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TOM TAT

Trong bai b4o nay, mét ki thudt diéu ché dg réng xung cho nghich heu 3 bdc hinh T dé triét
tiéu dién ap common-mode (CMV) duroc trinh bay. So sénh véi ki thudt diéu ché dé réng xung
(PWM) théng thuwong, Ky thugt nay chi su- dung nhitng vector ma nhitng vector do tao ra dién
ap common mode bang khéng. N két qua, dién ap common mode cia bg chuyén doi duoc
triét tiéu. Do do, nhitg anh hweng tiéu cue do CMV gdy ra dwoc han ché dén mic toi da.
Ngoai ra, nguyén ly liwa chon phl hop nhiing tin hiéu séng mang tan s¢ cao cho cdu hinh
nghich liwu hinh T dwoc md ta. Bé kiém ching ly thuyér duroc trinh bay trong bai bao nay, cac
két qua mé phang va thuc nghiém duoc thuc hién béi phan mém PSIM va md hinh theec nghiém.

Tl‘l’,khéai Pién &p common mode; Triét tiéu dién &p common mode; Nghich luu da bdc; Piéu
che do rong xung sin; Nghich luu hinh T.

ABSTRACT

In this paper, a pulse-width modulation (PWM) scheme for the three-level T-type inverter
(TL-T2I) to eliminate common-mode voltage (CMV) is presented. Compare to the traditional
PWM strategy, this scheme only uses the vectors that generate zero CMV. As a result, the
CMV of the converter is eliminated. Therefore, the negative effects of CMV are limited to the
maximum. Furthermore, the principles of selecting suitable high-frequency carrier signals for
the T-Type inverter topology is described. To verify the theory presented in this paper,
simulation and experimental results are implemented by software PSIM and experimental
prototype.

Keywords: Common-mode voltage; Eliminate common-mode voltage; multilevel inverter;
Sine pulse width modulation; T-Type inverter.

nhitng han ché con ton tai cua cau hinh nay.

1. GIOITHIEU Nghich luu da bac dwoc st dung nhidm cai

V6i sy phét trién manh mé cua céc tng
dung str dung nang lugng tai tao, viéc nghién
cau cac bd nghich luu ngay cang tré nén
quan trong [1]. Nhiing uwu diém cua nghich
luu nguon ap co thé ké dén nhu: ciu tric don
gian, d& diéu khién, nghich luu hai bac théng
thuong dugc tng dung rong rdi trong cac tng
dung c6 cong suat vira va nho. Tuy nhién,
chat lugng dién ap ngd ra con thip ciing nhu
dién ap stress trén linh kién con kha cao la

thién nhitng han ché nay [2 - 4]. Cac cau hinh
nghich luu da béc truyén théng c6 thé ké dén
nhu: cau hinh nghich luu diode kep (NPC)
[5], nghich lwu ghép tang (CHB) [6] va
nghich luu tu bay (FC) [7]. Céc c4u hinh trén
str dung nhiéu linh kién thu dong s& lam ting
kich thuéc va chi phi cho hé théng. So véi
c4c c4u hinh di néu trén, ciu hinh nghich luu
hinh T (T2I) [8] sir dung cac khoa ban dan
hai chiéu dé tao lién két giira tam cua dién ap
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ngd vao va ngd ra. T2l két hop cac wu diém
cua nghich luu hai bac va nghich Iuu da bac,
nhu: nguyén 1y hoat dong don gian, ton hao
chuyén mach va ton hao dan thip va chat
lugng dién p ngd ra tot [9]. Do d6, T?I dugc
su dung rong rai trong cac tng dung yéu cau
cdng suat vira va nho ma cu thé 1a cau hinh
nghich Iuu ba bac hinh T (TL-T21).

