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Abstract

To increase the reliability of electrical drives system FOC-IM which is supplied by the cascaded H bridge multilevel inverters in faulty
conditions, this paper uses new detecting method based on the differences between output voltage and control signal of each H bridge, and
proposes new improved SVM algorithm for cascaded H bridge multilevel inverters when the open-circuit problem occurs. By analyzing the
effect of the faulty H bridge, the switching states that creating standard voltage vectors are chosen precisely to achieve following objec-
tives: Output voltage is maximum, three phases are balanced, and the common mode voltage is optimized. This algorithm can be applied to
H bridge inverters at any level. Besides, the affect of the open-circuit issues is evaluated with and without proposed algorithm, based on the
simulation results of electrical drives system FOC-IM model supplied by 11-level cascaded H-Bridge Inverters on MATLAB — Simulink.
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Tir viét tit

SVM Space Vector Modulation
CHB Cascaded H-Bridge
CmVv Common mode voltage
FOC Field orient control

IM Induction motor (dong co KBD-RLS)
MLI Multilevel Inverters

Tém tit

pé nang cao d¢ tin cdy cho he truyen dong FOC — IM dugc cip
ngum boi bién tan cAu tric cau H néi tang, bai bao dua ra phuong
an khic phuc sy ¢b hé mach van ban dan. Bang viéc phat hien 15i
dua trén sai léch gitra dién ap diu ra va tin hiéu didu khién ciaa mdi
cau H, sau d6 dé xuat thuat todn SVM cai tién dé hé truyén dong
hoat dong chi dong. Trén co s& phan tich anh huéng cua cac ciu H
bi 13i, phdi hop dong cét tao vector dién ap chudn duoc lya chon
mot céch t6i wu sao cho dat dugc ddng thoi cac muc tiéu: Dién &p
ra 16n nhat cé thé, can bing giltra ba pha, common mode tbi wu; Co
thé &p dung voi b6 nghich luu cau H noi tang c6 s6 muc bat ky. Tir
d6, bai bao s& tién hanh danh gi4 anh huéng cua 18i khi cé va khong
c6 thuat toén khéc phuc I8i. Cac danh gia dua trén két qua mo
phéng bang phan mém MATLAB - Simulink hé truyén dong FOC
— IM dugc cap ngudn bai bién tan cAu trac cau H ndi tang 11 mic.

1. Giéi thi¢u

Bién tan da muc dd dwoc sir dung rong réi trong cac wng
dung c6ng nghiép vai dai dién &p cao, cong suat 16n nho cac
uu diém: dang song dau ra co d6 méo séng hai (THD) thap
hon, giam dién 4p dat 1&n céac linh kién béan dan cong suat,
téc do bién thién dién &p dv/dt thip hon [1], [2]...Dic biét,
cAu tric bién tan da mic cau H ndi tang (CHB) dugc md ta
chi tiét trong tai liéu [3], [4], [5], co tinh modul héa cao,
khong can thém cac phan t phu tro nhu di 6t, tu dién [6].
Do d6, CHB - MLI dugc sir dung rong rai hon trong cong
nghiép cho cac tng dung khac nhau: Bo bu ddng bé tinh [7],
Bo bién ddi cap ngudn cho dong co cong suit I6n [8], Bo
bién d6i cho ngudn nang lugng tai tao ndi luai [9]. Trong sd
cac phuong an diéu ché cho CHB, diéu ché vector khdng
gian (SVM), dui tuong ddi phuc tap véi khdi lugng tinh toan
I6n, to ra wu viét hon ca. Dic biét, nho giai thuat diéu ché
vector khong gian dugc khai quat hoa [10], [11] viéc t6 chirc
thuc hién SVM cho b nghich luu cau H vai s6 muc bét ky
trén nén tang thiét bi didu khién sé da tro nén d& dang hon
rat nhiéu.

