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TOM TAT

Bai bdo trinh bay mot ky thuat diéu ché dé rong xung (PWM) mdi triét tiéu dién dp common mode
cho bd nghich luu mot pha cau H 3 bac T-NPC. Bo nghich luu 3 bac NPC thudng dugc ting dung
phé bién trong cac Ung dung két ndi ludi hodc lam ngudn du phong UPS trong cong nghiép. Ngoai
cac kha nang nhu chiju dién ap cao, dat dién ap ngd ra va dong dién c6 d6 méo dang song hai thép,
b6 nghich luu 3 bac NPC con cé uu diém vuat troi la co thé gidm hodc triét tiéu dién dp va dong
dién common mode. Ky thuat PWM dé xudt mdi dua trén dic diém bang trang thai dong ngét clia
b6 nghich luu cau H 3 bac T-NPC chifa nhiéu trang thai dong ngat cé dién 4p common mode bang
khong. Hon thé nira, cdu hinh nghich luu 1 pha 3 bac T-NPC con gidp thuc hién diéu khién PWM
gidm stress dién dp ngd ra, va giam dd méo dang ap ra so véi ky thuat diéu khién PWM luéng cuc
(bipolar) ctia bd nghich luu cau H 2 bac. Trong bai bao, phuong phap PWM séng mang dang sin
dugc phan tich, mé hinh hoéa va thiét ké dua trén bang trang thai déng ngat bd nghich luu 3 bac
T-NPC. Két qua phan tich sé dugc danh gid bang mé phong dung MATLAB/SIMULINK. Két qua moé
phong cla ky thuat PWM cho nghich Iuu 3 bac T-NPC sé dugc so sdnh vdi cdc phuang phép khong
triét tiéu ap common mode; dong thai chét lugng ctia bd nghich luu 3 bac T-NPC cling dugc so
sanh vai bo nghich luu 2 bac truyén thdng. Néi dung tén hao clia bo bién déi cong sudt ciing dugc
danh gia bang phan mém PLECS. Cac két qua thu dugc khdng dinh cac lgi thé clia phuong phap
triét tiéu dién dp common mode trong cau hinh nghich luu 3 bac T-NPC.

Tu khoa: Nghich luu ngudn dp 1 pha, cdu hinh T-3L, triét tiéu dién ap common-mode, ki thuat
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diéu ché song mang

GIGI THIEU

Do sy phit trién manh mé cta cac ing dung stt dung
néng lugng dién, viéc nghién ctiu cic bd bién d8i cong
sudt ngay cang trd nén quan trong. Bo nghich luu ap
mot pha cau H 2 bac (H-2L) nhu Hinh 113 mét trong
$6 cdc cdu hinh b bién d6i 1 pha dugc nghién ctiu va
ung dung phé bién cho cic ting dung céng suit viia
va nho véi cac vu diém nhu: ciu tric don gian va dé
diéu khién 14,
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Hinh 1: Bo nghich luu mét pha cau H-2L

Tuy nhién, cdu hinh nay vin c¢6 mdét s6 han ché nhu:
chat lugng séng hai dién ap ngo ra con thip va stress
dién 4p trén linh kién cao khi st dung dién 4p 16n.
Dé giam dd méo dang THD dién ép va dong dién ngod
ra, giam stress dién ap trén linh kién, c4u hinh nghich
luu da bac thusng dugc xem xét>-8, Trong b nghich
luu ép, dong dién ro c6 thé phat sinh do téc dung cta
céc trang thdi déng ngit gay ra ap CMV khéc 0. Déi
v6i dong co dién, dong ro gay ra bai bd nghich luu
la mot trong céc nguyén nhan lam hong & bi tryc ro-
tor. Trong cdc ting dung ¢ b nghich luu két ndi ludi,
dong ro dan qua cac tré khang ndi gitia cdc diém trung
tinh tai AC va nguén DC c6 thé gay nguy hiém cho
ngudi. Ngoai ra, chudi xung tan s6 cao gay ra dong ro
ciing gop phén gy nhiéu dién tit EMI cho moi trudng
xung quanh. Trong ting dung truyén dong dién mot
pha c6 nguén dién ap thép, anh hudng 4p CMV dén
dong co dién thuong nho, nén it dugc xem xét dén.
Tuy nhién, anh huéng 4p CMV trong cdu hinh bo
nghich luu moét pha noéi luéi truc tiép thuong khong
thé bo qua. Dong dién ro giy nguy hiém cdn giam
dén gia tri dudi ngudng quy dinh. Mot trong cc bién
phép giam dong r6 don gian nhung kha t6n kém va

Trich dan bai bdo nay: Théi V Q, Nhd N V. Ky thuat PWM méi triét tiéu dién 4p common-mode cho
nghich luu mot pha 3 bac T-NPC. Sci. Tech. Dev. J. - Eng. Tech.; 4(4):1264-1276.
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gay giam hiéu sudt thiét bi la st dung may bién ap cach
ly. Mot s6 bién phdp khac han ché dong ro6 nhu dung
thém ngat kiém sodt trong so d6 H5 dé khoa dong ro
di qua nguén DC hodc ciu hinh HERIC néi tat dong

39-11 " C4c cfu hinh viia néu van tén

dién 6 phia tai
tai nhugc diém do duy tri stress dién ap trén linh kién
16n. Ngoai yéu ciu gi6i han dong dién ro, dong dién
phia tai ciing can c6 d6 méo dang séng hai dong dién
thép d€ han ché viéc giy ra méo dang dién ap ludi'.
bé gidm anh hudng dong ro trong cac nghich luu néi
ludi truc ti€p thi cac cdu hinh nghich luu da bac dugc
phét trién, vi du nhu: cdu hinh nghich luu diode kep
(NPC), nghich luu ghép tdng (CHB) va nghich luu tu
kep (FC) 471213 psc diém cla cac b nghich luu da
béc la cé chiia mot s6 trang thai dong ngat c6 dién 4p
CMYV thép hodc bing zero. Do dd, sti dung céc trang
thai nay d€ thyc hién ki thuét diéu khién PWM, bo
nghich luu ¢6 thé cung cép dién dp ngb ra theo yéu
cdu v6i &p CMV thip hodc bang zero.

