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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.

Keywords: Cascaded H-Bridge Inverter;, Space Vector Modulation (SVM); Fault Tolerant Operation of CHB Multilevel
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Tir viét tit

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

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

Tém tit

Dé nang cao do tin cay cho hé truyén dong FOC — IM duogc cép
nguén boi bién tén cAu trac cau H ndi témg, bai bao dua ra phuong
an khic phuc sy ¢6 ho mach van ban din. Bing viéc phat hién 101
dua trén sai 1éch gitra dién ap dau ra va tin hiéu diéu khién cua mdi
cau H, sau d6 dé xuit thuat todn SVM cai tién dé hé truyén dong
hoat dong chu dong. Trén co s¢ phén tich anh huéng cia cac cdu H
bi 13i, phéi hop dong cét tao vector dién ap chuén duge lua chon
mot cach tbi wu sao cho dat dugc déng thoi cac muc tiéu: Pién ap
ra 16n nhét c6 thé, cin biang giita ba pha, common mode ti wu; C6
thé ap dung vé6i bd nghich luu ciu H ndi tang c6 sé mirc bat ky. Tir
d6, bai bao s& tién hanh d4nh gi4 anh huong ciia 18i khi c6 va khong
c6 thuat toan khic phuc 16i. Cac danh gia dua trén két qua mo
phong bing phan mém MATLAB - Simulink hé truyén dong FOC
— IM dugc cap ngudn boi bién tan ciu tric cau H ndi ting 11 mirc.

1. Giéi thi¢u

Bién tan da mic di duoc s dung rong rai trong cac Umg
dung cong nghiép voi dai dién 4p cao, cong sudt 1on nhd cac
wu diém: dang song dau ra c6 d6 méo song hai (THD) thap
hon, giam dién ap dat 1én cdc linh kién ban dan cong suat,
toc do bién thién dién ap dv/dt thap hon [1], [2]...Déc biét,
chu trac bién tan da muc cau H ndi tang (CHB) dugc mo ta
chi tiét trong tai liéu [3], [4], [5], co tinh modul hoa cao,
khong can thém cac phén tir phu tro nhu di 6t, tu dién [6].
Do d6, CHB - MLI dugc st dung rdng rdi hon trong cong
nghiép cho cac timg dung khac nhau: B6 bu dong bo tinh [7],
Bo bién ddi cap nguon cho dong co cong suét 16n [8], BO
bién d6i cho ngudn ning lugng tai tao ndi ludi [9]. Trong sb
cac phuong an diéu ché cho CHB, diéu ché vector khong
gian (SVM), dii tuong ddi phtrc tap v6i khdi lugng tinh toan
16n, to ra wu viét hon ca. Dac biét, nho giai thuét diéu ché
vector khong gian dugc khai quat hoa [10], [11] viéc t6 chirc
thue hién SVM cho bd nghich luu cau H véi s6 mirc bat ky
trén nén tang thiét bi diéu khién sé da tro nén d& dang hon
rét nhiéu.

Véi viée tang sb muc, kha ning 16i mot hodc nhidu van ban
dan hoan toan co thé xay ra [6] va chiém 38% nguyén nhan
xay ra 18i cua bién tan da murc [12]. Thong thudng thiét bi
bao vé sé tac dong dé ngét bién tan ra khoi ludi dién néu bi
16i, dan dén dong co ding lam viéc. Viéc dimg dot ngdt
dong co trong thuc té doi khi c6 thé gy ra sy c6 nghiém
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trong, vi dy nhu hién tugng bua nudc trong hé théng bom
cOt ap cao. Mat khac, néu tiép tuc 1am viéc trong diéu kién
16i ¢6 thé dan dén dién 4p dau ra mét can bang giy nguy
hiém cho dong co néu chay lién tuc trong mot thoi gian dai.
Do d6, ky thuat xir li trong diéu kién xay ra 18i dé duy tri
hoat dong chii dong ctia bién tan 1a rat quan trong.