Vi viée tang sb muc, kha nang 16i mot hoac nhidu van béan
dan hoan toan c6 thé xay ra [6] va chiém 38% nguyén nhan
xay ra 13i cua bién tin da muc [12]. Thong thuong thiét bi
bao vé sé& tac dong dé ngat bién tan ra khoi ludi dién néu bi
15i, dan dén dong co dung lam viéc. Viéc dimg (ot ngot
dong co trong thuc té doi khi c6 thé gy ra sy ¢ nghiém
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trong, vi du nhu hién tuong bua nudc trong hé théng bom
cot ap cao. Mat khéc, néu tiép tuc lam viéc trong diéu kién
15i ¢ thé dan dén dién ap dau ra mat can bang gay nguy
hiém cho dong co néu chay lién tuc trong mot thoi gian dai.
Do d6, ky thuat xir 1i trong diéu kién xay ra 16i dé duy tri
hoat dong chu dong cua bién tan la rit quan trong.

Dé khac phuc 13i can phat hién 18i sau d6 xu Ii 16i [13]. Pa
¢6 kha nhiéu nghién ctru vé khic phuyc I3i cho bién tan. Phat
hién 13i: dwa vao dién 4p trung binh dau ra [14], phan tich
THD cua dong dién dau ra [15], sir dung mang neural
[16],...Tuy nhién nhin chung con phuc tap, can phan cing
xt Iy manh nén rat kho trién khai thuc té. Xt Ii 16i: Str dung
SVM sau khi “bypass” s6 cau H I8i tuong ung ¢ cac pha
[17], tuy don gian nhung dién ap c6 thé diéu ché bi sut giam
I6n. Bé khic phuc nhuoc diém nay, phuong phap dich diém
trung tinh da dwoc dé xuat ¢ tai liéu [18], [19]. Véi phuong
phép nay, chi cau H 15i b loai bo dan dén dién 4p ra thuong
I6n hon so véi phuong phap “bypass cau H”. K§ thuat diéu
ché vector khong gian ciing dwoc d& xuat & [20] va mang lai
hiéu qua twong dwong v6i phuong phap dich diém trung tinh.
Tuy nhién, ca hai phuong phép trén déu kha phtc tap, dac biét
1a khi sb mirc ting cao. Bong thoi phép lua chon phdi hop
dong cit dan dén hé thong xuat hién dién 4p common - mode
I6n, gay anh huéng xau khi van hanh lau dai.

Trong nghién ctru nay, phat hién 16i dya trén sai léch tin hi¢u
diéu khién va thuc trén mdi cau H dam bao: dé& thuc hién,
nhanh, chinh xac. Sau d6, dé xuét thuat toan SVM cai tién
cho bién tin da muc dam bao dong thoi cac muc tidu: dé
dang 4p dung dwoc voi CHB- MLI véi s mirc bat ki; dam
bao hoat dong dugc khi c6 18i voi dién 4p pha, dy can bang,
bién do dién 4p tao ra 16n nhét; giam gia tri dién 4p CMV.

2. Phan tich anh huéng cla dién ap ra khi 16i
van va phwong phap cau hinh lai mach lue

2.1. Anh hwéng ciia dién ap khi xay ra I3i.

H& mach van ban dan cong suit dugc xac dinh 1a van khong
thé dan dong khi c6 tin hiéu diéu khién. L3i xay ra 1am cac
vector chuan mat di mot hoac nhiéu phéi hop dong cét dé tao
ra vector dién &p. TUy theo vi tri cau H xay ra 16i ma anh
huéng dén khong gian vector cua CHB-MLI 1a khac nhau.
Khi vector chuan mat hét cac phdi hop déng cit, s& tré thanh
15i. Lop vector chira vector chuén 18i goi 1a 16p vector I3i.
Hinh 1 thé hién khong gian vector dién &p cua bién tin 11
murc, s& c6 331 vector dién p goi 1a vector dién &p chuan, co
nhiéu phdi hop dong cit dé tao ra cing 1 vector dién ap
chuan. Vi du, vector dién &p chuan sé 8 s& c6 8 phdi hop
dong cit, tly thuoc vao muc tiéu caa didu ché dé lya chon
phdi hop dong cat. Phdi hop dong cat mau do cho dién ap
common mode nho nhat 14 lya chon trong nghién ciru nay.
Hinh 2 minh hoa mét s6 vi du cho anh huéng cua 18i hé
mach van I&én khéng gian vector cia CHB-MLI. Hinh A dai
dién céc vector chuan khong thé sir dung do da mét hét phdi
hop dong cit. C6 thé thiy khi mot ciu H trong pha A bi 15i
s& dan dén mot sb vector chuan & sector I, 11, 1V va VI bi
anh huong, nhung né khong anh huong dén cac vector khac
& sector 11 va V. Sy tac dong cua 18i & cau H trong cac pha
1én khong gian vector dugc mé ta & Bang 1.

