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Abstract

The four-level diode-clamped NNPC (Nested Neutral Point Clamped) inverter configuration is employed in high-power electrical drive sys-
tems or medium-voltage applications due to its ability to ensure excellent output voltage quality while requiring fewer components compared
to traditional four-level inverter configurations. The Sinusoidal Pulse Width Modulation (SPWM) technique applied to this converter is
straightforward to implement but has a limited output voltage range. This paper presents a Novel and improved Virtual Space Vector Pulse
Width Modulation (VSVPWM) with an average common-mode voltage. Compared to the sine-wave pulse width modulation method, this
technique offers several advantages, such as enabling control of the entire space vector diagram and achieving low harmonic distortion in the
output waveform. Control and balancing of the flying capacitors are achieved by utilizing phase-leg redundant states. The results of the
control algorithm analysis for this inverter are validated through simulations using MATLAB/Simulink software and experiments conducted
on a real-world model. The evaluations of the Total Harmonic Distortion (THD%), output current, and voltage across the flying capacitors
demonstrate the high-quality performance of the converter within the full voltage range.

Keywords: Four - level Nested Neutral point inverter, Flying capacitor balancing (VBC), Virtual Space Vector Pulse Width
Modulation (VSVPWM), Harmonic Distortion.

Cac ky hi¢u Tém tit

Ky hiéu Bon vi Y,I}gh,la O B0 nghich Iuu bon bac ciu hinh diode kep NNPC (Nested Neutral
Vdc 4 bién ap nguon Va(‘)‘ , Point Clamped) dugc st dung trong cac he théng truyen dong dién
Ts s Mot nura chu ky dieu che cong suét I6n hay dién 4p trung thé, do dam bao chat luong dau ra
w rad/s Tan so géc cua vector dién dién ép tbt trong khi sb Iugng linh kién it hon so véi céc dang bo
ap tham chiéu nghich luu 4 bac truyén thng. K3 thuat SIN PWM (SPWM) &p dung

dv/dt 14 Dao ham cua dién &p theo cho b bién doi nay thuc hién don gian nhung c6 pham vi dién 4p ra
thoi gian gisi han. Bai béo nay trinh bay ky thuat dieu khién diéu che d6 rong

Sa,Sh, Sc Trang thai cac khoa ban dan xung v?ctor khorn.g gian 4o (\{SV.PAWM_)Zco glaAtrg ap com_monNmodAe
trén chan pha AB.C tr‘ung binh. So véi phgorng phap dleu, khl.e‘l’l do rong xung sin, ky thuaF

nay dat mot s6 wu diém nhu cho phép diéu khién ap ra toan pham vi

Vaz Vorr Vez  V Dién ap dau ra cac pha véi gian dd vector khdng gian va dat d6 méo dang song hai thap. Viéc
diem Z kiém soat va can bing céc tu dién bay dugc thuc hién bing viéc su

Vexn |4 Gia tri dién ap tu dién bay dung cAc trang thai du thira nhanh pha (Phase-leg Redundant). Két
mong mudn, (x = a, b, ) quéa phan tich giai thuat didu khién bd nghich luru nay dwoc kiém

AV 14 Gia tri dung sai mong muébn chirng bang md phong trén phan mém MATLAB/Simulink va thuc

Cic viét tit

nghiém trén md hinh thyc té. Cac danh gia do méo dang dién ap,
dong dién ngd ra va dién ap trén cac tu bay cho thay chat lugng cua
hé thong bo bién doi tot trong pham vi hoat dong duoc khao sét.

1. Gi6i thiéu

SVPWM Space Vector Pulse Width Modulation

PWM Pulse Width Modulation

4L-NNPC Four-Level Nested Neutral Point Bo nghich luu da béc la mot giai phap phd bién cho cac ng
Clamped Inverters dung chuyén doi cong suét trung ap nhu: dong co dién, cac

THD% Total Harmonic Distortion lugi dién doc 1ap (Micro-grids) va cac h¢ théng phat dién phan

tan (Distributed generation systems) [1]. Nhiing bo chuyén
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d6i nay mang lai nhiéu loi ich, bao gdm d6 méo dang séng hai
thap, dv/dt nho, kha nang thyc hién ap dau ra cao hon so véi
b6 nghich luu 2 bac, kich thudc cac bo loc nho hon, hiéu suat
cao va dién 4p common-mode giam. Cac cau truc bién ddi
ngudn dién 4p da bac (Voltage Source Converters - VSC) c6
thé duoc chia thanh hai loai: cdu triic da bac truyén théng va
cau trac da bac cai tién.

Céc ciu hinh da bac truyén théng c6 thé duoc phan loai thanh
ba nhém chinh: cau hinh ghép tang cau H (Cascade H-Bridge
- CHB) [2], cau hinh tu dién bay (Flying Capacitor - FC) [3]
va ciu hinh nghich luu diode kep (Neutral Point Clamped
Multilevel Inverter - NPC) [4]. Tuy nhién, nhiing cau hinh da
bac truyén théng nay c6 mot sé han ché khién cho ching bi
gidi han trong nhiéu tng dung:

Trong ciu hinh NPC truyén thdng, sb lugng linh kién diode
kep tang dang ké khi s6 bac ting 1én, kéo theo sy gia ting ton
hao trén linh kién va gia thanh. D4i véi cau hinh bac 16n hon
ba, thuc hién can bing dién &p céc tu dién tro nén kho khin
hon.

Trong céu hinh FC, s6 lugng linh kién tu dién bay gia ting
theo so bac dién ap khien h¢ thong cong kénh, giam do tin cay
va giai thuat can bang céac dién ap tu dién bay tré nén phic
tap.

Cau truc CHB ¢6 uu diém cac md dun cong suat dinh muc
dong déu dé lap dat, thay the Tuy nhién, diém bét lgi khi st
dung doi héi c6 nhleu ngudn dién ap mot chiéu doc lap. Véi
nghich luu 5 bac can phai trang bi 6 nguén dién 4p mot chiéu.

Dé khéc phuc nhitng han ché cua cc cau trac da bac truyén
thdng, c&c ciu tric da bac lai (Hybrid Multilevel Topologies),
da dugc phat trién. Mac du cac cau tric lai nay 1am giam mot
s6 han ché cua cac cau triic da bac truyén théng nhung chiing
Van ¢0 nhimg nhugc dlem [6n nhu: Nhiéu Cau trac lai st dung
cau trlc cau H yéu cau mot sé lugng 16n ngudn céch ly, phan

b cong suat khong dong déu. ..

»
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Hinh 1: B6 nghich luu kep diém trung tinh 16ng nhau ba pha bén bac
(NNPC four-level).

