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XAY DUNG PHUONG PHAP DIEU KHIEN FOC - IM
CAP NGUON BOT NGICH LUU DA MUC CAU H NOITANG
PIEU CHE VECTOR KHONG GIAN VG1 SO MUC MONG MUON

DEVELOPMENT OF FOC - IM CONTROL METHOD POWERED BY H-BRIDGE MULTILEVEL INVERTERS
WITH THE SPACE VECTOR MODULATION AND THE DESIRED NUMBER OF LEVELS

TOM TAT

Phuong phap diéu khién FOC - IM (Field Oriented Control-Induction Motor)
la phuong phap diéu khién tua theo tir thong rotor, duoc st dung rat phé bién
hién nay. Véi nguyén ly tao ra mot cong cu cho phép nhin nhan dong co khéng
dong bo rotor 16ng séc ¢6 cling ban chat vét li nhu dong co mot chiéu kich tir doc
ap. Vdi hé truyén ddng FOC - IM cong suat I6n thi mach cong suat thuong dugc
lya chon la nghich luu da mic, véi phuong phap diéu chéc vector khdng gian. Tuy
nhién, véi cau tric nghich luu da muc khi mudn dung cho hé truyén dong ¢ cong
suat [dn hon (mdc cao hon) thi viéc xdy dung vector khong gian |a khé khan, mat
rat nhiéu thoi gian (khdi lugng tinh todn Idn). Bai bdo nay sé dé xudt phuong
phap khdi quat hda hé truyén dong FOC - IM bang cach khai quat héa phuong
phdp diéu ché vector khong gian clia nghich luu da muc. Tir d6, hé truyén dong
FOC - IM ¢4 thé dp dung cho cong sudt mong mudn (s6 mic mong mudn). Cac két
qua md phdng trén Matlab - Simulink cla phuong phap da dé xudt véi tai may
bom, quat gid da chiing minh hiéu qua phuong phap diéu khién dé xudt.

Tir khéa: Diéu khién tua tir théng rotor, nghich luu da miic cdu H néi ting,
diéu ché vector khdng gian

ABSTRACT

Control method FOC - IM is a control method used very popular today. With
the principle of creating a tool that allows recognition of squirrel cage induction
motor has the same physical nature as separately excited DC motor. With the FOC
- IM power transmission system, the power circuit is often selected as a multi-
level inverter, with the method of modulating the space vector. However, with
the multi-level inverter structure when you want to use for the transmission
system at a higher capacity (higher level), the construction of space vector is
difficult, takes a lot of time (large calculation volume). This paper will propose
the method of generalizing the FOC - IM transmission system by generalizing the
method of spatial vector modulation of multilevel inverter. From there, the FOC -
IM drive system can be applied to the desired power (desired number of levels).
The model results on Matlab - Simulink of the proposed method with pump and
blower loads have proven the effectiveness of the proposed control method

Keywords: FOC, Multi-level H- bridge inverters, space vector modulation.
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1.DAT VAN PE

