0.6 0.7 0.8 0.9 1 0.6 0.7 0.8 0.9 1

Chi sb didu ché (m)

(b)

Hinh 18. B thi WTHD(vag) theo m (PF = 0,7): (a) M6 phéng; (b) Thyc nghiém.
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Hinh 19 thé hién dic tuyén tri hi¢u
dung CMV. Do ludn tao ra bién do
CMV cao nhit trong cac phuong phap
nén dd thi 4p CMV cua IPD-SPWM
luén duy tri cao nhat. O hai phuong
phap con lai, du c6 bién d0 CMV cao
nhit bang nhau, nhung phé CMV cua
RCMV-SVPWM do chira thém cac
thanh phan hai boi ba nén lam ting tri
hiéu dyng cta nd. Trong md phong,
gia tri V,,../V, cia POD-SPWM
tang dan tir 0,03 6 m = 0,2 1én dén
0,11 tai m = 0,866. Phuong phap IPD-

SPWM c¢6 gié tri V,,../V, cao nhit
va dat gia tri cuc dai tai mtrc 0,19 ung
véi m = 0,533, Hinh 19 (a). Trong md
phong tai m = 0,866, ca 3 phuong
phap déu c6 V,,../V, chénh léch
khong dang ké véi gia tri 1an luot 1a
0,11 (POD-SPWM), 0,12 (RCMV-
SVPWM) va 0,13 (IPD-SPWM). Céac
két qua thuc nghiém trong Hinh 19 (b)
6 dic diém phu hop véi két qua mo
phong.

Vemms/Va
0.25 ~5~RCMV SVPWM
-5~ POD-SPWM
0.20 -4~ |PD-SPWM

02 03 04 05 06 07 08 09 1
Chi sb diéu ché (m)

Vemms/Va
025 ~~RCMV SVPWM
-5-POD-SPWM
& IPD-SPWM

017
014 014

——0——2
il e/o Q/Q/Q~E/EL =31 g2
0.10 ¢ éﬁo B/E/D\E/ZFEL
B'B\g—f

0.06

00—
e oo
o7 pa S SOOI

0.05

0.00
02 03 04 05 06 0.7 08 0.9 1

Chi s6 diéu ché (m)

@
Hinh 19. Pac tinh Vemms/Va theo m (PF = 0,7): (a) M6 phong; (b) Thuc nghiém

Dé c6 duge danh gia chi tiét hon vé
dac tinh song hai ctia cac phuong
phép, Hinh 20 thé hién db thi THD
dong dién ia Ung véi cac gia tri m va
PF khac nhau; khi PF tang 1én, THD
dong dién cua cac phuong phap cling

(b)

tang theo.

Db thi THD dong dién c6 dic tinh
tuong tw do thi WTHD(vag). Phuong
phdp POD-SPWM c6 gia tri THD(ia)
cao nhét trong ca 3 phuong phap.
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w34 u34
| 23 | 23
| 12 ‘ 12
| H ‘ | ‘ 01 | H ‘ ‘ ‘ o1
4 | . 4 I
L | [ | ‘ (1] || |
| I ‘ e | |
§ 5| | ‘ | L] R 3 | ‘ | [1]]
< <
= | | = | |
% | | | a | | ‘
T | 11 ;':— | [
2| ‘ | 2| |
| |
[ ‘ .
{
| | |
1 | 1
|1 | g |
0 0
<, . 01 o ., ’ < 07 K
02 038 = - 0.6 y,\@ 0.2 03 LT54 - 06 w\@
3 s Ll 05 P 3 4 LTS s B
Z, : B « <, 3
05 L 04 o 05 L T o o
756 i 06 03 & Chiss s 0 AL 0 &
i€y cha 08 A 0 diey cha " o )
hé (m ) \?:Qa ché (m ) \Xaa
(a) (b)
THD dong dién iA (%) theo m va PF (RCMV-SVPWM)
=34
23
1-2
a0 [ | ‘ \ ‘ 01
| | | | | | |1
[ ‘ |
' &
3| || | ‘ | | | EE!
R (. | | |
= | | ‘ ‘ | | |
a 2 | |
T ‘ ‘ |
= | | [] ] | |
| [
|
1
I |
| |
o L ’ - 4 Jog N
02 : &
03 . 06 B
0.4 L S
0.5 705 | 9
Chies o. 704 c'?(\g
ll A ..
SO didy ché ( 09 02 &
) L&

Hinh 20. Bic tuyén mé phong THD(i) (%) theo m va PF: (a) IPD-SPWM, (b) POD-SPWM, (c)

RCMV-SVPWM.