V6i xu huéng tim cau triic da bac dé diéu khién va mang dén
hiéu qua kinh té, bo nghich luu kep diém trung tinh 16ng nhau
(NNPC) ciing nhu cac phuong phap diéu khién chung dugc
dé xuit. Hinh 1 md ta cau trGc NNPC bdn bac chi st dung
mot nguon Vdc vai cac thude tinh vuot troi nhu [5], [6]:

e C6 thé hoat dong thuc té dai trung &p tir 2.4kV —
7.2kV.

e Sirdung it linh kién hon cau trdc truyén théng va cac
b6 nghich luu bon bac khéc.

e Tétca cac khéa co cung dién 4p dinh muc (bang mot
phan ba dién ap dau vao).

Twong ty nhu nghich lwu NPC ¢6 2 céu trdc, NPC thong
thuong dung diode kep va T type-NPC, thi nghich luu NNPC
da bac ciing c¢6 hai cau hinh trong tw: NNPC vdi diode kep
va T-Type NNPC tiét kiém, loai bo diode kep [7],[8].

So sanh sb luong linh kién giita cac cAu trdc trong bang 1.

e CAu triic FC c6 s tu dién bay nhiéu nhét 1a 9 tinh
theo c4u trdc cling bac.
e Céiu triic NPC c6 sb diode nhiéu nhat 12 18.
e Cau tric NNPC c6 s linh kién tang theo ting bac.
Trong cac cau trac cing bac, cau tric NNPC ¢6 sé linh
kién it nhat tinh theo tung loai.
Bang I. So sénh s6 linh kién cac b nghich luu da bac.

Cau hinh bdn bac Khoa Diode Tudiénbay  Ngudn Vdc
4L-NPC 18 18 - 1
4L-FC 18 - 9 1
4L-NNPC 18 6 6 1

C6 2 van d chinh can giai quyét khi thyc hién PWM la diéu
khién &p tai va can bang &p céc tu.

Trong thuc té, 2 phuong phép thudng dugc str dung cho didu
khién céc bo bién d6i NNPC da bac la phuong phap diéu ché
rong xung sin (SPWM) va phuong phap diéu ché vector
khéng gian (SVPWM) [6]-[11]. Phuong phap SPWM co
pham vi bién d6 dién ap pha tai bi gigi han & Vdc/2 trong khi,
phuong phap SVPWM cho pham vi &p ra I6n hon, dat d6 I6n
Vdc/V3. Gén day, cac phuong phap diéu ché du bao tya md
hinh (MPC) ciing dugc quan tim nghién ctu vi kha nang diéu
khién linh hoat téi wu nhidu myc tiéu [12]. Tuy nhién, phuong
phép nay c6 nhugc diém do thoi gian tinh toan lau, khé ap
dung cho cé4c hé thong didu khién phuc tap.

Trong bai bao nay, phuong phap SVPWM trong hé toa d6 a8
s& dwoc ap dung. Do trong nghich luu 4 bac ¢6 xuat hién nhiéu
trang thai tring lap tai mot s vector dinh, gian do vector
khéng gian nghich luu day du s& dugc tinh gian vé dang gian
dd vector rut gon, thich hop cho viéc thyc hién chudi 4 trang
thai. Gian d6 vector khong gian rt gon dé xuét chira cac vec-
tor ¢6 4p CMV trung binh. Do ddi véi mot sb vector dinh,
khong ton tai trang thai c6 CMV trung binh nén phuong phép
dé xuat vector 40 thay thé. Nigoai ra, phuong phap con dé nghi
thém maot sb vector 40 & vi tri mai c6 a4p CMV trung binh. Tu
do, hinh thanh gian db vector khdng gian 4o cho thuc hién ky
thuat SVPWM.

Viéc duy tri gia tri dién &p tu dién bay 6n dinh trong qua trinh
hoat dong s& dam bao khong xay ra qua dién ap trén céc linh
kién va dién ap tao thanh & ngd ra c6 chat lugng tot. Giai phap
don gian nhung luén luén dam bao ap tu cén bang nhu sir dung
bo chuyén ddi phu tro (Auxiliary converter) sé lam tang chi
phi va do phuc tap tdng thé cho bo chuyén déi, dac biét 1a ¢
mtec dién &p/cdng suat cao [13]-[17]. M6t sb bai bao nhu [6],
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Bang I1. Trang thai khda ban dan ng véi cac mic dién ap va dong dién qua cac tu dién bay (x = a, b, c).
Trang thai khoa ban dan trén pha Vers Vers
Sx Sx1 Sx2 Sx3 i, >0 i, <0 i, >0 i, <0 Vez
3 1 1 1 - - - - Vdc/2
(2B) 1 0 1 . - - Vdc/6
2 (24) 0 1 1 1 ! 1
(1B) 1 0 0 1 1 ! —Vdc/6
1 (14) 0 0 1 1 D
0 0 0 0 - - —Vdc/2

[18], [19] dé cap dén van dé can bang dién &p cua tu dién bay
sir dung dic tinh nang lugng tdi thiéu. Theo d6 dé giam thiéu
chénh léch giira gia tri dién 4p mong mudn va gia tri thuc té
trang thai chuyén mach tét nhat trong sé tat ca cac trang thai
chuyén dbi c6 thé duoc chon dé ap dung cho bo chuyén dbi.
Phuong phép dic tinh niang luong t6i thiéu phai tinh toan phic
tap va phu thudc vao d6 chinh xac cua théng sb cac tu dién.
Diéu nay khong dé dang dat dwoc trong qué trinh hoat dong.

Mot giai phap phwong phép can bang dién &p céc tu bay Ia tan
dung cac trang thai trung lap trong bang trang thai &p pha véi
kha ning tao dong dién nap tu nguoc chidu nhau. Tir do, khi
&p dung ky thuat sébng mang sin SPWM hay SVPWM thi tay
thugc vao ap tu va chiéu dong dién tai ma bo diéu khién s&
chon mét trong hai trang thai trang lap thuc hién dé can bing
ap cac tu [8],[9].[11].

Gan day, phuong phép diéu ché vector 40 VSVPWM [20] triét
tiéu dong qua tu duoc giGi thiéu. Theo do, vector ao tao thanh
nhu ham két hop cac vector dong ngit sao cho dong trung binh
qua cac tu bay biang zero. Do d6, duy tri dién &p trén céc tu
khong d6i. Tuy nhién, ky thuat [20] c6 vai nhuoc diém nhu
sau: 1). Chudi trang thai dong ngat thuc té c6 nhiéu chuyén
mach, gdy ra gia ting t6n hao hé théng va do dé anh huong
hiéu suat hoat dong; 2). B véi mot sb ving 1am viéc, do
vector 40 tao thanh tir nhiéu vector thanh phan nim xa nhau
trong gian do vector khdng gian nén chudi thuc hién
VSVPWM s& lam tang d6 méo dang dién ap va dong dién ngd
ra; 3). Khi xuat hién su mat can bang &p cac tu bay, cac vector
40 nay do duy tri dong trung binh qua cac tu bing zero nén
khong gitp cho qué trinh can bang &p tu tro lai. Gan day, dé
khic phuc nhuge diém cudi cung, mot phuong phap moi
twong ddi phuc tap da dugc dé nghi [10].

