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KHAI QUAT HOA PHU'Q'NG PHAP DIEU C!-IE'VECTOR
KHONG GIAN CHO BIEN TAN DA MUC CAU TRUC CAU H

NOI TANG

AGENERALIZED SPACE VECTOR MODULATION FOR CASCADED H-BRDGE MULTI-LEVEL INVERTER

TOM TAT

Hién nay, ky thuat diéu ché SVM da dugc ting dung phd bién trong cic bo
bién ddi nghich luu da mic do tan dung dién ap DC t6t hon (khi so sanh véi
SPWM), song hai thap han, cung cdp nhiéu hen s6 lugng vector (so véi nghich
[y hai mc thong thugng), tlr do cai thién hon nita chat lugng bo nghich luu DC-
AC. Tuy nhién, khi so mic cla bd nghich luu tang 1én,viéc st dung phuong phap
diéu ché SVYM sé gap nhiéu khd khan. Khoi luong tinh todn, do phiic tap ctia thuat
toan SVM trong viéc cd dugc thit tu déng cat cac vector thich hap, dan dén kho
khan trong md phdng va thuc nghiém. Bai bdo dua ra thuat toan diéu ché SYM
t6ng quat cho mdt mac bét ky ddi véi bo nghich luu da mic cdu H (CHB) véi muc
dich lam don gian héa ky thuat diéu ché SVM va giam khoi lugng tinh toan, tang
kha ndng (ng dung clia cdu tric CHB trong thuc té. Thudt toan da dugc mo
phong trén phan mém Matlab - Simulink va thuc nghiém véi cu tric CHB 11
miic sk dung thiét bi diéu khién FPGA da cho thdy tinh diing dén cda thuat todn.

Tir khéa: Nghich luu da mic (MLI); diéu ché vector khong gian (SYM); khdi
qudt héa diéu ché SVM; cdu triic cdu H ndi tdng (CHB); FPGA.

ABSTRACT

Nowadays, Space Vector Modulation (SVM) technique is widely used in multi-
level converters with a variety of advantages: better utilization of DC bus in
comparison with Sin PWM and the lower harmonics, providing more space vectors
than the conventional two-level inverter. Consequently, we can enhance the quality
of multi-level converters.However, as the number of required converter levels rise,
the complexity and computation volume in the determination of optimized
switching sequence will increase. As a result, we have some difficulties in
implementing simulations and experiments. The paper provides a general SYM
technique which generates any level with cascaded H-bridge (CHB) structure so as to
not only simplify SVM techniques and reduce calculation volume but also create
favorable conditions to apply more widely this structure in industries. The proposed
method has been simulated in Matlab software and experimented with the 11-level
(HB structure based on FPGA platform, indicating the accuracy of the given method.

Keywords: Multilevel Converter; Space Vector Modulation (SVM); A
Generalized Space Vector Modulation for; Cascade H-Bridge; FPGA.
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1.GIGI THIEU

Bién tan da cap da dugc st dung rong rai trong cac ting
dung céng nghiép vaéi dai dién ap cao, cong suat I6n (vi dy,
hé théng bom nha méy nudc va quat gié nha may xi mang)
nhd cac uu diém cda ching so véi bién tan hai cip, nhu
dang séng dau ra budc cé d6 méo séng hai thap hon, giam
dién ap dat lén cac linh kién ban dan cong suat, toc do thay
déi dién ap tuic thoi thap hon dv/dt. Hién nay, bién tan da
muc c6 cac dang cdu truc co ban: Cau trac diot kep (NPQ)
[1], tu dién bay (FC) [2, 3], cau H n&i tang (CHB) [4, 5], va bd
chuyén déi da cap mé-dun (MMC) [6 - 111.