2.2. Cau hinh lai bién tan khi bj 15i

So dd CHB- MLI cép pguén qho q‘éng co IM d}rqc thé hién
nhu Hinh 3. Viéc nodi tang nhiéu cau H trong moi nhanh pha
tao ra b CHB.

Mot cau H chira van ban dan 15i can phai dugc loai bo khoi
hé théng. pé thuc hién viéec d6, mdi ciu H trong bién tan
dugc bd xung 1 contactor & dau ra. Khi binh thuong, cau H
dugc két ndi voi hé thdng, tuy nhién, néu 1 trong cic van
ban dan cta cau H bi hd mach, tin hiéu diéu khién tac dong
dén contactor ctia cau H va loai bo n6 khoi hé thong bang
cach ndi 2 day dau ra lai voi nhau, nhu trén Hinh 4.

Vir ___v_""_v__ Vin
312 320

Hinh 1. Vector khong gian dién 4p cta bién tin 11 mirc CHB

Hinh 2. Anh hudng cuia 16i 1én vector khong gian ¢ céc truong hop  a) pha
A ¢6 1 cau H10i, b) pha B ¢6 1 cau H 161, ¢) pha A c6 1, pha B c6 1 Cau H
101, d) pha A ¢6 1, pha B ¢6 1, pha C c¢6 1 cau H 161

Bang 1. Vi tri khéng gian vector bj anh huéng do 15i
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Pha ciia CHB-MLI c6 16i

_Sector bi Pha A Pha B Pha C
anh huéng
| Coé Khéng Co
1 Khong Co Co
1] co co Khong
v Coé Khéng Co
\Y Khong Co Co
VI Cé Cé Khéng
Z
IM
CMV =V,
<] Han B

VA

Contactor off

when no fault
—CJ..—O / HAN
HA2

Contactor off

When fault occur

HA1l

Hinh 4. Céu hinh cdu H c6 thém contactor & dau ra

3. Khic phuc 16i ciia bién tan da mirc cau tric
cau H noi tang

Khi bién tan cip ngudn cho hé truyén dong FOC — IM bi 13i,
dé khic phuc can thyc hién 2 budéc:

e  Phéat hién 13i

o Xulildi

3.1. Phat hién 16i hé mach van trong bién tan

Xac dinh vi tri 13i trong bién tin can dam bao tiéu chi: chinh
x&c, nhanh, don gian. Dién 4p dau ra cua ciu H tha x
(Vout_cellx) dwoc do vé dé chuan hoéa. Tin hiéu dau ra sau
chuan héa dugc so sanh véi tin higu diéu khién (KH_cellx)
cta cau H d6. Khi theo ddi 2 tin hiéu, néu c6 su sai khéc bt
thuong vuot qua nhimng diéu kién cho trudc, cau H d6 dugc
coi 1a 1a c6 15i va bi loai khoi hé thdng. Hinh 5 md ta ciu
tric cua thuat toan phat hién 16i.

