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Abstract

This paper presents Space Vector Modulation (SVM) method with an optimal switching process used for Modular Multilevel
Converter (MMC) of any level. The proposed SVM method can produce a maximum number of levels, for example 2N + 1,
in which N is the number of Sub-Modules (SMs) per branch of the MMC. Compared with previous modulation methods, the
proposed SVM modulation method can select the closest three vectors to generate the optimal transition states, making the
computation more efficient. When applying this method to the MMC, it will create the advantage which it can be applied to
any number of levels without looking up the transition state table: It can create many residual states for the purpose of balanc-
ing the capacitor voltage, optimize the switching process, and improve efficiency as well as harmonic quality of the AC volt-
age and current. The advantages of the method are well applicable to MMC when a large humber of SMs is required to con-

verse power in high voltage systems.
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Bai bdo nay trinh bay phuong phap diéu ché SVM véi qua
trinh chuyén mach t6i wu cho bo bién déi (BBP) da muc
MMC c6 sé muc bat ky. Phuong phap SVM dugc dé xuat c6
thé tao ra s6 muc tdi da 1a 2N+1, trong d6 N 1a s6 SM trén
mdi nhéanh cua bo bién ddi. So véi cac phuong phap diéu ché
truge d6, phuong phap diéu ché SVM dé xuat trong bai bao
nay duoc thuc hién dua trén viéc lua chon ba vector gan nhit
dé tao ra cac trang thai chuyén ddi téi wu nhdm nang cao
hiéu qua tinh toén. Uu diém cua phuong phap nay khi ap
dung cho MMC la c6 thé 4p dung véi s muac bat ky ma
khong can tra ctru bang trang thai chuyén déi, c6 thé tao ra
nhiéu trang thai du dé phuc vu muc dich can b:‘:mg dién ap tu,
t6i wu hoa qua trinh chuyén mach, nang cao hiéu suit va cai
thién chét lugng song hai cia dién ap, dong dién phia xoay

chiéu. Nhitng két qua nay hoan toan pht hop dé &p dung cho
bo bién @6i MMC véi yéu cau sir dung mot lwong lon cac
Sub-Module (SM) thanh phan dé ing dung chuyén ddi nang
lwong & cac hé thong dién &p cao.

1. Phan mé diu

BBD da muc c6 rat nhidu wu diém ndi bat trong qud trinh
bién d6i dién ning nhu giam dién &p 1am viéc trén cac van
ban dan, hé s6 THD giam dang ké trong céc tng dung dién
&p cao. Trong nhitng nam qua, ¢6 ba cu tric bd bién doi da
mac dién hinh dugc tap trung nghién ctu: BBD cau H noi
tang; BBD diode kep; va BBD tu dién thay dbi [1]. Tuy
nhién nhung BBD nay da boc 1§ nhiéu han ché ca vé ciu tric
mach lyc va thuat toan diéu ché trong céc tng dung trung va
cao thé. BBD MMC duogc dé xuat lan dau vao nam 2000 bai
A. Lesnicar va R. Marquardt va c6 san pham thuong mai
thuc té vao nam 2010 do Siemens phat trién dé &p dung cho
du an dién gi6 [2]. Do c6 nhing wu diém vuot troi nhu: co
tinh module hoa cao dé dap tng bat ky mirc dién ap nao, kha
nang mé rong céng Ssuit va cap dién 4p, giam dién ap lam
viéc 1én cac van ban dan [2], nén BBD MMC da nhan duoc
nhiéu sy quan tdm nghién ctu nhim nang cao va phét huy
hon nira céc loi thé cuaa BBD nay. Hién nay, c4c nghién cau
vé MMC chu yéu ptap trung vao nang cao hiéu suét hoat
dong, cai thién chat lugng song hai, han ché dong dién vong,
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can béng dién 4p tu dién, nang cao tinh 6n dinh khi 1am viéc
[3], [4], [5]. Pé MMC hoat dong on dinh can phai gitr dwoc
dién &p trén cac tu dién can bang, diéu nay ciing gitp giam
thiéu dong dién vong trong BBD, day 1a muc tiéu quan trong
va kho khan trong viéc diéu khién hoat dong cua MMC. bé
thuc hién cac muc tiéu nghién ctru, cac phuong phéap diéu
ché cho MMC luén dugc cap nhat [6]. Trong d6 cic phuong
phap diéu ché tan s thap han ché dugc ton that dién ning
cho BBD, qua trinh thuc hién don gian hon va dac biét phu
hop khi s6 SM caa MMC 16n. Mét s6 phuong phéap diéu ché
d6 rong xung tan sé cao da dugc ap dung cho MMC va duoc
chia thanh hai loai chinh: diéu ché dya trén séng mang
PWM, diéu ché & mac gan nhat NLM. _Phuong phéap NLM
¢6 nhiéu uu diém hon PWM do khong can st dung nhiéu céc
séng mang va tan sé dong cit van & mac thap So véi cac
phuong phap diéu ché noi trén, ky thuat didu ché SVM c6
nhiéu wu diém va c6 thé nang cao dwoc hiéu suat khi ap
dung cho MMC. Tuy nhién, phuong phap SVM da ap dung
¢6 do tinh toan phirc tap, can phai thanh lap bang trang thai
vector dién ap phia dau ra va phai tinh toan sé lwong l6n céc
trang thai chuyén mach. Trong nghién ctru nay phuong phap
SVM tdng quét cho MMC c6 sé mirc bat ky duoc dé xuat dé