Phuong phép diéu khién PWM co ban ép dung cho
cc b nghich Ivu mét pha H-2L 1a phuong phap diéu
ché song mang (CBPWM). Theo d9, séng diéu khién
dang sin so sanh véi séng mang d€ tao ra xung kich
cho céc linh kién. Trong thuc té, hai phuong phap co
ban thudng dugc ép dung la phuong phép diéu khién
PWM luéng cuc (Bipolar PWM) va PWM don cuc
(Unipolar PWM) 2. Phuong phap Unipolar PWM dat
chit lugng séng hai t6t hon, nhung dién ap CMV lai
dat chuc dai. Ngugc lai, phuong phap Bipolar PWM
lam triét tiéu dién 4p CMV nhung gy stress 4p ngo ra
(dV/dt) 16n gép doi va cé6 d6 méo dang séng hai cao.
Yéu cu ctia cic bo nghich Iuu mot pha két néi ludi
truc tié€p khong qua may bién 4p doi hoi giam do méo
dang ap ra bd nghich luu, déng thoi han ché dong ro
do dién ap CMV gay ra. R6 rang, diéu nay khong phu
hop v6i bd nghich Iuu cdu H mét pha hai bac ¢ Hinh 1.
B¢ nghich luu moét pha da bac c¢6 thé la mot giai phap
hiéu qua cho céc ting dung mot pha céng sudt 16n, 4p
cao co yéu cau vé do méo dang séng hai thp va loai
bd dong ro3.

Bai bdo nay nghién ctiu ing dung bd nghich luu T-3
bac NPC (T-3L) va dé xudt ky thudt PWM mdi triét
tiéu dién 4p CMV. Két qua phén tich so sanh dugc
kiém chiing va danh gid bang két qua mo phong, dong
thdi so sanh vé6i dic tinh b nghich luu H-2L d€ thdy
dugc vu diém ndi troi cua bo nghich luu T-3L.

Noi dung ti€p theo ctia bai bdo gém cac phan chinh:
a) phan tich dién ap va mo hinh hod b nghich luu, b)
ky thuat PWM cho b¢ nghich luu ap mdt pha, trong
dé6 c6 ky thuat mdi triét tiéu ap CMV cho bo nghich
luu T-3 bac NPC, ¢) két qua m6 phong va thao luén
d) tinh todn t6n hao va thao luan e) két luan. D€ thay
dugc diém ndbi bat ctia ky thuat PWM dé xuét, két qua
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Hinh 2: B6 nghich luu mét pha hinh T (T-3L)

danh gid cdu hinh T-3 bac NPC sé dugc so sanh véi két
qua mo phong ctia cdu hinh H mét pha truyén thong.

PHAN TiCH DIEN AP VA MO HINH
HOA BO NGHICH LUU AP

Bé nghich luu cau H truyén théng
Tu so d6 bo nghich luu ciu H truyén théng 2 bac &
Hinh 1, ta ¢6 thé suy ra:

vao = S1Va

vgo = (1 —52) Vu
Véi Vg, 1a dién dp ngudn DC, Sy, Sy lan lugt trang
thai ctia khoa ban dan S;, Sy. Céc khoa IGBT & ciu
hinh H-2L hoat dong theo phuong thitc d6ng ngat d6i
nghich nhu sau:

@

Sy =-S5, )

Trong d6 x =1, 2.
bién ap tai dugc xdc dinh boi biéu thiic:

Vt = VAB = VA0 — VB0 (3)

vi=(S14+8)Va—Vy 4)

bién 4p CMV dugc xdc dinh gitta diém trung tinh N
ctia tdi AC va trung tinh G ctia 4p ngu6én DC nhu dugc
ky hiéu trén Hinh 1.
Gid tri CMV tiic thoi ky hiéu veop, dugce xac dinh béi
biéu thc:

Va

Veom = (VAO +VBO) - 7 (5)

Thay (1) vao (5) ta dugc két qua nhu sau:
1
Veom = E (Sl _SZ)Vd (6)

Cac phuong trinh (4), (6) m6 ta quan hé gitia dién ap
ra va dién 4p CMYV theo trang thai dong ngat ctia cac
linh kién dugc liét ké day da ¢ Bang 1. B nghich luu
c6 4 trang théi 1, 2, 3, 4, trong d6 2 trang thai 1, 4 tao
nén 2 muc dién ép (-Vy, + V) v6i dién 4p CMV béng
0.
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Bang 1: Trang thai déng ngét cac khéa IGBT trén cau hinh b nghich luu cau H-2L

Trang thai S S2 Vi Veom
1 1 1 \' 0
2 1 0 0 Va2
3 0 1 0 -Va/2
4 0 0 -Vy 0

Bo nghich luu T-3L

Do nhanh T-NPC chtia 2 cdp khoéa S1, S2 nén né co
thé t&i da 4 trang théi lam viéc. Ngoai trit trang thai
S1S2=10 gy ra ngdn mach ngudn DC nén khong dugc
phép sti dung, cac trang thdi con lai ctia cdp khoa S;S;
g6m 11,01 va 00 dugc mo ta trén Hinh 3.