Két qua trong truéng hgp
VCl iVCZ

Bdc tuyén dé nhdp nhé dién dp tu

<A . Vo, #V . ‘a
Trong dicu kién ©* "~ "©2, cac dién
ap c6 su dao dong voi cac gon song

AC quanh gia tri V,/2. Goi

Ave, (%) = (Vcl_max —Ver_min )/V o 12dd
nhép nho dién ap trén tu C; quy vé gia
tri dinh murc.

Dic tuyén mo phong Aver theo m
tai PF = 0,2 va PF = 0,8 cua cac
phuong phap dugc thé hién trong

Hinh 21. Hai phuong phap IPD-
SPWM va POD-SPWM c6 dong dién
qua diém trung tinh trung binh bang
nhau nén dic tinh Avc: gan gibng
nhau voi do chénh 1éch khong dang
ké. Vi dy, tai m = 0,866, Avci cua
IPD-SPWM va POD-SPWM lan luot
1a 37,3% va 37,4% véi PF = 0,2; va
31,1% voi PF = 0,8. Khi PF tang Ién
thi Avc: cua IPD-SPWM va POD-
SPWM giam xudng.

Phuong phap RCMV-SVPWM cb
Avci cao hon rd rét so vdi hai phuong
phap con lai nhu thé hién trong Hinh
21. Piéu nay c6 thé duoc 1y giai do
chudi dong ngit cia RCMV-SVPWM
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khong chtra cac cap vector nho trung
lap, nén khong tan dung kha nang bu
trir dong cén bang. Tai PF = 0,2, Avci
cia RCMV-SVPWM dat 2,5% khi m
= 0,2 va 44,7% khi m = 1. Tai PF =
0,8, Avcy dat cuc dai 35,2% khi m ~
0,766 va 30,9% khim=1.

Céc két qua khao sat cho théy, mac

di c6 d6 méo dang thap, gan voi ky
thuat [PD-SPWM va giam bién d¢
CMV nhung phuong phap RCMV-
SVPWM giy ra dao dong ap cac tu
véi bién d6 cao nhdt so v&i cac
phuong phap con lai trong toan pham
vi chi s6 diéu ché.

Aver (%)
60 ~o~ RCMV SVPWM
=~ POD-SPWM
50 & IPD-SPWM 4 7
392 5
% e

02 03 04 05 06 07 0.8 0.9 1

Chi sb diu ché (m)

Aves (%)
60 ~5~RCMV SVPWM
-5-POD-SPWM
50 - IPD-SPWM

40 335

309

G
s Gy
B ey

Chi s6 cidu ché (m)

@

(b)

Hinh 21. Bac tuyén mo phong Avey (%) theo m: (a) PF = 0,2, (b) PF = 0,8.

Dic tuyén md phong Avci theo m

va PF cho cac phuong phap dugc thé
hién trong Hinh 22.
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Gia tri AVC1 (%) theo m va PF (IPD-SPWM)

Avc; (%)

Gia tri AvC1 (%) theo m va PF (POD-SPWM)
040-50
=30-40
=2030

1020
0-10

Ave, (%)

Avc, (%)

09 /o2

Hinh 22. Dac tuyén md phang Aves (%) theo m va PF: (a) IPD-SPWM, (b) POD-SPWM, (c) RCMV-

SVPWM.

Su bién thién cua Avci theo m va
PF cua IPD-SPWM va POD-SPWM
trong Hinh 22 cho thiy vdi cing PF,
Avci tang 1én theo m va véi cung m,
Avci giam khi PF tang. Phuong phap
RCMV-SVPWM c6 Avci cao hon so
v6i IPD-SPWM va POD-SPWM.

Ddc tuyén dong dién diém trung tinh

bac tuyén tri hiéu dung dong dién
diém trung tinh, ky hiéu inprms, tng véi
PF = 0,2 va PF = 0,8 duoc thé hién
trong Hinh 23. Co thé thiy tai PF =
0,2, ca ba phuong phap déu co gia tri

inprms gan gidng nhau. Vi du, tai PF =
0,2 va m = 0,866, inpms cia IPD-
SPWM, POD-SPWM va RCMV-
SVPWM lan luot 12 2,280 A, 2,263 A
va 2,296 A.

Dong dién inems ting khi chi sd
diéu ché tang, tuong ty nhu bién do
dién ap dao dong trén tu. béi véi PF =
0,8, POD-SPWM ¢6 inprms thip nhit,
con RCMV-SVPWM c6 gia tri inerms
16n nhat.
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iNPrms (A)
4 ~5-RCMV SVPWM
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Hinh 23. Bac tuyén mo phong inems (A) theo m: (a) PF = 0,2, (b) PF = 0,8.

