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Tom tat

Bai bao gidi thiéu phuong phap méi vé diéu khién
dya theo k¥ thuat diéu ché do rong xung — PWM
(Pulse Width Modulation) cho bd nghich luu ap da
bac dua trén co s& ham offset thém vao nhim lam
giam dién ap common-mode(common-mode voltage)
& ngd ra. Bit dau tir bd nghich luu da bac kiéu nbi
tang kinh dién, sir dung hai thanh phan dién 4p la base
voltage va active voltage dé lam giam dién ap
common-mode. M6t ky thudt cho phép sir dung ca
song mang dugc bd tri cing pha — PD-PWM (Phase
Disposition PWM) va séng mang duoc bb tri dao pha
— POD-PWM (Phase Opposite Disposition PWM)
trong bo nghich luu da bac véi bat ky dién ap didu ché
ban dau nao. Ky thuat PD-POD PWM dugc sir dung
Vi giai thuat don gian, yéu cau it b nhg, giam s6 1an
chuyén mach nén ton hao do qua trinh dong-ngit ciia
linh kién ciing giam theo va véi cling tan s6 dong-ngit
thi cac thanh phin séng hai bac cao cua dién ap ra
thép.

Phan mo phong va thyc nghiém duoc ap dung cho

bd nghich luu bac 7 kiéu ndi tﬁng.

Tir khéa: Diéu ché d6 rong xung, bo nghich luu da
bac, dién ap common-mode.

Abstract

In this paper, a novel offset-based Pulse Width
Modulation (PWM) method for cascaded multilevel
inverters that substantially eliminate common-mode
voltage on the output phases. The paper begins by
developing generic multilevel inverter reference
waveforms that use two components as the base
voltage and active voltage to achieve reduced
common-mode voltage. A graphical technique is then
proposed that allows both carrier Phase Disposition
PWM (PD-PWM) and Phase Opposite Disposition
PWM (POD-PWM) of a cascaded inverter for any
fundamental reference waveform.

The proposed hybrid PD-POD PWM method is
advantageous for simple algorithm, without
requirement of memory for data storing, reduced
switching loss, low THD (Total Harmonic Distortion)
factor and gaining maximized voltage range.

The strategies have been confirmed by both
simulation and experimental results obtained using a
cascaded seven-level inverter.

Keywords: Common-mode voltages, offset-based,
Pulse Width Modulation (PWM), multilevel inverters.

1. Phin mé diu
bién ap gommon-mode duogc sinh ra do céc trang thai
dong-ngat cac khoa trong bo nghich luu (hinh H.1):
Vao +Vao +Veo
3 1)
+8,=1j=123456

ch =
Si
Six 1a trang thai déng-ngét khoa, x= a,b,c. Dong dién
do dién 4p nay gy nén sé& phat sinh ra hiéu tng dién
tir 1am hu hong cac bo phan co khi cua hé truyén dong
str dung ddng co dién trong cac tng dung cong nghiép
[4]. Bai toan giam dién ap common-mode luén dugc
nhiéu nha khoa hoc quan tam tir truée dén nay [1]-[9].
Hau hét cac giai phap dugc dé cap trude day tap trung
& bo nghich Iuu bac thap [1]-[3],[71,[9]. Bé nghich
luu da bac ngay cang duogc su rong rong rai trong
nhiéu tng dung do wu diém lam ting cong suit ngd
ra, dién ap dat Ién cac linh kién giam xuéng va bién
dd cua cac song hai bac cao cling giam theo.

Bai bio nay giéi thiéu phuong phap méi vé didu
khién dya dya trén co so ham offset thém vao cung
v6i k¥ thuat két hop giira PD PWM va POD PWM
nham lam giam dién 4p common-mode cho bd nghich
luu ndi tang bac 7. Phin md phong va thuc nghiém
dugc thé hién trén MTLAB/SIMULINK cho dong co
1-hp, 1410-rpm sir dung DSP TMS320F28335 véi
giai thuat don gian cho phép thiét ké bo didu khién
PD-POD PWM ¢4 tan s6 1ay mau 1én dén 100 kHz.
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H.1 B¢ nghich luu kiéu néi tcfng bdc 7
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2. N¢i dung chinh
2.1 M& hinh ap trung binh véi ham offset
Hinh H.2 1a m6 hinh dién 4p trung binh v4i ham
offset thém vao &, . Dién ap Vo dugce dinh nghia:

Vyxo =V, X=AB,Cvax=a,b,c 2)
0 <vy4n < (n-1), n 1a s0 béc cia by nghich luu
4 o c o4 . e
B 3 De, Dy Lid
% Tt e '
‘ L) 2 114, ML) 2e
) Yam ey Yem by ;’7, e