Goi Us,, Us,, Us;, Us, la cac dién ép trén cac khéa
tuong ting S1, S2, S1’, S2°

Trang thdi (11): S; =S, = 1, biéu dién ¢ Hinh 3a. Dién
ap gitta A va G bang Vd/2. Do S2 dugc kich nén xem
nhu dién tré nho khong dang ké va dién ap trén nhanh
AG tap trung lén S;’. Ta c6:

Vd
Un =005 =5
US2 =0, Us' =y (7)
2

VAO = Va
Trang thdi (01): S; =0, Sp = 1, biéu dién ¢ Hinh 3b.
Ta co:

_Vd

S
Us, =0, US,2 =5 (8)
_Va

VA0 = 7

Trang thdi (00): S; =0, S, =0, biéu dién & Hinh 3¢, ta
co:

US| =Vq, US/I =0

V,
Us, =5 Uy =0 ©)

vao =10

T két qua phan tich, ta thdy cic linh kién (S;, S)
ndi dén cac dau ngudn DC chiu dp cuc dai bang vy,
céc linh kién (Sp, $'1) n6i dén diém trung tinh ngudn
DC chiju 4p cuic dai bang %

Phan tich dién 4p ngd ra bo nghich luu 1 pha 3 béac
T-NPC trén Hinh 2, ta c6:

vao = (S1+52) % 10)
van = [(1=5) + (1 - 8] °2

V6i V4, la dién 4p nguén DC va Sy, Sy, S3, S4 1an lugt
1a cac trang théi dong ngat cac khod IGBT Sy, Sy, S3,

(a)

“

=y
&
i

(b)

al: k3

(c)

Hinh 3: Trang thai hoat ddng mach nhanh T-NPC
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S4. Tuong tu nhu & bd nghich luu H-2L, cac khoa
IGBT 6 bd nghich luu T-3L hoat dong theo phuong
thtic dong ngat ddi nghich nhu sau:

Sy =-S5, (11)
Pidukien 0 < Sy < Sy <1va 0 < S3 < Sy <1
Pién 4p tai:
Va
vi=(S1+8+S;3 +S4)7—Vd (12)

Dién &p veom clia bd nghich Iuu T-3L duge xac dinh
bai biéu thic:

1 V,
Veom = 5 (VAO JFVBO) - 7d (13)

Thay (1) vao (10) ta dugc két qua nhu sau:

\%
Veom = (S1 482 — 83— 84) 2 (14)

4

Quan hé gifia dién ap ngo ra, dién ap CMV theo cac
trang thai dong ngét cdc khod ban dan Sy, Sy, S3, S4
dugc liét ké day da trén Bang 2. Bo nghich luu T-3L
¢4 9 trang thai dong ngt, c6 thé dat 5 muc dién ép tai
khéc nhau (-Vy, -V4/2, 0, +V4/2, +V ). Trong d6, cé
3 trang thai 1, 5, 9 dat gia trj dién 4p CMV = 0.

PHUONG PHAP PWM TRIET TIEU AP
COMMON MODE PE XUAT

Ky thuat diéu ché dé réng xung (PWM) cho
b6 nghich luu H-2L
Phuong phdp diéu ché don cuc (LS-2L)

Phuong phép diéu ché don cuc cé thé thyc hién véi
ky thuét dich muic LS-2L (Level Shift). Dién dp tai c6
mot cyc tinh trong chu ky séng mang, ttc la thay d6i
gitia (0, +V) khi dp tai yéu ciu duong va (-V4, 0) khi
dp tai yéu cdu am. Trong ky thuat nay, ta c¢6 thé chon,
vi du 3 trang thdi 1, 2, 4 § Bang 2. Ap diéu khién so
sanh v6i séng mang Vo, V1 d€ tao xung kich dugc
trinh bay & Hinh 4. Dién 4p v, dat 3 muc dién dp (-
V4, 0, +V), trong khi 4p CMV dat cyc dai bing veom
= +Vd/ 2.

Trudng hop khac ctia ki thuat PWM LS-2L xay ra khi
ta chon 3 trang thdi 1, 3, 4 6 Bang 1 d€ thyc hién. Qua
trinh cac dai lugng diéu khién va cac dién dp ngo ra
dugc mo ta trén Hinh 5. Dién ap tai v; thay ddi gitia
3 mitic dién 4p (-Vy, 0, +Vy), va &p CMV dat gia tri
cuc dai bang veom = -V4/2. O hai ky thudt PWM séng
mang viia mo ta trén Hinh 4 va Hinh 5, vai tro cta
S1 va Sy nhu nhau, va viéc hodn déi vai trd ctia ching
khong lam thay d6i chit lugng ap tai cing nhu bién
do dién 4p CMV. Diém khac biét 1a cdc dién 4p veom
cia 2 phuong 4n sé khac déu.
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Hinh 4: Gian d6 xung kich theo ky thuat LS-2L
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Hinh 5: Gidn d6 xung kich theo ky thuat LS-2L

Cac két qua khao sat dua vao ky thuét diéu ché xung
sin v6i phuong trinh 4p diéu la:

Vinsin 0
Vo = 1+ m S (15)
Va
Vak = 1 +msin0 (16)

V6i: m la chi s6 diéu ché dugc dinh nghia béing
phuong trinh (14)
Vin
== 1
m v, 17)

Vi 1a bién do 4p tai yéu cdu.

