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Tém tit
Trong nhimg nim gan day, bd nghich luu da mirc duoc coi nhu mot giai phap hidu qua cho cac tmg dung
cong suat lon va dién & 4p cao. B0 nghich luu da mirc c¢6 thé tao ra dién ap dang sin tir cac bude dién ap nho
hon tir cac ngudn mot chiéu cach ly hodc mot ngudn mot chidu duy nhat. Bo nghich luu da muc c6 thé 1a khau
b1en d6i nang luong dién 1y tuéng cho két ndi cac ngudn ning lwong tai tao véi ludi dién, bao gdbm hau hét cac
ngudn phan tan nhu pin mit trdi, pin nhién lidu, tua-bin dién stre gi6... A c6 kha nhiéu nghién ctru vé nghich
luu da murc va tap trung vao hai mang chu yéu 1a thiét ké mach dong luc, thiét ké mach diéu khién. Do vay, bai
béo nay viét vé hé didu khién truyén dong dong co khong ddng bo theo phuong phap tua tir thong rotor dé khic
phuc su ¢b hé mach van ban dan & bién tin da mirc cau H ndi tng. Céac két qua thir nghiém trén moé hinh mo

phong di chimg t6 kha ning ap dung thuce té cia hé diéu khién truyén dong theo cau triic trén.

1. Pit van dé

Bién tan da muc duoc st dung rit phd
bién trong cac tmg dung dién trung thé, cao
thé. Ba cdu trac da mirc kiéu diode kep (DC)
[1], tu kep thay dbi (FC) [2], cau H nbi ting
(CHB-MLI) [3] duoc st dung rong rai nhit.
CHB-MLI ¢6 uu diém nhd tinh modul hoa
cao, dé stra chira, chat lugng dién ap dau ra
tdt. Tuy nhién, cAu trac nay con han ché khi
cac ngudn dién dau vao cho mdi cau H thanh
phan phai duoc cach ly.

Véi viée tang s6 mirc, kha ning 151 mot
hodc nhiéu van ban dan hoan toan co thé xay
ra [4] va chiém 38% nguyén nhén xay ra 15i

ctia bién tan da muc [5]. Thong thudng thiét
bi bdo v¢ sé tac dong dé ngét bién tan ra khoi
ludi dién néu bi 16i, dan dén dong co dimg
lam viéc. Viéc dung dot ngdt dong co trong
thue té doi khi c6 thé gy ra su cd nghiém
trong, vi du nhu hién tugng bia nudc trong
hé thong bom cot ap cao. Mit khac, néu tiép
tuc lam viéc trong diéu kién 16i co thé dan
dén dién ap dau ra mat can bang gy nguy
hiém cho dong co néu chay lién tuc trong
mot thoi gian dai. Do do, k¥ thuat xtr 1y trong
diéu kién xay ra 16i dé duy tri hoat dong chu
dong cua bién tan dé duy tri hoat dong cho hé
truyén dong 1a rat quan trong.
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Khi ting sé mirc cia CHB-MLI, s6 van
ban dan can sir dung ciling tang 18n, xac sut
xay ra 10i trén cac van ciing 16n hon. Viéc
van hanh 6n dinh trong trudng hop su ¢b cd
¥ nghia rt quan trong. Dé dat duoc diéu do,
can thyc hién 2 viéc: (1) chin doan va phat
hién vi tri ¢6 16i, (2) cAu hinh lai bién tan va
thay d6i thuat toan diéu khién.

