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TOM TAT

Bai béo dwa ra thuét toén diéu ché dé rong xung véc-to khéng gian (DCVTKG) m&i cho bd
nghich lwu ap ba pha bén khéa (B4) khi ap trén tu DC khéng céan béng. Bang céch str dung céc bién
déi toan hoc hop ly, ky thuét diéu ché do réng xung véc-to khdéng gian cho bd B4 khi ép trén tu DC
khéng cén bang co thé duoc gidi quyét dua trén céc véc-to co ban va ky thuét diéu ché tuong tw nhw
bé nghich Iiu &p ba pha sédu khéa (B6). Céch tiép céan nay tao ra nhitng huéng méi dé gidi quyét
nhiing van dé cho bé B4 trong diéu kién &p trén tu DC khéng can bang, vi du nhw dadm bao dién ép
yéu céu cho vung diéu ché tuyén tinh, qué diéu ché ché do 1 va 2 mé réng dén phuong phép six-step.
Matlab/Simulink duoc dung dé mé phdng thuét toan diéu ché do rong xung véc-to khéng gian cho
vung tuyén tinh, va vung qué diéu ché ché dé 1 va 2. Gidi thuat diéu ché dé rong xung véc-to khéng
gian dé xuét duoc kiém chimg thuc nghiém trén DSP TMS320LF2407A (Texas Instruments) va hé
truyén déng déng co khéng déng bo ba pha theo gidi thuat diéu khién V/F.

ABSTRACT

This paper presents a new space vector PWM algorithm for four- switch three-phase inverters
(B4) under imbalance DC-link voltage. By using reasonable mathematical transform, Space Vector
PWM technique for B4 under imbalance DC-link voltage or ripples have been solved, which is based
on the establishment of basic space vectors and modulation technique in similarity with six-switch
three-phase inverters. This approach has a very important sense to solve problems of B4 under
imbalance DC-link voltage , for example ensuring the required referenced voltage for undermodulation
mode and overmodulation mode 1, 2 to six-step mode. Matlab/ Simulink is used for the simulation of
the proposed SVPWM algorithm. This SVPWM approach is also experimented in DSP
TMS320LF2407A Texas Instruments and in induction motor drive.

I. GIOI THIEU ____FsTPL

Ngay nay, mot sb nghién ctru tdp trung AiDl +1( '1 %II}SI L83 .
vao phat trién bo bién d6i cong suat nham giam 43_ h:>
tonA hao :/a Chi phi de dlAeu }(hlf:n cac dong co D2 vite: AFS 4 - ]}LSZ

khong dong bg. Trong s6 d6 bd nghich luu ba : !

pha bén khoa (B4) thay vi nghich luu ba pha BEPr
sau khoa (B6) dugc dung cho hé truyén dong ‘ DIEU KHIEN
dong co khong ddng bd cong suat nho [1-5]. 5%

Bo B4 co6 nhitng uu diém so véi bo B6 M f
trong pham vi cong suat nho [4] nhu sé khoa Hinh 1. So d6 nguyén Iy hé truyén dong
cong suat giam 1/3, mach lai linh kién ciing Tuy nhién, ngoai nhitng nhuoc diém so
giémg di 1/3. Dién éap trung tinh Ya tam v6i nghich luu B6 nhu can dién 4p DC cao hon,
ngudn(common-mode) ctiia bo B4 chi bang 2/3 dinh muc ty va linh kién cong suat cao hon,
cua bo B6. khuyét diém chinh ctia bd B4 1a c6 hién tugng

mét can bang dién 4p trén hai nhanh tu. Hién
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tuong ap tu DC mét can bang do 3 nguyén
nhan : 4p nguon AC dau vao khong can, qua
trinh chinh luu dung diode, su luan chuyen cua
dong pha tai qua nhanh ndi vao tu. Piéu nay
din dén viéc téng hop dién &p ngd ra bd nghich
luu theo véc-to dién ap yéu cau dua trén co s&
cac vécto co ban truyén thong s& tré nén kho
khan. Do d6, van dé duoc dat ra 1a viéc téng
hop dién ap ngd ra cdp cho tai theo phuong
phap diéu rong xung VTKG dugc thyc hién
trong diéu kién ngudn tu DC mat cin bang, vi
diéu nay co vai tro quan trong trong viéc danh
gia chat lwong ctia bd nghich luu ap.