Phuong phdp diéu ché triét tiéu dp common
mode (ZCM -2L)

Phuong phdp ZCM-2L thudng goi la phuong phap
diéu ché ludng cuc (bipolar PWM). Tl Bang 1, trang
thai 1 va 4 c6 gid tri CMV bang 0 sé dugc chon dé
thuc hién ky thuét triét tiéu 4p CMV. Céc khoa S1 va
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Bang 2: Trang thai déng ngét cac khoa IGBT trén cau hinh b nghich luu T-3L

Trang thai S1 S2 S3
1 1 1 1
2 0 1 1
3 1 1 0
4 0 0 1
5 0 1 0
6 1 1 0
7 0 0 0
8 0 1 0
9 0 0 0

S4 Vi Veom

1 Vi 0

1 Vy/2 - Vg4
1 Va2 V, /4
1 0 -Val2
1 0 0

0 0 Val2

1 Va2 - Vg4
0 Va2 V,/4
0 -Va 0

Vak
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Hinh 6: Gian d6 xung kich theo ky thuat ZCM-2L

S2 c6 cung trang théi nén cé thé tao ra xung kich cho
chung biang mach so sanh séng diéu khién vdi 1 song
mang. Dién 4p tai thay déi gitta cac muic +Ud va -Ud
trong chu ky séng mang. D6 thi cdc qua trinh dugc
mo td & Hinh 6. Uu diém ctia ky thuat nay 1a dién 4p
CMV ludn bang 0. Tuy nhién, dp tai thay d6i véi do
déc 16n, dV bing 2V, gdp doi so voi ky thuat diéu
ché don cuc. Vi thé, d6 méo dang song hai dién ap va
dong tai ting 1én ro rét.

Ky thuat diéu ché dé réng xung PWM dé
xuat cho bé nghich luu T-3L

Ky thudt song mang dich bién LS-3L

Dbé c6 thé danh gid ki thuat PWM dé xudt, ky thuét
diéu ché PWM dich bién d6 LS-3L cho nghich luu ciu
T-NPC 3 béc ciing dugc khao sat. Do nghich luu cdu
H T-NPC tao nén 5 muc dién ép khdc nhau, c6 thé st
dung ky thuét dich bién ctia 5 séng mang tam giac dé

thuc hién. Vi dy, néu ky thuét LS-3L st dung 5 trang
thai 1, 3, 6, 8, 9 & Bang 3 thi t6 hgp 4 s6ng mang dong
pha sé dugc chon theo diéu kién:

42v1232v02>222v3212v42>0

Phuong trinh dp diéu khién ctia ky thuét sin PWM c6
thé thiét 1ap theo chi s6 diéu ché m (17) nhu sau:

Vinsin @
Vark =2+ n‘;jl/I; —2(1+—msm9) (18)
var =2 (1+msin ) (19)

Céc két qua mo ta trén Hinh 7 cho thay, ky thuét LS-
3L c6 4p tai thay déi gitta 2 muic ap c6 chénh 1éch dV
bing Vd/4, tiic mot nua gid tri so v6i trudng hgp LS-
2L ctia nghich luu cau H-2L. Do d6, d6 méo dang ép
6 thé gidm mot ntia. Tuy nhién, sy ton tai veem khac
0, va c6 thé dat cuc dai V;/2 1a nhugc diém ctia LS-3L.

Ky thudt triét tiéu dp common mode ZCM-3L
dé xudt

Vi véy ky thuat triét tiéu dién &p CMV ZCM-3L cho
bd nghich luu mét pha 3 bac cdu hinh T (T-3L) dugc
dé xudt sé sti dung cdc trang théi triét tiéu CMV tic
la dién dp tic thdi veem= 0. Trong Bang 2 va 3 trang
thdi 1, 5, 9 sé dugc st dung.

Nguyén ly ky thuat ZCM-3L trong mét chu ky song
mang dugc md ta trén Hinh 8. Hinh 8a mo ta qua
trinh tao xung kich Sy, Sy, S3, S4 bing ky thuét song
mang khi dp tdi am v; < 0 v4i chudi trang thai Sy,
S5, S3, S4 13 0000 — 0101 — 0000. Hai khod S, va Sy
chuyén mach d6ng thoi dién ap veem ludn triét tiéu.
Tuong ty, Hinh 8b mo6 ta gian d6 xung kich Sj, Sy,
S3, S4 khi dp tai duong v; > 0, véi chudi trang thai
14 0101-1111-0101. Hai khod S; va S3 chuyén mach
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Hinh 7: Gian d6 xung kich theo ky thuat LS-3L
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Hinh 8: Nguyén ly ky thuat ZCM-3L

dong thoi. Hién tugng chuyén mach doi nay (double
switching) kéo theo su gia ting t6n hao, va ting do
doéc ap tai (dV/dt) ctia phuong phap ZCM-3L so véi
phuong phap LS-3L. Dién ap v, trong chu ky song

mang ludn triét tiéu.

Ky thuit ZCM-3L dé xuft c6 thé thuc hién bang cich
thiét ké 2 song mang dich mtic dung chung cho 4 khéa

$1,52,53,54 trén Hinh 9 nhu sau:

Ap diéu khién dugc thiét 1ap theo chi s6 diéu ché theo

phuong trinh (16).
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Hinh 9: Xung kich ky thuat ZCM-3L

KET QUA MO PHONG VA THAO
LUAN

Do méo dang song hai
Do méo dang séng hai dién ap (THDU)

(| LU
n=2

THDy =+
1

Do méo dang hai dong dién (THDy)

(20)

Li

1

@1

THD; =

~|i s
[\
=

V6i Uy, I, 14 tri hiéu dung dién 4p va dong dién song
hai bac n.
Uy, I la tri hiéu dung dién ép va dong dién bai co ban

Két qua mé phéng bé nghich luu mét pha
cau H-2L

M6 hinh mé phong bd nghich luu H-2L véi tai
RL béng bang phin mém Matlab/simulink vé trén
Hinh 10. Céc thong s6 m6 phong dugc liét ké trong
Bang 3. D€ dé so sanh danh gid, cic ky thuidt PWM sé
dugc thyc hién vé6i cung tin s6 séng mang 2 (kHz).
+ Ky thuat PWM LS-2L

Trong Hinh 11, ti trén xudng lan lugt la dién ap tai v,
, dong dién tai i; va dién 4p veem . Hai chi s6 tiéu biéu
dugc chon § m=0.2 va m=0.9.

