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Abstract

This paper proposes a predictive control algorithm based on space vector modulation method for the purpose of capacitors
voltage balancing and harmonic circulating current suppression of MMC. The modulation methods are built on the basis of
SVM for an MMC with the capability of achieving an voltage with unlimited number of levels at the AC side. The loop current
circuit uses PI regulators and PR resonators to eliminate even-order harmonic components such as 2" and 4™ of the circulating
current to retain only a DC component that transmits DC power. Predictive model browses all the residual status vectors,
combined with the adjusted voltage from the circulating current to ensure the smallest deviation from the average voltage value
established for the upper and lower branch of capacitors, on all three phases of the MMC. The voltage value on each capacitor
in the branches is balanced with each other by a separate algorithm, these capacitors are inserted or ignored in each modulation

cycle accordingly.
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Bai bao nay dé xuét thuat toan didu khién du béo cho bo bién dbi
(BBD) MMC dua vao diéu ché vector khdng gian nham can bing
dién &p trén cac tu mot chidu va loai bo cac thanh phan séng hai bac
cao cua thanh phin dong dién vong. Phuong phap didu ché dugc xay
dung trén co s& diéu ché SVM cho nghich uu véi sé muc khong han
ché, ap dung cho b bién d6i MMC. Mach vong dong dién vong sit
dung bd didu chinh PI va cac khau cong huéng PR dé loai bo cac
thanh phan hai bac chin thip nhit nhu bac 2 va bac 4, chi giit lai
thanh phan mot chiéu truyén cong sudt DC. M6 hinh du bao duyét
qua tit ca cac vector trang thai du, két hop véi dién ap hiéu chinh tir
dau ra bd didu chinh dong dién vong dé dam bao sai léch nho nhét so
V6i gid tri dién &p trung binh xéac 1ap ddi véi cac tu nhanh trén va
nhanh dudi ciia ca ba pha trong BBD MMC. Gia tri dién ap trén mdi
tu trong cac nhanh dugc can béng vGi nhau nhé mot thuat toan riéng,
sap xép va lya chon SM (Sub-module) duoc ghép vao hay bo qua
trong mdi chu ky diéu ché mot cach phi hop. Mirc do hiéu qua va
kha ning ung dung thuc té cua thuat toan dwa ra dwoc minh ching
bang mé hinh md phong cho BBD MMC ba pha 13 muc, 12 SM trén
mdi pha.

1. PhaAn mé dau

MMC 1a BBP da muc véi cau tric mach luc dugc module
hoa, c6 nhiéu tiém ning trong cac ung dung & dai dién &p cao,
cdng suat Ién nhu: hé théng truyén tai HVDC [1], hé théng
truyén dong dién trung thé [2]. Khac vai cac cau tric BBD da
muc thong thuong nhu cau tric cau H ndi tang, cdu trac BBD
diode kep hay tu tu do, BBD MMC sir dung duy nhit mot
ngudn DC cép ngudn cho céc tu dién cua cac module BBD
thanh phan dé tao ra dién &p vai s6 mic bat ky & phia xoay
chiéu. Do d6, BBD MMC c6 thé két ndi truc tiép voi luéi dien
xoay chidu ma khéng can phai sir dung méy bién ap [3]. So
d cau tric va nguyén ly hoat dong cia MMC di dugc nghién
ctru va trinh bay trong nhiéu tai liéu tham khao [1]-[7]. BBD
MMC gom c6 2 nhanh chira 2N cic SM. Theo nguyén Iy nay,
tai mdi thoi diém trén mdi nhanh cia BBD MMC s& ¢ N SM
mac ndi tiép véi nhau ciing hoat dong dudi dién ap Vpc. Phan
bé dién &p trén tu DC ciia cac SM 12 vc = Vpe/N. Chénh léch
tong dién &p giita nhanh trén va nhanh dudi s& tao ra dién ap
Vac ¢6 nhiéu muc & phia xoay chiéu. Didu ny tao ra sy chénh
I&ch dién &p gitra cac tu DC cua cic SM [4], [6].

Do d6, viéc can bang dién 4p trén cac tu cua tirng SM trong
mdi pha va giira cac pha véi nhau 12 mot van d& can phai dugc
giai quyét. Khéc vai cac BBD khéc, trong MMC luén ton tai
dong dién vong gitra ngudn Voc qua nhanh trén va nhanh dudi
[5], [6]. Do su thay déi tirc thoi s6 lugng céc tu DC trong mdi
chu ky s& sinh ra dong dién vong c6 chira cac thanh phan song
hai bac cao, cac thanh phan nay gay nén do dap mach cho dién
&p trén cac tu DC [6]. Vi vy bién phap dé suy giam cac thanh
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phan song hai trén dong dién vong ciing 1a mot van dé dit ra
cho MMC. Theo tai liéu [8], phuong phap diéu ché SVM c6
kha nang sip dt vi tri t5i wu ctia cac vector trong mot chu ky
dong cat nham téi wu hoa thanh phan séng hai, dang dién ap
ra ciing nhu dat duoc sb 1an dong cét téi thiéu 1a nhimg wu
viét cia SVM so véi phép diéu ché khéc [8].