khéc phuc cac nhuoc diém cua cac phuong phap SVM trude
d6. Véi nhiém vy diéu khién cho MMC, phuong phap SVM
dugc dé xuat ¢ nhiing wu diém nhu: cd thé tao ra s6 muc
dién &p ti da 1a 2N+1 va ciing tao ra sb trang thai du t6i da
dé can bang dién 4p tu dién va toi wu trang thai chuyén
mach, c6 thé d& dang mé rong cho MMC c6 sé mirc bét ky
v6i kha nang tinh toan hiéu qua va tdi wu. Nguyén Iy cua
phuong phép 1a phat hién ra hinh luc giac hai cap nam trong
hinh luc giac 16n dé chon lya cac tam giéc loai 1 va loai 2, tir
d6 s& didu ché vector dién &p bang cac vector gan nhat trong
tam giac phat hién dugc ma khong can tra bang trang théi lap
san. Véi kha nang c6 thé ap dung cho sé muc bat ky, nén
trong bai bao nay cidu hinh BBD MMC dugc chon ngau
nhién c6 6 SM trén mdi nhanh va cé thé tao ra 13 muc dién
&p xoay chiéu. Thuat toan ciing dugc 4p dung hoan toan
tuong tu khi ting s6 SM trén mdi nhanh. Mic du da giam
dang ké s trang thai tinh toan, khi s6 SM trén mdi nhanh
qua cao thi van gay ra &p luc tinh toan 16n 1én bo diéu khién.

2. So' @6 nguyén ly va phwong trinh toan hoc
mo ta MMC

. inc_ SM
A . | SM, | SM, | SM, s1 H
v* [s™m; [ sM, [sm, - s
ra ' ' ' S2 —-Vd::
MERSYN [ sMy [SMy [—»i :
RO RCI RO __________________________ :
Lo . Lo Lo
THa ¥ 'me ¥ inc 1A °
Vbe Va T V, s
ILa Bl i
LB Ve 7
¥ lic
R, Ro R,
Lo Lo Lo
+ [SMya [ SMya [ SMyat
Via | SMyi2 | SMy+2 | SMy+2
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Hinh 1: So db nguyén 1y mot pha cia MMC

Hinh 1 mé ta so dd nguyén 1y mach dién twong duong cua
MMC. Trong d6 c6 2N cac SM trén mdi pha. Cac SM &
nhanh trén duoc ky hiédu tir SM; 1 dén SM; « (j = A,B,C), cac
SM & nhanh dudi duge ky hiéu tir SM;j n+1 dén SMj on. Phia
moét chiéu BBD MMC duge cip boi mot ngudn duy nhat 1a
Voc v6i dong dién tuong tng 13 ipc. Trong mdi nhanh coa
BBD ton tai cac dong dién nhanh trén va nhanh dudi dugc
ky hiéu la ijH va ijL.

Slo- D1 Slo- D1
' + i +
+°L C = :_VC +°L C — :_VC
Vout  S2 0+ D2 Vout S2 0+ D2
o e,

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

Dong dién dau ra phia xoay chiéu i; dugc lay ra ¢ diém giita
cia cudn cam L, cua nhanh trén va nhanh duéi trong mdi
pha. Cudn cam nay c6 tac dung han ché cac qua do lam viéc
ctia MMC. Cac tén hao trong mdi nhanh ciia BBD dugc mo

ta boi dién tro Ro. BBD MMC hoat dong dua trén nguyén téc
cong don dién ap Vsm cliia cac SM d¢€ tao ra dién ap xoay
chiéu & moi pha.