Mot nhuoc diém con ton tai cua céc
phuong phéap diéu ché do rong xung (PWM)
truyén thng la gia tri dién 4p common-mode
(CMV) con khé cao [10]-[11]. Trong cac ung
dung diéu khién dong co, CMV 1a nguyén
nhan chinh tao ra dién ap trén truc cling nhu
dong di¢én qua vong bi cua dong co [12].
Diéu nay day manh qua trinh 180 hda cua truc
cling nhu 6 bi cia dong co 1am giam tudi tho
cua dong co [13]-[14]. Ngoai ra, CMV ciing
gay ra hién twong nhiéu dién tur [15] anh
hudng dén céc thiét bi dién tir duoc lap dat
gan véi thiét bi nghich luu. Do d6, CMV sinh
ra boi c&c bo nghich luu phai duoc dac biét
quan tdm, nhtng phuong phap lam giam
cling nhu triét tiéu CMV that sy quan trong
va can thiét. Trong d6, phuong phép sir dung
giai thuat duoc uu tién &p dung voi vu diém
khong lam tang kich thudc cuaa moé hinh
(khdng st dung thém phan cting). Tai liéu
[16] da trinh bay phuong phap PWM st dung
cac vector zero, vector trung binh va vector
l6n dé giam CMV cho cau hinh (TL-T2I).
Tuy nhién, bién d6 cua CMV con kha cao.
Trong tai ligu [17] trinh bay phuong phap
PWM st dung nhirng vector zero va vector
trung binh dé téng hop vector dién 4p tham
chiéu v&i muc dich triét tiéu CMV cho ciu
hinh NPC. Han ché con ton tai trong phuong
phap nay la phuong phép vector khong gian
duoc st dung véi quy trinh tinh toan kha
phuc tap. Trong tai liéu [10], [11] trinh bay
giai thuat triét titu CMV va giam t6n hao do
qua trinh chuyén mach cho cdu hinh NPC va
cascade nam bac truyén théng. Trong giai
thuat nay, gia tri cia CMV béng khong. Tuy
nhién, cau hinh duogc sir dung khong phu hop
véi cac tng dung c6 cdng suat vira va nhé.

Trong bai bao nay, mot ky thuat PWM
duoc trinh lgay nham Muc dich trit tiéu
CMV cho cau hinh T2I. Cau tric bai bao

duoc chia thanh 4 phan: 1) gisi thiéu tong
quan vé bai bao, 2) trinh bay cau trdc T?I, 3)
trinh bay giai thuat PWM triét tiéu CMV, 4)
két qua md phong va thuc nhiém, 5) két luan.

2. CAU HINH NGHICH LUU BA BAC
HINH T

Céu tao cua T2l gom c6 3 nhanh, moi
nhanh gom c6 4 khéa ban dan duogc biéu dién

nhu hinh 1.
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Hinh 1. C4u tric TL-T2I

Trong d6, mot khéa 2 chiéu duoc ciu tao
boi hai IGBT duoc mac ndi tiép nguoc chiéu
va néi véi diém giita cua dién ap DC-link.
Hai khoa béan dan con lai tvong tng ni véi
diém trén (“P”) va diém dudi (“N”) cta dién
ap DC-link.

bién ap ngd vao Vdc duoc chia thanh
hai phan bang nhau nho hai tu dién cong suat
cao cO cung gia tri. Do @6, dién ap DC-link
c6 3 cap dién &p: +Vvdc/2, 0, -Vdc/2.

Bdng 1. Trang thai cac khéa cua T2I

(x=a,b,c)
Trang thai khoa Pién ap ngd ra
Six | S2x | S3x VxO
1 0 0 +Vdc/2
0 1 0 0
0 0 1 -\Vdc/2

Khi kich dong khoa Six (x = a, b, ¢),
dién ap ngod ra VXO dat duoc gia tri +Vdc/2.
Tuong tu, khoa S2x duogc kich dong ndi diém
trung tinh (“O”) cua ngudn véi ngd ra. Do
do, dién &p ngd ra VXO bing khong. VXO
dat duoc gié tri -Vdc/2 bang cach kich dong
khoa S3x.
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Hinh 2. Phwong phdp PWM truyén théng
cho T2I

Phuong phap PWM truyén thong diéu
khién cho mach T2l sir dung ba tin hiéu tham
chiéu c6 dang sine va hai séng mang tan sb
cao. Xung kich cho cac khoa ban dan pha A
duoc biéu dién nhu hinh 2.

3. PHUONG PHAP PWM TRIET TIEU
CMV CHO T2|

3.1. Phan tich CMV cho T2I

Pién &p tir pha so véi tdm ngudn cua
mach nghich luu duoc xac dinh dua trén
trang thai dong cat cac khda ciia mach nghich
luu va dugc xac dinh théng qua phuong trinh
sau:

v, .
+%|f Sy =1

lo ifsy,=1 )
V,
1- % if S =1

Uyo =

Nham muc dich thuan lgi trong qua trinh
phén tich, bién TX duogc dinh nghia sao cho:

v
Uso = T, (2)

Gia tri cua TX duoc xac dinh qua
phuong trinh sau:

il if S, =1
T =10 if S, =1 (3)

10 S, =1

bién 4p tir pha so véi tdm tai dugc xac
dinh dya trén cong thuc sau:

ol €2 -1 - 1Y,0Y
V=181 2 -y U
QBGE 3% }:}Q BOE (4)
g/CGu € 1-1 ZU.gJCOU

Do tai si dung trong mach nghich Iuu la
can bang, nén:

Vie t Vae t Ve = 0 (5)

Tir cac phuong trinh trén, CMV ¢6 thé
dugc xac dinh théng qua dién &p ngd ra ba
pha caa mach nghich luu. Cu thé, duoc biéu
dién boi phurong trinh sau:

v =VAO+VBO+VCO=TA+TB+TCV (6)
GO 3 6 *Yde

Dua vao cong thuc (6), twong wtng vai
mdi gia tri cia TA, TB, TC, ludn ludn xac
dinh duwgc mot gid tri CMV. Bang 2 liét ké
cac gia tri CMV @ng véi céc trang thai cua
TA, TB, TC.

Nhu trinh bay & bang 2, cac gia tri [TA
TB TC] lamét trong cac giatri[-101],[-11
0],[0-11],[000],[01-1],[1-10]va[lo0
-1] thi CMV bing khong. Tir d6, d& dang xéac
dinh dugc diéu kién dé triét tiu CMV nhu
sau:

T, +T;+T.=0 ©)
Bdng 2. Gia tri CMV
STT TA B TC CMV
1 -1 -1 -1 -Vdc/2
2 -1 -1 0 Ve/3
3 -1 -1 1 -Vc/6
4 -1 0 -1 Ve/3
5 -1 0 0 -Vic/6
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STT TA TB CMV

19 1 -1 -1

23 1 0 0 +Vc/6
24 1 0 1 +Vac/3
25 1 1 -1 +Vac/6
26 1 1 0 +Vc/3
27 1 1 1 +Ve/2

3.2. Phwong phap PWM triét tieu CMV

Ba tin hiéu tham chiéu duoc si dung
trong phuong phap PWM truyen thong dé
dieu khién tin hiéu dong ngat cho cac khoa
ban dan cua T2I duoc biéu dién nhu sau:

N

%VA: msin(q)
1V, = msin(q- 2p/3)
V. = msin(q+ 2p /3)

(8)

m 1a chi s6 diéu ché va dugc xac dinh.
0<m<1 (9)

Pé dé dang trong viéc giai thich, L,va
(x = a,b,c) duoc dinh nghia nhu sau:
_{—1 if V <0

_ (10)
0 if V.20

Véi Ly duoc dinh nghia boi phuong
trinh (10), sai so gitra V, va L, duoc Xac
dinh nhu sau:

g =V, —L, (11)

Trong d6, &, véi (x = a,b,c) lasai sd
gita V, va L,.

Tur (10) va (11) két hop voi diéu kién tai
chirng minh duoc:
lif Li+L+L=-1

2if L+ +L=-2 (12)

Eptég & ={

Giai thuat trigt tiéu CMV cho T2I duogc
giai thich thong qua hai truong hop: g4 +
€B+£C=1 Vé £A+£B+8C=2'

Khéng mét tinh tong quat, gia sir rang

EaSEg L6

(13)
Traonghop 1: ¢y +ep+ec =1
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Hinh 3. Truong hop 1 cua giai thugt PWM
trigt tiéu CMV. (a) binh thuong (b) tri¢t tiéu
CMV

Trong trudng hop 1, dé triét tieu CMV,
hai tin hiéu diéu khién méi ref, va ref,
dugc dinh nghia dya trén gia tri 16n nhat va
nho nhit cua &, Voi (x = a, b,c) nhu sau:

ref, =1-¢,
ref, = &,

(14)

Véi gia thuyét (13), trong truong hop
nay, ref; va ref, dugc xac dinh théng qua
&g va g, nhu Hinh. 3(b). Khi do, cac tin
hiéu T,, Tz va T, duoc tong hop dua trén
ref, va ref, theo quy luat dugc biéu dién &
Hinh. 3(b).

Hinh. 3(a) biéu dién phuong phap PWM
thong thuong cho TL-T2l. Gia tri CMV déi
v&i phuong phap nay bi triét tiéu trong
khoang thoi gian tir t1 dén t2 va t5 dén t6,
trong cac khoang thoi gian con lai ludn ludn
tén tai mot gia tri CMV khac khong.

Dbi voi phuong phap PWM triét tiéu
CMV duoc trinh bay & Hinh. 3(b), gia tri
CMV bing khong trong suét qué trinh hoat
dong cua mach nghich Iuu.