Sau ddy phuong phap diéu ché SVM dugc xay dung cho
MMC véi s6 mic bat ky nhu trong [8]. Phuong phap SVM ap
dung cho MMC ¢ day véi su khac biét 1a thuat toan xac dinh
hé s6 diéu ché duoc sip dat sao cho c6 thé dé dang duyét qua
tat ca céc vector trang thai du, mot sé cac trang thai du dugc
sir dung trong thuat toan du bao dé chon dwoc chi s6 téi uu
cho muc tiéu can bang dién &p trén cac tu DC va két hop voi
suy giam dong dién vong. Cac tu DC trong méi nhanh pha
duogc can bang bai thuat toan trong [8]. Nho can bang dién ap
trén céc ty, thuat toan du bdo s& lam nhiém vu chinh la cén
bang dién &p trén cAc tu giita cac nhanh pha véi nhau. Déi vai
dong dién vong ndi chung déu can cd hé diéu khién mach
vong kin str dung bo diéu khién P véi lugng dat 1a thanh phan
dong dién mot chiéu ipc duge xac dinh tir cong suat trao doi
gira phia DC va phia AC. Ngoai ra, h¢ théng diéu khién dugc
tich hop céc bo diéu chinh cong huong PR dugc sir dung dé
loai bo cac thanh phan hai bac 2, 4... [3]. C6 thé thdy rang
trao d6i cong suat gita DC va AC do cac mach vong bén ngoai
tac dong nén ¢ day bo didu khién chi can tac dong lam suy
giam céc thanh phan song hai trén dong dién vong. Vi vay,
trong bai bio nay dé& xuat phuwong phap diéu khién chi can
dung bo loc théng thip dé tach ra thanh phan mét chiéu, con
luong dat cho mach vong diéu khién dong dién vong co gia tri
mong mudn 1a 0. Thuat toén duoc ap dung cho hé théng BBD
MMC c6 13 mirc dién ap phia dau ra, qua trinh mé phong va
tinh toan duoc sir dung trén phan mém Matlab/Simulink dé
kiém ching tinh dung dan cua thuat toan.

2. Ciu tric va md hinh toan hoc bd bién doi
MMC

Hinh 1 14 so db c4u tric ba pha cia BBD MMC. Mdi pha cua
MMC bao gdm nhanh trén va nhanh dudi, mdi nhanh gom N
c4c SM, nam duéi dién &p maot chiéu chung Voc. Mot dién
cam L, lién két giita nhanh trén va nhanh duéi véi ddu ra xoay
chidu AC lay ra tir diém gitra ciia cudn cam. Cudn cam nay co
tac dung han ché cac qua do 1am viéc cia BBD [6],[7]. Céc
t6n hao trong mdi nhanh cia MMC duoc md ta boi dién tro
Ro. Cau trtic phd bién nhat caa SM 1a so db nira cau H véi phia
DC chi gdm moét tu dién. SM dang ntra cau H ¢6 wu diém la
chi dung mét s6 it nhat gom hai khoa béan dan véi chirc ning
dua dién ap phia tu DC ra phia AC. Trong mdi nhanh caa BBD
ton tai cac dong dién nhéanh trén va nhanh duéi dugc ky hi¢u
1a inj va iy Doi v6i mdi SM, dién ap dau ra s& gan lién voi
mot trong hai trang thai ngugc nhau dugce dinh nghia la chén
vao (inserted) hodc bo qua (bypass) dua trén trang thai dong
cét cuia tirng cap van c6 ké dén chiéu cua dong dién chay trong
Mach nhu cac hinh 2 va hinh 3. béi voi BBD MMC, dién ap
Ve duge phan phéi trén cac tu caa mdi SM trong tat ca cac
nhanh van mdi pha. Néu tong dién ap cua cac SM duoc chén
VA0 trén mdi nhanh 1a khac nhau, dong dién s& dugc sinh ra tir
su mat can bang dién ap trén cac ty. Néu dong tirc thoi tir diém
két ndi AC cua MMC chay vao bén trong BBD va chia vao
cac nhanh trén va nhanh dudi cua ting pha vé phia DC, cac
tu dién cua SM dugc chén thudc nhanh trén sé ¢ trang thai xa,

thudc nhanh dudi s& ¢ trang thai nap. Néu chiéu dong dién AC
¢6 hudng ngugc lai, trang thai xa va nap sé lan luot (ng véi
cac tu thudc nhanh dudi va nhanh trén.

SM
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HA[ SM, [s™: [s™: .
; i ; 52 v,
M [Smy [Smy My [ —» | ¢
Ryl Ro R,
Lo Lo L
a9 9T TR i
Va q ;
Voe == o Ve Vel — %
Ro R, Ro le
L L
+ [SMyu [ SMyt [ SMy
[SMu. [SMu.. [SMy.

Via

v H i H
—ISMZNE' ISMZN[:; ISMQN[:;

Hinh 1: Cau trac ba pha ctia bd bién d6i da mirc MMC

S10- D1 Slo D1
] + i +
+oj_— CTF Ve o= CTF Ve
Vou  S2 o{i} D2 Vou  S20- D2
_ ©

Hinh 2: Trang thai chén vao (inserted) cua SM

Slo= D1 S1o- D1
+ +
+o—_L CTF Ve +oi_— cT Ve
Vout  S2 O~ D2 Vour  S2 0 D2
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Hinh 3: Trang thai bo qua (bypass) cia SM

Ap dung dinh luat Kirchhoff cho so d6 hinh H.1:

di; . 1
Vi = Vi — Lo d:l —Ryiy +§VDC
di, . 1 . (D)
Vi =V + L —d? +Ryiy —EVDC . j=AB,C

I =1~y

Tu (1) cong hai phuong trinh dau cho nhau ta c6 dién &p ra
duoc biéu dién nhu sau:

1 L, di; _.
Vi ZE(VLj —ij)+?d—t’+ Ry, &)
Nhu vay st dién dong xoay chiéu caia MMC 1a:
1
Vg = E(VLj _VHj) (3)

Néu ky hiéu kyj, kij 12 6 SM & nhanh trén va nhanh dudi dugc
chén vao thi ta co:
Vi = kHjVC' vy = I(LJ'VC )
Trong d6 Ve = Vpe/N la dién ap bac thang trén mdi tu cua
SM. Sé mitrc dién &p cia mdi nhanh trén v mdi nhanh dudi
la N+1. Tir (3) va (4) bac thang dién ap dau ra s& c6 muc la:
1, 1V

V., ==V, ==- 5
2 2N ©)
bién ap dau ra co dang:
1
Vi = (ij - kHj )EVC = ijVCe; ij = ij - kHj (6)

Dé tao ra mirc dién ap kwij, Cac mirc twong ng cua kyj, kij tinh
nhu (7).