Céac 16i trén van ban dan duoc chia lam 2
nhom chinh: ho mach va ngén mach [6]. Bao
cdo s& tap trung xac dinh vi tri xay ra 16i ho
mach van ban dan. Pi c6 nhiéu phuong phap
chan doan 18i duoc dua ra: dwa vao dién ap
trung binh dau ra [7, 8], phan tich THD cua
dong dién dau ra [9], st dung mang neural
[10],... Sau khi phat hién duoc vi tri gap 16i,
mot he théng contactor dugc str dung nham
loai bo cau H gap 16i khoi hé thong ba co
kha nhiéu nghién ciru vé vé viéc khic phuc
16i trong bd bién tan. Phuong phap “bypass
cell” chira van ban dan bi 161 duoc dé xuat
& tai liéu [11]. Phuong phap nay twong ddi
don gian, dé thuc hién, tao ra dién 4p can
bang gitra cac pha. Tuy nhién, cac cell khong
bi 16i & cac pha twong ung ciing s& bi loai
bo dan dén dién 4p dau ra bi suy giam. Dé
khic phuc nhuoc diém nay, phuong phap
dich diém trung tinh da duoc dé& xuat o tai
liéu [12, 13]. Vi phuong phap nay, chi cell
15i bi loai bo dan dén dién ap ra thuong 16n
hon so v&i phuong phap “bypass cell”. Ky
thuat diéu ché vector khong gian ciing dugc
dé xuat ¢ [14] va mang lai hiéu qua tuong
duong véi phuong phap dich diém trung
tinh. Tuy nhién, cac phuong phap trén déu
kha phure tap, dac biét 1a khi sb6 mirc tang cao.
Dong thoi phép Iya chon phdi hop dong cit
dan dén hé thong xuat hién dién ap common
- mode 16n, gay anh huong xau khi van hanh
lau dai.

bi¢n ap CMV (Common Mode Voltage)
13 hiéu dién thé gitra diém trung tinh cua tai
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Hinh 1. CMV ciia CHB-MLI
vé6i phu tai IM

Hinh 2. Khéng gian vector ciia CHB-MLI dwgc
chia thanh cac 16p

va bo bién ddi. CMV c¢6 nhiing tac dong xau
khi van hanh hé théng, dac bi¢t khi phu tai
la dong co. CMV la m¢t trong cac nguyén
nhan chinh 1am giam tudi tho cua cac loai
dong co. Ba c6 cac phuong an st dung bd loc
tich cuc hoac thy dong [15] 1am gidam CMYV,
nhung lam tang kich thudc va gia thanh cua
hé¢ thong. Dé giam CMYV, bao cdo suir dung
phuong phap didu ché SVM, duya trén dic
diém c6 nhiéu muc trang thai dién ap khac
nhau c6 thé chon dé diéu ché 1 vector, trang
thai thich hop s& dugc st dung dé thoa méan
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CMYV nho nhat ma van dam bao van hanh t6t
khi co6 16i. Phu tai dugc st dung trong bao
céo 1a dong co khong ddéng bo 3 pha rotor
16ng soc (IM).

Do d6, trong nghién ctru nay dé xuat thuat
toan SVM cai tién cho bién tin da mirc dam
bao dong thoi cac muc tidu: dé dang ap dung
dugc voi CHB- MLI véi s6 mirc bat ki; giam
gia tri dién ap CMV; duy tri hoat dong chu
dong cuia bién tan khi xay ra 16i ho mach
van ban dan qua do duy tri hoat dong cua hé
truyén dong voi mue d giam tdc do, momen

. 1a nho nhat.

2. Phuong phap nghién ctru

2.1. Phén tich 16i hé mach ¢ van bdn din

Hé mach van trong cac 16i thuong gip
nhat trén cac bo bién do61. Khi bi 161 hd mach,

van ban dan khong thé dan dong dién khi co
tin tin higu diéu khién,

Ldi xay ra lam cac vector chuan mat di
mét hodc nhiéu trang thai dé diéu ché. Tuy
theo vi tri cau H xdy ra 16i ma anh hudng
dén khong gian vector cia CHB-MLI 1a khac
nhau. Hinh 2 mé ta khong gian cac 16p vector
chuan trén mit phang Khi vector chuan mat
hét cac trang thai dé diéu ché, l6p vector
chtra tro thanh 16p vector 19i.

Hinh 3 minh hoa mot sd vi du cho anh
huong cua 16i hd mach van 1én khong gian
vector cia CHB-MLI. C6 thé thdy khi mot
cau H trong pha A bj 15i s& dan dén mot sd
vector chuan & sector I, ITT, TV va VI b anh
huong, nhung né khong anh huong dén cac
vector khac & sector II va V. Su tac dong cua
16i ¢ cau H trong cac pha 1én khong gian
vector dugc mo ta ¢ bang 1.