Pé khic phuc 13i can phat hién 15i sau d6 xt 1i 156i [13]. P
¢6 kha nhiéu nghién ctru vé khic phuc 15i cho bién tan. Phat
hién 16i: dya vao dién ap trung binh dau ra [14], phén tich
THD cua dong dién dau ra [15], sa dung ‘mang neural
[16]....Tuy nhién nhin chung con phtc tap, can phan cung
xtr Iy manh nén rat kho trién khai thuc té. Xir 1i 16i: Str dung
SVM sau khi “bypass” s6 cau H 15i tuong Ung ¢ cac pha
[17], tuy don gian nhung dién ap cd thé diéu ché bj sut giam
16n. Bé khic phuc nhuoc diém nay, phuong phéap dich diém
trung tinh da duoc dé xuit ¢ tai lidu [18], [19]. V6i phuong
phép nay, chi cau H 1i bi loai bo dan dén dién ap ra thuong
16n hon so voi phuong phap “bypass cau H”. K§ thuat diéu
ché vector khong gian ciing dwoc dé xuét & [20] va mang lai
hi¢u qué twong dwong v6i phuong phép dich diém trung tinh.
Tuy nhién, ca hai phuong phap trén déu kha phire tap, dic biét
la khi so murc ting cao. Dong thoi phép lwa chon phéi hop
doéng cét din dén hé thong xuét hién dién 4p common - mode
16n, gay anh huéng x4u khi van hanh lau dai.

Trong nghién ctru nay, phat hién 16i dya trén sai léch tin hiéu
diéu khién va thuc trén mdi ciu H dam bao: dé thuc hién,
nhanh, chinh x4c. Sau d6, d& xuat thudt toan SVM cai tién
cho bién tin da muc dam bao dong thoi cac muc tidu: dé
dang 4p dung duoc véi CHB- MLI v6i s6 murc bt ki; dam
bao hoat dong duoc khi cod 16i véi dién ap pha, day can bé“mg,
bién d6 dién ap tao ra lon nhe"'lt; giam gia tri dién &p CMV.

2. Phan tich 4nh hwéng ciia dién ap ra khi 16
van va phwong phap cau hinh lai mach lue

2.1. Anh hwéng cia dién ap khi xay ra 16i.

Ho mach van ban dan cong suat duoc xac dinh 1a van khong
thé dan dong khi c6 tin hiéu diéu khién. L3i xay ra lam cac
vector chudn mat di mot hodc nhidu phéi hop dong cét dé tao
ra vector dién 4p. Tuy theo vi tri cau H xdy ra 16i ma anh
huéng dén khong gian vector cua CHB-MLI la khac nhau.
Khi vector chuin mét hét cac ph01 hop dong cét, s& trd thanh
16i. Lép vector chita vector chuan 13 goi 1a 16p vector 101
Hinh 1 thé hién khong gian vector dién 4p cua bién tan 11
mirc, s€ co 331 vector dién ap goi 1a vector dién ap chuén, c6
nhiéu phdi hop dong cat dé tao ra cung 1 vector dién ap
chuén. Vi du, vector dién ap chuén s6 8 s& ¢o 8 phéi hop
dong cit, tuy thudc vao muyc tiéu cia diéu ché dé lya chon
phéi hop dong cit. Phdi hop dong cat mau do cho dién ap
common mode nhoé nhét 13 lya chon trong nghién ctru nay.
Hinh 2 minh hoa mdt 6 vi du cho anh hudng cua 16i hé
mach van 1én khong gian vector cia CHB-MLI. Hinh A dai
dién cac vector chuan khong thé sir dung do da mat hét phbi
hop dong cét. C6 thé thay khi mét cau H trong pha A bi 13i
s& din dén mot sé vector chuan & sector I, III, IV va VI bi
anh huong, nhung n6 khong anh huong den cac vector khac
& sector II va V. Su tac dong ctia 161 ¢ cau H trong cac pha
1én khong gian vector dugc mo ta & Bang 1.

2.2. CAu hinh lai bién tin khi bi 15i

So db6 CHB- MLI cap nguon cho dong co IM duoc thé hién
nhu Hinh 3. Viéc ndi ting nhiéu cau H trong mdi nhanh pha
tao ra b0 CHB.

Mot cdu H chira van ban dan 18i cAn phai dwoc loai bo khoi
hé théng. bé thuc hién viéc do, mbi ciu H trong bién tin
duogc bd xung 1 contactor & dau ra. Khi binh thuong, cau H
duoc két ndi voi hé théng, tuy nhién, néu 1 trong cac van
ban dan cia ciu H bi hé mach, tin hiéu diéu khién tac dong
dén contactor cta cau H va loai bo no khoi hé thong bang
cach ndi 2 day dau ra lai v&i nhau, nhu trén Hinh 4..