Slo- D1 S1o- D1
+
o c=ve ot c=ve
Vour S2 o+ D2 Vour S2 0O~ D2
© e

Hinh 3: 1Trang thai bo qua (bypass) cia SM

Dbi véi mdi SM, dién ap dau ra s& gin lién véi mét trong hai
trang thai nguoc nhau dugc dinh nghia la chen vao (inserted)
hodc b qua (bypass) dua trén trang thai dong cit cua tung
cap van cd ké dén chiéu cua dong dién chay trong mach nhu
céc Hinh 2 va 3. B6i véi MMC, dién 4p dugc phan phdi trén
céc tu cia mdi SM trong tat ca cac nhanh van & mdi pha.
Néu téng dién ap ciia cac SM dugc chén vao trén moi nhanh
1a khac nhau, dong dién s& duogc sinh ra tir sy mat can bang
dién &p trén céc tu dién. Néu dong tic thoi tir diém két ndi
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AC chay vao trong BBD va chia vao cac nhanh trén va
nhanh dudi vé phia DC, thi céc tu dién cia SM duoc chén
thudc nhanh trén s€ ¢ trang thai xa, thudéc nhanh duédi s& ¢
trang thai nap. Néu chiéu dong dién AC c6 hudng nguoc lai,
trang thai xa va nap s& lan luot tng véi cac tu thuoc nhénh
duéi va nhéanh trén. Vi sy 1éch pha gitra 3 dong dién phia AC
nén trang thai xa va nap cua cac tu trén ting pha dugc thay
dbi lién tuc tir pha nay sang pha khac. Vi tong sé SM duoc
chén vao trong mot nhanh 1 khong doi nén téng dién &p trén
mot nhanh trong mot chu ky 1a dai lugng dao dong cing tan
s6 véi phia xoay chiéu. Tuy nhién, dai luong nay dao dong
khong ddng bo ¢ cac nhanh cia BBD, tao thanh sy mat can
bang dién ap giira cac dién ap chén vao ¢ timg nhanh gay ra
Xuat hién dong dién chay trong cac nhanh ciia MMC va dugc
goi la dong dién vong iv. Dong dién iy khdng gay ra hiéu tng
d6i bén ngoai MMC ¢ ca hai phia AC va DC. Tuy nhién,
dong dién vong la nguyén nhan gay ra ton that cia MMC
[71, [8]. Pién cam trén mdi nhanh c6 vai tro lam giam anh
huéng cua dong dién vong [8]. Néu gié tri dién cam cua ting
nhanh L, 16n thi bién d6 dong dién vong s€ nho. Tuy nhién
khi gia tri Lo I6n, thoi gian dap ung cua hé thong ting 1én,
BBD sé& khong thé thay d6i nhanh chong dwoc gi tri dong
nén tinh toan chon gia tri dién cam can phu hop véi dap ung
cua hé théng [10]. Ap dung dinh luat Kirchhoff cho Hinh 1
nhan dugc phuong trinh (1) nhu sau:

di, 1

Vie ==V, — L, —+2V
AC H 0 dt 2 DC

di 1
V,.=V, +L —L—_2V 1
AC L 0 dt 2 DC ()
=i —i,

Tir phuong trinh (1) ¢6 thé nhan duoc dién p ra vac bing
cach cong hai phuong trinh dau cho nhau nhu sau:

1 di
Vac :E(VL _VH)+%E (2)

Do d6 sirc dién dong xoay chiéu caa MMC ¢ thé tinh dugc tir

phuong trinh (3) nhu sau:
1
Vace = E(VL —Vy ) @)

Néu ky hiéu ky, ki 12 s6 SM & nhanh trén va nhanh dudi
dugc chén vao thi dién ap twong tng dugc viét nhu ¢ phuon
trinh (4):

v, =k, Ve, v =k, 4)
Trong d6, Ve = Vpc/N 1a dién 4p bac thang trén mai tu cua
SM véi gia thiét rang dién &p trén mdi tu déu bang nhau. S6
mirc dién ap cia mdi nhanh trén va mdi nhanh dudi 1a N+1.
Tir (3) va (4) bac thang dién ap dau ra s& c6 muc la:

1 1V
V,, =2V, = -bc 5
Ce 2 C 2 N ()
Dién ap dau ra co dang:

1
Vi :(kL_kH )Evc :kMVCe; kM :kL_kH (6)

Dé tao ra muc dién &p kv, cAC muc twong (ng cua ku, ki
duoc tinh theo (7) nhu sau:

N+1+k N+1-k
kL:[ 2 MJ;k”:[ 2 J "

Dién ap Vpc duoc tinh tir phuong trinh (1) va duoc biéu dién
nhu & phuong trinh (8) nhu sau:
d(i, +i
VDCZVL+VH+L0(L—H) 8)
dt
o+
Goi i, ="

la dong dién vong, cac dong dién i va i
duoc tinh nhu sau:
i =i,-i/2
Phuong trinh (8) tré thanh:
Lo % _ (VDC —VL—Vy )
dt 2
Thanh phan Vg, ,, = (Voe =V, =V, )/ 2 goi 1a dién ap chénh

iy, =i, +i/2 9)
= Vi (10)

léch, chinh 1a thanh phan tao nén dong dién iv. Trong ché do
xac lap dong dién iy bao gom mot thanh phan mot chieu I, va
cac thanh phan séng hai bac cao Iy nhu (11).

o0
iy =1+ Ly
h=1

Thanh phan DC |,j xac dinh cong suat ma ngudn mot chiéu
trao doi véi tai, con cac thanh phan séng hai Iy xac dinh boi
chénh léch gi tri tirc thoi cua dién &p tong trén nhéanh trén
va nhanh dudi v + Vi S0 Véi Vpc. Phuong trinh thay ddi dién
ap nhanh trén va nhanh dudi thé hién nhu (12).