38

Measurement, Control and Automation

N+1+ky, | N +1-K,,
| "
Tir (1), trir hai phwong trinh dau cho nhau ta c6:
d(i, +i .
Voc :VLx+VHx+LoM+Ro(|Lx+IHx) (8)

bati, = (i, +i,;)/2, phuong trinh (8) tro thanh:

di\/j (VDC _VLj _VHj)

Lo E = 2 =V _j (9)

Vaift_j goi 1a dién ap chénh Iéch clia nhanh trén va dudi, la thanh
phan tao nén dong dién vong iy, Trong ché do xéac Iap dong
dién vong iy gom mot thanh phan mot chiéu I, va cac thanh
phan séng hai bac cao Iy nhu sau:

o0
=1, +Z|vj,h
h=1

Tai liéu [4],[5],[6] cho thiy su mat can bang dién &p trén tu
giita cac nhanh trong mdi pha c6 thé diéu khién boi dién ap
Vair j hodc dong dién vong lyj. Phuong trinh thay d6i dién ap
Vhj va vij nhu (11).

(10)

av,, av,
%y, S0 (11)
ky, dt ku dt
Thay i, =(i,; +iy;) /2 vao (11) ta duoc:
dv,, i dv,. i
£ B =i+, = 2 =iy (12)
ky; dt 2k, dt 2

Céc phuong trinh (9), (12) s& dugc dung cho muc dich diéu
khién dy bao dong dién va dién ap trong mdi chu ky diéu ché
dé can bang dién ap trung binh trén céc tu dién va giam thiéu
dong dién vong.

3. Diéu ché SVM tdi wu thanh phén séng hai
cho MMC c¢6 so mirc bat ky

Qua trinh diéu ché SVM cho MMC c6 thé thuc hién duoc
bang cach diéu chinh dién &p trén tai. Dé tao ra dién &p trén
tai trudc hét phai xac dinh khdng gian céc trang thai hoat dong
ctia vector dién &p trong hé toa do dé tao ra cac vector dién &p
dat mong muén [8], [9]. Khi MMC ¢6 sé SM hoat dong trong
m&i pha la 2N thi s6 mirc cia MMC s& 1a M = 2N +1 va vector
dién 4p dat cia BBD duoc tdng hop tir toa do cua khdng gian
vector dugc thé hién theo (13).

2
v=§(vA+a-vB+a2-vc) (13)
o Va= KaVoc 2r 4z
Trongdo: )y _k v, ; a=e'?;a?=¢'?
Vo =Ke Ve
Véi K, K, K. e{—M—_l,...,—LO,L...,M—_l}
2 2
Biéu dién vector dién ap trén mat phiang af:
V=V, + )V, (14)

Trong do:v, =V,; V, =

1
%(VB ~Ve)

Biéu dién vector dién ap trong hé toa do gh:

1 1
V, =V, +V, Vg =V, —=Y,
2" hay 3 (15)
_\3 Vv, =—=V
Vg —7vh h —\/3_) 4
M&i quan hé gitra cac hé toa do thé hién bai (16)
v, =V, fivﬁ =v, fl(vB fvc):g(vA —Vg)
! 3 3 3 (16)
v, —iv ==(vg—Vc)
h \/§ s =g\
Tir (16) thay rang:
Vo —Vg =Vpc (kA _kB); Vg —Ve =Vic (kB _kc)
.. 2 2
Do d6:v, =5 Vo (Kn —ka ) ¥y =5 Voo (ks —ko) 17

Néu Iay 2/3Vpc 1a do dai co s¢ cua cac vector trang théi. ka,
ks, kc la cac s6 nguyén thi toa do cta cac vector
[kg'kh]:[(kA_kB) (ks —ke)] la cac s6 nguyén. Khi d6 toa do
dinh cac vector s& tao nén cac tam giac déu cé canh 1a 1 nhu
hinh 4 [9].

V8
(0,1) (1.1)

V13 V4 VO V1 v7\ 0

Hinh 4: Trang thai dong cit trong khong gian vector

M3i vector c6 thé (g véi céc trang thai mic khéc nhau, goi
la c4c trang thai du. Ung voi mdi vector trang thai sé to hop
cac mirc trang thai la:
K, Kan k
{k :|<3 Key [=| k=K,

" Kou | | k=K, —k,
O g6c phan sau thir nhat, nhirng vector nam trén duong luc
gidc ngoai cung c6 ky+ky = M-1, chi cd mot gia tri phu hop 1a
k = (M-1)/2. O lyc giéc tiép theo bén trong kg+kn = M-2, k 6
hai gid tri: (M-1)/2-1 va (M-1)/2, nghia 1a mdi vector c6 hai
trang thai du. Cr nhur vay dén vector khong k sé cd M gia tri
vacd M trang thai du. Do d6, ¢6 thé tinh toan dwoc tat ca cac
t6 hop vector trang thai trong khdng gian vector.

