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DE XUAT MOT PHUGNG PHAP DIEU CHEVECTOR
KHONG GIAN CAI TIEN CHO BO HIEU CHINH CONG SUAT

NGHICH LUU HINH T

A MODIFIED SPACE VECTOR MODULATION METHOD IS PROPOSED
FORT-TYPE INVERTER POWER FACTOR CORRECTION
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TOM TAT

Hién nay, trong hé thdng sac Onboard Charger ctia xe dién, bd hiéu chinh cong suat (Power
Factor Correction - PFC) la cac bo nghich luu da muic (Multi-Levels Inverters - MLIs) va duoc diéu
ché chd yéu bang phuong phap diéu ché do rong xung sin (Sinusoidal Pulse Width Modulation -
SPWM), trong d6 diéu ché dd rong xung vector khong gian (Space Vector Pulse Width Modulation
- SYPWM) la phuong phép uu viét. Tuy nhién, khi s6 mic tang Ién, viéc trién khai SYPWM cho
nghich luu da muic gap nhiéu kho khan. Bai bao nay sé gidi thiéu mot phuong phap SVPWM cai
tién, dd la phuong phap diéu ché hai nhanh van nhdm nang cao chat lugng dién ap dau ra cho bd
PF(, dong thoi so sanh phuong phap cdi tién nay véi phuong phap diéu ché SPWM. Két qua md
phdng sé chiing minh nhiing uu thé cla phuong phap dugc dé xudt.

Tirkhda: Diéu ché dg rdng xung vector khong gian, diéu ché d6 rdng xung sin, nghich luu hinh T.

ABSTRACT

Currently, in the Onboard Charger system of electric vehicles, PFCs are multi-level inverters
(MLIs) and are mainly modulated by the sinusoidal pulse width modulation (SPWM) method, in
which space vector pulse width modulation (SVPWM) is the superior method. However, when the
number of levels increases, the implementation of SYPWM for multi-level inverters encounters
many difficulties. This paper will introduce a modified SYPWM method, which is a two-branch
modulation technique to improve the quality of output voltage for PFCs, and compare this
modified method with the SPWM modulation method. Simulation results will demonstrate the
advantages of the proposed method.

Keywords: Space Vector Pulse Width Modulation, sinusoidal pulse width modulation, T-type
inverter.
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1. GIGI THIEU

B6 PFC dugc sir dung dé nang cao hé
sO cong suat va diéu chinh dang séng dién
ap, dong dién trong bd sac va thudng la
cac bo nghich luu da mdc. Mot s6 nghich
luu da murc da dugc gidi thiéu nhu: nghich
luu cau H xép tang (Cascaded Multilevel
Inverters - CHB) [1-3], kep diém trung tinh
(Neutral-Point-Clamped Inverters - NPC)
[4] va tu bay (Flying Capacitor Converter -
FC) [5, 6]. Nghich luu cau H xép tang phu
hagp véi hé théng quang dién. Mac du vay,
yéu cau sé lugng I16n ngudn DC la han ché
cta nghich luu loai nay. D6i véi nghich luu
kep diém trung tinh va tu bay, mac du chi
st dung mét ngudn DC nhung 6 s6 lugng
van ban dan va tén that dan dién 16n [7].
Vi vay, nghich luu hinh T dugc gidi thiéu
vGi nhiéu uu diém nhu: chi can moét nguon
DC, st dung it van ban dan, cé tén that
dan dién thap, téng d6 méo séng hai
(Total Harmonic Distortion - THD) thap [8-
10]. Van dé dat ra cho nghich luu hinh T la
can bang dién ap trén hai tu dién lién két
vGi nguon DC dau vao, néu khéng can
bang sé gay ra su qua dién ap trén cac van
va lam THD cla dién ap dau ra cao.