Bai bao nay trinh bay phuong phap didu ché vector ao
VSVPWM theo nguyén ly 3 vector gan nhit c6 CMV trung
binh véi qué trinh can bang &p tu dua vao bang trang théai co
céc trang thai trang lap. Noi dung tiép theo c6 céu trac nhu
sau: Phan Il gigi thidu cau hinh 4L-NNPC, phan IlI s& trinh
bay vé phuong phap VSVPWM, phan 1V trinh bay phuong
phép can bang dién ap tu dién bay cho 4L-NNPC; phan V s&
danh gia chat lugng dong ra thong qua d6 méo hai THD%,
thuc hién trén phan mém mé phong MATLAB/Simulink va
thuc nghiém trén mé hinh phan cang.

2. Céu hinh bj nghich luu ba pha 4L-NNPC

2.1. CAu tao bd 4L-NNPC

Xét bo nghich luu diode kep 16ng nhau ba pha bdn bac trén
Hinh 1. Xét nhanh pha x (x = a, b, ¢), cac khoa va tu Sx1,

Sx2, Sx3', Sx1', Cx1, Cx2 thudc chu trac FC. Sx3, Sx2,
Dx1, Dx2, Sx2, Sx3' thudc cau tric NPC. Hai ciu tric duoc
1dng vao, chia sé chung khoa Sx2, Sx3’. Bién &p nghich luu
duoc tinh tai dau ra nhanh pha téi diém Z gitra hai tu DC-link
C1, C2. Bé mach hoat dong chinh xac, cac tu dién bay Cx1 va
Cx2 can duoc duy tri ¢ dién ap Vdc/3 [8].

2.2. Trang thai b nghich luu

Trang thai dong ngit mdi nhanh pha trong bang 1l dugc chia
thanh bén muc Sx = 0, 1, 2, 3 tuong ung voi dién ap dau
ra—Vdc/2, —Vdc/6, Vdc/6 va Vdc/2 . Cac cap khoa
(Sx1,5x1"), (Sx2,5x2") va (5x3, Sx3") duoc kich ddi nghich.
Xét nhanh pha a trong diéu kién dién ap tu dién bay can
bang tai gi tri Vdc/3.
a) Trangthai 0 (V,, = —Vdc/2)
Hinh 2a, m6 ta mach dan dong dién trang théi 0, ta co:
—Vdc
Var = ~Ver =5 M
b) Trangthéil (V,, = —Vdc/6)
Khi Sa = 1 ¢6 hai t6 hop trang thai khoa ban dan thuc hién 1a
1A, 1B, bang Il.
Hinh 2b, mé ta trang thai 14, ta co:

—Vdc
Vaz = Veaz = Vez = 6 2)
Hinh 2c, md ta trang thai 1B, ta c6:
—Vdc
Vaz = —Vear = Veaz + Ve1 = 6 ?)

c) Trang thai 2 (Vo = Vdc/6)
Khi Sa = 2, ¢6 hai t6 hop dong ngat khoa ban dan la 24, 2B.
Hinh 2d md ta trang thai 24, ta cé

Vdc
Vaz = Vear + Veaz = Vez = o )
Hinh 2e, ta c6:
Vdc
Voz = —Vear + Vo1 = 5 )

d)Trang théi 3 (V,, = Vdc/2)
Hinh 2f, md ta trang thai Sa = 3, ta cé:
_ _Vdc
Vaz - +VCI - T (6)
V6i diéu kién dién &p tu dién bay duy tri khong dbi bang
Vdc/3, hé thuc xac dinh dién ap nghich Iuu nhanh x s la:
Vdc Vdc
Vey = (Sx1 4 Sx2 + Sx3) * 3 "7 @)

biat Sx = Sx1 + Sx2 + Sx3, taco:
Vdc Vdc

32 ®)

Viz = Sx *
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e)trang thdi 2B

Ptrang thdi 3

Hinh 2: Phan tich mach céc trang thai cua pha a. a) trang thai 0, b) trang thai 14, c) trang thai 1B, d) trang thai 24, e) trang thai 2B, f) trang thai 3.

3. Piéu ché d rong xung vector khong gian
(SVPWM)

Ky thuat virtual SVPWM dé xuét s& dugc mé ta trong hé toa
d6 af. Trudc hét, cac dién ap nghich Iuu ba pha trong hé toa
d6 abc sé dugc qui doi trong hé toa do vudng goc af.

3.1. Gian dé vector khong gian 4 bac NNPC

a) Gian do vector khong gian dién ap )
bién &p nghich Iuu 3 phaV,, (8) trong hé toa d6 abc co thé
biéu di&n dang vector Va_ﬁ) , trong hé toa d6 vudng goc ap:

-] 2 2]
3 Z
N |

Thay thé cac cac dién ap nghich luu (8) vao (9), ta thu duoc
vector dién &p nghich luu theo trang thai SaShSc. Do mdi
nhénh pha c6 4 muc dién 4p, tir &6 ba nhanh pha sé& tao ra to
hop 64 trang thai. Tir 64 trang thai, cac vector dién ap V,;;
duoc thiét 1ap va md ta trong gian db vector khéng gian minh
hoa trén hinh 3. C6 4 loai vector chia theo vi tri nam trén gian
dd vector khong gian nhu sau:
e Vector 0: nam tai thm, véi 4 vector tring lap.

Vector nho: nam trén cac dinh hinh luc gic nho nhit,
véi mdi dinh c6 3 vector tring lap.

Vector trung: nam tai trung diém céc canh va dinh
hinh luc gi4c trung, mdi vi tri c6 2 vector trung lap.
Vector 16n: bd tri déu trén cac canh va dinh hinh luc
giac 16n, mdi vi tri chi c6 1 vector.

Sa Sb Sc

Sector I1

103 V2 203/ Vos

Sector V
Hinh 3: Gian dd vector khéng gian b nghich luu 4 bac.
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Do sy triing lap cua céac vector dién &p, gian dd vector khdng
gian tir 64 trang thai sé chi tao nén 37 vector khac biét VO,
V1, ..., V36. Viéc tinh toan cac tham s6 SVPWM s& dugc dan
giai tir 37 vector khac biét nay.

b) Vector tham chiéu V,,;
Dién ap tham chiéu ba pha V, (t), V,, (t), V.(t) trong hé toa do
abc, chuyén thanh vector tham chiéu V,.; trong toa d¢ ap:

[1 - v, ()
L®1_2 | 2 2| [
[Vﬁ(t) =3 vz vl [Vb(t) (10)
|0 - 7J Ve(®)
Wef)(t) =V, () +j=* Vg ® (11)

Phuong phap diéu ché SVPWM thuc hién vector dién ap tham
chiéu Kf dwa trén 3 vector dién &p nghich luu gan We}) nhat.
Goi thoi gian tac dung cua timg vector dién ap lan luot 1a T,
T,, T., V6i tong thoi gian tac dung 1a Ts, phuong trinh
SVPWM duoc biéu dién theo phwong trinh:

{Vref*Ts:V—a)*Ta-l_V—b)*Tb-}_Vc)*Tc

Ty =T, +T,+T, (12)

Vi dy nhu trong hinh 4, ba vector dién &p gan nhat vai Vier
12V, Vig, Vso, ta co:

{Vref * Ts = V7 * Ta + V19 * Tb + VZO * Tc (13)

Tg=T,+T,+T,

£S5 Vref

Hinh 4: Gian d6 vector ¥, trong ving 6 - sector .
3.2. Cach xac dinh sector, ving hoat dgng cia V,..¢

a) Xdc dinh pham vi cac sector
Mt phang gian d6 vector khdng gian cua bo nghich luu 4 bac
NNPC duoc chia thanh sau sector I, 11, 11, IV, V va VI theo
goc 6 nhu bang Il1.