(11)

dv,, dv, .
C®y S (12)
ky; dt k, dt
Thay (9) vao (12) nhan dwoc phuong trinh sau:
Cdy b cdy 13)
ky dt “ 27 k, d Y 2

Hj L

3. Piéu ché SVM cho MMC cé s6 mirc bat ky

Qua trinh diéu ché SVM cho MMC c¢6 thé thuc hién duge
béng cach diéu chinh dién ap ra trén tai con dugc goi la dién
ap diéu ché. Dé tao ra dién ap didu ché trudc hét phai xac
dinh khong gian céc trang thai hoat dong cua vector dién ap
trong hé toa do abc. Khi MMC cé s6 SM hoat dong trong
mdi pha 1a N thi sé6 mic MMC s& 1a M = 2N +1 va vector
dién ap dat cia MMC duoc téng hop tir cac toa do cua
khong gian vector va dugc thé hién theo cong thirc (14).

2
V:§(VA+a-vB+a2-vc) (14)
Va =K, Vpe 2 4z
Trong d6: {Vy =kyV,.; a=e 3;a’=e ?
Ve =Ke Ve
Voi KA,KB,KCe{—M—_l,...,—l,O,l,...,M—_l}
2 2
Biéu dién vector dién &p trén mat phang a/:
V=v, +jv, (15)

1
V,=—

i \/§(VB -Ve)

Trong do: v, =V, ;

Biéu dién vector dién ap trong hé toa do gh nhan duoc hé
phuong trinh nhu ¢ (16):
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V. =V +1v V. =v -y
o = Vg T oV s VaT TS5V
27 hay 3 (16)
\Y =£V V, ziV
s =" NN
M&i quan hé gitra cac hé toa do duoc thé hién bai (17):
v, =V, -~y =VA—£(VB—VC)=E(VA—VB)
g a \/g B 3 3 (17)
2 2
v, _ﬁvﬂ _g(vB -Ve)
Tir (17) thay rang:

Va—Vg :VDC(kA_kB); Vg Ve :VDC (kB _kc)

2

, 2
Do dé: Vg = EVDC (kA —kB); Vi = gVDC (kB _kC) (18)

Néu Iay 2/3vpc 1a do dai co s& cia Cac vector trang théi Ka,
ks, ke la cac s6 nguyén thi toa d6 cua cac vector
[kg,kh]:[(kA ke )] la cac s6 nguyén. Khi do toa
do dinh céc vector sé tao nén cac tam gidc déu co canh la 1
nhu Hinh 4. Moi vector ¢6 thé tng vé6i cac trang thai mac
khac nhau, goi la cac trang thai du. Ung véi moi vector trang
théi s6 t6 hop cac muc trang thai nhu (19).
k k
(19)

k AN
{kﬂ@ Kew |=| K=k,

0,-1,1) 111

Hinh 4: Trang thai dong cét trong khong gian vector bd bién dbi da mirc [4]

O g6c phan sau thw nhat, nhitng vector nam trén dudng luc
giac ngoai cung cé kg + kn =M -1, chi cd mot gid tri phu
hop la k = (M-1)/2. O lyc giéc tiép theo bén trong kg + kn =
M - 2, k ¢6 hai gia tri: (M-1)/2-1 va (M-1)/2, nghia 1a mdi
vector ¢6 hai trang thai du. Ctr nhu vay dén vector khong k
s& ¢6 M gia tri, tir -(M-1)/2 dén (M-1)/2, nhu vay vector
khong s& ¢ M trang thai du. Tir dy c6 thé tinh toan dwoc tat
ca cac to hop vector trang thai trong khong gian vector.

3.1. Xac dinh h¢ s6 diéu ché tir ba vector gan nhét

Pa(kykntl)  pa(kytlktl)

,"""v‘mg
pulkgky  PelketLi)

g

>
»
)

Hinh 5: Téng hop vector dién ap ra tir ba vector dinh ctia tam giac

Phuong phap NVM s& tao ra vector dau ra mong mudn nam
trong mot tam giac bat ky duoc tong hop tir ba vector 1a dinh
cuia cua tam giac nay, cd thé dam bao thanh phan song hai
t6t nhat cho dang song dién ap ra. Cac tam giac con déu co
dang thudc vé mét hinh thoi déu, c6 cac canh song song voi
truc gh, dinh la cac vector trang thai p1, p2, ps, ps, nhu thé
hién trén Hinh 5.