Phuong phap diéu ché vector khong gian SVM cé
nhing uu diém & kha nang linh hoat hon nhiéu so véi PWM
dya trén séng mang. SVM cé khad nang tao ra quy dao
vector mong mudn c6 dang bat ky nha lua chon cac vector
trang thai va cac thai gian phu hgp trong mét chu ky diéu
ché. Nh& cac vector trang thai du cac thuat toan can bang
dién 4p DC gilta cac pha va gilta cac tu DC trén cung mot
pha ciing c6 thé xay dung dugc mot cach thuan lgi. Yéu
cau tinh toan cao dudc coi 1a nhugc diém chinh ctia SVM,
nhat la khi s6 lugng vector trang théi tang Ién nhanh theo
s& muc [12]:

M-1
=146 i (1)

i=1

vectors

Cac tinh toan ly thuyét vé cac chi sé danh gia chat lugng
qua trinh diéu ché SVM cho nghich luu da muc da dugc
trinh bay hé théng trong [12]0. Nhiéu thuét toan dugc trinh
bay vé t8i uu héa qua trinh chuyén mach cho khoa ban dan
va téi uu vé thanh phan séng hai dang dién ap ra [13-16]
cht yéu cho nghich luu ba muc. Kha nang linh hoat cla
SVM trong dam bao gidm thiéu dnh hudng clia common
mode trong cac hé bién tan dung nghich luu da mic dugc
dé cap trong [14, 17, 18]. VGi nhiing (ng dung tiém nang
cla nghich luu cdu H néi tang, nhat la trong két néi cac
ngudn phat phan tan tu pin nhién liéu (fuel cells) hay pin
mat trdi (Photovotaic - PV), nhiing nguén phat DC ban chat
da cach ly, thi SVM c6 thé mang lai nhimng lgi ich tich cuc
nhao tinh linh hoat ctia né.
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Viéc thuc hién cac chuong trinh SVPWM cho bién tan
nhiéu muc yéu cau tinh toan phtc tap hoac yéu cau bang
tra cu uy tin hoac tinh toadn lap thdi gian. Thuat todn
SVPWM dé xuat trong [20] d€ tinh thdi gian & va chuyén
déi trang thai dua trén hé toa d6 60°. Tuy nhién, chuyén déi
gilia hé toa do 60° va hé toa dé géc Cartesian trong [20]
yéu cau phuc tap tinh todn ham lugng giac. Thuat toan
SVPWM dé xuéat trong [21], trong dé tinh toén lap lai ton
thoi gian dé€ xac dinh moét tap hop cac hinh luc giac 16ng
nhau, chuyén ddi can thiét dé tinh toan vector con lai va
trang thai chuyén mach. Thdi gian tinh toan clia cac phép
tinh 13p tdng déang ké khi s6 cdp ting. Do dé, lugc d6
SVPWM &6 khéng phu hgp véi thai gian thuc thuc hién cho
bién tan cdp cao. Trong [22] trinh bay mét phuong phap dé
nhanh chong tinh toan cac chu ky nhiém vu cho bién tan
nhiéu mdc. Tuy nhién, st dung bang tra clu dé xac dinh
trinh tu chuyén déi. Kich thudc ca bang tra ctiu tang lén
khi s6 muc nghich luu tang Ién. Hon nira, phuong phap xac
dinh trang thai chuyén déi rat khé dé khai quat hda cho
phuong phép diéu ché.

2. XAY DUNG THUAT TOAN DPIEU CHE VECTOR KHONG
GIAN CHO NGHICH LUU PA CAP CAU H NOI TANG

2.1. Cau truc nghich luu da miic cau tric cau H néi tang
va hé toa do

Nghich luu da muc cau tric cau H ndi tang dugc xay
dung bang cac cau H don mac néi tiép & mbi pha, ngudn
DC cdp cho méi cau H don nay la doc 1ap nhau thé hién nhu
hinh 1.

V5,

Il / / \
/ \ /
/ 111 1 Vie 7 111 1 \ Vj,,.(/ 111 1 \\

\

\ 7 >

\ IV vi,’/ \\ v vi/ \ v v/
NS VN, \/ V\7 \ \Y /

Hinh 2. Ba hé toa dd khdng vudng géc tao nén cac goc phan sau (cac sector)
S8 muc dugc xac dinh nhu biéu thuc (2):

M=2H+1 (2)
Trong d6:

M: s6 muc; H: s6 cau H don mac néi ti€p trén moét pha.
Hé théng dién ap ba pha c6 thé dugc biéu dién bai
vector dién ap:

- 2 . N «

V= g(UAz +au,, +a’ug,) 3)
Biéu dién vector dién ap trén hé toa d6 0ap:

V=V, +]jv, 4)
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Trong do:
V, =V,

: (5)

Vg = ﬁ(vs - V[)

V6i so d6 da muc sé lugng cac tam giac con trén mat
phdng vector sé tang Ién nhanh chéng khi s6 mic N tang
[én. Viéc tinh todn sé trd nén don gidn hon néu st dung
tinh d6i xting cla hé thong vector khéng gian trong moi
goc phan sau. Thé hién trén mat phéng vector ba hé toa d6
géc phan sau (Z,,, Z,), (Z,, Z,,), (Z3, Z5,), nhu trén hinh 2,
trong d6 (Z,,, Z;,) da sir dung & trén nhu hé toa d6 Ogh, sé
giup phan biét dugc ngay cac goc phansau 1, 2,..., 6. Trudc
hét ta sé can xac dinh hinh chi€u cla vector dién ap ra

mong muén v, :[vm,vrﬁ]T lén hai vector bién cla goéc
phan sau bang phép chiéu cac toa dé o, B 1én hé toa do
tuang Ung Z,, Z,, Z. Bi€u nay c6 thé thuc hién véi cac ma
tran bién déi hé toa M,, M,, M, nhu sau:

b L 0o 2
M, = \/3 s M, = \/5 s My = \/5 (©)
0 2 4 L 4 L
\3 3 3
z,_ =V —LV Z, =V +LV
’ Ix « \/g /i‘ 2x « \/g B
i 2 ' 1
Zly =$vﬂ ZZy v, +$Vﬂ
Zyy =2V
R ”
1
Z3y = —Va _f‘}ﬂ

2.2, Xac dinh tam giac diéu ché

Biéu dé vector khong gian ¢ thé dugc chia thanh sau
cung, nhu trong hinh 1. Géc cila mdi cung la A/3, bat dau tu
truc A. Chiéu dai cia méi canh cGla mot tam giac nhé trong
so dé dugc gia dinh la thdng nhat. DGi véi bat ky vector
tham chi€u nao c6 3 truc toa dé nhu trén, sé nganh S (S=1,
2, -, 6) c6 thé dugc xac dinh béng bang 1.

Bang 1. Xac dinh sector diéu ché

2,2, <0 7,2, >0
)25, <0 1) 25,20
X""2y 22y Z1x<0 Z1x20
2,<0 >0 2,<0 7,20
Seclll Sec VI SecV Secll SeclV Sec|

Xét trong mién sector 1 nhu trong hinh 3.
Toa dQ V, trén truc 60:
1 b
{Vrg} | {V} (8)
Vi 2 Vig
ri 0 -
NE)

Goi m,, m, la cac phan thap phan ngoai phan nguyén

clia cac toa do v, v, tuong Ung:
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my =V, —UV,QH =V, —k,

9)
m, =V, _Uvrhu =V~ kh

trong do, k, = vagu’kh =||va|] chi s6 nguyén nho

nhat cla céc gia tri tuyét déi tuong tng.
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Hinh 3. D6 thi minh hoa qué trinh tinh todn cdc hé so diéu ché

Trén hinh 3 cho thdy hai vector V,, V, déu c6 chung toa
d6 nguyén [k, k. C6 thé thdy rang dudng thang my +m, =1
chia hinh thoi trén hinh 5 ra lam hai tam gidc, trong dé
vector V, thudc mién m, + m, < 1 va vector V, thudéc mién
mg+m, > 1.
2.3. Tim thai gian diéu ché

P h
ps(ke.kyt1) pa(kgt1knt1)
o __Myw/ V2
/ Vi
/
/
Pilkekgy Tt PalketLk)

/ ! g

0 a

Hinh 4. Tong hop vector dién dp ra tir ba vector dinh cila tam gidc

Vector V, c6 thé téng hgp tur 3 vector p,, p,, p; nhu sau:

vy =p,+m, (P, —p;)+m, (P; —P;)
:(1—mg—mh)p14rmgp24rmhp3 1o

Vector V, c6 thé téng hop tur 3 vector p,, ps, p, Nhu sau:

vV, =p, +(1—mg)(p3 -p,)+(1-m,)(p, —P.)