So sanh cac phuong phap IPD-
SPWM, POD-SPWM va RCMV-SVPWM

Bang VI thé hién tom tit so sanh giira
cac phuong phap da khao sat. Trong
didu kién hoat dong vé6i dién &p DC-
link can bang, phuong phap
RCMV-SVPWM c6 ton hao chuyén
mach thap hon (nho nguyén ly
DPWM), trong khi c6 mic THD,
WTHD va Vemms ¢ pham vi trung
binh. Trong diéu kién xét dién ap hai
tu DC-link khong can bang, RCMV-
SVPWM cé nhuge diém so véi hai
phuong phéap con lai 1a ¢c6 Avcr cao
nhit va do 16n inpms cling cao nhét.
Ngoai ra, do 1a phuong phap SVPWM

nén RCMV-SVPWM c6 thoi gian tinh
toan lau hon so véi hai phrong phap
CBPWM.

Phuong phiap POD-SPWM ndi bét
& kha ning RCMV va ¢6 Vemms thap.
Trong diéu kién dién ap trén mdi tu
DC-link khéng can bang, phwong
phdp POD-SPWM d6 16n inpms thdp
hon so vgi IPD-SPWM. Phuong phap
IPD-SPWM c6 d6 méo dang song hai
ngd ra (THD, WTHD) thép trong diéu
kién dién ap diém trung tinh mach
DC-link can bang ciing nhu trong diéu
kién xuét hién dao dong.

BANG VI
SO SANH CAC K¥Y THUAT IPD-SPWM, POD-SPWM VA RCMV-SVPWM

Tiéu chi IPD-SPWM POD-SPWM RCMV-SVPWM
Kha ning diéu khién . ) ]
RCMV Khéng Co Co
E,Eﬁm vi dicu che tuyen (0 < m < 0,866) (0 < m < 0,866) (O<m<1)
So ch}lyen mach trong 1 6 6 4
chu ky
Po méo dang ngd ra )
(THD(Vag), WTHD(Vag), Thap Cao Trung binh
THD(in))
Bién do hai CMV tai fy Cao Thép Thép

Pic diém phan bd phd

Tap trung tai fg, va boi

Tap trung tai fg, va boi

Phé[] tan rai rac,
chu yéu trong pham

CMV $O faw SO faw Vi (0, 2f.0)
Tri hiéu dung CMV Cao Thép Trung binh
G1a tri AVC1 khl ’: z

Ve, £V, Thap Thap Cao

3355



VNUHCM Journal of Engineering and Technology 2026, 9(3): 3339-3358

Gia  tri
VCl * VC2

inems  Khi a0

Thép Cao

Avey: do nhe‘ip nho dién ap trén tu dién C;.

inprms: tri hiéu dung dong dién qua diém trung tinh.
Dir liéu dugc do va phan tich, tong hop tr phan mém MATLAB/Simulink va Excel [Nguon:

Nhom tac gia).

KET LUAN

Bai bao da dua ra mét phan tich so
sanh giira ba k¥ thuat didu khién phd
bién cho mach 3L T-NPC (IPD-
SPWM, POD-SPWM va RCMV-
SVPWM) trong cac diéu kién dién ap
tu dién DC-link khac nhau. Céac
phuong phap dugc phén tich 1y thuyét
va kiém chimg bang ca mé phong 1dn
thuc nghiém.

Két qua md phong va thuc nghiém
cho thiy mdi phuong phap c6 wu
nhuoc diém riéng, xét theo timg tiéu
chi. O trang thai dién ap cac tu DC-
link can bang, phuong phap RCMV-
SVPWM c¢6 wu diém giam CMV,
pham vi 4p tai 16n nhét, va giam thiéu
ton hao chuyén mach. Khi xét diéu
kién dién ap tu DC-link dao ddng,
phuong phap POD-SPWM thé hién wu
diém hon hai phuong phap con lai &
déap mg vé& d6 nhap nho dién 4p trén
tu dién va dong dién diém trung tinh.

LOI CAM ON

Nghién ctru nay duoc tai trg bdi Pai
hoc Qudc gia Thanh phé HO Chi Minh
(VNU-HCM) trong d& tai mid sé
DN2022-20-03.