Vout_cellx va khbi comparator: dién dp dau ra cia cau H
thir x (Vout_cellx) dugc do vé, nd ¢ thé nhan cac gia tri -

Vae, 0, Ve Vout_cellx di qua comparator dugc so sanh véi
mot ngudng TH cho truge va chuan hQa thanh céc tin hiéu
Vc_cellx co gid tri -1, 0, 1 twong tng. thé hién qua (1):
Vout_cellx>TH =Vc_cellx=1
Vout _cellx<-TH =Vc_cellx=-1 @))]
—TH <Vout_cellx<TH =Vc_cellx=0

comparator

Vout_cellx
B ——

Ve_cellx

KH_cellx J-I'I_I' ﬂLr

> XOR
=

Hinh 5. Thuat toan phat hién 15i

Thyc thyc té, dién 4p nguon 1 chiéu dau vao c6 thé bi giao
dong, sut ap. Gia tri ngudng TH phdi dugc tinh toan dé bu
duogc nhiing sai léch nay, dam bao tin hiéu sau chuan hoa
phai chinh xac. Do d6, gia tri TH phu hgp duoc lua chon la
v, /2[14].

KH_cellx va error: khi diéu ché, mét tin hiéu diéu khién
KH_cellx dwoc giri t6i ciu H thir x dé tao ra muc dién ap
mong mudn trén cau do.

Bang 2 thé7 hién quan hé gitra Kl—|_ce||x va \{out_cellx khi
hoat dong 6n dinh. Theo [10], moi vector chuéan sé st dung
trang thai [k, kg ko] Cla no dé dieéu che cac cac muc dién
ap tuong tng trén cac pha A, B, C. Tur d6 ta c6 (2):

Kan :iKH _cell

i=1

Koy = Zn: KH _cell (2)

i=1
Ken = Zn:KH _cell
i=1
Vc_cellx duoc so sdnh vai KH_cellx, Tin hiéu error dugc dat
Iép 1 khi Vc_cellx khéc KH_ceIIx, nguoc lai error bang 0
néu Vc_cellx va KH_cellx bang nhau:
Vc_cellx=KH _cellx=error =0 3
Vc_cellx = KH _cellx=error =1 @)
CNT1 va CNT2: Thyc té, do tin hi¢u cam bién do vé bj tré,
thoi gian dong/md van khong phai 1a tic thoi va luén can
deadtime, bo didu khién bi tré,... s& ton tai khoang thoi gian
sai léch gitra Vc_cellx va KH_cellx ngay ca khi hoat dong
binh thuong, goi 1 Teeiay. Giai quyét van dé trén, 2 by dém
thoi gian CNT1 va CNT2 duoc sir dung dé set hoic reset tin
hiéu Fault signal. CNT1 dém khi error=1, khi vuot qué
ngudng T1, Fault signal dugc set, CNT2 bi reset va 16i dugc
phét hién. Viéc lya chon T1 phu thudc vao Tgelay. Gia St T
lay =10Us ta can chon T, >10us . Viéc lua chon T1 nham dam

bao tring hién tuong béo 13i gia khong xay ra. Mot cach
tuong ty, CNT2 dém khi error=0, khi gia tri bo dém vuot
qua T2, Fault signal va CNT1 duoc reset vé 0. Mot cach don
gian, ta chon T2=T1.
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Bang 2. Quan hé gitra dién 4p diu ra va tin hiéu diéu khién cua cau H thir x
Trang thai van
. Vout_cell
STT s, I S, | S, | s, out_cellx  KH_cellx
1 1 0 1 0 0 0
2 1 0 0 1 Vde 1
3 0 1 1 0 Ve -1
4 0 1 0 1 0 0
Ve cellx
I I |
| | |
3 KH_cellx |
|_ error
Taety CNTI

;rrrrrHJ{Fau” signdl ¢ ;
| * T I
L ! | T1 ! 172
e L J’rrr I

Hinh 6. Vc_cellx, KH_cellx, error, CN"[:l, CNT?2 va fault signal khi hé
thong co6 161

CNT1>T1l= faultsignal =1 @)
CNT2>T2 = faultsignal =
M&i quan hé cua céc tin hiéu trong thuat toan duoc thé hién
6 Hinh 6.