Truong hop 2: €4+ g + ¢ = 2
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Hinh 4. Giai thugt PWM triét tieu CMV cho
truong hop 2. (a) binh thuong (b) triét tiéu
CMV

Tuong tu truong hop 1, trong truong hop
2, dé triét titu CMV, hai tin hiéu diéu khién
maoi ref; va ref, dugc dinh nghia dya trén
gia tri 1on nhat va nho nhit cua &, voi (x =
a,b,c) nhu sau:

ref, = .
rEfZ =1- Emax (15)

Cu thé, khi st dung gia thuyét (13), gia
tri ref; va ref, dugc tinh toan duatrén ¢,
va &, nhu hinh 4(b).

D6i v6i phuong phap théng thuong,
trong khoang thoi gian tir t2 dén t3 va t4 dén
t5, gia tri CMV bang khong. Tuy nhién, tai
cac thoi diém khac, CMV khéng duoc triét
tiéu, duoc biéu dién ¢ Hinh. 4(a).

Trong Hinh. 4(b), khi st dung hai tin
hiéu ref, va ref, dé téng hop T, T Va
T., CMV duoc triét tiéu tai moi thoi diém
trong mot chu ky séng mang.

Trén day trinh bay hai truong hop cua
giai thuat triét tieu CMV cho cau hinh
TL-T21 voéi gia thuyét (13). Giai thuat nay c6
thé duoc thuc hién twong tu ddi véi céc
treong hop khac cua &, véi (x =a,b,c)
nham muc dich triét tieu CMV. Luu d6 thuc
hién giai thuat nay duwoc trinh bay trong
Hinh. 5.

Vx(X=A, B, C)

L (X=A, B, C)
E.(X=A, B, C)

Sai

Dung

Trwong hop 1 Truwong hop 2

T«(X=A, B, C)

Khdi tao xung kich|
ln

Hinh 5. Luu do gidi thudt triét tiéu CMV cho
TL-T2I.

4. KET QUA MO PHONG VA THUC
NGHIEM
4.1 Két qua mob phéng
D¢ kiem ching giai thuat triét tiéu CMV
cho TL-T2l duoc trinh bay trong phan 3,
nhom nghién cuu tien hanh m6 phong va
thuc nghiém dya trén phan mém PSIM vamo
hinh thuc nghiém véi cac thdng so sau:

Bdng 3. Céc théng s6 md phang va thuc
nghiém cua TL-T2I.

Théng sé cac thanh phan Giatri
biéndpngdvao | Vdc 350 VDC
bién 4p ngo ra Vo 110VRMS
Téan s6 ngd ra fo 50 Hz

Tan s6 séng mang | fs 5 kHz

Ti s6 diéu ché M 0.89

Tu dién C1=C2 2200 pF

Mach loc LC Lfand Cf | 3mH va 10 uF
Tai tro Rt 40 Q




46 Tap Chi Khoa Hoc Gi4o Duc Ky Thugt Sé 54 (09/2019)
Truong Dai Hoc Sw Pham Ky Thugt TP. Hé Chi Minh

—4—Ps-triét tiéu CMV  —8—Ps-truyén théng

0.35
= 030
5020
015
w 0.10
5 005
010203 0.4 0.5 0.6 0.7 0.8 0.9
a)
——Pcon-triét tién CMV  —%—Pcon-truyén théng
14.00
aw ' = 1200
i I I I I L S
s s s s s - 1000
R e b .
) ' . . ' : = 8.00
0.04 0.05 0.08 .D.DTf 0.08 0.09 0.1
Time 3 _::..: 6.00
Hinh 6. Ket qua md phong giai thuat triet @ .00
tiéu CMV cho TL-T2l. Tur trén xuong dudi: =
dong dién 3 pha (la, Ib, Ic), dién ap pha o 200
(VAG), dién ap cuc (VAO), dién ap day -
(VAB), dién ap tdi (VR) va dién ap 0-1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
common-mode (CMV). L l;) LR
Véi thong s6 md phong duoc ligt ké &
Bang. 3 va két qua mﬁ phéng duoc biéu dién triét tisu CMV ~ —A—truyén théng
& Hinh. 6, c6 thé thay rang, khi st dung giai 400
thuat triét tiép CMV da duoc tr‘mh bay, CMV 150
lubn luén bang khéng trong suot qua trinh 200
hoat dong cua TL-T2I.
. 250
Mach nghich luu tao ra 3 bac dién ap 00
+175V, OV va -175V & ngo ra, dugc thé hién s
& dang song VAO trong Hinh. 6. 150
100
Vi CMV dugc triét tiéu nén dang song 5
dién &p cuc (VAO) ciing chinh la dang song )
dién ap pha (VAG) duoc biéu dién nhu Hinh. 0 01 02 03 0.4 0.5 0.6 0.7 0.8 0.9
6. O i erueaty
Véi dién ap ngd vao l1a 350V va chi sb c)