C6 hai huéng dé giai quyét van dé trén:
ther nhit 1a tang dién dung cua ty, tuy nhién,
cach nay lam tang chi phi va kich thudc nghich
lwu. Huéng thir hai ¢6 hiéu qua kinh té hon la
dung phuong phap PCVTKG trong thoi gian
thuc (con goi 1a diéu ché VTKG thich nghi), khi
céc tin hiéu diéu khién doéng cét trong truong
hop 4p trén tu DC khong can bang dugc tinh
toan truc tiép tir cac véc-to co ban cua bo B4 va
dién ap thyc té trén hai tu DC.

Céc nghién ctiru vé PCVTKG trong diéu
kién ap trén tu DC khong can bang dugc dé
xuit boi [3,4] cho ving qua diéu ché van chua
duoc giai quyét.

Gan day trong bai bao [5], su lién hé
gitra k¥ thuat DPCVTKG cho bo B4 va by B6 da
duge thiét 1ap bang cach s dung “nguyén ly
tuong tu” va dua ra giai phap cho ky thuét dleu
ché do rong Xung trong vung diéu ché tuyén
tinh va qua didu ché. Tuy nhién, giai thuét chi
ap dung véi diéu kién ap tu DC duoc gia thiét 1a
can bang.

Noi dung bai bao ndy nhim dua ra k¥
thuat PCVTKG cho bd nghich luu B4 trong
diéu kién ngudn 4p tu DC khong cén bang. Bai
bao dua ra mot cach nhin méi cho k¥ thuat diéu
ché véc-to khong gian bd B4 gidng nhu b B6.
Phuong phap nay chua dugc dé cap trong
nhiing bai bao trudc.

Il. PHAN TiCH VEC-TO KHONG GIAN
DIEN AP VA TU THONG STATOR

Duya vao hinh 1, dién 4p & dau ra bod
nghich luu phu thudc vao trang thai cac khoa
S1, Sy, Sz, S4. Trong do, “0” ung voi trang thai
kich ngit cta khoa, “1” ng v6i trang thai kich
dong cua khoa. St dung nguyén tic kich ddi
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nghich (mot dong, mot ngat) cac khoa trén cing
mot nhanh, ta co:
S;+S,=1S,+S,=1 (1)

Dién 4p cac pha so v6i diém 0 (Zero)
dugc mo ta theo cac cong thire sau:

Voo =05 Vg =SV, + (8, —1)Vy; Vg = SV, + (S, -1V, (2)
V V
Vlzﬁ—g.\/dc A :%+8.\/dc 3)
Trong do :

Vi,V,: dlél’l é.p trén tu Cl, Cz, V1+V,o=Vye

g€ : d0 léch dién ap gitrta cac tu DC
(-05<¢e<05).

Su két hop déng ngit cia cac khoa Sy, Sy,
S3, Sy s€ tao ra 4 véc-to ap co ban ctia bo nghich
luu ap 4 khoa trong bang 1.

Badng 1. Vec-to khong gian dién ap stator trén
hé truc a,f

S1|S3 V, Vs v
00 2,13 0 *1
01 11 (v, -V))I3 | —(v,+V,)/3 |V,
VIO (V,=V)IB | (v, +V,)/3 |V,
11| —2v,/3 0 v,

Dién 4p trén tu DC khong can bang lam
cho cac véc-to co ban dich chuyén trong ving
khong gian gilta véc-to V; va véc-to Vs, va hai
véc-to Vi va V3 c6 do 1on khong bang nhau
nita, nhu da trinh bay trong bang 1. Phan tiép
theo s& dua ra giai thuat didu ché VTKG cho
truong hop mat can bang dién ap cac tu DC.