(18)

3.1. Xac dinh hé sé diéu ché tir ba vector gin nhat

Phuong phép dleu che vector gan nhat (NVM) sé tao ra vector
dau ra mong mudn nam trong tam gi4c bt ky cua cac Sector
tir I dén VI va dwoc tong hop tir ba vector 1a dinh cia cua tam
gidc nay, diéu nay s& dam bao thanh phan séng hai tét nhat
cho dang song dién p ra [8]. Xét mot Sector bit ky trong
sector | ¢ hinh 5, cac tam giac con déu c6 dang thuoc vé mot
hinh thoi déu, c6 cac canh song song véi truc Ogh, dinh la cac
vector trang thai pi, p2, ps, pa.
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Pa(kg knt1)

pa(kg+1,knt+1)

'kh) palkg+Lk)

>
o

0

Hinh 5: Téng hop vector dién 4p ra tir ba vector dinh ciia tam gic

Vector dién ap ra mong mqén cling dugc quy chuan theo do
dai véi 2/3Vpc va dugc bién doi tuyén tinh sang hé truc toa
d¢6 Ogh theo (19).

1 L
V V
|:Vrgj|: ‘\/§ { m:|=M1|: m}
Vrh 0 i Vrﬁ Vr,ﬁ
NG}

Trong d6 Mi 1& ma tran bién doi. Goi mg, my I céc phan thap
phén ngoai phan nguyén cta cac toa dd Vg, Vin tuong tng, nén
mg, My dugc tinh boi (20).

mg :Vrg _L J:Vrg _kg; m, =Vy, —UVthZVrh—kh (20)

Trong do: k, =||v,||.k, =| |v,|| 12 chi s6 nguyén nho nhit cua

(19)

Vig

Vig

C4C gié tri tuyét ddi twong Gng. Hinh 5 cho thay hai tam giac
chira vector V1, V2 déu ¢ chung toa do nguyén la [Kg, kn].
C6 thé thay rang duong thang mg + my = 1 chia hinh thoi trén
hinh 5 ra lam hai tam giac, trong d6 vector V1 thudc mién
m, +m, <1 va vector V2 thugc mién m, +m, >1. V1 dugc

téng hop tir 3 vector p1, p2, p3 nhu (21):
V,=p,+my (p, —p,)+m, (p;—p,)

(21)
= (17mg —-m, )p1 +MyP, +MyP,
V2 duoc tong hop tir 3 vector p2, p3, p4 nhu (22):
VZ:pA+(1_mg)(p3_p4)+(l_mh)(p2_pA) (22)

=(m, +m, —1)p, +(1-m, )p; +(1-m, )p,

Vi céc hé s6 (g vai cac vector déu duong va cé tdng bang 1
nén day sé 1a cac hé sé cho qua trinh diéu ché. Phuong trinh
(21), (22) ciing cho thdy viéc tinh toan cac hé sb diéu ché rat
don gian, thdng qua viéc tinh to&n Vg, v, tinh cac phan
nguyén kg, kn va céc phan Ié mg, my qua (20). Trong cAc sector
khéc cua khong gian vector, qué trinh xac dinh hé s6 diéu ché
duoc 4p dung hoan toan twong ty nhu sector 1.

3.2. Trat ty toi wu vé s6 1an chuyén mach

Khi diéu ché SVM cho nghich luu hai mtc, phuong phap diéu
ché tam giac ddi xtng chi sir dung hai vector bién va vector
khong, sao cho thoi gian ding vector khong dugc chia déu
lam hai phan, ¢ dau va cudi mi nira chu ky diéu ché, o nira
con lai thir ty thuc hién vector s& nguoc lai & t6i wu vé thanh
phan song hai trén dién ap ra dugc thuc hign bang cach thém
vao thanh phan thir ty khong nhu sau [10], [11]:
vV .= max(va,ref ’Vb,ref ’Vc,ref ) + min(va,ref lVb,ref 'Vc‘ref)

° 2
O day Varef, Voyref, Voret 1 cac lugng dat hinh sin mong muén,
Vot |2 thanh phan tht tu khéng duoc cong vao lugng dit. Céc
tin hiéu diéu ché s& c6 dang:

V' =V Vo, k=a,b,C. (24)
Tin hiéu caa PWM qua khau so sanh véi dién ap rang cua
dang tam gic trong mot chu ky diéu ché cho trén hinh 6. Viéc

(23)

cong thém vao thanh phan tha ty khong nhu (24) 1a dé mac
tin hiéu xac dinh vector khong & dau chu ky diéu ché. Tuy
nhién & nghich luu da muc s& khéng thé ludn ¢ vector khong.
Thay vao d6 néu sir dung phuong phap didu ché bing ba
vector gan nhat trong mdi nira chu ky diéu ché mot vector s&
duogc st dung nhu vector khong, nghia 1a thoi gian ding
vector nay chia 12 hai ntra bang nhau, chia déu cho dau nira va
cudi cuia chu ky Ts.

- P
&4

/2 t./2 t./2 /2

ol t
/2 /2 /2 /2

Hinh 6: Tin hiéu diu ra PWM va céc thoi gian sir dung vector tich cuc,
vector khéng

(1,-1,-1)

Hinh 7: Trat tw chuyén mach téi wu cho BBD 3 mtrc

Bang 1: Trat ty chuy&n mach cia vector dién ap

Tam gidc | Trat tw chuyén mach t6i wu (trong Ts/2)

1 V0-V1-V2-V0
(-1,-1,-1)-(0,-1,-1)-(0,0,-1)-(0,0,0)

2 V1-V7-V8-V1
(0,-1,-1)-(1,-1,-1)-(1,0,-1)-(1,0,0)

3 V1-V2-V8-V1
(0,-1,-1)-(0,0,-1)-(1,0,-1)-(1,0,0)

4 V2-V8-V9-V2
(0,0,-1)-(1,0,-1)-(1,1,-1)-(1,1,0)

Pé ap dung twong tw nhu nghich Iuu hai mic cho so @b nhiéu
muc ¢6 thé hinh dung vector khong gian cua nghich luu da
muc gdm nhiéu lyc giac nho nhu so dd hai mirc va vector &
tdm cua luc gidc nho nay dong vai tro nhu vector khong.