3.2. Xir li 16i hé mach van ban dan cong suét véi thuat
toadn SVM cai tien

Nhim dam bao bién tan tiép tuc 1am viéc 6n dinh khi c6 13i,
bai bao dé xuét sir dung phuong phap SVM duoc cai tién tir
phuong phap diéu ché tong quét [10] gom céc budc sau:

Tim vector dién ap dat.

Xac dinh vi tri ciia dién ap dat

Tim phéi hop dong cit cia cac vector chuan.

Hé sb diéu ché va thir tu chuyén mach.

e Chuyén thanh tin hiéu diéu khién van

Trong phuong phap SVM cii tién, cac budc thuc hién sé
(1),(3),(4) ¢6 su thay ddi so véi [10]. Bao céo nay s& tap
trung phan tich nhiing thay déi trong cac budc tién hanh do.

3.2.1. Dién ap dat va gioi han dién ap dat

Do dnh hudng cua sy cb, hinh thanh nén lop vector 16i, viéc
dleU ché s& khong thé thuc hién néu 1 trong 3 vector chuédn
nam trén 16p 13i nay. Do vay, muc dich cua phan Qay nham
gidi han gia tri dién ap dat, sao cho cac vector chuan ma né
str dung khdng nam trén 16p 16i.
Vi théng tin s6 cau H bi [0i e,,e,,e. ¢ tung pha tir b phat
hién. S 16p 16i duogc xac dinh boi

€ =Max(e, +€5,65 +€,6, +6:) (5)
Bién d¢ dién 4p dit lon nhat ma bo CHB m mic ¢6 thé dat
dugc tuong g véi ban kinh cua duong tron néi ti€p cua
phan luc giac khong chira I6p 16i minh hoa trén Hinh 7, duoc
xac dinh bai (6)

Vo ==V (m-1-e,,) 6)

max ‘max
\3

Viéc giai han gid tri dién ap dat thong qua thuat toan Hinh 8.
3.2.2. Xdc dinh phéi hop déng cit ciia vector chudn

Khi xuét hién 18, contactor cia ciu H tuong (ing s& kich
hoat dé loai b cau H 13i d6 khéi hé théng. Nhu vay dién ap
ma bién tan c6 thé tao ra la:

b
T

Hinh 7. Bién do dién ap 16n nhét

kr:pn—z kx:Hi'—l

Hinh 9. Minh hoa mdt vector chuin trén sector I

Van =Kan- Vi Ko €-N+e,n—e,
Viy = Kay -V (7) voi {kgyye-n+egn—e;, (8)
Ven =Ken-Vae Koy €-N+egin—e.

Véi sector 1, xét 1 vector chuan c6 toa @ minh hoa trén
Hinh 9. ) ) )
Theo [10], mai lién hé giira (ky, ky) va phoi hgp dong cat cua

vector chuan p, nhu sau:

Kan —Kay =K, (9)
kBN - kCN =k
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Loai tam giac
D, P Py p,
(k.. k,] [k..k,] [k, +1k,] [k..k,+1]
d,=1-m,—m, d,=m, d;=m,
Loai tam giac
D, Py P, Py
k. k,] [k, +1k,] [k, k,+1] [k, +1k,+1]
d d,=1-m, d,=1-m, dy=m, +m -1
t t,=dT, t,=d,T, ty=d,T,
Coi k,, latham so (dit k,, =k ), ta co
Ky =K
Key =k — K, (10)
kew =k =Kk, =k,

Véi (10), thay rang, thuc chat viéc lya chon phdi hop dong
cit cua vector chuan duogc thuc hién bang viéc lua chon k.
Do d6, nham muc dich khic phuc 15i va triét tiédu CMV, ta
thuc hién phép lva chon sau:
e Dé CHB-MLI c6 thé lam viéc khi c6 13i, thi phéi hop
dong cat cua vector chuan phai thoa man (8), hay
-n+e,<k<n-e,
-n+e; <k-k, <n-eg;
-n+e. <k-k, -k, <n-e;
Noi cach khac, néu dat k, =k, +k, thi

(11)

-n+e, n-e,

max{-n+k, +e; r<k<minyn+k, —e;