Bang I11. Pham vi sector.

Sector Goc 0 Sector Goc 0
Sector I: 0<g<Z Sector 1V: m<O< —2m
Sector II: T 2 Sector V: —2m -

—<0<— —<0<—
37 3 3~ 3
Sector 111 2{59<n Sector VI: Tep<o

b) Xac dinh pham vi cac tam giac theo nguyén ly 3 vec-
tor gan nhat

Xét sector | trén hinh 5, pham vi hoat dong cua vector dién ap
dugc chia dya theo nguyén ly 3 vector gan nhét thanh 9 viing,
tuong (ng 9 tam giac nho, dugc danh sé tir (1) dén (9). Gigi
han cta cac tam gi&c nho sé dugc xac dinh boi cac duong
thang v, Y2, V3. Y4, ¥s Va ys. CAC tam giac 3, 4, 7 va 8 tiép
tuc dugc phan chia boi cac duong thang y, va yg.
Phuong trinh céc dudng thang y; (j = 1,2..,8) dwgc md ta
trong hé toa d6 ap c6 thé duoc dan giai va biéu dién theo céc
phuong trinh (14) — (23).

T 14 23 15
y |Vref| * sin () (14) y, = —\3x +%—Vdc ()
o 16 43 17
x |Vref| * cos (6) (16) y, = —/3x +§Vd€ )
' 18) 43 (19)
y3=%—Vdc Y5=‘/§x_%—mc
y4=§Vdc @ y6=‘/§x_T\/_Vdc -
_B__2B @) LEMEAEITR
Yy = 3 X 27 Ye = 3 27

Hinh 5, m6 ta cach thirc chia cac vung trong sector I. Goc 6
trong sector | gi6i han tir 0° t6i 60°. Vi du khi V,,; & ving 1
tuong duong toa dd y nho hon y; . Khi Wef) trong ving 2, diéu
kiénlay >y;, y > ys vay < ys;. Xéc dinh cac ving con lai
tuong tu, chi tiét ghi trong bang 1V.

y
330 Va2
Y2 '~ Ys
2 syhe’ §
331\ Vi S 3200%
220 _
Y1 6\ Ys
) 2y Vref 4/ Y7
221 s \310
210
o 7
8\ \\
- G
g N W 7a
¢ 9
ey 8a !
222 | g5 6) ANAVAYA SN VAVIR 300 Va1
111 200°¢ X
0 2Vdc/9 4\/dc/9 2Vdc/3

Hinh 5: Chi tiét viing trong sector | (Ve dang & vng 6 - sector I).
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Bang IV. Didu kién chia viing. M=V=xT (24)
\ung Biéu kién chia viing trong sector | Trong d6:
1 =) |Vyer| * cos(6)
2 O > y)&&Y > yo)&&( < y;) M=l «Ts (25)
3a (7 > y2)&&(Y < y,)&&(y < ¥g) [Vrer| * sin(0)
3b O > 70)8&(Y < ¥,) 1
4a 0> y)&&(Y > y5)&&(Y < yg) T
a
4b O > 7,)&&(@ > y5)&&(Y < y4) T=|1, (26)
5 0> Y) T,
> y)&&([Y < ye)

Ja O > yp)8&(Q > Y )JR&(Y < y7) D4i véi viing (6) — sector I, ma tran V:
7b > 9)&&(y > y)&&(y < y3)
8a <y )&&(©y < y7) — — —
8b 0> y)&&W < y)&&(y < ¥o) V= |Vl| cos(6) |‘El cos(f1) |El cos(z0) @7)
9 (y=<y5 - |V7| sin(6;) |V19| sin(6;o) |V20| sin(6)

3.3. Xac dinh thoi gian tac dung Ta, Th, Tc

C6 nhiéu phuong phap tinh toan thoi gian tac dung cua céc
vector dién ap trong chu ky ldy mau nhu: giai truc tiép trong
hé toa d6 a8 hodc chuyén sang hé toa do g — h, toa do 3D —
abc . Trong bai bdo ndy, cac tién ich cua phan mém
MATLAB/SIMULINK s& duoc sir dung dé xac dinh thai gian
tc dung cAc trang thai, trong d6 phuong trinh ma tran tinh
toan thoi gian tac dung Ta, Th, Tc dugc giai truc tiép. Cach
tinh nay don gian, truc tiép va hiéu qua khi ap dung cho bo
nghich luu c6 s6 bac khdng cao.

Phuong trinh (12) dugc viét lai dudi dang ma tran téng quat
nhu sau:

1 1 1

V6i 67, 019, 020 lan luot 12 goc cua vector di¢n ap Vvéi truc
nam ngang nhu trong hinh 5. O day:
T

== V3 V3
b7 = 6 | 6,9 = arctan <?> 6,0 = arctan (7)

Thoi gian s& duoc biéu dién 1a;
T=V"1s+M (28)

Thoi gian tac dung Ty, Ty, T, nhu trong bang V. Phuong trinh
tinh thoi gian céc sector con lai dwoc quy vé sector 1. Véi goc
cua cac vector dién 4p s€ twong ng Vv4i tirng sector, ma tran
M dugce thay d6i theo géc 6 nhu sau:

Béng V. Thoi gian kich Ta, Th, Tc cta ting vung.