(1)
=(mg +mh—1)p4 +(1—mg)p3 +(1-m,)p,
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Cé thé thdy cac hé sé ung vdi cac vector déu duong va
c6 téng bdng 1 nén dé co thé 1a cac hé sé cho qua trinh
diéu ché.

2.4. Tim trang thai déng cat
Xét trong sector 1, tU 4 va 6 ta co:

2
Zy :E(VA —Vg)

2
o :E(VB _Vc)

Vi = Vg = Vo — Vg = Vg (ky —kg)s
Vg =V = Vdc(kB_kC)

2
Zy ==V (kB _kc)
3
Néu ldy 2/3Upc la d6 dai ca s& clia cac vector trang thai,
ka, kg, ke la cac s6 nguyén thi toa dé clia cac vector la cac s6

nguyén:

)

Néu lay toa dé k, = k, trong d6 k phai théa man diéu

(15)

M—1 M-
kién 3 <k< sé thu duac trén hé toa do (a, b, ¢)
toa do vector trang thai sé la:
k k

k AN
x
|:k :|z kBN = k_k1x
1
g kCN k_k1x _k1y
Nhu vay (16) la cac biéu thic dé chuyén toa dé cac
vector trang thai tu [k, k], véii=1, 2, 3, sang hé toa do (a,
b, ¢). Sector IV, V, VI d6i xting lan lugt véi sector |, II, Ill nén
ta cing dé dang tim dugc mai lién hé gita [k,, ks, k] va
(ki kiy] trén cac sector do.
2.5. Thi tu chuyén mach téi uu va diéu ché bang ba
vector gan nhat

Da6i véi diéu ché SVM cho nghich luu da mdc bién phéap
tuong tu ddm bao t6i uu vé thanh phan séng hai cling c6
thé thuc hién dugc. Tuy nhién & nghich luu da muc sé
khong thé luén cé vector khdng dé sép xép cac tin hiéu.
Thay vao d6 néu sir dung phuong phap diéu ché bang ba
vector gan nhat (nearest vectors) trong moi ntia chu ky
diéu ché mot vector sé dugc st dung nhu vector khong,
nghia 1a thai gian dung vector nay chia la hai nia bang
nhau, chia déu cho dau ntia chu ky T, va cudi ntia chu ky T,

DPé 4p dung tuong tu nhu nghich luu hai muc cho so d6
nhiéu muc c6 thé hinh dung vector khéng gian ctia nghich
luu da muic ciing gém nhiéu luc gidc nhoé nhu cha so d6 hai
muc va vector & tam cla luc gidc nhé nay déng vai tro nhu
vector khéng. Thit tu chuyén mach clia tam giac 1 sé chon

(16)
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theo chiéu kim déng hé, tam giac 2 sé chon theo chiéu

. PN N d
ngugc kim déng hé. I 7 N
, 5 .s Pe a . .z p 0 d ! ! |
Vi dy, 6 tam gidc s6 1 la loai tam giac 1, tha tu chuyén |~ 31 SR LN
mach trong ntfa chu ki sé la V,-V,-V,-V,, nlfa chu ki con lai sé d ! : ! !
thuc hién theo thi tu ngugc lai. G tam giac ba la loai tam WS T D N
giac 2, thi tu chuyén mach trong nlta chu ki sé 1a V,-V,-V,- oy 9 b P i
> N 3\ P . n . . + t | 4 t 1
V,, nlfa chu ki con lai sé thuc hién theo thu tu nguogc lai; Wl 6 el o6 el
L, - , . N N uz n 0 1 2 3 I s 6 7
trong d6, vector V, sé déng vai trd nhu vector khéng “ao . ___:____4'___: _____ :___l____:___
N |
nhu trong hinh 5. D1 | Pl P | Py LoPu I P 2
| |
i S i A e e
(_1\,/1,_1> (0.\1301) (1,\1/,-1) D2 | Pl Py I P I P | P I Ps i P,
g e e e e e — — — — — — 9 —_———t e — e — — | |—— - —— F——t—-— === 9-
//‘\\ / \\ /// \\ < Ts ! : >
/
/// N ’Z N o @\ x e L x ) .
oy Y SRS N Do Hinh 6. Mau xung diéu ché tam giac loai 1 géc |, IIl, V
Vel T T v, N 132 A v T \ Vs
7N\ e
/ \ \ ——m——— Y >
CLLD /7 0,1, )1 - @ \ (111
Vi )/ (-1 00)§ Sleile . ) d31 | | :
\ \ —— A —— === === -
A N / / - o o
s - L
(-1,0\,12_’ 1 T I N T [N
Via \__ 0] o ! ! : : ! :
\\\ ¢ I i ! ! | !
o t t2 y teo ta 1 ots te 1 t7
N e e e e e e
|
Ve D1 | Pil Py | P LoPu 1P LoPs I Py
Vis i B e B e e it SEE &
D2 | Pl Pp 1Py ! Pa | Pa LoP I Py
N o o . , ———t = ————— T ——-
Hinh 5. Trdt tu chuyén mach i uu cho nghich luu ba pha 3 muic < . T >