Xét cu thé khi vector dién &p chuyén tir tam giac sb 2 sang
tam giac s6 3 nhu hinh 7.

Tam giéc sb 2 va sé 3 thudc V& luc giae nho co tam 14 vector
V1, tam giac sb 4 thuoc vé luc giac c6 tam 1a vector V2. Bang
chuyén mach cho nhém cac tam giéc trén thé hién trong bang
1. Néu vector dién ap dau ra di chuyén qua cac tam giac 2-3-
4 thi trat ty chuyén mach 12 tdi wu, tir tam giac 2 sang tam giéc
3 vector déu bat dau va két thic bang vector V1(0,-1,-1) nén
khong phét sinh thém chuyén mach. Khi chuyén tir tam giac
3 sang 4 phai chuyén tir V1(0,-1,-1) sang vector bit dau la
V2(0,0,-1) chi phat sinh thém mot chuyén mach & pha B (ti -
1vé 0). Ap dung cho nhiéu mirc hon, tat ca cac nhom tam giac
c6 dang gidéng nhu 1, 2, 3, 4 trong bang 1 va trén hinh 7 s& c6
trat tw chuyén mach gidng nhau.

3.3. Thir tw chuyén mach téi wu va diéu ché sir dung ba
vector gan nhat
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Phin nay trinh bay phuong phap NVM véi kha ning tu xac
dinh céc vector can thiét chi tir toa do nguyén [Kg, kn] dé c6
thé &p dung cho cic so dd c6 sb mic khong han ché. Xét
trudng hop cac vector dién &p ra c6 cung toa do nguyén [Kg,
kn], nhu V1, V2 trén hinh 5, c¢6 thé thiy rang khi vector dién
&p ra nam trong tam giac c¢6 dinh la ba vector ps, p, ps thi thir
tu chuyén mach t6i vu s& 13 p1-pa-ps-pi+, trong d6 vector P1 &
dau chu ky diéu ché c6 toa do (ka,ks,kc) thi cudi nira chu ky
diéu ché phai c6 toa d6 (ka+1,ks+1,kc+1), ky hiéu la P1+.

Bang 2: Thir ty chuyén mach khi v thudc tam giac 1

Py P, Ps P+
[ky | [Kg, kil [kyt1, ks, kg, ko]
kh] kh] kh+1]
ka | K k+1 k+1 k+1
ks k-kq k-kq k-kgt+1 k-kq+1
ke k-Kq-kn k-Kq-kn k-Kq-kn K-Kq-Knt+1
D dl= (1-mg-my)/2 d=mg dz=my da= (1-mg-my)/2

Béng 3: Thir tu chuyén mach khi v thudc tam giéc 2

Py P, P3 P+
[kg, | [kg+1, kn] [Kg kn+1] | [Kg+1, kn+1] [Kg+1, k]
kh]
Ka k+1 k+1 k+2 k+2
Ke | kkg Kkl | kekgtl kKot 1
ke | kekgky Kkoko | kKo KkgkotL
D d1=(1-my)/2 d2=1-my | d3=mg+my-1 | d4=(1-my)/2
1A d4<l
ds}
d X
d;
v
y
Qv

thl b t t3 t, 15 s t;
D1| Py Py P P+ Ps P, P,
D2 | P,i P3 Py P,. P, Ps3 P,
< TS

Y

Hinh 8: Mau xung SVM cho tam giac loai 1 va loai 2

X A
1 da,
o
X
dz
Y
ov %
t t t ts t ts t t
K Kayie  Katl >l Katl igKag)
A < >« >
ke |€ Kg » g Katl »>i< ketlyig Ke >
ke |€ ke pichliketliy ke >
c |« > €T €F< >
P T2 i T2 N

Hinh 9: Mau xung khi chuyén sang hé toa do abc khi mg + my <=1

Vi vector V2 thir ty chuyén mach tdi wu s& 12 pa-ps-pa-pz+.
Qué trinh nay dwoc thé hién chi tiét trong bang 2 va bang 3.
Qua trinh tao ra cac tin hiéu diéu khién theo thoi gian qua khau
PWM dbi xing d6i voi tam giac D1, D2 cua vector dién &p
dau ra ¢ cung mot toa do nguyén [Kg, kn] thé hién nhu trén
hinh 8 va hinh 9 twong tng trong hé toa d6 Ogh va hé toa do
abc. Viéc didu ché duoc thuc hién qua 7 khoang thai gian tir
to dén t;. Dé thay 16 hon viéc &p dung SVM cho MMC ta s&
thé hién qua trinh diéu ché dbi véi cac pha, véi so do nghich
luu da muc, véi mdi mic dién ap ra trén moi SM 1a Ve, dién
&p trén mdi pha dau ra trung binh trong mét chu ky diéu ché
sé la:

v =dikV, +(1-d;)(k; +1)V,, j=AB,C (25)
Khi Mg+Mmp <= 1 thi da=d;; dg=d;+d,; dc = d1+d,2+d3. Khi
mg+mp <=1 thi da=d;+d,; dg=d; dc=di+d>+ds. Viét lai (26)
dudi dang:

v, :(kj +1-d; )VC (26)
MG&i mite dién p dau ra ciaa MMC c6 dang nhur (6) dugc viét
lai nhu sau:

1

Vi = (ij - kHj )EVC = ijVCe; ij = ij _kHj @7)

Theo tai li¢u [7], giéng nhu phuong phap NLM cai :tién thi tur
(26), (27) moi mac dién 4p ra trén pha dau ra la
VCe:l/ZVc:l/ZVDQ/N, c6 thé xac dinh lugng dat cho cac hé
s6 chén tu vao & moi nhanh la:
ki, —k', =k +1-d,,j=AB,C (28)
Biéu thirc (28) cho thy k; c6 thé la s nguyén thudc khoang
k; €{-N,N}, va ki, kjn cling 1a so nguyén thugc khodng
{0,N3}. Viée xéc dinh hé s cheén tu thé dwoc &p dung khi két
hop va&i mach vong cén bang dién ap gitta cac tu trén nhanh
trén, nhanh dudi trén mdi pha cling véi mach vong suy giam
dong dién vong. Theo cdng thic (9) ta duoc:
1 V,
Var_i= 5 (Voo Ve —kiVe )= 225 (N -k —ky) - (29)
Hay k;+ky =N —Zlvdiff i
Voo °
Két hop (28), (29), c6 thé xéc dinh dugc lugng dat cho céc h¢
s6 chén tu nhu sau:
. 1 N
Kiw=2(N=kjy)——V

iH = j.diff »
2 Vo

(30)

(1)

. 1 N
kj,L :E(N +kij )_Evj'diﬂ

Tiép theo v6i nhiing diédu kién rang budc ddi vai kjn, ki la
nhirng so6 r)guyén trong khoang {0,N}, viéc ung dung quan hé
(31) co thé thyc hién nhu sau:
Néu Kimy <0 =K, =0

Neu ki, =N =K, =N
Neu 0<Kkj, <N

) int(k ) Khi 0<t<(1-a)T,
=k. =
M int (K oy )41 K (1-a)T, <t<T,

(32

Trong d6 int(x) la phan nguyén cua x, Ts la chu ky diéu ché,
khi d6 ta c6 hé so xac dinh:

a=K; g —int(K 1) (33)
Thuc hién diéu ché theo (32), (33) nhu hinh 10.
ll\
Cr
l—a:;p
1— ey,
0 X
to €] t to + Ts
khp H . i PN PRI
= (i, )i wpur(k,) int(fg, ) +1
Knp i St S i
.h:”> int (ki) i ine () int (1) +1

Hinh 10: MAu xung thyc hién phép diéu ché theo (33)
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4. Piéu khién dw bao cin biang dién ap trén tu
dién va suy giam thanh phan séng hai dong
dién vong

Mat can bang dién &p tu dién s& lam suy giam chat lugng séng
hai dién ap dau ra nghich luu. C6 nhiéu phuong phap dé xuit
trong tai liéu [2], [4], tuy nhién viéc &p dung ching thuong
doi hoi thyc hién phirc tap trong phép diéu ché SVM. Nhur da
biét, trong SVM cho cac nghich luu da mirc, mdi vector trang
théi c6 thé 6 nhiéu trang thai du va nhiing trang thai du nay
duoc s dung cho nhitng muc tiéu khac nhau ma khéng anh
huong dén chat lugng dién ap dau ra nghich luu.

Trong phan nay, thuat toan diéu khién du bao duoc thuc hién
duwa trén viéc tan dung cac trang thai du cua phép diéu ché
vector khong gian dé thyc hién diéu khién can bang dién ap
trén tu dién va suy giam thanh phan song hai trong dong dién
vong. Cach thirc xay dung md hinh dy bao ctia phwong phap
diéu khién du béo cho thuat toan dugc xay dung dua trén tai
liéu [8].

4.1. M6 hinh du bdo dong dién, dién ap

Theo hinh 9, nira chu ky diéu ché PWM c6 3 khoang thoi gian
tir to dén ts, trong mdi khoang thoi gian nay c6 thé xac dinh
dugc cac hé s kuj, kij cho mdi pha. Thuc hién do céac gia tri
dong ap ivi(to), Ve mi(to), Veui(to) & cudi cua khoang thoi gian to,
trong d6 Vcnj(to), Ve(to) 1a dién ap trén mdi tu thudc cac
nhénh. O ché do can bang ta cd Ve Hj(to)= Ve Lj(to)= Vvcj(to).
Phuong trinh (10) c6 thé viét lai duéi dang gan dang nhu (34).

1 (VDc =V (1) =iy (tg ))

4 ()=1, () + G
rone do: Lj( )=k (ti)vc (%),
o () =k (6)veny (1) )

Cac ky hiéu iv(ta), Veri(ts), Ve(ts), kuj(t), kej(ts) 12 céc gia tri
dong dién, dién 4p hé s6 chén SM tuong wng & cudi khoang
thoi gian t;. Dién &p trén ty & phuong trinh (12) viét lai dudi
dang gan diing la:

4

iy (to) +iy (H)_ij(to)}km (t)
2 | C (36)
kL

Ivj
Vi (tl)szj (to)'{ 2
vLj(g)—vu(tO){ivj(to)ziv,-(tl)+ij(2to)} jétl)
Vi gia thiét (35) thi (36) duoc viét dudi dang:

Vo (6) ()2 2L ) BN,

4

5 2 |c (37)
Ve (t)=Ve, (to)v{lvi (tO);Vj ), ) Sﬂég

Trong (37) ta da sir dung phép gan dung chinh x4c hon khi
dua vao dong dién vong la (iy (t)+1, (1)) /2 €0 str dung két qua
cap nhat dong dién tir (37). Riéng dong dau ra ij(to) chi diing
gia tri do ve tur dau chu ky diéu ché cho d@én hét chu ky Ts vi
dong thay do6i cham. Gia tri dién ap du béo Ve (1) Ve ()

cling 1a dién &p trén mdi tu & nhanh trén va nhanh dudi ma
Muc tiéu dieu khién la dua dén gia tri bang lugng dat V¢ (t).
St dung phuong trinh dy bdo dong di¢n (34), va phuong trinh
dién ap (36) du bao cho cac khoang ticp theo tz, ts, ..., t7, ta co
thé du bao duoce dong dién, dién ap tai cuoi chu ky dieu ché tr.