Hinh 3. Anh huéng ciia 15i 1én vector khong gian trong cac trudong hop cé 18i: a) pha A ¢6 1 ciu H 15i,
b) pha B ¢6 1 cau H 16i, ¢) pha A ¢6 1, pha B ¢6 1 cau H 16i, d) pha A ¢6 1, pha B ¢6 1, pha C ¢6 1 ciu H 16i.
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Bing 1. Vi tri khong gian vector bi znh huéng do 16

Pha ciia CHB-MLI ¢6 16i

Sector bi anh huwéng

Pha A Pha B Pha C
I Co Khoéng Co
I Khong Co Co
111 Co Co Khéng
v Co Khoéng Co
\Y Khéng Co C6
VI Co Co Khéng

2.2. Phwong phdp SVM truwong hop cé 16i

két hop triét tiéu dién dp common-mode

Nhiam dam bao bién tin tiép tuc lam viéc
on dinh khi co 101, bao cao dé xuat sur dung
phuong phap SVM dugc cai tlen tor phuong
phap diéu ché tong quat [10] gdm cac budc
sau:

(1) Tim vector di¢n ap dat moi.

(2) Xéc dinh vi tri cta dién ap dat.

(3) Tim trang thai ciia cac vector chuan.

(4) Hé s6 diéu ché va th ty chuyén mach.

(5) Chuyén thanh tin hiéu diéu khién van.

Trong phuong phap SVM cai tién, cac
budc thuc hién so (1),(3),(4) co sy thay doi
so voi [10]. Bao cdo nay s€ tap trung phan

tich nhiing thay doi trong cac budc tién
hanh do.

1. Xac dinh gia tri dién ap dat moi.

Nhu da chi ra, khi cdu H gip su co trén
mit phang vector khong gian s& xuat hién
cac 16p vector bi 16i. Dé tiép tuc van hanh,
cac 16p vector 16i phai dugc loai bo. Viéc nay
lam dién 4p cuc dai ma bién tAn co thé tao
ra giam di tuy theo s6 luong cau H va vi tri
gap 1.

Budc ndy giup ta xac dinh s 16p bi 16i,
gié tri dién ap t6i da ma ta ¢ thé diéu ché, tir
do6 xac dinh gia tr1 dién &p dat moi sao cho
phu hop.
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Hinh 4. Di¢n ap 16n nhit c6 thé dat dwoc khi bién
tin c6 ciu H bi 16i
Goi eA, eB, eC lan luot 1a sb cau H gap
su cO 0 cac pha A, B, C. S6 16p vector khong
gian di¢n ap bi 101 trén tung sector dugc mod
ta trong (5).
€ =€, + €
€, =€, + €c

e, =e,+e
) 4 B 5)

€ =€A+€C

e, =€, +e.

€, =e,te,
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Trong d6: ¢; 1a sd 16p vector 15i & cac
sector I...VI. S& luong 16n nhat 16p vector
bi 16i trong khong gian vector dugc xac
dinh boi:

e... =max(e,+eze, +ee,+e.) (6)

me

Bién d6 dién ap dat 16n nhit c6 thé dat
dugc s€ tuong tng v4i ban kinh cta duong
tron ndi tiép cua luc giac 16n nhat khong bi
anh huong dugc minh hoa trén hinh 4.

V'* :LVdc(m_l_emax) (7)

max \/g

m la sO muc cua bién tan.

Hinh 5. So' d6 thuit toan xac dinh gia tri dién ap
dit moi khi cé 16i

kJ:I
Vi
k. =0 5
" k=0 k-1 k=m-2 k=m-1

Hinh 6. Minh hoa mét vector chuin trén sector I

2. Xac dinh trang thdi cua vector chudan.

Khi xuat hién 13i, contactor cua cau H
tuong tng s€ kich hoat dé loai bé cau H 161
d6 khoi h¢ thong. Nhu vay dién ap ma bién
tan co thé tao ra la:

VAN:kAN’Vdc k,e-n+e; n—e,
kpy €—n+ezn—e, (8)

key e—n+e.in—e.

Ven = kBN'Vdc voi
Ven = kCN’Vdc

Vi sector 1, xét 1 vector chudn c6 toa do
minh hoa trén hinh 6.