Xét trudng hop cac vector dién 4p ra mong muén co
cung toa do nguyeén k,, k, 1a V; va V, (cung thudc hinh binh

hanh chta D,, D,). Trong géc phan sau thi nhat, c6 thé thay

rang khi vector dién ap nam trong tam giac D1 véi ba
vector P,, P,, P, thi thi tu chuyén mach t6i uu sé 1a P,-P,-P,-
P,,, trong d6 vector P, & dau chu ki diéu ché c6 toa do (k,,
ks, ko) thi cudi ntia chu ki diéu ché phai c6 toa d6 ( Ka,,, Kg.1s
ke.,), ky higu 1a P,,.

Hinh 7. Mau xung diéu ché tam gidc loai 1 gdcll, IV, VI

V&i vector V, ndm trong tam gidc D,, thi tu chuyén
mach t6i uu sé 1a P,-P;-P,-P,,.

Mé&u xung diéu ché SVM cho sector |, lll, V clia tam giac
loai D, va D, nhu trong hinh 6, cho sector Il, IV, VI clia tam
giac loai D, va D, nhu trong hinh 7; Téng hgp xac dinh muc
trang thai trén cac pha cla ca sau sector thé hién nhu bang

Bang 2. Cach xéc dinh mdc trén cdc pha va lva chon k trong cdc sector k=k,+k; (i=1- 6)

= State Sector
2 vector I I n v v ]
o o
:g ix {(k,\ 7kn )J {(ka 7k( )} {(kn 7k( ):| {(k}i 7kA )} {( kr kﬁ)} {(kr ‘kx)}
® [ iy (kry*ki) (ksfkn\) (k(’kn) (k:’kh) (k,«’kn) (kn’k()
[k, k [k—k,, | k—k,, | k—k,. k—k,, k
K, k—k, k J k k- k,, k- k, ok
k k—k, K-k k -k, k k °
s B ’ : k—k,
D, ;
[d,] d, d +d, drd,+d, ] do+d, +d,] d +d, d,
d d, +d, d d, ‘ d +d, ‘ d +d, +d, d +d, +d,
| d ld,+d, +d, d,+d, +d, d+d, | d d, d, +d,
Mk, k+1 ] k- k [k—k, K-k, k—k., Kt
k, k -k, k+1 {k+1 k -k k-k.. Kk
k k- k k- k K-k, k1 kol
L | ‘| + + k*kty
D, - - - ; - -
d d, +d, d, d,+d, +d, d+d,+d, d, d, +d,
d, d, d +d, d +d, d, d +d, +d, d +d, +d,
Ld | Ld,+d, +d, Ld, +d, +d, | d | d,+4, d +d, d,
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2.VGi bang 2, c6 thé dé dang trong viéc xay dung diéu ché
vector khéng gian cho nghich luu dén muc bat ky trong
diéu kién t&i uu chuyén mach van ban dan. Nhu vay, véi
thuat toan dé xuat khi mudn xay dung diéu ché dén muc
bat ky, chi can nhap vao la s6 muc.
3. KET QUA MO PHONG, THUC NGHIEM PIEU CHE SVM
TONG QUAT
3.1. Théng sé va kich ban mé phéng