-n+k, +e.

e  Mitkhéc: v, =CMVYV, trong do

CMV = Kan +Key +Key _ 3k — 2k, —k,

3 o 3

Nhu vay, véi k, k, da bict, dé dang tim dugc gia tri k théa

man (12) dong thoi 1am gid tri & (13) nho nhat. Tu

do, phdi hop dong cét cua vector chuan duoc xac dinh nhu
(14):

(12)
n+k, —ec

(13)

2 1y
k] |53 K,
BN |~ 3 3 1 ky (14)
Koy L o |lemv
3 3

Viéc tim méi quan hé ¢ céac sector khac hoan toan tuwong tu,
ma tran thé hién trong Bang 3.

Bang 3. Ma tran chuyén doi giira [k,,,

o
o] s e
T H
I
Se;tor X, = % % 1 Se(étor X,

7 h

Ken ken1 Va [k, k,,CMV]

A

1

Sector

2 ot as o

INNPNCIP N AN

r
L

[N

T %
/ }/ Sector X, = _y

3

T Kt %

Béng 4. Thoi gian va hé sb diéu ché

w

NN

Sector

-

3.2.3. Trit tw diéu ché vector chuin

V6i muc dich giam thiéu CMV ma mdi vector chuan chi sir
dung 1 phdi hop dong cit, d6 1a phdi hop déng cit ma CMV
¢6 do 16n nho nhat. Do d6 viéc sir dung trat ty didu ché toi
uu nhu [10] 1a khong thé sur dung khi phuong phéap nay phai
sur dung téi 2 ph0| hop déng cat trén cung 1 vector chuan.
Béo cao dé xuit trat tu diéu ché cho tat c4c sector thé hién &
Hinh 10 va Bang 4.

1

Hinh 10. Trat tu didu ché trén tit ca cac sector

Viéc sir dung trat ty diéu ché ndy dan tsi: khi chuyén mach
giita cac vector chuan vai nhau, thi s6 cau H thay ddi phéi
hop dong cit c6 thé nhiéu hon 1, nhu vay ting thanh phan
t6n hao chuyén mach van Ién 16n hon so véi [10], tuy nhién
v6i muc dich CMV diéu ndy khong tranh khoi.

4. Ung dung thujt todn phat hién, xir Ii 16i véi
hé truyén dong FOC — IM

Phuong phap diéu khién twa theo tir thong Rotor (FOC) nhu
[21] 1a mot trong nhimg thudt todn dugc 4p dung dé kiém
soat momen va toc d6 cua dong co IM. Céu trac diéu khién
ddng co IM theo cu trac FOC khi sir dung thém thudt toan
phat hién va khéc phuc su c¢b bién tan thé hién & Hinh 11.
Cin cr vao diéu kién ning lyc qua tai khong dbi va bo qua
dién trd rotor, ta c6 mbi lién hé sau:

T M _w M
fs M wi M

Trong d6 U, M,w la dién 4p, momen va toc dong co khi tan

(15)

) nguén cép la f, ; U',,M",w' ladién 4p va momen va tdc
d6 dong co khi tan sb ngudn cap la f s

Tuy nhién do han ché vé dién 4p tao ra do su ¢d nén toe do
toi da ma dong co co6 thé dat dugc d6i voi tai quat giod
M ~w?) 6 (16)

(16)
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Vi Uy, w, 1a bién do dién ap trén pha stator va téc do dong

co khi lam viée ¢ ché do dinh murc, U, 12 bién d6 dién ap

trén pha t6i da ma bién tan c6 kha nang diéu ché tinh theo (6).
Error

t_cell Phét hién
2=

kH cell su'c6
\_f\_/\_|—>

i
abc |«
[

M
ISb y \

Hinh 11. Minh hoa mt vector chuén trén sector I

5. Két qua mé phéng

Phuong an duoc kiém ching bang mé phong trén phan mém
Matlab- Simulink cho CHB-MLI 11 mtrc véi V, =620V véi
tai IM ¢6 thong s6 dong co M thé’ hién ¢ Bdng 6. Kich ban
toc do dat 1én dong co va su ¢o bién tan ¢ Bang 7.