Két qua, & chisé m = 0.2 thi THD; =7.72% va ché cao
m = 0.9 thi THD; giam nhiéu va dat = 2.65%. Dién ap
CMV dat cuc dai bing 150V.
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Bang 3: Théng s6 mé phéng

Ky hiéu Tén dai lugng Gid tri
Va Dién ap nguén DC 300V
R Dién trd tai 45 Q
IL, Dién cadm tai 80 mH
fe Tén s6 s6ng mang 2 kHz
>
= INRE
(= 8 [~
e \ - L
N
e L

WL

Hinh 10: B nghich luu cau H-2L mé phong trén
phan mém Matlab/Simulink

»
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Veom Veom
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0.42 043 0.44 0.45 0.42 043 044 045
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Hinh 11: Két qua mo phong ky thuat LS-2L véi: a)
chisé m=0.2, b) chi s6 m=0.9

+ Ky thuat triét tiéu ap CMV (ZCM-2L)

Két qua mo ta trén Hinh 12 cho thdy THD; = 32.1%
khi m=0.2 va THD; gidm xudng thip va dat gid tri
4.48% khi m=0.9. bién 4p CMV ludn béng zero.

Céc d6 thi trén Hinh 13 so sanh do méo dang dién ap
THDy ctia 2 phuong phép LS-2L va ZCM-2L. Két qua
md phong cho thdy, ky thuat LS-2L ¢6 THDy thip
hon ky thuit ZCM-2L trong pham vi chi s6 diéu ché
(0,1). O chi s6 diéu ché thip m = 0.2 thi ky thuat
ZCM-2L ¢6 THDy = 656.7%, trong khi d6 ky thuat
LS-2L c6 THDy = 210.98% thép hon gip 3 14n. O chi
s6 diéu chélon m =1 thi ky thuat ZCM-2L c6 THDy =
91.98%, ky thuat LS-2L c6 THDy, = 48.74% thap hon
khoéng 2 lan so vé6i ky thuat ZCM-2L.

1600%
=8-ZCM-2L =~LS-2L
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S
a2 800%
g
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5 T e
01 02 03 04 05 06 07 08 09 1
Chi s6 diéu ché m
Hinh 13: Dudng dat tuyén THDy trén H-2L
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Hinh 12: Két qua mé phong ky thuat ZCM-2L véi: a)
chisé m=0.2, b) chis6 m=0.9

Chi s6 diéu ché m

Hinh 14: Dudng dat tuyén THD_I% trén H-2L

Hinh 14 so sanh ddc tuyén THD dong dién theo chisé
diéu ché m cua 2 ky thuét LS-2L va ZCM-2L cho két
qua tuong tu. Vi dy, khi m = 0.2 thi ky thuat ZCM-2L
6 THD; = 32.1%, ki thuat LS-2L c6 THD; = 7.72%
thap hon gdp 4 lan; khi m=1 thi ky thuat ZCM-2L c6
THD; = 4.02%, ky thuat LS-2L c6 THD; =2.15% thap
hon khoang 2 lan.

Két qua mé phéng bé nghich luu T-3L

So d6 md phong bo nghich luu moét pha 3 bac T-NPC
dugc vé trén Hinh 15. K&t qud mé phong Hinh 16,
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RL_Load_1KW

Hinh 15: B6 nghich luu T-3L mé phéng trén phan
mém Matlab/simulink

17, 18 va 19 khao sat cdc qua trinh va déc tinh ctia b
nghich luu 3 bac T-NPC tuong ting cac ky thuat diéu
ché song mang CBPWM khac nhau.

+ Ky thuat LS-3L

WWWWWWMWW

ll

A 7 \f\
‘v((;lll ' A A v«zm

L T T e
» = P Y

0.42 0.43 0.44 045 042 0.43 044 045
(@)m=02 (b)m=0.9

Hinh 16: K&t qua mo phong ky thuat LS-3L véi: a)
chisd m=0.2, b) chisé m=0.9

Trong Hinh 16 mo ta két qua mo phong ky thuat LS-
3L. D6 thi tli trén xudng lan lugt 1a dién ap tai v,
, dong dién tai i;, dién ap vcem. KEt qua phén tich
cho théy, khi m=0.2 thi ky thuat LS-3L ¢6 THDy =
139%, THD; = 6.2% va khi m=0.9 thi ky thuat LS-3L
c¢6 THDy =31.7%, THD; = 1.4%. Dién ap veom c6 gid
tri cuc dai = 150V véi céac chi s6 diéu ché khéc nhau.
Hinh 17 mé ta d6 thi dién ap tai, dong tai va dién ap
CMV cua ky thuat triét tiéu dién 4p CMV ZCM-3L.
DPién dp vcom luodn dat gid tri zero.

Hinh 18 so sanh cac d6 thi d6 méo dang dién ap
THDy theo chi s6 diéu ché ctia 2 phuong phép LS-3L
va ZCM-3L. Ky thuét LS-3L rd rang c6 THDy thap
hon ky thuat ZCM-3L. Khi m = 0.2, ky thuit ZCM-
3L ¢6 THDy = 209.4% va ky thuat LS-3L c¢6 THDy
=139%. Khi m = 1, ky thuat ZCM-3L cé THDy =
48.4%, ky thuat LS-3L ¢6 THDy = 25.4% thép hon
gan 2 lan so véi ky thuat ZCM-3L.