I1l. XAY DUNG GIAI THUAT DIEU CHE
VEC-TO KHONG GIAN CHO TRUONG
HOQP MAT CAN BANG PIEN AP TU DC

Dua vao y tuong diéu ché véc-to khong
gian cta bo nghich luu 6 khoa, tir gian dd véc-
to cho truong hop B4, ta thuc hién chuyén doi
vé dang gian d6 véc-to cho B6.

bat cac véc-to madi theo cac véc-to ban
dau, cac hé s6 a, b, ¢, d, e la cac so thuc duong.
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V, = av,; V, = bV, +cv,;V, =cv, +dv, @
V, =eV,;V, =dV, +CV,;V, = cV, + by,
Ta s€ khao sat hai truong hop:
=  KhiV, <V, (Hinh2)
Céac hé sb dugc cho boi cong thirc sau:
azvl i b=a.c;e=1
V2 5)
C = Vl - d — V2
Vdc ’ Vdc
=  KhiV,>V, (Hinh 3)
Céac hé sb dugc cho boi cong thuc:
V. V
azl;bzv1 ; C:VZ
dc dc 6
. (6)
V,
V2,
// 'v/‘ V3 \1\\1 \72'

3 \74 \74 A
Hinh 2. Véc-to khong  Hinh 3. Véc-to
gian cua by B4 khi  khong gian cua bo
Vi<V, B4 khi V>V,

V6i cach chuyén dbi sang hé 6 véc-to co
ban hi€u dung, ta c6 thé st dung lai cac cong
thirc tinh toan ctia by nghich Iuu 6 khoa. Pay la
mot sy thudn 191 cho qua trinh diéu ché VTKG.

Dé tao véc-to khong hiéu dung cua by B4
Vy, ta sit dung véc-to V, va V; trong mot

khoang thoi gian t; va ts:

Vi, =Vt +V, i, 7)
sao cho thoa mén hai diéu kién :
et —at; =0;
t _ (8)
1 + t3 - tz

A. Vung dié‘u’ ché tuyén tinh: (0 < M <
Mmax_tuyen tinh)

Ché d6 diéu ché tuyén tinh duoc thuc
hién khi dién 4p yéu cau xoay trong dudng tron
noi tiép hinh luc gidc. Xét trong vung I, ta co
dugc cong thuc tinh todn thoi gian duy tri cac
véc-to co ban trong mot nura khoang thoi gian
ldy mau Ty/2.

3

Ts .
ty =k—M —=sin(z/3—-«a);
T 2

V3

Ts .
ty =k—M —sin(«); 9)
y T 2 ()
V&i: M la chi sb diéu ché ;
k 12 hé s6 hiéu chinh, k=1/c.

Tinh toan tuong ty cho cac viung con lai,
ta c6 dugc thoi gian duy tri cac véc-to co ban
dé tao ra dién 4p theo dung yéu cau trong bang
2 va cach tao xung nhu hinh 4.

1 381 !:'

wn

3 —1 83 —
U I i pie »
VINT 3 VI

T2 Tz Ts2 s

Vang I, 11, 11 Villfllg IV, V,

Hinh 4. Gidn do6 xung diéu khién khéa

Bang 2. Thoi gian duy tri véc-to 6 ving

Ving |

V3.,

t,=t. =k—M =sin(z/3-a)
Vi \7/[_ 2
t, =t :k—3M T—Ssin(a)
K T 2
t,=T,/2-t,—t,

a e
t, :ﬁ[tx(l—a)ﬂy(l—b—c)ﬁz]; t=—t,

t, =at, +bt, +t;t, =ct;t, =t

Vi
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Vung |1

t, :i[tx(l—b—c)+ty(1—c—d)+tz} t, =:1t1

L =Bt Rt =cft, +t,);t, =dt, +t,
Vung Il
a e
tl:E[tx(l—c—d)ﬂy(l—e)ﬂz];t3:gtl
t, =t;t, =ct;t, =dt +et, +t,
Vung IV
a e
tl=E[tx(l—e)+ty(1—d—c)+tz];t3=atl
t, =t;t, =et +dt, +t;t, =ct,
Vung V

t, :i[tx(l—c—d)+ty(1—b—c)+tz]; t, =§tl
—bt, +t,; t

17 My

=dt, +t,;t, =c(t, +t,)

Viing VI

t =i[tx(1—b—c)+ty(1—a)+tz} t, =§tl

—bt +at, +t,;t

17 Mvg

=ty t, =ct,

B. Qud diéu ché ché dg 1(Mmax_tuyén tinh <
M < Mmax _cheé do 1)

Tuong ty bd nghich luu B6, ché do nay
bat dau khi vécto dién ap yéu cau vuot ra ngoai
duong tron ndi tiép va dat dén cac canh cua
hinh lyc giac.