M6 phong hé théng trong thai gian 0,5s, trong méi
khoang 0,1s lugng dat dién ap ra theo bién doé dién ap
tuong ung la (2, 4, 6, 8, 10)xU,, /~J2 . Trén d6 thi vector
khéng gian cac vector dugc quy chuan theo dién ap
(2/3)Uy. nén luc giac c6 dinh d6 dai bang 1 tuong Uing vai
nghich luu 2 muc, luc gidc c6 dinh bang 2 tuong Ung véi
nghich luu 3 muc, bang 4 ing véi nghich luu 5 muc, bang 6
nghich luu 7 muc,..., va bang 10 Ung véi nghich luu 11
muc. Pudng tron ndi tiép véi cac luc gidc thé hién bién do
dién ap pha ra I6n nhat trong ving diéu ché tuyén tinh.
Ban kinh dudng tron ndi tiép luc giac dinh 1a 1 1a V3/2,
tuong ung la bién do dién ap pha. Bién do dién ap day sé la
3/2, nhan véi dién ap quy chuin (2/3)U,. chinh la U, Vi vay
lugng dat dién 4p day theo gia tri hiéu dung sé la U, /N2,
Vi vay cac hé s6 trong khoang (2, 4, 6, 8, 10) sé cho ra dang
dién ap clia so d6 nghich luu tuong duang 3 mic, 5 muc, 7
muic, 9 muc, 11 muc. Bang cach nay sé kiém tra hoat dong
cUa sa d6 diéu ché trong toan bé dai lam viéc.

Bang 3. Théng s6 md phéng thuat toan SVM tdng quat

Gid trj dién dp DC moi cell V=620
Tan s0 ddng cat f=1500Hz
Chu ki trich mau Tom = 5HS
Tai R=100hm

3.2. Két qua mé phong va nhan xét

Hinh 8 thé hién dang dién ap pha U,, c6 dang mic khac
nhau, véi cac hé sé diéu ché khac nhau cho dién ap ra c6
dang 3 muc tu 0 - 0,1S, 5 muc tu 0,1 - 0,2S, 7 muc tr 0,3 -
0/4S, 9 muc tu 0,3-0,4S, 11 mic t 0,4 - 0,55 dung nhu tinh
toan li thuyét cta diéu ché.

Hinh 9 thé hién dang dién ap pha trén tai, thay rang dién
ap ra trén tai c6 dang hinh sin véi bién d6 dién ap ra thay déi
tuong Ung véi sé muc nhu tin hiéu dat. Phan tich Fourier
dang séng dién ap ra trong céc khodng diéu ché vaéi két qua
THD% dugc biéu dién dudi dang d6 thi nhu hinh 10.

Hinh 10 cho thdy, tdng hgp cac muc séng hai trong dai
diéu ché, co thé thdy THD c6 xu hudng gidm tuyén tinh khi
s6 muc dién ap tang |én, cu thé TDH giam tir 8,64% xuéng
1,36% khi s& muc tang tir 3 muc lén 19 muc.

Hinh 9 thé hién dang dién ap day dau ra cda bd bién
déi, co thé thay rang dién 4p ra cang tién dén dang hinh sin
khi s& muc clia dién ap tang lén. Tan s6 dong cat cda van
ban dan gidm di do ap dung thuat toan t6i uu chuyén
mach cCa van ban dan. Xung diéu khién cau HA1 cla
phuong phap SVM véi thuat toan t6i uu déng cat va thuat
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toan sin PWM dich pha thé hién nhu Hinh 12 va 13. Quan
sat két qua md phong cho thay, phuong phap diéu ché
SVM véi thuat toan téi uu.