Bién tan thudng dung chuyén déi dién ap, dong dién &
mot tan s6 nao d6 thanh dién ap, dong dién véi tan s6
khac. Thiét bi nay dugc st dung dé diéu khién van t6c dong
cd xoay chiéu theo phuang phap diéu khién tan s6. Déi véi
déng co cong sudt via va nhd thudng st dung réng rai
bién tan 2 muc (hay con goi la nghich luu hai muc), thong
thudng, mach luc clia nghich luu co ban sir dung so dé
mach ciu H, van st dung la IGBT hodc Mosfet, két hgp mot
hé théng diéu khién PWM (Pulse-width modulation) dé
diéu khién, tuy nhién bd nghich luu 2 muic nay c6 nhugc
diém la tao dién &p cung cip déng co véi d6 déc (dv/dt)
kha 16n, gay ra mot s6 van dé khé khan, nhu tan s6 dong
cat cao, s6 luong van it, dién ap dau ra c6 do dap mach I6n,
bai ton tai trang thai khac zero clia téng dién thé ti cac pha
dén tam nguén DC (hién tugng common-mode voltage)
[1]. Dac biét déi véi hé truyén dong dién cong suat I6n c6
MW, day la loai dong co dugc ing dung rdng rai trong cac
may moc thiét bi cdng nghiép, trong cac nganh khai thac
mo, giao théng cling nhu trong nhiéu cac may moc thiét bi
khac nhu thiét bi nang, quat gio, may nghién... Vi vay van
dé khéi dong, 6n dinh téc do, dao chiéu quay, thay déi téc
dd lién tuc cla cac déng co nay dat ra la hét suic phuc tap,
thi b nghich luu 2 muc nay khong dap ung dugc ctia yéu
cau hé truyén dong dién. Cling vai su tién bo vé khoa hoc,
dé gidi quyét van dé cai thién chat lugng dién ap, thi s
dung nhiéu mach cau H néi tang dé xay dung hé théng,
con goi la nghich luu nguén ap da mic, mong mudn tao ra
dién ap xoay chiéu véi chat lugng dién ap tét hon va bién
dd 16n hon. Nhu da biét cau tric chung ctia bé nghich luu
ngudn ap da muc, 1a c6 nhiéu bd gébm sidu chuyén mach
thong thudng trong nghich luu ba pha, dé téng hgp dién
ap hinh sin t& mét s6 muc dién ap, t& nguon ap cla tu dién,
tir d6 cho phép lam viéc vai cong suat dinh mdc 16n hon
cdng suat tiing khoa riéng ré. Vi vay bo nghich luu nguén
ap da mdc, c6 uu diém cong sudt I1dn, dién ap dat lén linh
kién bj gidam xuéng nén céng suat tén hao do qué trinh
déng ngat linh kién gidm theo, cac thanh phan séng hai
bac cao cla dién 4p ra giam. Dac biét la nghich luu da mic

Vol.57 - No. 2 (Apr 2021) e Journal of SCIENCE & TECHNOLOGY | 33



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

cau H noi tang véi kha nang modul. Vi vay pham vi Gng
dung cla bién tan da muc sé phu hgp muc dién ap ra tang,
sé phu hgp véi truyén dong dién xoay chiéu vai dién ap cao
va céng suat 16n [2-7].

Trong san xuat cdng nghiép déng co khéng déng bo
rotor 16ng séc (DCKDB-RLS) dugc ting dung réng réi, do chi
phi thdp, nhd gon. Pong cc IM dugc diéu khién theo
nguyén tua thong rotor, bdi vi nguyén ly nay tao ra mot
céng cu cho phép nhin nhan DCKDB-RLS c6 cling ban chat
vat i (tao tU théng va mo-men quay) nhu dong co mot
chiéu kich tur doc l1ap (BCMCKTDL) [8, 9]. Trong cdu tric
diéu khién FOC, khau diéu khién nghich luu nguén ap la
khau trung gian gitra bé diéu khién dong stator va nghich
luu, cing la khau gir vai tro giao dién gitta thanh phan
cting (hardware) va va mach nghich luu (dién t& cong suat
I6n). Phuang phap diéu ché SVM (Space vector modulation)
V@i cac uu diém clia n6 thudng dugc lua chon cho diéu ché
vGi dién dp cao, cong sudt I6n [10]. Thuc hién diéu ché
vector khéng gian cho nghich Iuvu 7 muc si dung cho hé
truyén dong FOC [11]. Tuy nhién, khi muén tang sé muc
cta nghich luu (tdng céng suat cta hé truyén dong) khi su
dung phuong phap diéu ché ap dung cho la rat khé khan,
do khéi lugng tinh toan I6n va khong s dung lai dugc cla
€ac muc trudc.