Tuong tu, viéc so sanh THD dong dién ngo ra cua bo
nghich luu T-3L theo cac phuong phap PWM ciing
dugc trinh bay trén Hinh 19.
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Hinh 17: K&t qua mo phéng ky thuat ZCM-3L: a) chi
s6m=0.2,b) chisé m=0.9
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Hinh 18: So sanh d6 méo dang ap cua 2 ky thuat
LS-3L va ZCM-3L cho nghich luu T-NPC
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Hinh 19: So sanh d6 méo dang dong dién clia 2 ky
thuat LS-3L va ZCM-3L cho nghich luu T-3L
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Két qua cho théy, khi m = 0.2, ky thuat ZCM-3L c6
THD; = 7.7%, ky thuét LS-3L ¢6 THD; = 6.2% thép
hon khong nhiéu so véi ky thuat ZCM-3L. Khi m =
1, ky thuiat ZCM-3L ¢6 THD; = 2.1%, ky thuat LS-3L
c6 THD; = 1.1% thép hon gin 2 1an so véi ky thuét
ZCM-3L.

700% 65679

= % ZCM-2L ZCM-3L
600%
&
so0v LS-2L SLS-3L
0 e
&
2400%
B = :
a } 324.0%
£300% :} #
=, !
200%
¥ 48.5%
100% B
% b 3025.4%
AR

0%
1

Chi 56 diéu ché m

Hinh 20: So sanh THDy, gitta hai cdu hinh nghich luu
H-2L va T-3L

DéEso sanh chat lugng vé song hai dién ap va dong dién
ngo ra ctia bo nghich luu H-2L va nghich luu T-NPC-
3L, cac d6 thi dugc téng hop va biéu dién dang cot
trén cac Hinh 20 cho THDy va Hinh 21 cho THD;.
Dé nhan thdy & cdu hinh H-2L ¢6 THDy cao hon
nhiéu so v6i cdu hinh T-3L. Cu thé, khi m = 0.2, ky
thuit ZCM-3L dat THDy = 209.4%, ky thuat ZCM-
2L dat THDy = 656.7% cao hon 3 lan. Khi m=1, ky
thuat ZCM-3L dat THDy = 48.4%, k§ thuat ZCM-
2L dat THDy = 92% cao hon 1.9 lan. Tuong ty, trén
Hinh 21, khi m = 0.2, k§ thuat ZCM-3L c6 THD; =
7.7%, ky thuat ZCM-2L ¢6 THD; = 32.1% cao hon 3
lan. Khi m = 1, ky thuat ZCM- 3L c6 THD; = 2.1%,
ky thuat ZCM-2L c¢6 THD; = 4% cao hon 2 lan.

32.1%

« ZCM-2L ZCM-3L

+LS-2L S LS-3L

Chi s6 diéu ché m

Hinh 21: So sanh THD; gitta hai cau hinh nghich luu
H-2L va T-3L

Qua phén tich cic ky thuét diéu ché séng mang véi
cuing tin s6 song mang, ky thuét triét tiéu CMV ZCM-

3L c4u hinh T-3L d€ xuit cho chit lugng séng hai ctia
dién dp va dong dién ngo ra t6t hon ki thuit ZCM-2L
ctia cdu hinh H-2L rét nhiéu. D€y két qua so sanh &
Hinh 20 va Hinh 21, ky thuat PWM triét tiéu dién ap
CMV ctia b nghich luu T-3L dat chat lugng song hai
ctia dién 4p va dong dién ngo ra tuong duong ky thuat
LS-2L ctia bd nghich Iuu cau H-2L.

TiNH TOAN TON HAO VA THAO
LUAN
Phan tich t6n hao biang PLECS

T6n hao chuyén mach va t6n hao dan dién trén linh
kién dugc phan tich bing phdn mém PLECS. So do
mo6 phong bing PLECS cho cdu hinh cdu H ¢ Hinh 22
va cdu hinh T-3L & Hinh 23.

Thermal Chain

wm @)
oo oot |

Heat Sink

Hinh 22: M6 hinh nghich luu cau H-2L dung PLECS

D

=

Heat Sk

Hinh 23: M6 hinh nghich luu mét pha 3 bac T-3L
dung PLECS

T6n hao trén linh kién chtl yéu la do hai yéu t8 ton
hao chuyén mach va t6n hao dan dién giy ra. Tdn
hao chuyén mach c6 thé tinh bing cong thiic (22):
1 (T/2
Pov=foup | (Eon+ Eogy)ds (22)

Trong d6 Eop , Egpy 1a ndng lugng tiéu tan trong thoi
gian chuyén mach cta linh kién ban dan, fsw la tin
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s6 chuyén mach. Cac dic tinh cong sudt tn hao cua
linh kién dugc luu trong cic tién ich cia phdn mém