Ving 1 | Viing 2 Ving 3 | Ving 8
Ta=Ts—Tb—Tc Ta=(t— 1)*Ts Ta=Ts—Th—-Tc Ta=Ts—Th—Tc
Tb=kx*Ts Th=Ts—Ta—-Tc Th=({1—- 1)«Ts Tb=1%Ts
Tc=1+Ts Tc=(1—-k)*Ts Tc=Q2-m)«Ts Tc=2—t)*Ts
Ving 4 Ving 7

Ta=Ts—Tbh—Tc
(2\/2_1*cos(020 +%)+ \/2_1*p—n)*Ts
23— 27+ sin (6, +3)

_ (2V3-3Bxt)xTs
C_Z\/§—2\/7*sin(620 +%)

Th =

Ta=Ts—Tb—Tc
(\/2_1*11 + 24/3x1 — 4\/7*sin(919))*Ts
2v3 — 27+ sin (619 +7)
e (2vV3—V3#t)*Ts
2v/3 — 24/7 * sin (019 +%)

Th =

Vung 5 Vung 9
Ta=Ts—Tbh—-Tc Ta=Ts—Tb—Tc
V3xk*Ts (\/2_1*q+ 2\/§*l—4\/7*sin(919))*Ts

= 2V/7 * cos (920 + %)

(2\/§*k—\/ﬁ*p—4\/7*cos(020 +%))*Ts

re= 247 * cos (920 + %)

2+/7 * sin(6;5)
V3 lxTs

Tc=————
2\[7 * Sin(919)

\Vung 6

Ta =

(VBxp — VBxq+ 2V7 xsin(B;19 — 059) ) *Ts

- 27 * 5in(B19 — B50) + 243 * cos (019 + %) — 23 *cos (020 + %)

(n—\/ﬁ*p—Z\/ﬁ * COS(920 +%)>*Ts

Tb =
l 14 % sin(6,9 — 650) + 2421 * cos (019 + §) — 2421 * cos (020 + §)

A /A

Tc=Ts—Ta—Thb
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Khio >0 (n=1,23)

el cos(0 - =-3)
" Pl sin(e ==+ 5 J'*TS )
Khig <0 (n=45 6)
|Vref| * COS (0 +2r—(n—1)* )]l
M= |Vref|*51n(9+2n— n—1)*= Jl*TS (30)
1
n : 1a Sector twong rng
Cac ky hiéu trong bang V:
m= V3 x|Vl /Vdc  (B1) [ =3mxsin(6) (32)
_ T (3) = AN €D
k—3m*cos(9+6) n—9m*cos(9 +3)
t = 3m % sin (9 + g) (35) p=3m=*sin(6,0—6) (36)
q =3m=xsin(6;9 —0) (37)

3.4. Phwong phap Virtual SVPWM véi 4p common mode
trung binh

a) Nguyén ly Virtual SVPWM véi ap CMV trung binh
Mot s vector dinh trong gian d6 vector khong gian c6 tinh
chat tring lap. Vi du, c6 4 trang thai dé thyc hién vector zero
gém 000, 111, 222 va 333. Tuong tu nhu vay, vector V1 cd
thé thuc hién bai cac trang thai 100, 211 va 322. Dé thuc hién
vector tham chiéu, ky thuat SVPWM chi can sir dung 1 hoic
2 trang thai dong ngit dai dién cho mdi vector dinh. Viéc chon
lya c6 gidi han cac trang thai thuc hién SVPWM trong bai bao
nay sé& duoc d& xuat bang phwong phéap chon vector ap c6 dién
4p common-mode trung binh. Bé don gian viéc khao sét, ta sir
dung ham CMV cua trang thai Sa Sb Sc, dinh nghia nhu sau:

F =Sa+ Sbh + Sc. (38)

Theo d6, vdi mdi vector dinh, goi Fmax va Fmin | gia tri
c4c ham &p CMV cua trang thai co dién 4p CMV Ién nhit
Vcommax va nho nhit Vcommin.

Trang thai dugc chon thuc hién vector dinh trong chudi
SVPWM sé cd ham F = F,,, xac dinh nhu sau:

— Fmax + Fmin

39
Fave 2 ( )

Dua vao phuong trinh (12), ¢6 thé suy ra ham &p CMV cua
Vyer Khi thuc hién bang kg thuat SVPWM véi 4p CMV trung
binh nhu sau:

Fyref * Ts = Fape(Va) * Ta + Fape (VD) * Th + Fape (Vo) x Tc - (40)
Dua vao sé trang thai tring lap cua vector &p, ¢6 thé chia thanh
4 trudng hop dé chon trang thai cho vector dinh nhu sau:

e  Vector dinh c6 mét trang thai: vi du vector EBOO),
truong hop nay ham Fygx = Frnin = Fave = 3, VY
trang thai 300 sé& duoc chon.

e Vector dinh c¢6 hai trang thai: vi du vector
V12(311/200). Trang thai 311 ¢6 F = Fingx =5,
va200co F = F;, = 2, do d6 vector Vi3 can chon
trang thai c6 F = F,,, = 3.5. Do khong ton tai trang
thai voi F = 3.5 nén vector ao (virtual vector)
Vyis = (V311 + Vago) /2 duoc d& xuét thay thé. Ham
4p CMV cua Vw13 c6 do 16n bang E,,. = 3.5.

e Vector dinh ¢ 3 trang thai: vi du vector V; (322/
211/100). Trang thai 322 ¢ F = F,,, = 7, trang
th&di 100c6 F = F,,;, = 1,va2l1cO F = Fg, = 4.
Tur @6, trang thai 211 dugc chon thuc hién vector V1.
e Vector dinh cd 4 trang thai: Vi du vector
V,(333/222/111/000) . Trang thai 333 ¢ F =
Enax =9, trang thai 000 c6 F = F,;;, = 0. Do
Fue = 4.5 nén ta sir dung vector ao Vo, = (Vi1 +
V222)/2 €O Fpe = 4.5 thay thé dé thuc hién vector
V0.
Ap dung cho tat ca vector dinh cua sector |, gian do vector
khéng gian rit gon dugc mo ta trén hinh 5. Tir két qua thu
dugc trén Hinh 5 xuét hién 2 truong hop, tam giéc lam viéc
chira 1 vector 4o trong cac vung 1, 2, 5, 6, 9 va chia 2 vector
ao trong cac vung 3, 4, 7, 8.
Khao sat chi tiét hon chudi SVPWM, ta xét tam giac chira 1
vector 4o, vi du khi V,,; & viing 1, chudi thyc hién s& 1a 111-
211-221-222-221-211-111. Céc vector ap trung lap 111 va
222 s& ¢6 thoi gian tac dung bang nhau, c6 kha ning dat &p ra
¢6 do méo dang thap. Tuong tu, c6 thé giai thich chudi thuc
hién SVPWM trong cac tam giac chaa 1 vector ao con lai.

Vi treong hop tam gidc chira 2 vector 4o, vi du khi We; 4]
vung 4. Mot phuong phap thuc hién SVPWM dam bao trinh
tu it chuyén mach va phan b thoi gian déu gitra cac vector
trung lap 210/321 va 220/331 sé nhu sau: 210-220-320-321-
331-321-320-220-210. Do sy xuit hién cac vector tring lap
cho 2 vector dinh khéc biét 210/321 va 220/331, sé chuyén
mach caa chudi 12 8 trong 1 chu ky thyc hign. Chudi trang thai
mo ta trén c6 tén hao chuyén mach ting 1én so véi SVPWM
truyén théng vai 6 chuyén mach nén khong sir dung.