VgZ
(5:4:3)
(4:3;2)
(3:2;1)
(VRRY)
(1;0;-1)

(-15-2;-3)
(-2;-3;-4)
(-3;-4;-5)

Vo Vg _ Vi Vil

—— —0— ooe

== —

b b

o e oA oA kAA
ARe .« oo A Aye - oo
Ao s oA Ao sew

Hinh 2. Anh hudng cua 15i lén vector khong gian & cac truong hop  a) pha
A ¢6 1 cau H 101, b) pha B ¢6 1 cau H 10i, ¢) pha A c6 1, pha B ¢6 1 Cau H
161, d) pha A c¢6 1, pha B ¢6 1, pha C c6 1 cau H 161

Bing 1. Vi tri khong gian vector bi anh huéng do 16
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Pha ciia CHB-MLI c6 16i

Sector bi Pha A Pha B Pha C
anh huéng
I Co Khong Co
1 Khong Co Co
11 Cé cé Khéng
v Co Khong Co
\% Khong Co Co
VI cé cé Khéng
Z

Contactor off
when no fault

HAN

HA2

Contactor off
when fault occur

1 ... [

HA1

Hinh 4. C4u hinh ciu H ¢6 thém contactor & diu ra

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

Khi bién tan cip ngudn cho hé truyén dong FOC — IM bj 15,
dé khic phuc can thuc hién 2 budc:

e  Phat hién 15i

e Xulildi

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

Xac dinh vi trf 13 trong bién tan cAn dam bao tiéu chi: chinh
xac, nhanh, don gian. Dién ap diu ra cta ciu H tht x
(Vout_cellx) dugc do vé dé chudn hoa. Tin hiéu diu ra sau
chuin hoa dugc so sanh véi tin hiéu didu khién (KH_cellx)
ctia cdu H d6. Khi theo ddi 2 tin hiéu, néu co su sai khac bt
thuong vuot qua nhimg diéu kién cho trude, cau H d6 duoc
coi 1a 1a ¢6 16i va bi loai khoi hé théng. Hinh 5 mé ta cu
tric cia thudt toan phat hién 13i.

Vout cellx va khéi comparator: dién dp dau ra cia cau H
thir x (Vout_cellx) duoc do v&, no co thé nhan cac gia tri -

Vie, 0, Vac. Vout cellx di qua comparator duoc so sanh véi
mdt ngudng TH cho trudc va chuan hQa thanh cac tin hiéu
Ve cellx ¢6 gia tri-1, 0, 1 tuong tng. thé hién qua (1):

Vout cellx>TH = Ve _cellx =1

Vout _cellx <-TH = Vc_cellx =—1 )

—TH <Vout cellx<TH =Vc_cellx=0

comparator

1
-TH
TH
-1

Ve_cellx
Ty

KH_cellx ﬂl.lll;o;| error=0
=

error=1 r'_,-|'|

Vout_cellx
—_—

=

Hinh 5. Thuét toan phat hién 151

Thuc thuc té, dién ép nguén 1 chiéu dau vao co thé bi giao
dong, sut ap. Gia tri ngudng TH phai dugc tinh toénodé bu
duoc nhiing sai 1éch nay, dam bao tin hiéu sau chuan hoa
phai chinh xac. Do d6, gia tri TH phu hop duogc lya chon la
v, /2[14].

KH cellx va error: khi didu ché, mot tin hiéu diéu khién
KH_cellx duoc giri téi cdu H tha x dé tao ra mirc dién ap
mong mudn trén cau do.