Vector dién &p ra mong muén ciing duoc quy chuén theo do
dai véi 2/3Vie va dugc bién doi tuyén tinh sang hé truc toa
d6 gh theo phuong trinh (20).

1
b, ikl @

Trong d6 M, 1a ma tran bién ddi. Goi mg, my 1a cac phan
thap phan ngoai phan nguyén cua c4c toa do Vrg, Vin tuong
ung nhu phuong trinh (21).

7LVrg J:Vrg —k,

My = Vg
My = Vi — Uvrh H =V, —k,

J,kh =| Vn| | chi sé nguyén nho nhét cua

(21)

Trong d6 k, = LV

Céc gia tri tuyét d6i twong tng. Hinh 5 cho thay hai tam giéc
chira vector Vi, V2 déu c6 chung toa do nguyén [kg, kn]. CO
thé thay rang duong thang m, +m, =1 chia hinh thoi trén

rg

Hinh 5 ra lam hai tam giac, trong d6 vector V1 thudc mién
m, +m, <1 va vector V2 thudoc mién m, +m, >1. V1 dugc

t6ng hop tir 3 vector p1, pz, ps nhu phuong trinh (22).
Vi =p,+mg (P, ;) +m, (s —Py)

(22)
= (1_ m, —m, )p1 +Myp, +m,p,
V2 duoc téng hop tir 3 vector pz, ps, ps nhu (23):
Vz:p4+(1_mg)(p3_p4)+(1_mh)(pz_pzx) (23)

=(m, +m, ~1)p, +(1-m, )p, +(1-m,)p,
Vi céc hé sb tng vai cac vector déu duong va ¢ tong bang 1
nén day sé 1a cac hé s cho qua trinh diéu ché. Phuong trinh
(22), (23) ciing cho thdy viéc tinh toan cac hé sb diéu ché rat
don gian, thdng qua viéc tinh toan Vg, vm, tinh cac phan
nguyén kg, kn va cac phan Ié mg, my qua phuong trinh (21).

3.2. Xac dinh vi tri cia vecto v trong sector 16N

Hinh 6: Ba hé toa d6 khong vudng goc tao nén cac goc phan séu (cac sector)

Khi phat trién s6 mic M bét ky caa MMC thi s6 lugng cac
tam giac con trén mat phang vector sé tang 1én nhanh chéng.
Viéc tinh toén sé& tré nén don gian hon néu st dung tinh aoi
xung cua hé théng vector khong gian trong mdi goc phan
sau. Thé hién trén mat phing vector ba hé toa do géc phan
say (le, Zly) (ZzX, Zzy) (st, Zay) nhu trén Hinh 6. Trudc

hét ta s€ can xac dinh hinh chiéu cua vector dién &p ra mong
7 T . . «a N Z A z
muon Vv, —[v V,ﬂj Ién hai vector bién cua goc phan sau

ra’

bang phép chiéu cac toa do a, B 1én hé toa do tuong tng Z1,
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Z2, Z3. Didu nay c6 thé thuc hién vai cac ma tran bién di hé Kuy k—k,
toa M1, My, Ms nhu phuong trinh (24). Ko g
. ] ) ook |= k (32)
1 - 1 = 0 = 2y
M. = \/§ S M. = «/5 S M. = «/5 (24) kCN k_ka_k2y
1= 1 2 1 3
0 2 4 L RS e Xac dinh céc vector trang thai ¢ sector 111
oc phan sau thu I, hé toa dd la Zs, tu nhan duoc
V3 V3 V3 Goc phan séu thir 111, hé toa do 1a Zs, tir (25) nhan d

Thong qua mot bién trung gian t =V /3, cac thanh
phan con lai c6 thé dugc xac dinh ngay nhu sau:
{le =V, o {sz =4ty {Zax =1,
4, = 2tmp , Zyy =—1 , L3y ==Ly

Sau khi xac dinh dugc céc toa dd zj, thuat toan xac dinh sec-
tor thé hién nhu trén Hinh 7.