Pé giam s chuyén mach vé 6 nhu phuong phap SVPWM
truyén théng, hai vector 40 Vyz4q , Vysap €O 4p CMV trung
binh biang 5, nam gitra 2 vector dinh V,, V;, duoc dé xuit cho
vung 4, dinh nghia nhu sau:

Vozaa = (V10 + Vaz1)/2
Viozap = (Vaa1 + Va20)/2

Xét truong hop Te; nam & viing 4a gioi han bai 3 vector
gan nhit V;, Vo, Vv34a/Vv34b, dan dén 2 khi ning thuc
hién chuoi SVPWM:
(1) 210-220-320-321-320-220-210, néu st dung Vv34a
(2) 210-320-321-331-321-320-210, néu sir dung Vv34b

_ Chuoi (2) bi loai vi gia tang s6 chuyeén mach 1én 8 va
chuoi con lai (1) dugc chon dé thuc hién. Ham ap CMV cua
Vyop S& thoa diéu kién cia phuong trinh SVPWM theo ap
CMV trung binh:

erefTs = Fape (Vzo) *Ta+ Fape (V7) *Th + Fype (Vv34a) *Tc

Tuong tu, phan tich truong hop V,,; ndm & ving 4b, ta s
ch~c,)n Vv34b thuq hién chu5i~220-320-321-331-321-320-220.
Dé dang nhan thay tir 2 chuoi trang thai thyc hién cho vung
4a va 4b, suy ra rang trong tam giac chtra 2 vector dinh 4o,
thi vector dinh ndm gan V,; hon s& c6 2 vector tring lap
tuong @ng tham gia chudi thyuc hién. Nguoc lai, vector dinh
nim xa V,,; hon chi cung cdp 1 vector tham gia chudi
SVPWM.

Twong ty, ¢6 thé phan tich chudi SVPWM vai 4p CMV trung
binh cho cac vung 3, 7 va 8. Cac vung a va b trong tam giac

(41)
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3, 4 dugc phan chia nhd dwong thang yg; twong tu vang 7, 8
¢6 duong phan chia 1 y,, phuong trinh cac duong thang nay
(22) va (23). Cac duodng thang y; — yg s& phan chia sector |
thanh 13 vung lam viéc khac nhau.

b) Ky thudt SVPWM véi &p CMV trung binh cdi tién

Nguyén ly SVPWM véi cac vector a0 c6 CMV trung binh
duogc dé xuét gilp xac 1ap ving 1am viéc va chon chudi thyuc
hién trong 13 ving lam viéc cua mdi sector. Viéc tinh toan
thoi gian tac dung cua 3 vector dinh cd thé thyc hién tryc tiép
cho 9 vling lam viéc nhu mé ta & Bang V. Thoi gian cua hai
vector trang lap trong phuong phap Virtual SVPWM véi &p
CMV trung binh c6 thé khac nhau. Do d6, phuong phap
SVPWM cii tién s& dua theo phuong phap SVPWM c6 ap
CMV trung binh dé x4c dinh vung lam viéc va chon chudi
PWM, nhung thuc hién cac vector ap trung lap vai thoi gian
bang nhau.

Xét tam giac chira 1 vector dinh 4o trén sector I, k§ thuat
SVPWM theo nguyén ly 4p CMV trung binh cd thoi gian caa
2 vector tring 13p bang nhau, do d6 khéng can diéu chinh
trong vung nay. Vi du, hai trang thai 210 va 321 trong chudi
trang thai SVPWM theo nguyén ly 4p CMV trung binh thuc
hién V7 trong ving 6 dugc mé ta trén hinh 6: 210 - 310 - 320
-321-320-310-210 s& c6 thoi gian bang nhau.

Vaz | V5 Vig Vo | V7 1 T Vis vz
210 310 320 H 321 H 320 310 210

Ta Tc Th Ta | Ta Th Tc Ta
2 2 2
- >4 > —p|—> - > i >
Ts _ Ts

Hinh 6: Chudi kich trang thai cua ving 6 - sector .

Tuy nhién, diéu nay khdng xay ra véi tam giéc chira 2 vector
dinh 40. Vi du, khi &p dung nguyén ly SVPWM véi ap CMV
trung binh thi thoi gian thuc hién SVPWM trong ving 4a cua
2 trang thai 210 va 321 sé& khac nhau. Do d6, phuong phéap
SVPWM cai tién &p dung diéu chinh dé thoi gian cua cac trang
thai 210 va 321 bang nhau. Tuy nhién, viéc diéu chinh nay s&
dan dén két qua, 14 phuong phap SVPWM cai tién s& khong
dat 4p CMV trung binh. C6 thé kiém ching trong chudi
SVPWM cai tién 210-220-320-321-320-220-210, c4c vector
V20 (320) va V7 (321/210) théa méan diéu kién 4p CMV trung
binh. Tuy nhién, trang thai 220 cta vector dinh con lai V14
khong tao ra ap CMV trung binh.

4. Phwong phap cin bz‘:lng dién ap tu dién bay
dé xuat cho bo chuyén doi 4L.-NNPC

Dong dién dan qua céac tu dién bay s& nap hoic xa dién tich
trén tu phu thudc chiéu dong dién qua no. Vi gia thiét chiéu
dong dién qua tai va cac tu dién nhu trén hinh 2. Sy thay doi
dién &p trén mdi tu dién tmg véi mdi trang thai dong ngét khoa

ban dan duoc tdng hop trong bang 11. Néu “-” dién 4p trén cac
tu twong Gmg khong thay doi, “1” dién p ting lén va nguoc
lai néu “1”. Céc trang thai tring lap khi Sx = 1 va Sx = 2 ¢6
thé dwoc chon dé thuc hién can bang dién &p cac ty.

Phuong phap On-Off truyén thdng c6 thé 1am linh kién hoat
dong & tan sb cao khong thich hop cho tng dung. Do d6, cach
thire giai quyét phi hop 12 s& tao ra ving chét AV, voi: AV,,; =
Voi — Vs (i = 1, 2). Khi |AV,;| < AV, trang théi Sx = 1
va 2 s& gan cho mot trang thai dong ngit ¢b dinh, cu thé 1a 1B
va 24 nham giam tan s6 dong ngét linh kign [20]. Giai thuat
diéu khién c6 can bang ap céc tu theo phuong phap ON-OFF
c6 vuing chét AV dwgc md ta trén hinh 7.

m 0 Ts

. $§ 3
‘ Pau vao trinh diéu khién SVPWM ‘

¥

l7s><:3—<— Sx=? F——>»—Sx=0

ﬁ/ <
3 a A
& —

Hinh 7: Giai thuat can bang dién ap tu dién bay cho bo nghich lwu 4L-NNPC.