Khi véc-to dién ap truogt trén canh cia
hinh luc giac (trong tng véi chi sb diéu ché 16n
nhit & ché d6 1), cong thic tinh thoi gian duy

tri véc-to duoc cho béi:
J3cosa —sina T, . T, .
t, = ME it == —t,;t, =0
J3cosa +sina 2 2
(10)

Khi véc-to dién ap trugt trén duong tron
noi tiép luc giac ( tuong ng voi chi s6 diéu ché
thip nhat & ché do 1), cong thic tinh thoi gian
duy tri véc-to tuong ty ¢ vung diéu ché tuyen
tinh. Khi chi s6 diéu ché nim giira chi sb diéu
ché nhé nhét va chi sb diéu ché 16n nhét, ta su
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dung phuong phap xap xi tuyén tinh dé xic
dinh t, t,. Cach tao va tinh toan thoi gian duy
tri véc-to khong tuong ty nhu phan didu ché
tuyén tinh.

C. Qua diéu ché ché dp 2(Mmax_ché dp 1< M
<Mmax_che d¢ 2)

Qua diéu ché ché do 2 bat dau khi véc-to
dién ap yéu ciu ting cho dén ché do six-step.
Khi véc-to dién ap truot trén chu vi hinh luc
gidc (tuong tmg voi chi s6 diéu ché nho nhét &
ché do 2), cong thuc tinh t,, ty, t, tuong tu ché
d6 1. Khi véc-to dién ap dat ché do six-step, ta
c6 cong thic :

t T t,=0,t,=0, 0<a<rzl/6

X

(1)
LE /3

)
t, =0t t, =2t ,=0, 7l6a<r

N

Khi chi s6 diéu ché ndm giita hai gia tri
l6n nhat va nho nhat, ta st dung phuong phéap
xap xi tuyen tinh dé xac dinh ty, t,.

IV. KHAO SAT SU PHU THUQC CUA CHI
SO PIEU CHE M VAO DPQ SAI LECH
PIEN AP ¢

Khi c6 su sai léch gién ap trén céac tu DC,
ban kinh hinh tron néi ti€p, chu vi hinh luc giac
va ban kinh dudng tron ngoai ti€p hinh luc giac
cung giam theo. Két hop voi cong thie tinh chi
s0 diéu ché M khi chua ¢6 su 1éch dién ap, ta co
cong thtrc lién hé:

M =M(1-2¢) khie>0

M’ =M (2&+1) khie<0

Du6i ddy 1a bang gia tri chi s6 diéu ché
16n nhat twong ung voi tung gia tri cia €

Bdng 3. Gid tri t6i da ciia ty s6 diéu bién theo &

Gia tri M 16n nhat ciia moi vung dicu ché

€ Tuyéntinh | Chédo1 | Chédo 2
0 0.9070 0.9520 1
0.01 0.8889 0.9329 0.98
0.05 0.8163 0.8568 0.9
0.1 0.7256 0.7616 0.8
0.2 0.5442 0.5712 0.6
0.3 0.3628 0.3808 0.4
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Nhu vay, twong tung véi mdi gia tri do
1éch dién ap, chi sé diéu ché cho mdi ché do s&
c6 mot gidi han khac nhau. Khi d¢ 1éch dién ap
cang 16n, chi s6 diéu ché 16n nhat ciing giam
theo.

V. KET QUA MO PHONG

St dung Matlab/Simulink m6 phong bo
nghich luu B4 trong truong hop mit can bing
dién ap tu DC. Cac thong s6 mo phong: Vg =
300V, f=50Hz, tin s6 dong cat khoa fg,=
4.8kHz, tai R=20Q, L=40mH.

Truong hop 1: Trong ving diéu ché tuyén tinh,
€=0.05; M =0.7.

Hinh 5. Gidn d6 dong Hinh 6. Gian do dong
pha tai - gidi thudt pha tdi theo gidi
truyén thong thudt dé xudt

Nhan xét thdy xuat hién thanh phan DC
su mét can bang dong dién xoay chiéu ba pha
tai (H.5). Voi giai thuat dé xuét, su can bang
dong tai dugc cai thién (H.6)

Truong hop 2: Cho ving qua diéu ché ché do 1
M=0.85, £=0.05.