Bang 6. Thong s dong co IM va ngudn DC & bién tin

Cong suit danh dinh P, =1119kwW
bién ép danh dinh U, =3300v
Tée d6 quay n, =1470 viph
Momen quén tinh J =1kg.m?

Bang 7. Téc d6 dit va thoi gian xay ra 16i

Thai gian 0-05s | 05-0.7s ‘ 0.7-0.8s ‘ 0.8-0.9s
Técdd | Tangtéc Tdc d6 dat 6 tbe do dinh mic 1470 viph
L&i cau H Hy Ha, Hu Ha He
5.1. Két qua phat hién 15i
R ™ TenT2 |~
50 | 50
CNT1 1 CNT1 /

=

0.7 0702 0704 0.706 0.708 0.71
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Fault signal HA1
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Hinh 12. Tin hiéu ¢ 2 bd dém CNT1, CNT2 va tin higu 13i Fault signal &
chu HA1

eA=2

LR
0D

eB=1

1 1
05 050.006s 0.012s
- |- - -

0 0.2 04 06 08 0.7 075 08

Hinh 13. Tin hiéu 18i & 3 pha tir b phat hién giri dén thuét toan khic phuc

Bi han
L . . . ché&do
Dién ap cap cho IM khong bi han ché 15i
________________ | <101,
> 4000 3580
« 71T Tsmax
o 2694 2863
8 3000 | UsN l——,
g 2000 2505
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time(s)

Hinh 14. Bién dg dién &p pha tdi da ma bién tan c6 thé diéu ché va dién ap

pha cia dong co lam viéc cheé do dinh marc
Tir Hinh 12, Hinh 13, thoi gian dé phét hién ra 15i trén cau
H, , H,, 12 0.006s va can 0.012s d¢ phat hién ra I3i H,, .
Nhu vay, thuat toan phat hién 16i da phat hién 16i chinh xéc,
dung thoi gian theo yéu cau, cach thyc hién twong ddi don s&
gilp cho viéc trién khai thuc nghiém tro nén kha thi hon rat
nhiéu.

5.2. Két qua khic phuc 16i

Hinh 14 cho thiy bién d6 dién 4p ma bién tan cd thé tao ra
c6 sy sut giam nho nhét khi cé 13i. Cu thé, giam tir 3580V &
ché @6 binh thuong xudng 2863V khi 15i 2 cau H pha A va
con 2505V khi 13i thém 1 cau H pha B. Nhu vay khoang thoi
gian 0.8-0.9s la khoang thoi gian bién tan khéng cung cap du
dién ap dé dong co hoat dong ding dinh mic

Toc do dong co duoc thé hien ¢ Hinh 15. Két qua cho thiy,
truong hop str dung SVM théng thudng khi khong co 16i (0-
0.7s), dong co hoat dong binh thuong, bam gia tri dat, hoat
dong 6n dinh & 1470v/ph. Tuy nhién khi c6 sy ¢, toc do c6
su dao dong manh, cu thé dao dong trong khoang 1459-
1488v/ph ¢ thoi gian 0.7-0.8s va khi c6 thém cau H 13i ¢
0.8-0.9s, dao dong trong khoang1460-1584v/ph. Tuy nhién,
v6i thuat todn SVM cai tién, tdc do 6n dinh, bam gia tri dat
ngay ca khi khoéng c6 16i (0-0.7s) va co 16i(0.7-0.8s). Thoi
gian tinh tir lac c6 15i dén khi khic phuc duoc la 0.015s.
Nhung trong khoang 0.8-0.9s, do han ché vé dién &p ma bién
tan c6 thé tao ra (Hinh 14) dong co bt budc phai giam téc
dd, cu thé giam tir 1470v/ph xudng 1346v/ph.