H.2 Mo hinh dp trung binh véi ham offset cho bg nghich
luu kiéu noi tang bac 7

Goi V, 1a dién ap diéu ché ba pha ban dau:

V, =V, cos(mt)

ref

V, =V, cos (a)t—z?”j ©)

V., =V, cos (“’HZ?HJ
Dién ap vy, dugc cho boi:

n-1 ,khi Vy+ nT_lzn—l, X=a,b,c

Khi Vy + ”7‘1<o 4)

Vy+ nT—l ,ngoai ra

Hai thanh phan cua dién ap v, 1a & (active voltage)
va L, (base voltage), trong do:

0=<&<1
_|rem(vyn) ,khi vxn<n-1, x=a,b,c
ox = {1 khi vxn>n-1
0<Ly<n-2
L= { fix(vyn) ,khi Vyn < -1, x=a,b,c
X~ n-2 ,khi vyn>n-1

()

(6)

Vi rem 1a phan du sau khi chia va fix 1a phan nguyén
cua tin hiéu vy,

Ham offser &, dugc dé nghi cong thém vao nhim tao
ra dién ap diéu ché méi va duoc dinh nghia nhu sau:

_30-1) _,

2
-y, O
2

1-¢.. khi F
éo = ‘:min khl FL
0 khéc

E.;max :max(&alg.)blgc) (8)
E.>min = min(&a'&bl&c)

F=(L+L+L) 9)

Hinh H.3 1a mo hinh rat gon, ta c6 dién ap diéu ché
sau cung:

V=&, +&,, Xx=a,b,c (10)
Va C4c trang thai dong-ngit khoa:

Si=V,+L,,j=123456 (11)
A B rod
"'a v"b v;.‘.
L, L L,
oo

H.3 M0 hinh rut gon voi dién ap Ly

2.2 Ky thuat PD-POD PWM
Xét cho b nghich luu 7 bac (n=7) va 0 <m < 1.023,
thi F dat4 giatri: 6,7, 8,9
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H.4  Gian dé thoi gian PD-PWM: a) F = 8, &=- &nin
b) F.=9, &=0, c) F =7, &=1- Enax va d) F =6, =0
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H.5  Gidn dé thoi gian POD-PWM: @) F =8, &= &nin
b) Fi=9, &=0, ¢) F =7, &=1- &naxva d) F =6, £,=0

Hinh H.4, trinh bay gian d6 thoi gian diéu ché do rong
xung cho bo nghich luu 7 bac dua trén co s& ham
offset thém vao nham lam giam dién ap common-
mode & ngd ra, voi song mang dugc bd tri cing pha.
a- khi F =8, & = - &min, C- khi FL = 7, & = 1- &nax,
truong hop b, d- khi FL.=9 va 6, ham &=

Twong ty cho hinh H.5, v&i song mang dugc b tri
dao pha, ham &, ciing khong ton tai khi F,.= 6 va 9.
Mot d& nghi két hop ca hai song mang duogc bd tri
cling pha va dao pha (PD-POD PWM) dé diéu ché.
Ché d6 POD PWM duoc thuc hién khi F| = 6 va dién
ap diéu ché sau cung DX’ = Emin, hodc khi F| =9 va dién
Vg = Emax - Ngoai ra thuc hién ché 36 PD PWM.

Tong quét, duge trinh bay boi phwong trinh (12):

3(n-1 .
F = ( )—3vz‘;1VX:§min
POD
3(n-1) . . (12)
F = vav, =& ..
2
| PD, ngoai ra

Cubi cung, hinh H.6 trinh bay so dd khdi toan bo giai
thuait PD-POD PWM nham lam gidam dién ap
common mode cho bd nghich luu bac 7.

ox l

Hmnnd ‘Lx
e thcmxao r
(1) (2) [
Chon o & ‘ '
| PDExyPOD |} Vx
s P

JX < poe| So sdnh ~ o PD
b w  POD

65 Xy dida dp Yy | At A vokage
&éu o b diu & I
Base voltage [y Tmhi F |

H.6  So db gidi thudt PD-POD PWM dé giam dién dp
common mode cho bd nghich luu béc 7.

+ }(héi (1), dién ap vy, duogc gidi han tur dién ap diéu
ché ban dau Vy, cho bai phuong trinh (3,4).

+ Khdi (2), xac dinh hai thanh phan active voltage va
base voltage, cho bdi phuong trinh (5,6).

+ Khdi (3), xac dinh ham téng F_ duoc cho boi
phuong trinh (7).

+ Khdi (4) 1a ham tong offset thém vao &, dugc cho
bdi phuong trinh (8).