4.2. Ham muc tiéu

Trong mdi chu ky diéu ché cac hé sé diéu ché va trat ty cac
vector xac dinh gié tri va dam bao dién 4p dau ra mong mudn.
MGi chu ky diéu ché déu xac dinh bai vector trang thai ¢6 toa
d6 nguyén [Kg, kn] va hé sb k xac dinh s trang thai du co thé
dbi véi vector nay. Thay @i hé sb k 1a lyra chon cac trang thai
du khac nhau, c6 thé dan téi can bang dugc dién &p trén tu cia
nhanh trén, nhanh dudi trén mdi pha, hoac lam suy giam dong
can bang. Dé can bang dién &p trén ty, can tdi thiéu hda ham
muc tiéu sau day:

= {(Vjc,u -Ve )2 Ve Ve )2}

j=AB.,C

(38)

Trong do: v:-v,. /N 12 lugng dat dign ap trén ty,
e =Viewn (b +T) Ve =Vie, (t,+T,) 12 gid tri ude luong cua
dién &p trén tu & nhanh trén, nhanh dudi mdi pha dién ap ra &
cudi mdi chu ky diéu ché. Hé thong diéu khién theo phuong
phap dé xuit cho MMC duoc thé hién & hinh 11. Trong do,
thiét ké diéu khién P1, PR cho mach vong dong dién da duoc
gigi thiéu trong [3], [12]. Bo diéu khién P1 két hop véi bo diéu
khién PR1 va PR2 véi md hinh nhu trong Hinh 11 c6 tac dung
triét tiéu cac sai léch tinh ctia dong dién chay trong nhanh trén
va nhanh dudi cia bd MMC 3 pha. Viéc nay s€ gilp tao ra gia
tri ¢at mong mudn cua dién ap chénh léch giira nhanh trén va
nhanh dudi nham muc dich xac dinh cac hé sb chén tu dién
trong mdi chu ky diéu ché.

v

5. Két qua mé phong

Bang 4 md ta thong s6 md phong cua bo bién d6i MMC su
dung trong nghién ciru ndy. Trén thuc té khi md phong cé thé
lya chon Vpc ¢6 gié tri bat ky twong tng véi mot mé hinh cu
thé dé chirng minh hiéu qua cua thuat toan dé xuét. Trong bai
bado nay, md hinh mé phong duoc thuc hién véi Vpec = 600V
nham muc dich phuc vu cho viéc thyc nghiém trén mé hinh
thuc té trong nghién ctu tiép theo.

Bang 4: Thong sé md phong bo bién d6i MMC

TT | Théng sb Ky hiéu | Giatri
1 | Dién p ngudn mot chiéu Vic 600V

2 Dién ap tu dién Ve 100V

3 Dién cam nhanh Lo 3,6 mH
4 Dién tré nhanh Ro 0,0150
5 Pién dung tu dién SM Csm 2200pF
6 | S6 luwong SM mdi pha 2N 12

7 Tan so f 50 Hz

Hinh 12 va hinh 13 Ia két qua dién ap pha va dong dién cac
pha A, B, C cuia MMC khi ap dung SVM vai viéc lya chon
vector dién &p gan nhat. Hinh anh cho thay dong dién, dién ap
khi chua qua bo loc cho cac két qua dang sin chuan dat dugc
ngay & chu ky dau tién va khong c6 qua do xay ra trong subt
qua trinh md phong. Khi thay di ché d6 lam viéc & thoi diém
0,07s, dong dién va dién ap nhanh chéng bam gia tri dat va cé
dang sin chuan.
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Dién ap trung binh trén cac tu dién
Ch
Vref A L Seciac?r Xac dinh da,ds,dc P
—> q dl, dz, d3 PRy > Xac dinh
Vref B ap| Ogh Xéc'dil{h ¥ hé so dieu hé sb chén
— : = Vo | hé sb didu| Tam giag|ché va toa| [Ka,Kg, kg] tu cic
Vref C ché vatga| D1,D2 | ddabc hanh
.| abc V. |ap Vi " Varg | oan
: ¢ Ogh 9| theo (32)
[k, Knl
I I
20X, PR2 |
5P+ 2w 5+ (2w, 27 ]: kH,kL(t)l ]
- Tin hiéu dong cat
20 K, + Vbe kHvkL(t"'l); van SM Pha A _
s +20.5+(40,27) PR1 + Wa Iy, t Dy bdo tin
: . i) higudong | vo, (t+1) | HaM | Tin higu dong cat
Ve i) dign vong muyc titu | yan SM Pha B
' — > vadiénap | V¢ (t+1) | (39)va
—>_C tu t!1e0 (35) (40) Tin hiéu dong cét
'Vi(t)' va (38) i, (t+1) van SM Pha C
el v

Hinh 11: Hé théng diéu khién dong dién vong dua trén thuét toan didu ché SVM

Thuc hién danh gia tong d6 méo séng hai THD cho dién &p ra
ctia MMC nhu hinh 14, két qua cho thay chi sé THD cua dién
4p chua qua b loc 12 7,07%. Thyc hién danh gia tong d6 méo
song hai THD cho dong dién trén tai nhu hinh 15, két qua cho
thiy chi s6 THD cua dong dién trén tai la 1,99%.