(29)

Toa do [g,h]

Sector 111 Sector VI

Hinh 7: Thuét toan xac dinh sector 16n
3.3. Xac dinh céc vector trang thai trong cac sector

e Xac dinh cac vector trang thai ¢ sector |
Géc phan sau tha I, hé toa d6 la Z1, tir (18) nhan duoc

phuong trinh (26) nhu sau:
2
2y =Vy = §VDC (kA _kB)
5 (26)
2y =V, = gVDC (kB _kc)
Ky, k,—k
Khi do: { ' }z{( A B)} (27)
kly (kB - kc )

Néu lay toa d6 ka = k thi tir (27) s& thu duoc trén hé toa do
abc toa d6 vector trang thai sé la:
Ky k

Ko ke |=| k—k
k | Ky | = — Mx
Y kCN k- klx - kl

Sao cho:

(28)

y

—Mz_lsk,k—klx,k—klx—kly s% (29)

e Xac ginh cac vector trang thai ¢ sector 11
GOc phan sau tha 11, hé toa do la Z, tir (25) nhan dugc

phuong trinh (30) nhu sau:
2
Ly =Lyt = §VDC (kA - kB)
30
) (30)
Ly == = gvoc (kB _kA)
k k, -k
Khi do: { 2*} = {( Ao )} (31)
ka (ka - kA)

Chon ks = k thoa mam diéu kién (29), cac toa do con lai
trong sector II dugc xac dinh nhu (32).

phuong trinh (33) nhu sau:
2
Iy =2, = §(VB _Vc)
(33)
Ly, =1y = g(vc _VA)
Khi d6: {k“} = {(k‘* B )} (34)
k3y (kc - kA)

Chon toa do ke = k thoéa mam diéu khién (29), cac toa do con
lai trong sector II dugc xac dinh nhu (35).
Kan k—ky, =K,

k
M@ o |=| K (35)
3y kCN k- k3x
e Xac dinh cac vector trang thai ¢ sector 1V, V, VI
Sector 1V doi xang vai sector | nén:
Kyy ke, —k
|: 4 :|=|:( : A):| (36)
k4y (kc - kB)
k kAN k- k4y - k4x
Vi vay: {kj} &l ke [=| K-k, (37)
Y Ken k
Sector V ddi xing véi sector 11 nén:
k., k. —k
|: 5 :|={( C A)} (38)
k5y (kA - kB)
K kAN k- k5x
Vi vay: {kz} S | Key | =] k—ks, —ks, (39)
Y Ken k
Sector VI déi xung vai sector 111 nén:
Ke, k. —k
|: 6 :|:|:( C B)i| (40)
kGy (kA - kc )
K Ky k
Vi vay: {kex} & [ Ky |=| k—kg, —Key (41)
6
Y Ken k —Kg,

3.4. Trat ty toi wu vé s6 14n chuyén mach

Khi diéu ché vector khong gian cho nghich luu hai mic,
phuong phéap diéu ché tam giac d6i xing chi sir dung hai
vector bién va vector khdng, sao cho thoi gian dung vector
khong duoc chia déu 1am hai phan, & dau va cudi mdi nira
chu ky diéu ché, & nira con lai thi tu thuc hién vector s&
nguoc lai s& t6i wu vé thanh phan séng hai trén dién ap ra
[7]. Phép diéu ché nay goi 1a SVM véi céc vector tich cuc
dat & gitra mdi ntra chu ky diéu ché. Phuong phap nay tuong
duong voi SPWM biang cach chém vao thanh phan thi ty
khong nhu sau [8]:

maX(V 'Vb,ref 'Vc,ref ) + min(va,ref 'Vb,ref 'Vc,ref )

VOff — a,ref 5 (42)
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Tropg dé Va,ref, Vayref, \{a’ref lé CéC 111‘0ng dét hinh Sln mong
muon, Vo la thanh phén‘ thu tw khong duoc cong Vao cac
lugng dat. Cac tin hiéu diéu ché sé c6 dang:

V' =V,

k, ref off ' k a, b C. (43)

k,ref

— =
to/4 to/4 | to/4 to/4

/2 /2 /2 /2
1

o

©/2 /2 ©/2 ©/2

Hinh 8: Tin hiéu dau ra PWM va céc thdi gian sir dung vector tich cuc va
vector khéng

Tin hiéu ¢ dau ra PWM qua khau so sénh véi dién ap ring
cua trong mot chu ky diéu ché cho trén hinh 8. Viéc cong
thém vao thanh phan thir ty khong nhu (43) chinh 1a dé muc
tin hiéu xac dinh vector khong & dau chu ky diéu ché. Tuy
nhién ¢ nghich Iuu da mic s€ khong thé luén cd vector
khong dé sip xép céc tin hiéu nhu trén Hinh 8. Thay vao do
neu st dung phuong phap diéu ché bang ba vector gan nhét
trong mdi ntra chu ky didu ché mot vector s& duoc sir dung
nhu vector khong, nghia 1a thoi gian dung vector nay chia la
hai nira bang nhau, chia déu cho du nira chu ky Ts va cubi
nira chu ky Ts. D& &p dung tuong ty nhu nghich luu hai muc
cho so dd nhiéu murc ¢é thé hinh dung vector khdng gian cua
nghich luu da mic ciing gdm nhiéu luc giac nho nhu cua so
dd hai muc va vector & tdm cua luc giac nho nay c6 vai tro
nhu vector khong. Xét cu thé khi vector dién &p chuyén tur
tam giac s6 2 sang tam giac s6 3 nhu H|nh 9.