Bang 2 théq hién quan hé¢ gitta KH_cellx va Vout_cellx khi
hoat dong 6n dinh. Theo [10], méi vector chuan s& st dung
trang théi [k, ,k,,.k.] cua nd dé dieu ché cac cac muc dién
ap tuong ing trén cac pha A, B, C. Tu do6 ta c6 (2):

k= Zn:KHicell”Ai

i=l1

kg = ZKHicell,,Bi 2

i=1

koy = ZKH _cell,.,

i=1

Ve _cellx duge so sanh véi KH cellx, Tin hi¢u error dugc dat
1én 1 khi Ve cellx khac KH cellx, nguoc lai error bang 0
néu Ve _cellx va KH cellx bang nhau:

Ve cellx=KH cellx = error =0

Ve cellx # KH _cellx = error =1 ®)
CNTI va CNT2: Thyc té, do tin hiéu cam bién do vé bj tré,
thoi gian déng/mé van khong phai 1a tic thoi va ludn can
deadtime, bo didu khién bi tré,... s& ton tai khoang thoi gian
sai léch gitta Ve cellx va KH cellx ngay ca khi hoat dong
binh thuong, goi 1a Ty, Giai quyét van dé trén, 2 b dém
thoi gian CNTI va CNT2 duoc st dung dé set hodc reset tin
hidu Fault signal. CNTI dm khi error=1, khi vugt qua
ngudng T1, Fault signal dugc set, CNT2 bi reset va 16i duoc
phat hién. Viéc lua chon 77 phu thudc vao Ty Gid st Tye-
lay =10us ta can chon 7, >10us . Viéc lua chon T1 nhim dam
bao tring hién tuong bao 15i gia khong xay ra. Mot cach
twong tw, CNT2 dém khi error=0, khi gia tri by dém vuot
qua 72, Fault signal va CNTI duogc reset vé 0. Mot cach don
gian, ta chon 72=T1.
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Bing 2. Quan hé gitra dién 4p d4u ra va tin hiéu didu khién cta cdu H thw x

Trang thai van
: Vi 11
STT s, | S, | Sy | S, out_cellx  KH _cellx

1 1 0 1 0 0 0
2 1 0 0 1 Ve
3 0 1 1 0 ~Vie -1
4 0 1 0 1 0 0

Ve cellx

KH cellx |

error

CNT1

"';F it signil I
; : a, szgnfz 1 T
! | T1 H.H'r |12
| |

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

CNT1>T1 = faultsignal =1 @
CNT2 >T2= faultsignal =0

Mbi quan hé cua céc tin hi€u trong thuat toan dugc thé hién
o Hinh 6.

3.2. Xir li 18i hé mach van ban din cong suit véi thuat
toan SVM cii tién

Nhim dam bao bién tan tiép tuc lam viéc én dinh khi c6 131,
bai bao dé xudt sir dung phuong phap SVM duoc céi tién tir
phuong phap diéu ché téng quat [10] gém cac budc sau:

Tim vector dién ap dat.

Xac dinh vi tri cua dién ap dat

Tim phdi hop dong cit cia cac vector chuan.

Hé sb diéu ché va tha tu chuyén mach.

Chuyén thanh tin hiéu diéu khién van

Trong phuong phap SVM cii tién, cac budc thuc hién sd
(1),(3),(4) c6 su thay dbi so véi [10]. Béo cdo nay s€ tép
trung phan tich nhiing thay dbi trong cac budc tién hanh do.

3.2.1. Dién dp dat va gioi han dién ap dat

Do anh huong cta sy cé, hinh thanh nén 16p vector 13, viéc
diéu ché s& khong thé thuc hién néu 1 trong 3 vector chuén
nam trén 16p 13i nay. Do vay, muc dich cua phan nay nhim
gidi han gié tri dién ap dat, sao cho cac vector chuin ma n6
sir dung khong nam trén 16p 15i.
Vi thong tin s6 cau H bi 16i e,,e,.e. O timg pha tir bd phat
hién. S6 16p 151 duoc xé4c dinh boi

e, =max(e, +ez, e, +eq.e, +e.) 5)
Bién do dién ap dat 16n nhat ma bo CHB m mirc c6 thé dat
dugc twong g vdi ban kinh cta dwdng tron ndi tiép cua
phﬁn luc giac khong chura 16p 18i minh hoa trén Hinh 7, duoc
xac dinh bdi (6)

: 1
vmax = ﬁ Vdc (m - l - emax) (6)

Viéc gidi han gia tri dién 4p dat thong qua thuat toan Hinh 8.
3.2.2. Xdc dinh phéi hop déng cit ciia vector chudn
Khi xuat hién 13i, contactor cua cdu H twong tng s& kich

hoat dé loai bo cau H 13i d6 khoi hé théng. Nhu vay dién ap
ma bién tan c6 thé tao ra la:

Hinh 7. Bién d¢ dién ap 16n nhat

pE otk y*

new max new -

7
llx

>

k. =m-1

r —m—2
k,=m-2

Hinh 9. Minh hoa mot vector chuén trén sector I

Vv =kan-Ve ky€-n+esn—e,
Vin = kgy- Vo (7) vOi Ykyy e-n+egin—e;,  (8)
Ven =key-Vae key € —n+ecin—ec

Vi sector 1, xét 1 vector chuin c6 toa d0 minh hoa trén
Hinh 9.