Theo [10], mdi lién hé giita k, va trang
thai cua vector chuan p, nhu sau:

{kAN —hgy =k, (9)

Koy — ke :ky

Coi kyy, 13 tham s6 (dat ky, = K), ta c6
k,=k
kg =k—k, (10)
key =k—k, —ky

Véi (10), thiy rang, thuc chat viéc lya
chon trang thai cua vector chuén duoc thuc
hién béng viéc lua chon k. Do d6, nhim muc
dich khic phuyc 15i va triét tiéu CMYV, ta thuc
hién phép lua chon sau:

Dé CHB-MLI c6 thé lam viéc khi c6 15i,
thi trang thai ctia vector chudn phai thoa méan
(8), hay

-n+e,<k<n-e,
-n+ey, <k—-k <n-e,

(11)

-n+te.<k-k,—k,<n-e.
Noi cach khic, néu dat k, = k, + K, thi

-n+e, n-—e,

(12)

max<-n+k +e, r<k<min<n+k —e,

-n+k, +e. n+k, —e.
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Mait khac: V,,,, = CMV.V,., trong do

3k -2k, —k

ko +kgy +key » (13)

CMV = =
3 3
Nhur vay, véik, k, da biét, d& dang tim dugc
gia tri k thoa man (12) dong thoi lam gia tri
|CMV] & (13) nhé nhat. Tir d6, trang thai ciia
vector chudn duoc xac dinh nhu (14):

Viéc tim moi quan hé ¢ cac sector khac
hoan toan tuong tu.

3. Hé 56 diéu ché va thir tu vector chudn

Véi muc dich giam thiéu CMV ma mdi
vector chuan chi sir dung 1 trang thai, d6 1a
trang thdi ma CMV c6 d¢ 16n nho nhat. Do
do viéc su dung trat tu diéu ché tdi vu nhu

2 1 [16] 1a khong thé sir dung khi phwong phap
k,, 33 k, nay phai st dung tGi 2 trang thai trén cung 1
kyy | = _% % 1 k, (14) vector chuan. o ‘ , ,
key 1 ) CMV Nghién ctru d€ xuat trat tu dieu ché cho tat
3 73 1 céc sector thé hién ¢ hinh 7 va bang 2.
Bang 2. Thoi gian va hé s6 diéu ché
Loai tam giac D, Dy Dy P,
[k, k] [k, ] [k + 1,k ] [k, &, + 1]
d dy=1-m.-m, d, = m, dy = m,
Loai tam giac D, Dy 2 Py
[, k] I+ 1,k [k, &, + 1] [k + 1,k + 1]
d d=1-m, d,=1-m, dy=m,+k - 1
t t=d,T, t,=d,T, t;=d,T,

Viéc st dung trat tu diéu ché nay dan téi:
khi chuyén mach giita cac vector chuan véi
nhau, thi s6 cau H thay doi trang thai c6 thé
nhiéu hon 1, nhu vy ting thanh phan ton
hao chuyén mach van 1én 16n hon so véi
[16], tuy nhién v6i muc dich CMV diéu nay
khong tranh khoi.

3. Két qua nghién ciru va thio luin

3.1. Thudt todn khdc phuc 16i khi cép nguén
cho dong co IM

Phuong phap diéu khién tya theo tir thong
Rotor (FOC) nhu [17] 1a mét trong nhiing
thuat toan duoc ap dung dé kiém soat momen
va tbe do cua dong co IM.
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CAu triic diéu khién dong co IM theo cau trac FOC khi str dung thém thuat todn phat hién

va khic phuc su ¢ bién tan thé hién & hinh 8.

Phat hién

Hinh 8. Céu tric diéu khién FOC két hgp thuat toan phat hién va khic phuc 16i

Can ctr vao diéu kién nang luc qua tai
khong ddi va bo qua dién trd rotor, ta c6 moi
lién hé sau:

Us _fs [M'_w M
Ugs i \M w\M

~ Trong do: U, m, w la dién 4p, momen va
tbc dong co khi tan s6 ngudn cap 1a f; U,
m’, w’1a dién 4p , momen va tc d6 dong co
khi tan s6 ngudn cép 1a f’.
Tuy nhién do han ché vé dién ap tao ra do
su ¢ nén toc do toi da ma dong co co thé dat
duogc ddi véi tai quat gié M ~ w? 6 (17)

(16)

U
Wmax = WN Usmax (17)
SN

Vi Ugy, wy 18 bién d6 dién ap trén pha
stator va toc do dong co khi lam viéc & ché
do dinh mtrc, U la bién do dién ap trén

Smax

pha t6i da ma bién tin c6 kha niang diéu ché
tinh theo (7).