8

PLECS. Vi du, dic tinh t6n hao qua cac théng s6 Eon - b, |Legend: S
- 25°
va Eoff ctia IGBT 1KW15N120H dugc minh hoa trén . —— 175 e,
Hinh 24a,b. = ol
v V] .
4 o
- /.r/

o018 |1

! 2 g "/.4‘ 4 2
0.016 by /
2 : 63775 5 g )
0l 0n wlA]
0.006
0.004 Hinh 25: D6 thi t6n hao dan dién trén khoa ban dan
Q0 IGBT IKW15N120H3 khi & diéu kién nhiét doé tu 250¢C
%0 dén 175°C
5 60
Vblock [V] 0 ;
len [A]
(a)
e Cegend: Bang 4: Théng s& IGBT IKW15N120H3
g — 200
0.003 =8~ 175° N 2 " . A2 oh
oiiiae Thong s6 Tén dailugng  Gid tri
E[1]0.002 N S
i Dién 4p t6i da Vee—max 1200v
0.001
o Dong dién t6i da §25°C Lo yax 30A
s > i Dong dién t6i da 6 100°C  Lo—mar 15A
Vs [V] o i7s 180 T B o 0
feel ) Nhiét do méi néi t6i da T max 175°C
b
(®) Thoi gian déng & 25°C td(on) 21 ns
Hinh 24: Nang lugng tiéu tan do qua trinh déng Thoi gian ngét6250C td(off) 260 1

ngat ctia IGBT IKW15N120H (a) E,, (b) E,ff

Bang 5: Théng s8 IGBT IKP20N60H3

Cong sudt t6n hao din dién c6 thé tinh bang cong thiic

(23): Thong s& Tén dai  Giatri
lugng
Peon = V7l + Ronl? 23
con = TT%tb T Ronhd @3) Pién 4p t6i da Veomar 600v
Trong d6 I, va Iy la gida tri dong dién trung Dong dién t6i da & 25°C L o 40A

binh va gid tri dong dién hiéu dung qua linh kién.

‘ A /% a 0
Vr la ngudng dién dp va R,, 1a dién tr. Dic by e B G LITE Lo ADEL
tinh V-A d€ tinh t6n hao dan dién ctia linh kién Nhiét &6 méi néi t6i da Iy 1759C
IGBT 1KW15N120H3 ctia thy vién PLECS cho trén Théi gian déng & 250C td(on) 161
Hinh 25.
Thoi gian ngit 6 25°C td(off) 294 ns

Trong so d6 mdé phong cau H-2L Hinh 22, céc

khoé ban din IGBT IKW15N120H3 ' dugc sti dung.
Trong sd d6 cdu H 3L T-NPC, cac khoa ndi dén 2 dau
ngudn DC st dung IGBT IKW15N120H3. Do cic  Bang 6: Théng s6 mé phong plecs

khéa néi dén diém trung tinh c6 dién dp dinh mic K hidu Ten dai hugng Gid tri
phén ntia so v6i cac khoa ndi dén cac ddu nguoén DC,

nén trong mo phong sé st dung linh kién ap thip hon- Va bién dp nguon DC 300V
IGBT IKP20N60H3 5. Cac thong s6 lién quan cho & R Dién trd tai 10 Q
Bang 4 va Bang 5. 1L bién cam tii 80 mH
Trong chuong trinh mo6 phéng & Hinh 22 va 23, cac

tham s6 nguén DC t6ng, tai RL cho & Bang 6, nhiét fe Tdn 56 song mang 10 kHz

d6 cai dit ban dau ctia linh kién 1a 25°C.
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Két qua phan tich

Tén hao thu dugc 1a tén hao trén tit cd cdc khod ban
dan, bao gém la téng t6n hao din dién va téng tén hao
chuyén mach.

(W) fe=10kHz, m = 0.2

@ Ton hao din dién = Ton hao chuyén mach

4 % 048 % . % 118

4]
3

ZCM-2L

Hinh 26: So sanh biéu d6 tén hao & cau hinh cau H
va T-3L & chi s6 diéu ché thap m =0.2

Hinh 26 m6 ta va so sdnh t6n hao & ciu hinh cau H-2L
va T-3L & chi s6 m-0.2. Téng tdn hao thdp nhat1a LS-
3L =4.06 (W), kj thuat ZCM-3L c6 t6n hao béng LS-
2L khoang 4.38 (W), ky thuét triét tiéu CMV ZCM-2L
¢6 t6n hao cao nhét1a 5.5 (W). Tuy ky thuét LS-3L c6
tong tn hao thip nhét nhung xét riéng vé tdn hao dan
dién thi LS-3L cao hon ky thuét con lai.

W) fe=10kHz, m= 0.9

OTén hao din dién & Ton hao chuyén mach
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ZCM-2L

Hinh 27: Biéu d6 ton hao & cau hinh cAuHva T-3L &
chi sé diéu ché caom =0.9

Hinh 27 mé ta va so sinh t6n hao & cic cdu hinh cdu
H va T-3L khi m = 0.9. Ky thuat ZCM-3L ¢6 téng tén
hao bang v6i ky thuét LS-2L = 25.5 (W), Ky thuat LS-
3L = 26.3 (W). T6n hao k§y thuit ZCM-2L c6 gid tri
16n nhat. Xét riéng tén hao chuyén mach, ky thuat
LS-3L ¢6 t6n hao thdp nhdt bang 1.3 (W) nhé hon 3
1an so v6i ky thuat ZCM-3L va LS-2L. Ky thuat ZCM-
2L ¢6 t6n hao chuyén mach 16n béng 7.3 (W) gip 5
lan ky thuat LS-3L. Nhin chung, cac ky thuét triét tiéu
CMV ¢6 t6n hao chuyén mach khac biét nhiéu so véi

ky thuét con lai. Trong d6, bd nghich Iuu 2 bic 6 t6n
hao chuyén mach 16n nhét. Diéu nay, cang cho thiy
uu diém cta ki thuét triét tiéu CMV khi ap dung cho
nghich luu cdu H T-NPC so vé6i cau H thong thuong.