+ Khdi (5), chon séng mang PD PWM/ POD PWM
dugc cho bdi phuong trinh (12).

2.3 Két qua md phéng va thuc nghiém
Bang 1. Cac tham s6 ddng co

Cong suat 1 HP, 50 Hz

Dién ap 220/380 (V)

Van toc 1410 (rpm)
Bang 2. Cac tham s6 SIMULINK

Tham so Gia tri

Start time 0.0 (s)

Stop time 10.0 (s)

Solver type Fixed-step

Solver Discrete

Fixed-step size | 2e-5 (s)

Tasking mode | Singletasking

Phan md phong va thuc nghiém cho bd nghich luu
kiéu nbi tang 7 bac, sir dung Matlab/ Simulink, tai la
dong co duge cho trong bang 1 va bang 2. Ngudn dién
ap DC sau khi chinh luu 1a 80 Vdc, cac xung kich
PWM duoc diéu khién boi card TMS320F28335 c6
dead-time 2.5ps, tan s6 song mang 5kHz, va tin sb
dlen ap ra 50Hz

Voltage u‘\".

Vaoltage (V)

Voltage (V)

0 0005 001 0015
Tena (s)

I

.7 Mo phong voi m=0.4: a) Dién ap ddy, b) Dién ap
pha, va c) Pién dp common mode
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H.8 M6 phéng phé hai ciia dién ap day véi m=0.4
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H.9 Mo phong voi m=0.86. a) Dién ap day, b) Pién dp
pha, va ¢) Pién dp common mode
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H. 10 Md phéng phé hai ciia dién dp day véi m=0.86

Hinh H.7 va hinh H.8 1 két qua mé phong cho k§
thuat PD-POD PWM tai m = 0.4 cho cac dang song
ngd ra va pho hai cua dién ap day, dién ap common
mode dugc ¢b dinh trong khoang + 29 V.

Hinh H.9, H.10 14 két qua mo phong véi m = 0.86, va
hinh H.11, H,12 14 két qua md phong v6i m = 1.023,
dién 4p common mode van dugc giir khoang =29 V.
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H. 11 M6 phong voi m=1.023: a) Dién ap day, b) Pién ap

pha, va c) Dién ap common mode
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H. 12 MG phéng phé hdi ciia dién dp day véi m=1.023
Tek JL Trig'd M Pos: ~1,000ms
+
2% é
CH2 1.00V M 5.00ms CHZ &

H. 13 Dang séng thuc nghiém cua dién dp day (m = 0.4)

Tek JL 0T Mooy Tek S BT Pa 2800

02 nas S CLamihy
H. 14 Dang song thuc nghiém dién ap common-mode va
pho hai cua dién dp ddy (m = 0.4)

Hinh H.13 va hinh H.14 1a két qua thuc nghiém cua
dién ap day, dién 4p common mode va phd hai Gng
voi m=0.4.
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H. 15 Dang song thuc nghiém cia dién ap ddy (m = 0.86)
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H. 16 Dang séng thuc nghiém dién dp common-mode va

pho hai cia dién dp day (m = 0.86)

Hinh H.15 va hinh H.16 1a két qua thuc nghiém cua
dién ap day, dién ap common mode va phé hai tng
véi m = 0.86.

Hinh H.17 va hinh H.18 1a két qua thuc nghiém cta
dién 4p day, dién 4p common mode va ph6 hai tmg
voi m=1.023.
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H. 17 Dang séng thuc nghiém cia dién dp dday (m=1.023)
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H. 18 Dang song thuc nghiém cua dién ap common mode
va phé hai dp ddy (m=1.023)
3. Kétluin
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H. 19 Mo hinh thuc nghiém voi DSP TMS320F28335

Bai béo trinh bay giam di¢n &p common mode cho bd
nghich luu bac 7, dung k¥ thuat diéu ché song mang
v6i ham offset duge thém vao. Phan tich hai thanh
phin active voltage va base voltage, cung v&i ham
téng dé tir d6 1am co s chon lua ché 46 PD PWM
hay POD PWM cho giai thuat két hop PD-POD
PWM. Phin mé phong va thuc nghiém trén
MATLAB/SIMULINK 2010, st dung DSP
TMS320F28335 véi tan s6 song mang SkHz va thoi
gian 14y mau 20us (hinh H.15).

Tai liéu tham khao

[1] Hee-Jung Kim, Hyeoun-Dong Lee, and Seung-
Ki Sul, A New PWM Strategy for Common-
Mode Voltage Reduction in Neutral-Point-
Clamped Inverter-Fed AC Motor Drives,IEEE
Transactions on Industry Applications, Vol. 37,
No. 6, November/ December, 2001.