5. Két quaz md phéng va thwre nghiém
5.1. Két qua md phéng

B6 nghich lvu NNPC bén bac dwgc md phong bang phan mém
MATLAB/Simulink. Bang VI dudi day thé hién thong sé hé
thdng trong md phong. Chat lwong bd nghich luu duge danh
gi& dya trén tong méo hai ciia dong dién (THD% ia) va dién
ap (THDY% Van), chénh léch dién &p tu dién bay (AV,;).

Bing V1.Thong sé mo phong va thuc nghiém.

Théng s6 M6 phong  Thuc nghiém
bién ap Vdc 400V 100V
Tan sb co ban 50Hz 50Hz
Tu dién bay 4700uF 2200uF
bién tro 10Q 270
Cuon cam 10 mH 40 mH
Sai s6 &p tu (AV) 1V 1v
Tan sb diéu ché f, 10kHz 10kHz
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Hinh 8: K&t qua md phong khi thay déi m = 0.3, 0.6, 0.9. a) dién 4p pha tii Van, Vbn,Vcn, b) dong dién ia, ib, ic, c) dién &p tu Ve ~Vep, d) dién
&p nghich luu Vaz, e) dién 4p common-mode V .y mmon-mode-

Van VCal, VCa2 0 X 0070349 } VCOWMG
100 ™ . I I == veessar |
e —\"Y ]
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Hinh 9: Két qua mé phong véim = 0.3. a) dién 4p pha Van, b) dong dién ia, ¢) dién 4p tu Va1, Veaz, d) dién &p nghich luu Vaz, e) dién 4p com-
mon-mode V .ommon—mode: T) THD% V vaTHD% i cta pha a.
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X 0.074736 NCa2 -
180 X 0.084312 133 Y 132451 / Ca2 X0.074309 X 0.078909
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Hinh 10: Két qua md phong v6i m = 0.6. a) dién 4p pha Van, b) dong dién ia, c) dién &p tu Veaq, Veae, d) dién &p nghich luu Vaz, ¢) dién ap com-
mon-mode V common-mode: ) THD% V vaTHD% i cta pha a.
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Hinh 11: Két qua mé phong véi m
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0.9. a) dién 4p pha Van, b) dong dién ia, c) dién &p tu Va1, Veaz, d) dién &p nghich luu Vaz, ) dién 4p com-
mon-mode V ¢ommon—-mode: T) THD% V va THD% i cta pha a.

+THD% V «THD% V (IPD-SPWM)
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Hinh 12: So sanh THD% giira phuong phap d& xuit (duong do) va SPWM (duong xanh). a) THD% Van, b) THD% ia.

Tﬁ dl,m,gI

Khong sir dung

11 o 0 00
e i S
1 1 I

Su dung

Khoéng stir dung

Current[A]

Voltage[V]

Voltage[V]

yolltage[\/]

Str dun, A . . St dun,
¢ .? Khong sir dung i ung —
150 - Il ! | i m{— I I I “13“33 N
o :
100 [~ | et T
| -
sof- | <
|
L | |
v I I
0 0.1 0.2
Str dung Khéne si St dung
— ong sir dyng U
200 T 1 T | T T T r\r—Vl{
100
2 (d)
100
00 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Su dl-m.g Khéng sur dung . St dung
I [ ‘ '
1o I
i (e)
o0 I I
|
1 1 1 1 } | I I !
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Hinh 13: Qua trinh cén bang 4p tu dién bay, khi cé va khéng st dung giai thut diéu khién can bing dién &p tu, tai chi s diéu ché m = 0.8. a) dién 4p
pha Van,Vbn,Vcn, b) dong dién ia, ib, ic, c) dién &p tu dién bay Va1~V cea, d) dién &p nghich luu Vaz, e) dién &4p common-mode V g mmon—mode-
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Hinh 8, mo ta két qua md phong nghich luu 4L-NNPC dung
ky thuat SVPWM, trong d6 dién ép day (Vons Vs Vo), dong
dién ba pha (ia, ib, ic) va di¢n ap tu dién bay (Vear, Vea,
Vents Vepzs Veer Veez) duoc biéu didn & cac chi sé diéu ché
m khéc nhau:

e t<0.04s:m=20.3
o (0.045s<t<0.06s:m=0.6
e t>0.06s:m=09

Dién &p ngd ra co sé bac nho nhat bang 3 tai gia tri m = 0.3
va dat duoc sb bac 16n nhat 14 11 tai m = 0.9. Dién 4p tu dién
bay can bang tai gi4 tri dién ap Vdc/3, voi |AV,;max| =
4.64V tuong duong 3.5% gia tri 4p tu.

Chi tiét két qua mé phong tai gid tri m = 0.3 dugc md ta trong
hinh 9. Chi s6 méo dang THD% Van kha 16n 1a 57.85%,
THD% ia = 0.86% . Do léch dién 4&p tu dién bay
|AV, max| = 3.34V tuong duong 2.5%.

Trong hinh 10, 1a dd thi dién ép tai, dong dién tai pha a va dién
&p trén cac tu bay khi m = 0.6, c6 d6 méo dang THD%
Van = 31.37%, va THD% ia = 0.61%. D0 léch dién ap tu
dién bay I6n nhat |AV,,; max| = 4.64V tuong duong 3.5%.

D6 thi &p, dong tai pha a, dién &p trén cac tu bay khi m = 0.9
duoc biéu dién trong hinh 11. Két qua d6 méo dang
THD% Van = 20.99% va THD% ia = 0.33%. Chénh léch
dién &p tu dién bay |AV,; max| = 3.2V tuong duong 2.4%.

Hiéu qua cia phuong phap VSVPWM dé xuit ciing dugc so
sanh véi phuong phéap diéu ché d6 rong xung sin SPWM hay
IPD — SPWM (In Phase Disposition Sinusoidal Pulse-width
modulation), kh& phé bién, c6 ap dung giai thuat can bang ap
tu. Hinh 12, so sanh db thi tong méo hai (THD%) cua dién &p
Van va dong dién pha ia theo chi s6 diéu ché m cua hai
phuong phép khi ap dung ky thuat can bang ap tu ¢6 vang chét
AV = 1. Ky thuat SPWM pham vi dién ngd ra bi gisi han &
gia tri m = 0.86 nén db thi so sanh cua n6 dugc md ta dén
gia tri néu trén. So sanh do thi trén hinh 12a cho thiy sai léch
gitra 40 méo dang &p pha THD% Van cuia hai phuong phéap
nho khong dang ké. So sanh dd thi d6 méo dang dong dién
THD% ia & hinh 12b, sy khéc biét thé hién rd rang hon trong
tirng pham vi cta chi sé diéu ché. Tuy nhién, dé sai biét 16n
nhit giita ching gidi han khoang 0.1%. Chang han, véim =
0.3, thi THD% i cua VSVPWM la 0.86%, va IPD — SPWM
la 0.93%; sai biét 0.07%; v6i m =0.82, THD% i cua
VSVPWM la 0.41% va IPD — SPWM la 0.38%, sai biét la
0.03%. So sanh cu thé nhu sau.