KET LUAN

Bai bdo nay da trinh bay ky thuit méi ZCM -3L diéu
khién triét tiéu dién 4p CMV cho nghich luu T-3L.
Nguyén ly hoat dong, ly thuyét ky thuat PWM song
mang triét tiéu CMV da dugc trinh bay. Bo nghich
luu ap T-3L giadm mot ntia stress dién ap dv/dt trén
linh kién, va stress 4p ngo ra. Chdt lugng ngd ra cta
ky thuit PWM dé xudt dugc danh gid qua chi s6 méo
dang séng hai dp va dong dién ngd ra theo chi s6 diéu
ché. Ve dién ap CMYV, két qua céu hinh T-3L véi ky
thuat ZCM-3L da triét tiéu 100% dién ap CMV so véi
ap CMV bang Vd/2 ctia ky thuét LS-3L thong thudng.
Tuy nhién, d0 méo dang séng hai THD &p va dong
dién cia ZCM-3L bj tdng 1én so vé6i phuong phap LS-
PWM-3L. So sanh v6i cdu hinh cdu H-2L véi cing yéu
céu triét tiéu dién ap CMYV, thi do méo dang THD ap
va dong dién ctia cdu hinh T-3L gidm dang ké. Phan
tich chi tiét cho thdy, chat lugng song hai ap va dong
dién téi ctia ky thuit PWM triét tiéu CMV ctia 3 bac
T-NPC sé tuong duong véi ky thuét diéu ché don cuc
LS-2L ctia bo nghich luu cdu hinh H-2L, tic 1a dat 4
méo dang THD t6i uu ctia ky thuat diéu ché SIN cho
nghich luu 2 bac thong thudng.

Cac két qua mo phong dung MATLAB SIMULINK
da ching minh céc uu diém ctia ky thuat dé xuit triét
tiéu ap CMV cho nghich luu mot pha 3 bac T-NPC.
Céc két qua tinh todn t6n hao duing phdn mém PLECS
ciing cho thdy rang ton hao t6ng ctia ky thuat triét tiéu
4p CMV ctia bo nghich luu cdu H T-NPC thép hon so
v6i ky thuat triét tiéu 4p CMV ctia cdu H-2L & tai danh
dinh, do d¢ giai phap d€ xuét cho cdu hinh T-NPC dat
hiéu suit cao hon. Viéc nghién ctiu sé dugc phét trién
ap dung vao thuc tién v6i hé théng diéu khién vong
kin, va két hgp cac phuong phap di€u khién hé thong
hién dai. M6 hinh thyc nghiém cang dang dugc xay
dyng dé€ danh gid cac két qua.

LO1 CAM ON

Chung t6i xin cadm on Trudng Pai hoc Bach Khoa,
DHQG-HCM di hé trg thoi gian va phuong tién vét
chit cho nghién ctiu nay.

DANH MUC CAC TU VIET TAT

PWM: Diéu ché do rong xung - pulse width modula-
tion

THD: P6 méo dang song hai tong-Total harmonic
distortion
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CMV: Dbién 4p common-mode - Common-mode
voltage

ZCM-PWM: Diéu ché d6 rong xung triét tiéu 4p com-
mon mode

Unipolar-PWM: diéu ché d) rong xung don cuc
Bipolar-PWM: diéu ché d6 rong xung ludng cuc.
NPC: Neutral Point Clamped: néi trung tinh ngudn,
hodc transistor kiéu NPC

T-NPC:loai nghich luu n6i trung tinh kiéu chii T hodc
transistor kiéu T-NPC

XUNG POT LO1iCH

Nhom téc gia xin cam doan rang khong c6 bt ky xung
dot 1gi ich nao trong cong bé bai bao.

DONG GOP CUA CACTACGIA

V6 Qudc Thai thuc hién phén tich Iy thuyét, xay dung
mo hinh mé phéng, thu thép va phén tich s6 liéu,
tham gia viét ban thao ban dau.

Nguyén Vin Nho dua ra y tudng nghién ctu, phan
tich mach, huéng dan néi dung thuc hién, danh gia
két qua va stia va hiéu dinh bai bao.
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A novel PWM technique to eliminate common-mode voltage for
single-phase three-level T-NPC inverter

Thai-Quoc Vo', Nho-Van Nguyen?*

e
;ﬁ'\% ABSTRACT
i, .

This paper presents a new pulse width modulation (PWM) technique in order to eliminate com-

(St A mon mode voltage for a single-phase full H-bridge T-NPC inverter. Three-level NPC inverters are
Use your smartphone to scan this commonly used in grid connected applications or as UPS backup power for industry. In addition
QR code and download this article to abilities such as to withstand high voltage, and reach output voltage and current with low har-

monic distortion, three-level NPC inverter is advantageous for mitigating common mode voltage
and leakage current. The new proposed PWM technique is based on the switching state table of
the three-level H-bridge T-NPC inverter that containing many switching states with zero common
mode voltage. Furthermore, implementation of PWM control for single-phase three-level T-NPC
inverter configuration can decrease voltage stress on the output and reduce output voltage distor-
tion compared with bipolar PWM control technique for two-level H-bridge inverter. In this paper,
the sine wave carrier PWM technique is analyzed, designed and modelled based on the switch-
ing table. The analytical analysis will be evaluated using MATLAB/SIMULINK. Simulation results of
the proposed PWM technique for three-level T-NPC inverter are compared with conventional tech-
niques without common mode voltage elimination; the quality of the three-level T-NPC inverter is
also compared to that of traditional two-level inverter. The power loss content is evaluated using
PLECS software. The obtained results confirm the advantages of the eliminated common mode
voltage PWM technique in the three-level T-NPC inverter configuration.

Key words: Single phase Voltage source inverter, T-3L inverter, eliminated common-mode
voltage, carrier based PWM
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