SPWM (PWM - diéu ché dé rong xung)
va SVPWM (SVM - diéu ché vector khong
gian) thudng dugc st dung dé diéu khién
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nghich da muc, véi SVM la phuong phap c6 tinh uu viét
haon. Khi cing mét hé sé diéu ché, SVM cho dién ap dau
ra c6 THD thap hon so véi SPWM. Viéc st dung lién két vai
ngudn DC dau vao clia SVM cing t6t han SPWM. SVM
cling 16 ra linh hoat khi si dung cac trang théi chuyén
mach dé giam tan s6 chuyén mach va séng hai [11-18].
Tuy nhién, SVM thong thudng st dung cac ham toan hoc
phuc tap dé xac dinh vi tri cia vector dién ap tham chiéu
va tinh toan thai gian chuyén mach. Véi nghich luu cé
muc cao, viéc thuc hién SVM thuc sy khé khan vi lugng
I&n trang thai chuyén mach du phong va tam giac phu
[17]. Trong bai bdo nay, mot phuong phap SVM cai tién
dugc ap dung cho nghich luu hinh T ba pha ba muc [19,
20]. Phuong phép diéu ché cai tién nay co trinh tu chuyén
mach dugc so sanh truc tiép véi xung tam giac tan sé
5kHz, gibng nhu SVM hai mic.
2.BO NGHICH LUU HINH T BA PHA BA MUC

Cau tridc cta bo nghich luu hinh T ba pha ba muc dugc
gidi thiéu trong hinh 1. Dién 4p dau vao dugc chia thanh
hai dién ap thanh phan V,./2 bdi hai tu dién. Cac van
Sx1, Sx2 phai chan toan bo dién ap nguén DC; trong khi
cac van Sx3, Sx4 chi phai chan moét nla.

Bang cach dong, cét cac van ban dan dung cach sé tao
ra ba muc dién 4p pha dau ra: Vi, /2 (P); 0 (O); -V, /2
(N). Cac muic dién ap P; O; N thu dugc & dau ra bang cach
dong, cat dong thai hai van ban dan. Bang 1 mo ta cac
van ban dan dugc sirdung dé c6 dugc dién ap dau ra pha
A mong muén.

L, Vs
A N
pC L7 AR
Source

N‘/‘\_@

Hinh 1. Nghich luu hinh T ba pha ba muc

Bang 1. Trang théi déng cat cho pha A
Trang thai Vout Sa1 Sn2 Sas Sna
V
p %‘ ON OFF ON OFF
0 0 OFF OFF ON ON
VDC

N Y OFF ON OFF ON
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3. PHUONG PHAP PIEU CHE HAI NHANH VAN

Trong nghich luu ba pha ba muc c6 27 trang thai
chuyén mach, tao ra 19 vector dién ap (hinh 2) bao gom:
vector khéng (ZV); vector nho (SV) (loai P va loai N); vector
trung binh (MV), vector I6n (LV) nhu & bang 2.

Bang 2. Cac trang thdi clia nghich luu hinh T

Vector Trang thai
Al Vo [000], [PPP], [NNN]
& | vive P-type | [P0O], [PPO], [OPO], [OPP], [OOP], [POP]
N-type | [ONN], [OON], [NON], [NOO], [NNO], [ONO]
Mv V7-V12 [PON], [OPN], [NPQ], [NOP], [ONP], [PNO]
Lv V13-V18 [PNN], [PPN], [NPN], [NPP], [NNP], [PNP]

(N,P,N) 1

(NN,P ON.P) P.N,P)
V17 v vii Vi8

Hinh 2. Sa d6 vector khong gian nghich luu hinh T ba pha ba miic

Nhu trong hinh 2, so d6 vector khong gian dugc chia
thanh sau sector (I dén V1) va méi sector gébm 4 tam giac
(A1 dén A4) cling cac trang thai chuyén mach tuong tng.
3.1. Chuyén d3i hé toa dé ABC sang a8

v, =V_sinwt
bién ap ba pha: < v, =V_ sin(wt—2m/3)
v =V, sin(wt +2m/3)

St dung phép bién déi Clark: 1
_(VB - VC )

Vector dién ap ddura: Vi =V, +jv,

3.2. Chuyén ddi hé toa d6 af sang 60°

By Zyy B Zyx B

Zay

/ Zax

Zix Lsy
a a «

Hinh 3. Chuyén doi tir hé toa do aB sang hé toa do 60°
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Nhu hinh 3, khéng gian vector dugc tao thanh tu ba
hé toa dé (Z1x, Z1y)} (Zax, ZZy); (Z3x, Z3y) véi:

{Zu:va—(vﬁ/\/g) {ZZX=VG+(VB/\/§)
Z1y=2vB/\/§ Zzyz—vu+(vﬁ/\/§)
{ Z,, =2v, /3
Z,, =-v, —(VB/\E)
3.3. Xac dinh vi tri sector

Ta c6 thé xac dinh vi tri sector theo bang 3.