DANH MUC TU VIET TAT

2L: Hai bac - Two-level

3L: Ba bac - Three-level

CBPWM: Piéu ché do rong xung song
mang - Carrier-based pulse-width
modulation

CHB: Cau H ghép tang - Cascaded H-
bridge

CMC: Dong dién common-mode -
Common-mode current

CMV: bDién 4p common-mode -
Common-mode voltage

DPWM: Diéu ché d6 rong xung gian
doan - Discontinuous pulse-width
modulation

EMI: Nhiéu dién tir - Electromagnetic
interference

FC: Tu dién kep - Flying capacitor
IPD: (Song mang) dich mtc cung pha
- In-phase disposition

MLI: Mach nghich luu da bac - Multi-
level inverter

NPC: (Mach nghich Iuu) Kep diém
trung tinh - Neutral-point-clamped
NTV: Ba vector gan nhit - Nearest-
three-vector

PF: Hé sb cong suit - Power factor
POD: (Séong mang) dich mic ngugc
pha - Phase opposition disposition

PV: Pin mat troi - Photovoltaic

PWM: Diéu ché d6 rong xung - Pulse-
width modulation

RCMV: Giam dién ap common-mode
- Reduced common-mode voltage
SPWM: Piéu ché do rong xung dang
sin - Sinusoidal pulse-width
modulation

SVD: Gian dd vector khong gian -
Space vector diagram

SVPWM: Piéu ché do rong xung sir
dung vector khong gian - Space vector
pulse-width modulation

THD: P6 méo dang song hai tong -
Total harmonic distortion

T-NPC: (Mach nghich luu) diode kep
diém trung tinh kiéu T - T-type
neutral-point-clamped

VSD: Truyén dong dién tdc do thay
d6i - Variable speed drives

VSI: Mach nghich luu nguoén ap -
Voltage source inverter

WTHD: D6 méo dang séng hai tong
c6 tinh dén trong s6 - Weighted total
harmonic distortion

XUNG POT LOI ICH

Nhom tic gia cam doan rang khong co
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bat ky xung dot lgi ich nao trong cong
bd bai béo.

PONG GOP CUA TAC GIA

Lé Nguyén Hong Phong thuc hién
phan tich 1y thuyét, xdy dung mo hinh
mo phong, xay dung moé hinh thuc
nghiém, thu thdp dir li¢u, phan tich di
liéu va viét ban thao.

Vian Tan Luong va Nguyén Trong Tai
gop ¥ vé lap trinh thyc nghié¢m.
Nguyén Vian Nho dua ra y tudng
nghién ctru va hiéu dinh bai viét.

(1]

(2]

(3]

(4]

(5]

(6]

TAILIEU THAM KHAO

J. Rodriguezet  al.,  "Multilevel
Converters: An Enabling Technology for
High-Power Applications,"
in Proceedings of the IEEE, vol. 97, no.
11, pp. 1786-1817, Nov. 2009, doi:
10.1109/JPROC.2009.2030235

J. I. Leon, S. Vazquez and L. G.
Franquelo,  "Multilevel ~ Converters:
Control and Modulation Techniques for
Their ~ Operation  and Industrial
Applications,” in Proceedings of the
IEEE, vol. 105, no. 11, pp. 2066-2081,
Nov. 2017, doi:
10.1109/JPROC.2017.2726583.

M. Schweizer, I. Lizama, T. Friedli and J.
W. Kolar, "Comparison of the chip area
usage of 2-level and 3-level voltage
source converter topologies," IECON
2010 - 36th Annual Conference on IEEE
Industrial Electronics Society, Glendale,
AZ, USA, 2010, pp. 391-396, doi:
10.1109/IECON.2010.5674994.

E. Robles, M. Fernandez, J. Zaragoza, |.
Aretxabaleta, 1. M. De Alegria and J.
Andreu, "Common-Mode  Voltage
Elimination in Multilevel Power Inverter-
Based Motor Drive Applications,"”
in IEEE Access, vol. 10, pp. 2117-2139,
2022, doi:
10.1109/ACCESS.2021.3137892.

U. -M. Choi, K. -B. Lee and F. Blaabjerg,
"Diagnosis and Tolerant Strategy of an
Open-Switch Fault for T-Type Three-
Level Inverter Systems,” inIEEE
Transactions on Industry Applications,
vol. 50, no. 1, pp. 495-508, Jan.-Feb.
2014, doi: 10.1109/T1A.2013.2269531.

S. Cailhol, P. -E. Vidal and F. Rotella, "A
Generic  Method ~ of  Pulsewidth
Modulation Applied to Three-Phase
Three-Level T-Type NPC Inverter,”
in [IEEE  Transactions on  Industry
Applications, vol. 54, no. 5, pp. 4515-
4522, Sept.-Oct. 2018, doi:
10.1109/T1A.2018.2829468.