Bing 2. Thong s6 dgng co IM va nguon DC
6 bién tin

Cong suét danh dinh P, = 1119kW
Dbién ap danh dinh Uy = 3300V
Tée do quay ny = 1.470v/ph
He¢ s6 cong suat cosp = 0,87
Momen quén tinh J = lkg/m?
Ngudn DC phia bién tin Va = 620V

3.2. Két quéi mé phéng

Dé chimg minh tinh diing dan va hiéu qua
ctia phuong 4n dé xuét, mo phong trén phan
mém Matlab - Simulink duoc thuc hién. Cu
thé thuét toan ap dung cho bién tan 11 mirc
khi cip ngudn cho dong co IM, cac thong sd
thé hién ¢ bang 2.

Bang 3. Toc d dit va thoi gian xay ra 15i

Thoi gian 0-0.5s 0.5-0.7s 0.7-0.8s 0.8-0.9s
Tbe do dong co Pong co tang tde dén 1470 v/ph Tbe do dat & toe d6 dinh muc 1470 v/ph
CAu H 13i Hy, Hy, Hyy, Hpy Hy,

Vé mit toc do dong co, truong hop su
dung SVM thong thuong miéu ta & hinh 9.
Khi khong co 16i (0-0.7s), dong co hoat dong
binh thuong, bam gia tri dat, hoat dong on
dinh & 1470v/ph, thuat toan FOC hoat dong

binh thuong. Tuy nhién khi c6 su cb, toe do
c6 sy dao dong manh, cu thé dao dong trong
khoang 1460-1485v/ph ¢ thoi gian 0.7-0.8s.
Khi c6 thém cau H 16i, 0.8s - 0.9s, dao dong
trong khoang 1462 - 1584v/ph. Tuy nhién,
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v6i thuat toan  khic phuc 16i mé ta & hinh
10, toc dd 6n dinh, bam gia tri dat ngay ca
khi khong c6 16i (0-0.7s) va c6 16i (0.7-0.8s).
Thoi gian tinh tir lac ¢6 16i dén khi khic

IM tiing toe ’L @ @ @

.

1460v/ph
Tée dd én L3i HA1 Loi HAL

dinh:1470v/ph HA2 HA2, HBI

® ® ®

Hinh 9. Téc d§ dit va thue ciia dong co IM trong
khi sir dung SVM thong thwong

© 7380Nm

ol
‘ ®
6% o84 o8 ees of 67 OT2 OFF O Of8 08 08 081 884 M o

Hinh 11. Momen déng co’ IM véi tii quat gi6 khi
¢6 thuat toan khic phuc 16i
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Hinh 13. Pién ap day Uy dit 1én dfng co va dién
ap CMYV khi c6 thuit toan khic phuc 15i
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phuc dugc 14 0.015s. Nhung trong khoang
0.8-0.9s, do han ché vé dién ap lac nay dong
co bt bude phai gidam tde do, cu thé giam tur
1470v/ph xudng 1370v/ph.

IM ting toc @ @ @
T P — — — — e — M — ]
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Hinh 10. Toc d dit va thye cia dong co IM khi
¢6 thuit toan khic phuc 16i
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Hinh 12. Momen dong co IM véi tai quat gié khi

stt dung SVM thong thwong
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Hinh 14. Dong dién phia stator khi cé thuét toan

Kkhic phuc 16i
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Hinh 15. Dién ap day Uy déit 1én dong co va dién ap
CMYV khi sir dung SVM thong thwong
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Hinh 17. Dong dién phia stator khi sir dung SVM
thong thuong

Fundamental (50Hz) = 359.9 , THD= 0.53%
0.4

Khéng 16i
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Fundamental (50Hz) = 362.8 , THD= 0.61%
HA1, HA2 16i

0.4}

0.3

02

0.1

0

0

200 400 600 800 1000

Hinh 16. Chit lwong dong dién khi IM hoat
dong véi toe dd dinh mire trong cac trudng hop
khi ¢6 thuat toan khic phuc 16i

Fundamental (50Hz) = 359.2 , THD=1.1%

Khéng 16i

200 400 600 800 1000
amental (50Hz) = 356.4, THD=4.08%
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Hinh 18. Chit lwong dong dién khi IM hoat
dong véi toe d dinh mire trong cac trudng hop
khi sir dung SVM thong thwong
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Momen dong co tao ra & 2 phuong an
thé hién ¢ hinh 11, hinh 12. Ciing gidng
nhu toc d6, khi khong c6 15i, ca hai phuong
an déu c6 momen tao ra 6n dinh & 7380Nm.
Tuy nhién khi c6 16i, momen véi SVM
thong thuong cho thdy sy mat 6n dinh, van
dé nay duoc khic phuc véi phuong an ma
nghién ciru dé xuat.