Bang 3. Bang xdc dinh vi tri sector

Z1X.Z1y >0
Ix>0 I <0

Z1X.Z1y <0

ZzX.Zzy >0 sz.ZZy <0
Ix>0 Ix<0 13>0 1% <0
| v | ) i Vi

3.4. Xac dinh vi tri tam giac

Dé xac dinh vi tri tam giac trong sector, trudc hét ta
xac dinh hai hé sé m; va m; la ty 1é hinh chiéu cta vector
dién ap ra lén hai vector xac dinh sector:

Zix Zi 7y e . 1
=y ™ :Vy(vdl i=1+3;V, =§de)

j j

m

Zyy

Hinh 4. Xac dinh vi tri tam gidc trong sector |
Trong sector |, vi tri V. dugc xac dinh:

+NEum; <1;my<1;my +m, < 1thi Vier ndm trong
tam giac 1

+NEUT<m; <21<m;+m,<2thi Vs ndm trong
tam giac 2

+NEumM; <1;my<1;my +m; = 1thi Vi ndm trong
tam giac 3

+NEUT<mM,<21<m;+m,<2thi Vs ndm trong
tam giac 4
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3.5. Tinh toan thai th&i gian chuyén mach
Vet dugc tdng hop tir ba vector gan nhat (Nearst
Vector Modulation - NVM). Vi du Vs ndm trong tam giac
3 ctia sector | (hinh 5); V5,V1,V; 1abavector gan Vi nhét.
T Ver =TV, +T,.V, +T,.V,
T =T+T,+T,
- T T,— T,
— Ve :—1V2 ‘|‘—2V1 +—3V7
LT P
— Vref =d1V—2+d2V{+d3V_’7
(VGi di, d, d3 lan lugt la thai gian chuyén mach cua
vector tuong ung)
Vref = V—7 + Vx
— Veer =V, +(1=m,)(V, = V,) + (1=m, )(V, = V)

— Vier =(1—m1)V—2+(1—m2)V1+(m1 +m, -1V,

v14

Hinh 5. Thai gian chuyén mach cho V,, Vs,V

3.6. Can bang dién ap trén hai tu dau vao

Bung Sai
(m=1) (m=0)
St dung trang thai St dung trang thai
loai P loai N
(xa tu Cy) (xa tu Cp)

Hinh 6. Thuat toan can bang dién ap trén hai tu DC
Ta c6 thé sir dung céc trang thai chuyén mach du
phong trong diéu ché vector khong gian dé can bang
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dién ap trén hai tu. Chi cac trang thai chuyén mach cda
vector nhé gay anh hudng dén dién ap trén hai tu. Trang
thai loai P phdng dién tu C;, con trang thai loai N phong
dlén tl_J Cz.
3.7. Trinh tu chuyén mach hai nhanh van va théi gian
chuyén mach cac vector

La trinh ty trong mdi chu ky diéu ché chi cé duy nhat
hai van phai chuyén trang thai. Uu diém cua trinh ty nay
la gitip thuat todn can bang hai tu trén DC t6t hon mac du
lam tang THD. Trinh tu nay s&r dung mét trong hai trang
thai ctia vector nhé theo nguyén tac nhu & bang 4.