Két qua nay da chimg minh dwgc chit luong hoat dong tét cua
BBD khi 4p dung chién lugc diéu ché SVM. Hinh 16 1a két
qua cua dién 4p mdi tu dién & nhanh trén va nhanh dudi cua
cac pha A, B, C. Két qua cho thay gié tri cua dién &p tu luén
dao dong quanh gia tri dinh mac caa nd la 100V. Khi hoat
dong 6n dinh & thoi gian 0,15s tu dién dao dong véi bién do
I6n nhat khong quéa 7V, tac 1a 7% gia tri dinh muc. Doi voi
BBP MMC, day la gi4 tri dé danh gia MMC hoat dong 6n
dinh.

T T T

PhaA

Pha B

0 0.05

0.1 0.15 0.2
H|nh 12: D1en ap pha o phla AC Cua MMC
200 phah  PhaB  phac 1
<10
@
o
» 0
f=
g}
S.10
20[ [ [ I I I ]
0 0.05 0.1 0.15 02
Thoi gian(s)

Hinh 13: Dong dién ¢ phia AC cia MMC

Selected signal: 10 cycles. FFT window (in red): 3 cycles

ignal mag

Si

o 0.05
Fundamental (50Hz) = 286.2 , THD = 7.70%

0.1 0.15

Mag (% of Fundamental)

o 10

20 30 40

Hinh14: Chi sé THD cho dién ap trén tai

Selected signal: 10 cycles. FFT window (in red): 3 cycles

Signal mag

o 0.05

0.1 0.15
Fundamental (50Hz) = 18.67 , THD = 1.99%

Mag (% of Fundamental)
[e]
w

o 10 20 30 40
Hinh 15: Chi s6 THD cho dong dién trén tai
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Hinh 16: Dién ap tu dién nhanh trén nhanh dudi pha A, B, C

Khi thay d6i ché do lam viéc ¢ 0,07s, do chénh léch I6n nhat
cua tu dién nam ¢ Pha B 1a 14V, twong (ng 14%. Tuy nhién
qua trinh nay nhanh chéng tré lai binh thuong sau 0,02s. Vi
cac tu dién mdi nhanh dao dong quanh gia tri dinh muc cua
n6 nén gia tri dién ap tu dién trung binh cia mdi nhanh ciing
dao déng quanh gia tri dinh muc nhu hinh 17.
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Hinh 17: Bién 4p trung binh tu dién nhanh trén va nhanh dudi pha A, B, C
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Hinh 18: Dién 4p chénh 1éch cta nhéanh trén va nhanh dudi pha A, B, C

Hinh 18 1a dién ap chénh léch cac nhanh cua céac pha A,B,C.
Két qua cho thiy gia tri dién 4p chénh léch mdi pha nho hon
1V, gié tri thé hién dién &p chénh léch mdi nhéanh trong cac
pha khong dang ké, chung to bo diéu khién du bao hoat dong
t6t, khi thay ddi ché do 1am viéc & thoi diém 0,07s thi do chénh
léch ting khong dang ké. Day la nguyén nhéan khién cho dong
dién vong ciing & gid tri thap nhu hinh 19. Dong dién vong &
hinh 19 trong céac pha A, B, C c6 bién d6 nho, chi ¢ gia tri 4A
khi MMC hoat dong 6n dinh. So véi gi4 tri dinh mtc dong
dién la 20A ¢ hinh 13 thi gid tri nay twong tng véi 20%. Khi
thay d6i ché do lam viéc o thoi diém 0,07s thi gié tri dong dién
vong khong cé bién dong nhiéu ¢ thoi diém qua do. Pay la
két qua thé hién duoc qua trinh triét tiéu dong dién vong do
bo diéu khién dé xuat tac dong va dat dwoc muc tiéu diéu
khién tot 1a dong dién vong ludn duoc kiém soét & gia tri thap.

20 F T I T I T T ]
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-20
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Hinh 19: Dong dién vong chay trong pha A, B, C

6. Kétluan

Bai bao da thuc hién chién luoc diéu khién giam thiéu dong
dién vong va kiém soat can bang dién ap trén ty dién mdi
nhanh bang phuong phap diéu khién du béo két hop voi
phuong phép diéu khién PI, PR cho BBD MMC. Qua trinh
thuc hién luat diéu khién dya trén két qua cua phép diéu ché
SVM cho BBD MMC véi s6 miic bat ky. Quy luat didu ché
SVM dugc thuc hién bang céach tinh chon céc toa d6 nguyén
trong cac Sector cua hé toa dd Ogh, qua d6 x4c dinh dugc quy
luat chuyén mach dam bao t6i wu thanh phan séng hai cua tin
hi¢u dau ra, phuong phap da han ché dugc viéc tinh toan diéu
ché va nang cao higu suat cho BBD MMC. Thyc hign mo
phong cho BBD MMC gom 12 SM trén mdi pha véi phuong
phap diéu khién dé xuat & trén da cho ra 13 muc dién ép, dong
dién vong da duogc giam thiéu dang ké va luén dao dong on
dinh khi dién 4p trung binh cac tu hoat dong & trang thai can
bang va dién &p chénh léch mdi nhanh 1a khong dang ké.
Phuong phéap da chung minh hiéu qua cua luat diéu khién da
dé xuét va sy két hop cua phuong phap diéu khién MPC va
P1, PR d¢ &p dung cho MMC va tao ra cac két qua tot.
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