Theo [10], mbi lién hé giita (ks k,) va phdi hop dong cit ciia
vector chuan p, nhu sau:

ko —kgy =k,
{k k k ©)

sy ~ Kenv =K,
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Loai tam giac

D, P p, P:
[k,.k,] [k, k] [k, +1k,] [k, k,+1]
d=1-m,—m, d,=m, dy=m,
Loai tam giac
D, p, P: Py
[k,.k,] [k, +1k,] [k, Kk, +1] [k, + 1Lk, +1]
d d=1-m, d,=1-m, dy=m +m, -1
' t=dT, t,=d,T. t =d,T,
Coi k,, latham so (dat &, =k ), ta c6
ky=k
kg =k —k, (10)
key =k—k, —k,

Vi (10), thay rang, thue chit viéc lya chon phdi hop dong

cit cua vector chuan duoc thuc hién bang viéc lwa chon k.

Do do, nhdm muc dich khéc phuc 16i va triét titu CMV, ta

thyc hién phép lya chon sau:

e D& CHB-MLI c6 thé lam viéc khi c6 18i, thi phdi hop
dong cat cua vector chuan phai thoa man (8), hay

—-n+e,<k<n-e,

—n+ey,<k—-k <n-e, (11
-nte.<k—k -k, <n-e.
Noi cach khac, néu dat k, =k, +k, thi
-n+e, n—e,
max{-n+k +e,r<k<minjn+k —e, (12)
-n+k,+e. n+k,—e.
e  Matkhéc: v, =CMVV, trongdo
3k -2k, —k
CMV = kAN + kBN + kCN _ x » (13)

3 3
Nhu vay, voi k, .k, dd biét, dé dang tim duogc gia tri k thoa
man (12) dong thoi lam gia tri [CMV| & (13) nho nhét. T

d6, phdi hop dong cét cua vector chuan duoc xac dinh nhu
(14):

2 1
I» 31 f k,
| = —g g 1]. k), (14)
key L cMv

33

Viéc tim méi quan h¢ & cac sector khac hoan toan tuong tu,
ma tran the hién trong Bang 3.

Biéng 3. Ma tran chuyén déi gitta [k, kyy.key] V2 [,
s o5 7
Secltor X, = _% % 1 Seitor X, %
A Ve
%h v

k,,CMV]

—_

—_
W

DR ARV %

Sector
5 5

—_

Se;tor X, = % % _

/4
N %

W

—_
1\

WH AoA
Se;tor X, = % % Se(gtor = 7% ,y
oA hoh

Bing 4. Thoi gian va hé s6 didu ché

ub&
(98]

3.2.3. Trit tw diéu ché vector chuin

Vi muc dich giam thiéu CMV ma mdi vector chuén chi sur
dung 1 phbi hop dong cit, d6 1a phdi hop dong cit ma CMV
¢6 d 16n nho nhat. Do d6 viéc sir dung trét ty didu ché tbi
uu nhu [10] 1a khong thé st dung khi phuong phap nay phai
su dung toi 2 ph01 hop dong cét trén cung 1 vector chuan.

Béo c4o d& xuét trat ty diéu ché cho tit cac sector thé hién &

Hinh 10 va Bang 4.
e

dl
0 )
bt/
A
Dl i Px
D2{ Py

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

Viée sir dung trat ty didu ché nay dan t6i: khi chuyén mach
giita cac vector chuan véi nhau, thi s6 cau H thay doi phdi
hop déng cét co thé nhiéu hon 1, nhu vay ting thanh phan
ton hao chuyén mach van 1én 16n hon so véi [10], tuy nhién
v6i muc dich CMV diéu nay khong tranh khoi.