Hinh 7. Gian do dong Hinh 8. Gian do dong
pha tai - giai thudt pha tai - giai thudt de
truyén thong xudt

Céac gian dd6 mé phong thu dwoc minh

ching cho tinh xac thuc cua giai thuét diéu ché
VTKG cai tién (H7-8).

VI. KET QUA THU'C NGHIEM

Tinh kha thi cua phuong phap PCVTKG
dé xuit duoc kiém chung biang thuc nghiém.
Ky thuat PCVTKG dé xuat dugc 1ap trinh trén
Card DSP TMS320LF2407A xuét xung diéu

Hinh 9. Gian do ddap
wng toc do dong co
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khién bo B4 (4 IGBT FGPF120N40TU 1200V,
40A, mach 1ai HCPL-3120) 3 pha ngo ra ctia b
B4 ndi vao dong co khong dong bo ba pha véi
thong s6 nhu sau: f=50Hz, 380V, dau Y, 1/2
HP, cosp =0.81, 1420 rpm. Tan s déng cit cua
IGBT la 5 kHz. Dién ap DC trén hai tu 80V-
100V. Théng s6 hai nhanh tu 1550uF, 2800uF,
€ = 0.05. Hai co ban cua dién ap co ban 50Hz.
Hinh 9 biéu dién dap ung van tde dong co duogc
diéu khién theo phwong phap V/F vong hé.
Pong co duge cip ngudn tir bd bién tan B4 véi
giai thuat diéu ché VTKG cai tién. Hinh 10 biéu
dién dong ba pha can bang trén dong co. Quan
sait phd cua dién 4ap day voi M=0.85
(H.11,13,14)(Oscillo Tektronix) hai co ban cia
ba ap diy can bang. Két qua thyc nghiém cho
thdy voi giai thuat diéu ché VTKG cai tién két
qua dong, ap trén tai dong co can bang khi dién
ap trén hai tu DC mat can bang,

Tek L.

TGC DO ROTOR [VONGPHUT] @ stop

It Pos; -20.00ms
+

= Taoc d thue
= Tac do dit

TR A T

E:

CH2 1008 M 100ms
23-Apr-08 1253

Hinh 10. Gidn do6 dong
ba pha..

CH3 #
354767

CH3 1.00¥

KET LUAN

Bﬁng cach stir dung cac bién d6i toan hoc
hop 1y, k¥ thuat diéu ché do rong xung véc-to
khong gian cho bd B4 khi ap trén tu DC khong
can bang c6 thé dwoc giai quyét dwa trén cac
véc-to co ban va ki thuat didu ché tuong tu véi
b6 B6. Pidu nay lam cho viéc tinh toan
DCVTKG cho bd B4 dugce dé dang va cac Kkét
qua nghién ctru cho b B6 cling dugc ap dung
mot cach hi€u qua ,vi du nhu PCVTKG cho
vung qué didu ché. Phuong phap DPCVTKG cai
tién da dugc md phong va kiém chimg bang
thuc nghiém co thé phuc vu cho viée thiét ké bo
bién tan gia thip thuc té trong tuong lai.
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Tek il @ Stop Pos: 1250kHz fek T @ Stop I Pos: 0,000s
+ +

o
! T T T ‘ T [T
. ]

M
CHISO0dE  2.50MHz (S0.0KS/5) I GBS0 M 500 i
Hinh 11. Pho ap ddy cap cho stator Vac Hinh 12. Pi¢n ap trén tu V2 va dién ap trén ca
hai tu Vdc
Tek S @ Stop Pos: 12.50kHz Tek A R I ® Stwop Pos: 12.50kHz
+ +

1lhm

wl - LA IS d, JL] ‘J J
CH1 5.00d8 2.50kHz (S0.0kS/5) CH1 5.00dB 2.50kHz (S0.0kS/5)
23-Apr-08 14:33 29-Apr-08 14:35

Hinh 13. Phé dién dp ddy Vbe Hinh 14. Pho dién dp ddy Vab
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