Hinh 9: Trat tu chuyén mach t8i wu cho nghich luu ba pha 3 mirc

Vi du tam giac s6 2 va s6 3 trén do thj vector hinh 9 thugc vé
luc giac nho co6 tm 1a vector V1, tam giac s6 4 thugc vé luc
giac c6 tam la vector V2.

Bang 1: Trat ty chuyén mach cua vector dién ap

Tam giac Trat tu chuyén mach téi 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)

Bang chuyén mach cho nhém céc tam gi4c trén thé hién
trong bang 1. Néu vector dién ap dau ra di chuyén qua cac
tam gi4c 2-3-4 thi trat tu chuyén mach 1a thyuc sy ti wu, tir
tam giac 2 sang tam giac 3 vector déu bat dau va két thic
bang vector V1 (0,-1,-1) nén khdng phat sinh thém chuyén
mach. Khi chuyén tir tam giac 3 sang 4 phai chuyén tur
V1(0,-1,-1) sang vector bat dau la V2(0,0,-1) chi phét sinh
thém maot chuyén mach ¢ pha B (tir -1 vé 0). Ap dung cho
nghich luu da mic nhiéu bac hon, tat ca cac nhom tam giac
c6 dang giéng nhu 1, 2, 3, 4 trong Bang 1 va trén Hinh 9 s&
c6 trat tu chuyén mach gidng nhau.

3.5. Thir ty chuyén mach t6i wu va diéu ché bing ba vec-
tor gan nhat

Phan nay trinh bay phuong phap NVM véi kha ning tur Xac
dinh cac vector can thiét chi tir toa d6 nguyén [k, ki]. Phuong
phép nay c6 thé ap dung cho cac so d6 ¢ sé mirc khdng han
ché. Xét truong hop cac vector dién ap ra mong mudn c6
cung toa do nguyeén [k, ks], nhu V1, V2 trén Hinh 4.

Bang 2: Thir tu chuyén mach khi V thudc tam giéc 1

P1 P2 P3 P+
[Kg, kn] [Kg, Kn] [kg+1, kn] [Kg, knt+1] [Kg, Kn]
Ka K k+1 k+1 k+1
ks K-Kg Kk-kg K-kg+1 K-kg+1
ke K-Kg-kn K-Kg-kn Kk-Kg=kn K-Kg-kn+1
D di= da=mg dz=mn da=
(1-mg-mn)/2 (1-mg-mn)/2
Bing 3: Thir tu chuyén mach khi V thudc tam giéc 2
P1 P2 P3 P+
[kg, kn] [kg+1, kn] [kg, kn+1] [ko+1, kn+1] [Kg+1, kn]
Ka k+1 k+1 k+2 k+2
ks K-Kg Kk-kg+1 k-kg+1 k-kg+1
ke K-Kg-kn k-Kg-kn k-Kg-kn k-Kg-kn+1
D di= d2=1-mq ds= mg +mn-1 da=
(1-mn)/2 (1-mn)/2

Trong gdc phan sau thir nhat, ¢ thé thiy rang khi vector
dién &p ra nam trong tam giac véi dinh 1a ba vector Py, Py, Ps
thi tha ty chuyén mach t6i wu s& 12 P1-Po-P3-Pys, trong do6
vector Py ¢ dau chu ky diéu ché co toa dd (k,.ks,k,) thi cudi
nira chu ky diéu ché phai c6 toa do (k,+1k,+Lk. +1), KY
hiéu 1a Pi+. Didu nay luén c6 thé thuc hién dwoc néu Py
khéng nam & hinh luc giac 16n nhat ngoai cung cua khong
gian vector, nghia 1a P; ¢ céc trang thai khoa du. Véi vector
V. thir tw chuyén mach t6i wu s& 12 P2-Ps-Ps-P2+. Qua trinh
nay dugc thé hién chi tiét trong Bang 2 va Bang 3.