4. Ung dung thudt toan phat hién, xir Ii 15i véi
hé truyén dong FOC — IM

Phuong phéap diéu khién tya theo tir thong Rotor (FOC) nhu
[21] 1a mot trong nhing thuét toan duoc ap dung dé kiém
soat momen va toc d6 ciia dong co IM. Ciu trac diéu khién
dong co IM theo cAu truc FOC khi su dung thém thuat toan
phat hién va khic phuc su c6 bién tin thé hién & Hinh 11.
Cin ctr vao diéu kién nang lyc qua tai khong ddi va bé qua
dién tro rotor, ta c6 moi lién hé sau:

ﬂ:&\[@:z\/@ (15)
Us, fo \M w\Mm

Trong d6 U,,M,w la dién 4p, momen va toc dong co khi tn
sb ngudn cap la £, ; U',,M",w' 1a dién &p va momen va toc
d6 dong co khi tan s6 ngudn cip 1a £ '

Tuy nhién do han ché vé dién 4p tao ra dp su ¢d nén toc do
toi da ma dong co c6 thé dat dugc doi voi tai quat gio
M ~w?) 6(16)

S max (16)
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Véi U,,,w, labién do dién ap trén pha stator va toc do dong B han
o Dién ap cip cho IM khong bj han ché ché do
co khi lam viée & ché do dinh mirc, U, 1a bién do dién ap — R Y i
., > 4000 3580
trén pha toi da ma bién tan c6 kha ning diéu ché tinh theo (6). &~ Ysmax o
23000 U 2694
Error = sN 3508
2000
—L = 0 0.1 0.2 03 04 0.5 06 0.7 08 09
Time(s)

_ il Phdt hién
swed

Hinh 11. Minh hoa mét vector chuén trén sector I

5. Két qua mé phéng

Phuong 4n dugc kiém chimg bang mé phong trén phan mém
Matlab- Simulink cho CHB-MLI 11 mirc v6i ¥, =620V véi
tai IM c6 thong s6 dong co IM thé hién ¢ Bang 6. Kich ban
toc do dat Ién dong co va sy co bieén tan ¢ Bang 7.

Bing 6. Thong s dong co IM va ngudn DC 6 bién tan

Cong suat danh dinh P, =1119kW
Dién ap danh dinh U, =33001
Téc d6 quay n, =1470 v/ph
Momen quén tinh J =lkg.m’

Bing 7. Toc d6 dat va thoi gian xay ra 161

Thoi gian 0-0.5s 0.5-0.7s ‘ 0.7-0.8s ‘ 0.8-0.9s
Técdd | Tang tdc Téc d6 dat 6 toc do dinh mirc 1470 v/ph
Ldi cu H Hy,H, H,.H, Hy

5.1. Két qua phat hién 15i

100 100
CNTZ CNT2 "

|

|

t 50

|

| CNT1
i a

0.8} » 0.7 0702 0704 0706 0.708 O0.71

|
1

1

1 os 0.0085

1 |$ ***** 14
1

0

CNT1

1
I
I
I
I
[}
04 joa
i
I
I
!
|

Fault signal HA1

1
[} 0.2 04 0.6 08 07 0702 0704 0706 0708 071

Hinh 12. Tin hiéu & 2 bo dém CNTI, CNT?2 va tin hiéu 18i Fault signal &
cau HA1

eA=2
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Hinh 13. Tin hiéu 18i & 3 pha tir b phét hién giri dén thuét toan khéc phuc

Hinh 14. Bién d¢ dién dp pha téi da ma bién lﬁn 6 thé diéu ché va dién dp

pha cuia dong co lam viéc ché do dinh mirc
Tir Hinh 12, Hinh 13, thoi gian dé phat hién ra 13i trén cau
H, ,H,la 0.006s va cin 0.012s dé phat hién ra 15i #,, .
Nhu vay, thuat toan phat hién 16i da phét hién 15i chinh x4c,
dung thoi gian theo yéu cau, cach thuc hién tuong dbi don s&
giﬁp cho viéc trién khai thuc nghiém tré nén kha thi hon rat
nhiéu.