[2] Amit Kumar Gupta, and Ashwin M.
Khambadkone, A Space Vector Modulation



Hoi nghi toan quéc 1an thir 3 vé Diéu khién va Ty dong hoa - VCCA-2015

Scheme to Reduce Common Mode Voltage for
Cascaded Multilevel Inverters, IEEE
Transactions on Power Electronics, Vol. 22, No.
5, September 2007.

[3] Haoran Zhang, Annette von Jouanne, Shaoan
Dai, Alan K. Wallace, and Fei Wang, Multilevel
Inverter Modulation Schemes to Eliminate
Common-Mode Voltages, IEEE Transactions on
Industry  Applications, Vol. 36, No. 6,
November/ December, 2000.

[4] Poh  Chiang Loh, Donald Grahame
Holmes, Yusuke Fukuta, and Thomas A. Lipo,

[5] Reduced Common-Mode Modulation Strategies
for Cascaded Multilevel Inverters, IEEE
Transactions on Industry Applications, Vol. 39,
No. 5, September/ October, 2003.

[6] José Rodriguez, Jorge Pontt, Pablo Correa,
Patricio Cortés, and César Silva, A New
Modulation Method to Reduce Common-Mode
Voltages in  Multilevel Inverters, IEEE
Transactions on Industrial Electronics, Vol. 51,
No. 4, August 2004.

[71 Poh Chiang Loh, Donald Grahame Holmes,
Yusuke Fukuta, and Thomas A. Lipo, A
Reduced Common Mode Hysteresis Current
Regulation Strategy for Multilevel Inverters,
IEEE Transactions on Power Electronics, Vol.
19, No. 1, January 2004.

[8] Ahmet M. Hava, and Emre U" n, Performance
Analysis of Reduced Common-Mode Voltage
PWM Methods and Comparison With Standard
PWM Methods for Three-Phase Voltage-Source
Inverters, |EEE Transactions on Power
Electronics, Vol. 24, No. 1, January 2009.

[9] Ville Naumanen, Juhamatti Korhonen, Julius
Luukko, and Pertti Silventoinen, Multilevel
Inverter Modulation Method to Reduce
Common-mode Voltage and Overvoltage at the
Motor Terminals, 2010 IEEE 26-th Convention
of Electrical and Electronics Engineers in Israel.

[10] Lizhong Long, Yonggao Zhang and Guangjian
Kuang, A Modified Space Vector Modulation
Scheme to Reduce Common-mode Voltage for
Cascaded NPC/H-bridge Inverter, 2012 IEEE
7th International Power Electronics and Motion
Control Conference.

Nguyén Vinh Quan sinh nim
1963. Nhan bang thac sy vé Tw
Dong Hoa cua truong Pai hoc
Bach Khoa Tp.HCM nim
2009. Tir nam 2011 dén nay la
Nghién Ctru Sinh thudc Khoa
bién — Dién Tu truong Pai
hoc Bach Khoa Tp.HCM

Hién la giang vién B§ mon
bién Cong Nghi¢gp Truong
Pai Hoc Su Pham Ky Thuat
Tp.HCM. Hudng nghién ctru chinh 1a thiét ké mach
va thyc hién cac hé théng diéu khién, dién tir cong

suat, bién tan, giai thuat lap trinh v hé théng nhing
trong hé thong mang cong nghiép.

P Nguyén Vin Nho sinh nim
1964. Ong nhan bang thac si va
tién s Pién-Dién tr ¢ Pai hoc
Tay Bohemia, Cong hoa Séc vao
nam 1988 and 1991. Tu nam
1992, o6ng lam viéc tai khoa
Pién-bién T, Pai hoc Bach
Khoa Thanh phé HO Chi Minh,
noi 6ng hién gid 1a Pho gido su.
Ong 1am nghién ctru sinh sau tién si tai KAIST trong
sdu thang cua nam 2001 va la gido su thinh gidng
trong mot nam 2003-2004. Linh vuc nghién ctru cua
ong 1a moé phong va diéu khién dong co, bo loc tich
cuc, ky thuat PWM.

Duong Hoai Nghia sinh nidm
1957. Ong nhan bang thac si va
tién s7 1an luot vao cac nam 1989
va 1993 nganh k¥ thuat dién tai

the Institut National
P A Polytechnique de Grenoble, Cong
hoa Phép.

Tu ndm 1981, 6ng 1a can bd giang day tai khoa dién-
dién tir, truong Pai hoc Bach Khoa TP.HCM. Hién
nay, ong la pho gido su. Lanh vuc 6ng quan tdm bao
gdm 1y thuyét didu khién ty dong, diéu khién trong
nganh nang lugng.