Hinh 8. Hinh anh dang dién ap trén pha A cla bién tan
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Hinh 9. Hinh anh dang dién ap trén tai
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Hinh 10. Hinh nh dang dién ap trén day ca bién tan

Hinh 11. D4 thi danh gia THD ctia dién &p trén tai pha A
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Tu két qua da phan tich & trén c6 thé nhan xét: diéu ché
vector SVM cho thdy uu diém & kha nang linh hoat hon
nhiéu so véi PWM dua trén song mang. SVM cé kha nang tao
ra quy dao mong mudn c6 dang bat ky nha lya chon cac
vector trang thdi va céc thai gian phu hgp trong mét chu ky
diéu ché. Véi thuat toan SVM téi uu dong cat dua ra & nghién
cliu nay, s6 1an dong cat van dugc gidm thiéu so véi phuong
phap Sin PWM, gidm thiéu dugc t8n hao déng cét, nhat Ia
déi v6i ing dung cong sudt In. Bén canh dé, thuat toan
SVM cling dugc khai quat héa cho muc bat ky lam cho viéc
tinh todn, thiét ké SVM tr& nén don gian va dé dang.
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Hinh 12. Xung diéu khién dén cac nhanh cu HA1 (thudt toan SYM)
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Hinh 13. Tin hiéu diéu khién dén cac nhanh van (thuat todn Sin PWM dich
pha zx)

3.3. Thuc nghiém
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Hinh 14. Luu d6 thuat toan trién khai diéu ché SVM tong quat trén FPGA

Thuc nghiém hé thoéng nghich luu trén véi dién ap
Uy = 60VDC cap cho méi cau H, tai thuan tré co gia tri

8 | Tap chi KHOA HOC VA CONG NGHE @ Tap 57 - S8 6 (12/2021)

1440hm cho méi pha. Dang dién ap dat co tan sé f = 50Hz,
tan s6 rang cua diéu ché f. = 1500Hz, hé s6 diéu ché
m = 0,9, thuat toan dugc trién khai vdi thiét bi diéu khién la
FPGA thé hién nhu h|nh 14.

Hinh 15. Hé thang thuc nghiém nghich luu 11 muic cdu H ndi tang
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Hinh 16. Dang dién dpra U,,
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Hinh 17. Dang dién dp day U,,
Hinh 18 dang song dién ap ra trén tai, diéu ché vai
phuong phép sin PWM, hé s6 diéu ché 98%.

TR NVl TR - T

Hinh 18. Dang séng dién ap ra trén tai, diéu ché vdi phuang phap SYM, hé s6
diéu ché 98%

M6 hinh thuc nghiém xay dung thé hién nhu hinh 14.
K&t qua trién khai thuat toan trén mé hinh thuc nghiém cé
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dang dién ap pha nhu hinh 15. Ti hinh 15 thay rang, dién
ap co6 dang 11 muc ding yéu cau thuat toan dat ra va déng
dang véi mé phéng. Hinh 16 thé hién dién ap day dau ra
cla nghich luu. Tt hinh 17 va 18 thay rang: Véi cling dién
ap mét chiéu dau vao, cling hé sé diéu ché nhung SVM cho
ra dién ap xoay chiéu I6n hon sin PWM, ty |& bién d6 la
k=336/294=1,14lan
4. KET LUAN

Bai bao nay da dé xuat mot phuong phap khai quat héa
cho diéu ché SVPWM. So vdi cac phuong phap khai quat
héa diéu ché SVPWM hién cd, phuong phap diéu ché
SVPWM dugc dé xuat c6 cac uu diém sau: Thi nhéat, nd cuc
ky hiéu qua vé mat tinh toan vi khong can bang tra ctu
hodc tinh toan ldp lai ton thai gian; chu ky nhiém vu va
trang thai chuyén déi dugc thu thap dua trén diéu ché tam
gidc xac dinh nhanh chéng théng qua céc phép bién déi
toa do don gidn. Thu hai, thai gian tinh toan ctia né khéng
tang khi muc tang. Tha ba, t6i uu vé trang thai dong cat cla
van ban dan. Cudi cung, phuong phéap diéu ché SVPWM
dugc dé xuat c6 thé dé dang phat trién cho cac bd bién ddi
da cap NPC, FC va MMC vi ching cé cung so d6 vecto
khéng gian. Thuat toan dugc trién khai bang mé phéng va
thuc nghiém dé thé hién tinh dung dan.
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