5.2. Két qua khic phuc 15i

Hinh 14 cho thiy bién d6 dién 4p ma bién tan c6 thé tao ra
¢6 su sut giam nhd nhét khi c6 18i. Cu thé, giam tir 3580V o
ché d¢ binh thuong xubng 2863V khi 18i 2 cau H pha A va
¢on 2505V khi 16i thém 1 cdu H pha B. Nhu vay khoang thoi
gian 0.8-0.9s 14 khoang thoi gian bién tin khong cung cap du
dién ap dé dong co hoat dong dung dinh muc

Téc d6 dong co duge thé hién & Hinh 15. Két qua cho théy,
truomg hop str dung SVM thong thuong khi khong c6 16i (0-
0.7s), dong co hoat dong binh thudng, bam gié tri dat, hoat
dong 6n dinh & 1470v/ph. Tuy nhién khi co su ¢, tbe do co
su dao dong manh, cu thé dao dong trong khoang 1459-
1488v/ph & thoi gian 0.7-0.8s va khi c¢6 thém cau H 15i &
0.8-0.9s, dao dong trong khoang1460-1584v/ph. Tuy nhién,
v6i thuat toan SVM cai tién, tdc d6 On dinh, bam gié tri dat
ngay cd khi khong c¢6 15i (0-0.7s) va c6 15i(0.7-0.8s). Thoi
gian tinh tir lic c6 16i dén khi khéc phuc dugc la 0.015s.
Nhung trong khoang 0.8-0.9s, do han ché vé dién ap ma blen
tin co thé tao ra (Hinh 14) dong co bét budc phai giam tbe
0, cu thé giam tir 1470v/ph xubng 1346v/ph.

Momen ddng co tao ra & 2 phuong an thé hién ¢ Hinh 16,
cling giéng nhu tc do o trudng hop khong cé 13, ca hai
phuong 4n déu c6 momen tao ra 6n dinh & 7380Nm. Tuy
nhién khi c6 151, momen véi SVM thong thudng cho thdy su
mét 6n dinh, van dé nay duoc khic phuc véi phuong an
SVM cai tién.

Hinh 17, Hinh 18 cho thiy thut toan SVM cai tién da khéc
phuc dugc tinh trang mat can bang dién ap va dong dién khi
¢6 16i & phuong phap SVM thong thurdng.

Pién ap CMV ciing duoc giam dang ké cho thay & Bang 8.
Cu thé, khi khong co 18i, v6i phuong phap cai tién, CMV
dao dong tir -210V dén 210V ( bang 1/3 Vdc) trong khi
phuong phap SVM théng thuong c6 CMV rét 16n, dao dong
tir -1860 ( gip 3 lan Vdc) dén 210V. Thuat toan ciing cai
thién CMV déang ké khi c6 15i, 1an lugt ¢ hai truong hop 15i
nhu sau: (-1240,1240V) so véi (-2680,830V) va (-
1030V,1030V) so voi (-2480V,620V)

Béang 9 cho théy chét lugng dién ap duoc cai thién, cu thé
khi dong co lam viéc & tdc d6 dinh muc trong trudong hop
khong c6 13i, chi s6 THD ma trong phuong an dé xuit 0.62%
con véi SVM thong thuong 1a 2.42%. Trudng hop 16,
0.68% trong khi phuong an con lai 1a 12.07%. Diéu nay xay
ra do sy can thiép cua cac bd diéu khién.

Béng 8. Di¢n 4p common - mode ¢ 2 phuong an véi tai IM

Thoi gian SVM cai tién SVM thong thuong
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0.6-0.7s (-210V;210V) (-1860V,210V) Thoi gian SVM cii 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%

Bang 9. So sanh chét luong dién ap déy tai IM
T8c d§ 8n dinh: | L3i HA1| L8i HA1 2o a :
IM ting téc -J 1470v/ph HA2 HA2, HBl SVM cai tién SVM théng thwong
————————— — — — — _———— ——— —_—,— e ———
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b) SVM thong thuwong L
Hinh 15. Téc d6 dat va tdc do thuc ¢ hai phuwong an sir dung SVM theo cac khoang thai gian véi tai IM
sy : ! . - — . A== — = = -
E — I S ]
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8 | | T | =4 4 ] 0.7 0.65 0.7
2 : _ I | | I
0 0.1 0.2 03 0.4 05 0.6 0.7 0.8 09 10000— | 10000 ——9500; | | |
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Hinh 17. Dién 4p day U ,,,U . dit1én dong co & hai phuong én sir dung SVM theo thoi gian véi tdi IM
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Hinh 18. Dong dién phia stator ¢ hai phuong an st dung SVM theo thoi gian véi tai IM
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