Hinh 13, hinh 14 cho thiy thuét toan bao
cdo dé xuat da khac phuc dugc tinh trang
mat can bang dién ap va dong dién khi c6
16i & phuong phap SVM thong thudng hinh
15 va hinh 16. CMV ciing dugc giam dang
ké, cho thay ¢ hinh 13 va hinh 15. Cu thé,
CMV khi khong c6 sy cd trong phuong
an dé xuét chi dao dong tir (-200V, 200V)
trong khi phuong phap SVM thong thuong
1a (-1900V, 200V). Piéu nay ciing dung
khi 6 13i, so sanh két qua phuong phap dé
xuat va phuong phap thong thuong trong
2 trudng hop 16i: (-1240V,1240V) so véi
(-2270V,620V) va (-820V,820V) so vdi
(-2100V,620V).

Hinh 16 va hinh 18 cho thay chat luong
dong dién dugc cai thién, cu thé khi dong
co lam viéc & toe do dinh murc trong truong
hop khong c6 161, chi s6 THD ma trong
phuong an dé xuét 0.53% con v6i SVM
thong thuong 1a 1.1%. Truong hop 16i
HA1 va HA2, phudng an dé xuat cho chi s6
THD 1a 0.61% trong khi phuong an con lai
12 4.08%.

4. Két luan

Bai bao di dé xuit phuong phap khic
phuc 18i cua hé truyén dong FOC-IM cip
ngudn bdi CHB-MLI trong diéu kién 16i.
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Phuong phap dé xuat da thu duogc két két
qua nhu sau: Tho nhat, loai bo cau H 13i
dé hé théng tiép tuc lam viéc. Tho hai,
dam bao bién tan tao ra dién ap lon nhat
¢6 thé khi su ¢d. Tha ba, ddm bao vé mirc
d6 can bﬁng cua dién ap, dong dién. Thu
tu, giam dién 4p CMV. Thit nam, duy tri
hoat dong chu dong cua bién tan khi xay
ra 16i hé mach van ban dan qua do6 duy tri
hoat dong cua h¢ truyén dong voi muc do
giam tdc do, momen... 1a nho nhéat. Cac
két qua nghién ctru thu duoc s& gop phan
nang cao do tin cdy cho hé truyén dong
dong co khong dong bo, tir d6 nang cao
kha ning tng dung cua bién tin da muc
trong thuc té.
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TROUBLESHOOTING OF THE SUPERIOR VALVE OPEN CIRCUIT IN FLOOR CONNECTED
H-BRIDGE MULTI-LEVEL INVERTER FOR INDUCTION MOTOR DRIVE APPLICATIONS

Ha Duy Thai', Pham Thi Kim Hue', Nguyen Thi Thanh Hoa', Nguyen Duy Hien'
YFaculty of Engineering and Technology, Hung Vuong University, Phu Tho
Abstract

In recent years, multi-level inverters are considered as an effective solution for high power and high voltage
applications. Multi-level inverters can generate sinusoidal voltages from smaller voltage steps from isolated
d.c. sources or a single d.c. source. The multi-level inverter can be the ideal electrical energy converter for
connecting renewable energy sources to the grid, including most distributed sources such as solar cells, fuel cells,
and electric turbines. wind power... There have been quite a few studies on multi-level inverters and focused
on two main areas: dynamic circuit design, control circuit design. Therefore, this paper is about asynchronous
motor drive control system based on rotor flux-based method to overcome the problem of semiconductor valve
open circuit in cascade H-bridge multilevel inverter. The test results on the simulation model have proved the
practical applicability of the drive control system according to the above structure.

Keywords: Multi-level inverter, advanced control of IM motor, multi-level inverter.
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