Momen dong co tao ra & 2 phuong an thé hién & Hinh 16,
ciing gidng nhu téc d6 ¢ truong hop khdng co 16i, ca hai
phuong an déu c6 momen tao ra 6n dinh & 7380Nm. Tuy
nhién khi c6 18i, momen véi SVM thong thuong cho thay sy
mat 6n dinh, van dé nay dugc khic phuc véi phuong an
SVM cai tién.

Hinh 17, Hinh 18 cho thdy thuat todn SVM cai tién da khic
phuc duoc tinh trang mét can bang dién 4p va dong dién khi
c6 18i & phuong phap SVM thong thuong.

Dién 4p CMV ciing dugc giam dang ké cho thdy ¢ Bang 8.
Cu thé, khi khéng c6 18i, véi phuong phap cai tién, CMV
dao dong tir -210V dén 210V ( bang 1/3 Vdc) trong khi
phuong phap SVM thong thuong c6 CMV rét Ion, dao dong
tir -1860 ( gap 3 lan Vdc) dén 210V. Thuat toan ciing cai
thién CMV déng ké khi ¢6 13i, lan luot ¢ hai truong hop 13
nhu sau: (-1240,1240V) so véi (-2680,830V) va (-
1030V,1030V) s0 v&i (-2480V,620V)

Bang 9 cho thiy chit luong dién ap duoc cai thién, cu thé
khi dong co lam viéc ¢ tbe do dinh mirc trong trudng hop
khong c6 13i, chi s6 THD ma trong phuong an dé xuét 0.62%
con véi SVM thong thuong 1a 2.42%. Truong hop 16i,
0.68% trong khi phuong an con lai 1a 12.07%. Diéu nay xay
ra do su can thiép cua cac bo diéu khién.

Béng 8. Dién &p common - mode ¢ 2 phuong an vdi tai IM

Thoi gian SVM cai tién SVM thong thudng
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0.6-0.7s (-210V;210V) (-1860V,210V) Thoi gian SVM cai tién SVM thong thuong
0.7-0.8s (-1240;1240V) (-2680V;830V) 0.6-0.7 0.62% 2.42%
0.8-0.9s (-830V,830V) (-2480V;620V) 0.7-0.8s 0.68% 12.07%

Bing 9. So sénh chit lwong dién &p day tai IM
T&c d 8n dinh: | L&i HA1| L8i HAL 2: gz 5 5
IM ting téc _ 1470v/ph HA2 \:‘iz HB1l SVM cai tién SVM théng thuwong
——— — — — — — — — — — — — — p— =P — P — — = e = - - - = ———————
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Hinh 15. Toc do dat va toc d6 thuc ¢ hai phuong an str dung SVM theo céac khoang thoi gian voi tai IM
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Hinh 17. Dién ap day U ,;,U,. dat1én dong co & hai phuong an sir dung SVM theo thoi gian véi tai IM
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b) SV¥M thong thwong L e e e e e e e e - J
Hinh 18. Dong dién phia stator ¢ hai phuong an str dung SVM theo thoi gian voi tai IM

6. Két luan single-phase cascaded H-bridge multilevel inverter for grid-

Bai bao da dé xuat phuwong phap khac phuc 15i caa hé truyén
dong FOC — IM cép ngudn bai CHB- MLI trong diéu kién
16i. Phuong phap dé xuat da thu dugc két két qua nhu sau:
Thir nhét, loai bo cau H 151 dé hé thdng tiép tuc lam viéc.
Thir hai, sy ¢ dwoc phat hién nhanh, chinh xac. Thi ba,
dam bao bién tan tao ra dién 4p 16n nhét c6 thé khi su cd.
Thir tw, dam bao vé mirc d6 can bang cua dién &p, dong dién.
Thir nam, giam dién 4p CMV. Thtr 6, phuong phap dé xuat
c6 thé dé dang &p dung cho CHB-MLI véi s mac bt ki.
Céc két qua nghién ciru thu dugc s& gop phan nang cao do
tin cay cho hé truyén dong dong co khong dong bg, tir do
nang cao kha ning tng dung cua bién tan da muc trong thuc

te.
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