Bang 4. Cac trang thai chuyén mach cla tam gidc 3, sector | theo phuong
phap diéu ché hai nhanh van

m Trang thai chuyén mach
m=1 [PPO] [POO] [PON] [PON] [POO] [PPO]
m=0 [PON] [OON] [ONN] [ONN] [OON] [PON]
PON, OON,ONN, ONN OON PON
Can M an e M an MY an MY er ™
sap [ L— [ |
L7
SB1
sg2 D ————1
sc1
sC2

Hinh 7. Tam gidc 3, sector|, m =0

PPO‘LPOOMPON‘LPONJ‘POOJ‘PPO‘

©odi/2 | d2/2 | d3/z | d3/2 | d2/2 | di/2 |

SAL Lo o e

SA2

O —  —

L
SC1
SC2

Hinh 8. Tam gidc 3, sector, m =1

Tu hinh 7 va 8, ta c6 bang hé s6 diéu ché cap cho cac
van nhu & bang 5.

Bang 5. Hé 5o diéu ché cap cho cac van, tam giac 3, sector |

4. KET QUA MO PHONG

Cac thong s6 va diéu kién mé phong ap dung cho cac
phuang phap diéu ché dugc dé xuat dé so sanh. Két qua
cu thé cha dién ap dau ra, dién ap trén hai tu DC va THD
sé dugc trinh bay. Cac théng s6 mé phong dugc liét ké
trong bang 6.

Bang 6. Cac thong s6 mo phong

Pai lugng Gia tri Mé ta

Vic 700V Dién ap nguon
( 940uF Tu dién trén DC
L¢ TmH Cudn cam loc

G 20uF Cudn khang loc

Rioad 9,680 Dién tré tai

f; SkHz Tan s6 chuyén mach
T 0,2ms Thoi gian ldy mau

m Thai gian chuyén mach
s =1 dspp =1
m=1 dsyr = dy sy =1
dsi =0 dso=di+d;
dsy = d3 dspy =1
m=0 dsgr =0 dsgr = chy + d3
dsai =0 ds;=0
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Hinh 9 va 10 cho thay, dién ap day va dién ap pha dau
ra hai phuong phap diéu ché. Ca hai dién ap day déu &
nam muc ching minh rang thuat toan diéu khién hoat
dong dung.

b)
Hinh 9. Dién ap day dau ra: a) PWM; b) SVM hai nhanh van

b)
Hinh 10. Dién dp pha dau ra: a) PWM; b) SYM hai nhanh van
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b)
Hinh 11. Dién &p trén hai tu DC: a) PWM; b) SVM hai nhanh van

Fundamental (50Hz) = 301.7,, THD=7.97%

Mag (% of Fundamental)
Somo ol

o
o

o
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Hinh 12. THD dién ap dau ra: a) PWM; b) SVM hai nhanh van

Hinh 11 cho thdy, dién ap trén hai tu DC cla cac
phuong phap diéu ché. Bang cach st dung hai trang thai
loai P hodc loai N trong trudng hgp m =1 hodc m =0
tuang Uing cho phép phuong phap SVM hai nhanh van
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thuc hién can bang dién ap trén hai tu DC t6t hon (chénh
léch max khoang 2,653V). Con phuong phap PWM béc 16
rd nhugc diém ctia minh la khé khan trong viéc can bang
dién 4p trén hai tu DC.

Hinh 12 cho thay, THD cua dién ap pha dau ra clia cac
phuong phap diéu ché. Chat lugng dién ap dau ra clia
phuong phap SVM hai nhanh van la t6t hon (2,12%).

5. KET LUAN

Bai bao da trinh bay phuong phap diéu ché cai tién
SVM hai nhanh van cho bé PFC hinh T. Viéc so sanh gitia
phuong phap SVM hai nhanh van véi phuong phéap diéu
ché SPWM da dugc dua ra dé lam ré uu diém cua
phuang phap SVM néi chung va phuong phap SVM hai
nhanh van néi riéng. Viéc moé phong trén phan mém
Matlab Simulink giip khang dinh tinh ding dan cua ly
thuyét dé ra. Tuy nhién phuang phap SVM hai nhanh
van van ton tai han ché la khéng lam gidm dugc s6 muic
CMV (Common-mode Voltage). Vi vay hudng nghién
cUu tiép theo clia nhom la nghién ctu ky thuat diéu ché
lam gidm dugc sé miic CMV nham nang cao chat lugng
dién ap dau ra hon nira.
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