e Véim=0-0.3:THD% ia cua c6 gi tri gan nhu
nhau.
e Gia tri m=0.3—-0.46: phuong phap IPD —
SPWM cho THD% ia t6t hon, voi diém c6 gia tri
I6n nhat dat 0.12%.
e Giatrim = 0.46 — 1: phuong phap VSVPWM dé
XUAt to ra uu thé khi cho THD% ia t6t hon véi gia tri
I6n nhét 12 0.1%.
Két qua md phong qua trinh qua do6 khi &p dung giai thuat can
bang dién ap cac tu bay khi m = 0.8 dugc mé ta trén Hinh 13.
e Tuw0déno0.1s,dién &p tu duy tri & Vdc/3 khi ap dung
giai thuat diéu khién c6 can bang &p tu, THD% ia =
0.33%, THD% Van = 22.77%.

e Trong khoang tir 0.1s dén 0.5s, giai thuat can bang
khong dwgc ap dung. Cac trang thai Sx thuc hién
SVPWM dugc chon trong Bang Il gom 1a 0, 1B,
24, va 3. Bién ap trén ty dién bay léch déng ké so
v6i gia tri tham chiéu, cu thé: AV, AV,,, AV, €O
sai léch —133.33V twong duwong 100%. Hé qua, diéu
khién dong dién tai khong dat chat lwong yéu cau,
THD% ia = 12.66%, THD% Van = 52.11%.

e Sau thoi diém 0.5s, giai thuat can bang ap tu duoc ap
dung va ap céc tu bay dugc khoi phuc dén gié tri
tham chiéu va bo bién d6i hoat dong tro lai binh
thuong, THD% ia =0.33% , THD% Van =
22.77%.

5.2. Thuc nghiém

Thuc nghiém duoc thuc hién dé kiém chimg tinh dung dan va
kha thi ciia phuong phap dé xuét, céc théng sb duoc sir dung
thé hién trong bang VI. M hinh thuc nghiém bo nghich lwu
ba pha NNPC bén bac nhu hinh 15.

Giai thuat diéu khién dugc thuc hién trén vi diéu khién
TMS320F28377D. Giai thuat bao gom 4 phan chinh: 1) xac
dinh sector; 2) xac dinh vung; 3) tinh toan thoi gian tac dung
cac vector ap; 4) doc cam bién, chon chudi thuc hién va xuit
xung diéu khién. Téng thoi gian thyuc hién céc phan 1a 54us,
trong do6 thoi gian cho tinh thoi gian téc dung ctia cac vector
la 7.5us nhu trén hinh 14.

Tinh thoi gian tdcdung B Téng thoi gian

@ /.5us
S 54 5

0 20 40 60

Time (us)
Hinh 14: Thoi gian thuc hién cac phan

B6 nghich luu bdn bac NNPC phu hop ap dung cho cong suat
I6m, dién thé cao nén tan s dong ngat co thé can mot vai kHz.
Do d6, véi tong thoi gian thuc hién trén vi didu khién 1a 54us
thi hoan toan cd kha nang (rng dung.

Két qua thuc nghiém tai gia tri m = 0.3 duoc dién ta trong
hinh 16. Dang dién ap tai, dién &p nghich luu, dién ap com-
mon-mode va dong dién twong tu nhu trong mé phong. Cac
&p tu dao dong xung quanh gié tri mong mudn 33.3V. Chi s6
méo dang THD% Van kha 1én la 68.64% , THD% ia =
8.71%.

Hinh 17 mé ta két qua thuc nghiém tai gia tri m = 0.6. Dang
&p va dong gan tuong duong nhu trong mé phong. Céc ap tu
can bang tai gié tri 33.3V nhu mong mudn. Gia tri méo dang
THD% Van = 31.92%, gan tuong dwong nhu trong md
phong; THD% ia = 3.87%, léch 3.26% so vai mo phong.

Két qua thyc nghiém tai gia tri m = 0.9 trinh bay trong hinh
18. Dang ap va dong tuong ty trong mod phong, céc gia tri ap
tu can bang tai 33.3V. D6 méo dang THD% Van = 21.03%,
khong léch nhiéu véi két qua md phong; THD% ia = 2.92%,
Iéch 2.59% so vai m6 phong.
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Hinh 16: Két qua thuc nghiém tai gia tri m = 0.3, véi time scale: Sms/div. a) dién 4p pha a Van (10V/div), dién &p tu dién bay Vg, Veaz (10V/div),
dong dién ia (500mA/div). b) dién ap nghich luu Vaz(20V /div), dién ap common-mode V .ommon—mode(20V/div).
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Hinh 17: Két qua thuc nghiém tai gia tri m = 0. 6, véi time scale: 5ms/div. a) dién &p pha a Van (40V/div), dién &p tu dién bay Ve, Ve (10V/div),
dong dién ia (500mA/div). b) dién &p nghich luu Vaz(50V /div), dién & common-mode V gmmon—mode(20V/div).
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Hinh 18: Két qua thyc nghiém tai gid tri m = 0.9, vdi time scale: Sms/div. a) dién ap pha a Van (40V/div), dién &p tu dién bay Ve, Ve (10V/div),
dong dién ia (1A4/div). b) dién ap nghich luu Vaz(50V /div), dién ap common-mode V .ommon—mode (20V /div).

Mic du trong diéu kién mé hinh thyc té phét sinh mot sb sai
léch nhat dinh, tuy nhién céac két qua khao sat cho thay, dang
dd thi &p va dong dién thuc nghiém phu hop véi két qua md
phong, ching to tinh hiéu qua va kha nang ap dung vao thuc
té ciia phuong phap dé xuét.

6. Kétluan

Bai bao nay trinh bay phuong phép diéu khién diéu ché vector
khong gian bo nghich luu 4L-NNPC trong hé toa d6 vubng
goc aff. Ky thuat Virtual SVPWM véi ap CMV trung binh
duoc de xuat sir dung 3 vector (a0) gan nhat dé chia khdng
gian mdi sector thanh 13 ving 1am viéc va chon céc trang thai
cho chudi thyc hien SVPWM. Ung dung tién ich cua
MATLAB/SIMULINK giai ma tran dugc gioi thiéu dé xéc
dinh thoi gian tac dung cua 3 vector dinh. DU biéu dién & dang
chua téi wu, tuy nhién céc tién ich MATLAB cho thiy kha
nang st dung linh hoat ctia n6 cho c&c bai toan tinh toan
SVPWM trong hé toa d6 af.

Thuat toan can bang ap tu dién bay da trinh bay gitp duy tri
dién ap tu dién bay & muc can thiét voi do léch nho, nho do
giam d6 méo dang song hai dién ap ngd ra va tang do tin cay
cho bo nghich luu. Nguyén 1y diéu khién SVPWM dé xuat va
giai thuat can bang dién ap cac tu da duoc kiém ching tinh
dung dan bang md phong va trén mé hinh thuc nghiém.
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