4. Két qua mé phong

Trong phan nay, tic gia s& trinh bay cac két qua mo phong
khi thuc hién diéu ché SVM cho BBD MMC gom 12 SM
trén mdi pha. Cac thong s6 mo phong duoc trinh bay & Bang
4,

Bing 4: Thong s6 MMC duing dé mé phong

1T Théng sé Ky hiéu Gia tri
1 Pién 4p ngudn mot chiéu Voe 6000V
2 Dién &p tu dién Vc 1000V
3 Dién cam nhanh L, 5mH
4 bién dung tu dién SM Csm 3000pF
5 S6 lwong SM mdi pha 2N 12
6 | Tans f 50 Hz
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Hinh 10 va Hinh 11 la két qua dién ap pha va dong dién cac
pha A, B, C cua BBD MMC khi ap dung SVM Véi viéc lua
chon vector dién &p gan nhat. Hinh anh cho thay dong dién,
dién ap khi chua qua b loc cho cac két qua dang sin chuan
dat dugc ngay & chu ky dau tién va khong c6 qua do xay ra
trong su6t qué trinh mé phong.

o

Dign4p (V)

w
=}
<]
o

0.05
Thai gian (s)

Hinh 10: Bién ap pha & phia AC ctia b bién déi MMC
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Hinh 11: Dong dién & phia AC ciia bd bién d6i MMC
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Thuc hién danh gia tong d6 méo séng hai THD cho dién &p
va dong dién nhu Hinh 12 va Hinh 13, két qua cho thay chi
s6 THD cua dong dién va dién ap 1a rat nho. Cu thé chi sé
THD cua dién 4p diu ra MMC trong khoang thoi gian 0,02s
dén 0,08s 1a 1,85%, chi s6 THD cua dong dién trén tai la
1,01%. Céc két qua nay da chimg minh duoc qua trinh ti vu
chuyén mach caa phuong phap da dugc dam bao dung véi
muc tiéu dit ra va luon dam bao chat lwong hoat dong cua
BBD khi 4p dung thuat toan diéu ché SVM da dé xuit. Dya
trén viéc so sanh chi s THD vé dién &p, dong dién cua cac
phuong phap PWM khi 4p dung cho BBD MMC ¢6 s6 mirc
tuong (g trong tai liéu [11], c6 thé thdy rang chi sé THD
cuia phuong phap dugc dé xuat trong bai bao nay ludn co gia
tri thap hon. Cu thé duoc thé hién nhu trong Bang 5.

Bang 5: So sanh THD cua dién &p gitra cac phuong phéap diéu ché

Chi s6 THD cho dién 4p
8,25%
17,2%
9,7%
17,6%

Phwong phap diéu ché
PSC-PWM
NLC
NLC+PWM
NLC+CRC

Hinh 14 1a két qua cac bac dién ap nhanh trén va nhanh dudi
pha A ciia MMC c6 6 SM trén mdi nhanh, két qua thu dugc
bay muc dién 4p. Hinh 15 va Hinh 16 1a dién &p tu dién cua
SM cua nhanh trén va nhanh dudi trén pha A. Quan sat gia
tri dién &p tu dién cac SM nhanh trén va dudi pha A cho thiy
réng dién ap tu dién BB MMC lu6n dao déng quanh vi tri
can bang la 1000V, gia tri dao dong cuc dai cua dién 4p tu
khi dat vi trf can bang la 25V, tic 13 2,5%.

Hinh 17 1a gié tri cia dong dién vong chdy trong mach pha
A cia MMC. Gia tri cia dong dién vong dao dong trong
khoang 10A dén 70A khi BBD da hoat dong 6n dinh. Gia tri
nay dugc danh gia 1a van duy tri & mirc cao. Do d6 can mot
phuong phép diéu khién phii hop dé giam thiéu gi tri nay &
murc thap.
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5. Kétluan

Bai bao da thuc hién quy luat phuong phap diéu ché vector
khéng gian cho BBD da mitc MMC c6 s6 muc bat ky. Quy
luat diéu ché duge thuc hién b@'mg cach lya chon vector dién
4p nam trong mot tam giac bat ky ciia khong gian vector. Tir
d6 tinh chon duogc toa do nguyén trong cac sector cia h¢ toa
d6 gh, qua d6 xac dinh dugc quy ludt chuyén mach dam bao
t6i wu thanh phan séng hai cua tin hiéu dau ra, dic biét
phuong phap da giam thiéu dugc viéc tinh toan diéu ché cho
BBD MMC, day la cong viéc quan trong gop phan ning cao
hiéu sudt va chat luong hoat dong cho MMC. Bai bao da
thuc hién mé phong cho BBD MMC gdém 12 SM trén mdi
pha ap dung quy luat néu trén da chung minh ding nguyén
ly cua phuwong phép dé xuat va cho ra 2N+1 muc dién ép,
giam thiéu duoc qué trinh dao dong dién ap trén cac tuy.
Phuong phap SVM dé xuét van ton tai nhuge diém do la
chua giam thiéu dugc gia tri ciia dong dién vong, vi vy can
¢6 két hop cac phuong phép khac dé khic phuc dugc nhugce
diém nay.
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