(7]

(8]

(9]

(10]

(11]

[12]

[13]

[14]

X. Wu, G. Tan, Z. Ye, Y. Liu and S. Xu,

"Optimized Common-Mode Voltage
Reduction PWM  for  Three-Phase
Voltage-Source  Inverters,” in IEEE

Transactions on Power Electronics, vol.
31, no. 4, pp. 2959-2969, April 2016, doi:
10.1109/TPEL.2015.2451673.

C. T. Morris, D. Han and B. Sarlioglu,
"Reduction of Common Mode Voltage
and Conducted EMI Through Three-
Phase Inverter Topology," in IEEE
Transactions on Power Electronics, vol.
32, no. 3, pp. 1720-1724, March 2017,
doi: 10.1109/TPEL.2016.2608388.

W. Zhu, D. De Gaetano, X. Chen, G. W.
Jewell and Y. Hu, "A Review of
Modeling and Mitigation Techniques for
Bearing Currents in Electrical Machines
With  Variable-Frequency  Drives,"
in IEEE Access, vol. 10, pp. 125279-
125297, 2022, doi:
10.1109/ACCESS.2022.3225119.

C. -C. Hou, C. -C. Shih, P. -T. Cheng and
A. M. Hava, "Common-Mode Voltage

Reduction Pulsewidth Modulation
Techniques for  Three-Phase  Grid-
Connected Converters," in IEEE

Transactions on Power Electronics, vol.
28, no. 4, pp. 1971-1979, April 2013, doi:
10.1109/TPEL.2012.2196712.

X. Pang, A. Chen, X. Li, Z. Zhong and X.
Liu, “Carrier-Based Fault Tolerant
Control Strategies for Three-Level T-
Type Inverter With Unbalanced Neutral-
Point Voltage," in IEEE Journal of
Emerging and Selected Topics in Power
Electronics, doi:
10.1109/JESTPE.2024.3408268.

P. Khoa-Dang and N. Nho-Van, ‘‘Pulse-
width modulation strategy for common
mode voltage elimination with reduced
common mode voltage spikes in
multilevel inverters with extension to
over-modulation mode,”” J. Power
Electron., vol. 19, no. 3, pp. 727-743,

May 2019, doi:
10.6113/JPE.2019.19.3.727

Bin Wu; Mehdi Narimani,
"Diode-Clamped Multilevel Inverters,"
in High-Power Converters and AC

Drives, IEEE, 2017, pp.143-183, doi:
10.1002/9781119156079.ch8.

D. Grahame Holmes; Thomas A. Lipo,
"Harmonic Distortion,"” in Pulse-width
Modulation for Power Converters:
Principles and Practice , IEEE, 2003,
pp.57-94, doi:
10.1109/9780470546284.ch2.

3357



VNUHCM Journal of Engineering and Technology 2026, 9(3): 3339-3358
Research article

@ Open Access Full Text Article
Comparison of PWM Techniques Controlling Three-Level T-NPC
Inverter under Different DC-link Capacitor Voltage Conditions

Le Nguyen Hong Phong', Van Tan Luong?, Nguyen Trong Tai', Nguyen Van Nho '"*

ABSTRACT

This paper presents a comparative study of the performance of popular PWM control tech-
niques for a 3-level T-NPC inverter. The investigated methods include: sinusoidal carrier-based
Use your smartphone to scan this PWM techniques (including IPD-SPWM and POD-SPWM) and reduced-common-mode volt-
QR code and download this article age space vector PWM technique (RCMV-SVPWM). The techniques are firstly analyzed theo-
retically and then implemented in MATLAB/Simulink simulation model and on experimental
hardware which utilizes a TMS320F28377 DSP card. Under fully balanced DC-link voltage con-
dition, the methods are compared according to the following criteria: the harmonic distortion
factors (THD, WTHD) of output voltages and currents, the amplitude, frequency spectrum dis-
tribution, and RMS value of common-mode voltage. Under the free oscillation of the voltage
on DC-link capacitors, the comparison criteria include the voltage ripple on the capacitor and
the RMS value of neutral point current. The simulation and experimental results under normal
operating conditions show that the RCMV-SVPWM technique has more advantages than the
other two techniques in terms of DC voltage utilization, CMV reduction, and switching loss
minimization. For the condition of DC-link capacitor voltage fluctuation, the simulation results
show that the POD-SPWM method provides better response through lower DC-link capacitor
voltage ripple and smaller RMS values of neutral point current.

Key words: Three-level T-NPC inverter, common-mode voltage, carrier-based pulse-width
modulation, space vector pulse-width modulation, nearest-three-vector, discontinuous
modulation, voltage ripple, total harmonic distortion
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