Vi vay, bai bdo sé dé xuat cau trac FOC - IM cap ngudn béi
nghich luu da mic cau H néi tang diéu ché vector khong
gian c6 thé thuc hién dén s6 muc mong muén (cdng suat
mong muén). TU d6, cau trac diéu khién FOC - IM c6 thé xay
dung véi s6 muc khac nhau, cong sudt khac nhau ma khéng
phai xay dung lai thuat toan diéu khién hay phuong phap
diéu ché. Cac két qua moé phong trén Matlab - Simulink da
chiing minh hiéu qué phuong phap diéu khién dé xuat.

2. KHAI QUAT HOA PHUONG PHAP PIEU CHE VECTOR
KHONG GIAN NGHICH LUU PA MUC CAU H NGI TANG

Hé théng dién ap ba pha c6 thé dugc biéu dién bdi

vector dién ap:
2 & %
E(VA +ed vy+edv) (M

%
Biéu dién vector dién ap trén hé toa d6 Oa3

V=V, +jV, (2)

N % HB-C1 ,‘_ ‘HB-CZ :_ ‘HB-CS ‘r ‘HB(‘A r‘ ‘1-1134:5 ,‘_ BC « z

HB-BI [ HB-B2 MHB-E! [

A
= -AL _f _f HB-A3 _f HB-A4| _f HB-AS I
SETEO e

ﬁ

Hinh 2. Ba hé toa d khong vudng géc tao nén cac goc phan sau (cac sector)
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V.=V

1 (3)
Vg = E(VB =V¢)

VGi s6 d6 da muc s6 luogng cac tam gidc con trén mat
phang vector sé tang Ién nhanh chéng khi s6 muc N tang
lén. Viéc tinh toan sé tré nén don gian han néu sir dung
tinh d6i xting ca hé théng vector khéng gian trong moi
g6c phan sau. Thé hién trén mat phéng vector ba hé toa d6
géc phan sau (Z,,, Z,), (Z,, Z,,), (Zs, Z5)), nhu trén hinh 2,
trong d6 (Z,,, Z,) da st dung & trén nhu hé toa dé Ogh, sé
giup phan biét dugc ngay cac géc phansau 1, 2,..., 6. Trudc
hét ta sé can xac dinh hinh chiéu cta vector dién &p ra

< T " . N 2 7
mong muén V, =[vm,vrﬁ] Ién hai vector bién clia géc

phan sidu bang phép chiéu cac toa do o, B 1én hé toa do
tuong Ung Z,, Z,, Z,. Bi€u nay co thé thuc hién véi cac ma
tran bién déi hé toa M,, M,, M; nhu sau:

1 1 1 2
M, = \/§;M2= \/§;M3= V3 (4)
0 2 L R
V3 V3 V3

2.1. Xac dinh vi tri dién ap dat
Viéc xac dinh vector dién ap dat ndm trong sector nao,
dugc thuc hién nhu bang 1.

Viéc tinh toan cua (Z,,, Z,) dugc cho béi cong thuc (5):
1 b
z v
x _ \/§ | e (5)
2y 1o 2 | L[V
V3

Goi m,, m,, 1a cac phan thap phan ngoai phan nguyén
cuia cac toa do z,,, z,, tuong Ung:

m, =z, L Jzz1X —kg
m, =z, _UZWH =z, —k,
J’kh =UZWH

Bang 1. Xac dinh sector diéu ché

- le

(6)

Trong d6: k, =|

le

2,2, <0 2,,.2,,20
2,025, <0 2,2, 20 2,<0 2,20
7,<0 2,20 7,<0 2,>0
Seclll Sec VI SecV Secll SeclV Sec|

kgs kiy Mg, My, dugc thé hién nhu hinh 3.
Trong hinh 4, V, V, c6 chung toa dé nguyén [k, k,]. C6

thé thay dudng thdng m, + my, =1 chia hinh thoi (hinh 4) ra
lam hai tam giac D1 va D2:

e D, khi V, thuéc mién m_+m, <1

o D, khi V, thuéc mién m,+m, >1
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Hinh 3. D6 thi minh hoa qua trinh tinh toan cac hé so diéu ché. Toa dg V trén
truc 60