diéu ché 1a 0.89, dién &p ngd ra trén tai duoc

tinh toan gan bang 110VRMS, hé qua 1a  Hinh 7. Két qua mo phéng cua giai thuat
dong dién ngd ra co gia tri hiéu dung la triét titu CMV va gidi thugt truyen thong. (a)
2.75A dugc biéu dién bang dang song VR va  Tén hao chuyén mach, (b) Tén hao dan, (c)
la, Ib, Ic trén Hinh. 6. THD di¢n &p pha ngo ra (VAG).
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Cac két qua ton hao do hién twong
chuyén mach, tén hao dan cua cac khoa ban
dan ciing nhw THD cua dién ap pha ngd ra
trong 3LT2I duoc thong ké bang md phong
Vv6i chi s6 diéu ché (M) thay ddi tir 0.1 dén
0.9 ap dung cho hai truong hop: giai thuat
triét tieu CMV va giai thuat truyeén thong,
duoc biéu dién nhu Hinh. 7. C6 thé thiy
rang, khi st dung giai thuat triét tiéu CMV,
cdng suat ton hao do chuyén mach ciing nhu
THD cua VAG tang hon so véi truong hop
binh thuong. Trong khi, céng suat ton hao
dan cua cac khoa ban dan hau nhu khong
thay d6i do hé sé cong tac cua cac khoa 1a
khong doi d6i véi hai giai thuat. Hinh. 7 biéu
thi THD cua giai thuat triét tiéu CMV tang
khoang 56.7% so vai giai thuat binh thuong.

4.2 Két qua thuc nghiém

Hinh 8. Két qua thuc nghiém. T trén xudng
dudi: (a) Dong dién ba pha (la, Ib, Ic),
(b) Dién ap pha (VAG).

Hinh 9. Két qua thuc nghiém. T trén xudng
dudi: (a) Piéen ap cuc (VAO),
(b) Bién ap day (VAB).

............ V220 :

o) /. \/ ...... f\/\
CMV=100Vidy @ ¢ ¢

) e e Ww«mmmmmw

S o f=' 'm;g;.-ai; |

Hinh 10. Két qud thuc nghiém. Tur trén
Xuong duoi: (a) Pi¢n ap trén tdi R (VR),
(b) Bién &p common-mode (CMV).

Két qua thyc nghiém duoc trinh bay &
Hinh. 8, Hinh. Qva Hinh. 10 duoc tién hanh
véi cac thdng so duoc liét ké ¢ Bang. 3.

Hinh. 8. trinh bay két qua thuc nghiém
dong dién ngo ra trén tai R va dién ap tur pha
dén tam tai (VAG). Thuc té do duoc, gia tri
hiéu dung cta dong dién ngd ra la
2.59ARMS. Hinh. 9 trinh bay két qua thyc
nghiém dién &p tir pha so voi tdm ngudn
(VAO) va dién 4p day (VAB).

Giai thuat triét tieu CMV duoc st dung
lam cho VAG gidng véi VAO. Thyc nghiém
do duoc hai dang song nay bao gom 3 cap
dién ap co gia tri gan bang: +175V, OV va
-175V dugc trinh bay nhu Hinh. 8 va Hinh.
9. CMV trong truong hop nay cé gia tri gan
bang khong. Cu thé gi4 tri hiéu dung cua
CMV do dugc la 3.97VRMS dugc trinh bay
trong Hinh. 10, gia tri hiéu dung cua dién ap
tai do duoc la 107VRMS.

5. KET LUAN

Bai bao nay da trinh bay giai thuat PWM
diéu khién cho mach nghich luu ba bac hinh
T nhim muc dich triét tiéu dién &p
common-mode.

Nguyén ly hoat dong, ly thuyét triét tiéu
CMV di duoc trinh bay va kiém ching qua
cac két qua mé phong dudi sy hd tro cua
phan mém PSIM.

Cac két qua thuc nghiém ciing duoc
trinh bay, phi hop véi cac két qua mé phong
cling nhu 1y thuyét da néu ra.
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C4u hinh va giai thuat cho nghich luu Danh muc tir viét tit

hinh T da duoc phan tich phu hop véi cac | Npc Neutral point Clamped

ung dung yéu cau cdng suat vira va nho.

LOI CAM ON _
Bai bao nay duoc thyuc hién tai phong thi | T2 T-Type inverter

nghi¢m di¢n tr cong suat nang cao D405 v6i | TL-T21 | Three-level T-Type Inverter

su hd

hoc Su pham Ky thuat Thanh phé Ho Chi | PWM | Pulse Width Modulation
Minh. CMV Common mode voltage
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