Z,,

B, (kg+1,kh+1)

P;(kg,kh+1)

Zix

Hinh 4. Téng hop vector dién &p ra tir ba vector dinh clia tam gidc
2.2. Tim théi gian diéu ché
Vector V, cé thé tdng hgp tu 3 vector p,, p,, p; nhu sau:
V1:p1+mg(p2—p1)+mh(p3—p1) 7
= (1—mg —mh)p1 +m,p, +m,p,
Vector V, c6 thé t8ng hop tur 3 vector p,, ps, p, hhu sau:
V; =p, +(1—mg)(p3 -p.)+(1-m,)(p, -P.)
=(mg +m, —1)p4 +(1—mg)p3 +(1-m, )p,

C6 thé thay céac hé s6 Ung véi cac vector déu duong va
c6 téng bang 1 nén d6 co6 thé 1a cac hé s6 cho qua trinh diéu
ché.

(8)

2.3. Tim trang thai déng cit
Xét cho sector |, tu (3) va (5)

2
1x :Evdc (kA _kB)

2
Z1y = gvdc (kB -kC)

z
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Néu lay %Vdc la d6 dai co s& cla cac vector trang théi,

Ka, kg, ke 1a cac s6 nguyén thi toa do clia cac vector la cac s6
nguyén:

el

Néu lay toa d6 k, = k, trong d6 k phai thdéa man diéu kién

M-1 M-1
——<k< - sé thu dugc trén hé toa do (a, b, ) toa dé

(10)

2
vector trang thai sé la:
K Koy k
|:|(1X:|z kBN = k_k‘lx (11)
1y

kCN k - k‘lx - k1y

Nhu vay (11) la cac biéu thic dé chuyén toa dd cac
vector trang thai tu [k,, k], v&ii=1,2,3, sang hé toa do (a, b,
c). Sector IV, V, VI d6i xiing lan lugt véi sector |, Il, lll nén ta
cing dé dang tim dugc mai lién hé gita [k,, ks, k] va [k, k]
trén cac sector dé. Ta duoc két qua téng hop nhu trong
bang 2.

2.4. Thit tu chuyén mach téi wu va diéu ché bing ba
vector gan nhat

Dé diéu ché cho nghich luu da mdc, st dung phucng
phap diéu ché bang ba vector gan nhat, trong méi nda chu
ky diéu ché mét vector sé dugce 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 Ts va cudi nta chu ky Ts.

(0,1,-1)

-1, 1@\ (11-1)

11,0,0) N

Hinh 5. Trinh tu t6i uu héa cho bién tan ba cap

Dé 4p dung tuong tu nhu nghich luu hai muc cho so d6
nhiéu muc c6 thé hinh dung vector khéng gian cta nghich
luu da mdc ciing gém nhiéu luc gidc nhé nhu clia so d6 hai
muc va vector & tam cla luc giac nhé nay déng vai tro nhu
vector khéng. Thi tu chuyén mach cua tam giac 1 sé chon
theo chiéu kim dong hé, tam gidc 2 sé chon theo chiéu
ngugc kim déng hé.
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Bang 2. Mdilién hé gidta [k,, ks, kd va [k, k,] trén cc sector d6 3. THIET KE HE TRUYEN DONG
< |State Sector FOC-IM
S |vector I ] i v v Vi 3.1 Cau truc diéu khién FOC
a k., [(kA—kB)} [(k,\—kc)} [(kB—kc)} [(kg—kA)} [(kc—k,\)} {(kc—ks)} cho DCKDB-RLS trén toa do
s _kiy_ (kB _kC) (kB_kA) (kc_kA) (kc_kB) (kA_kB) (kA_kC) dq
N " K, k. Kk, Kk, " Phuong phap di(‘%‘u khié:n
K, {k—ku] { K y] { K } {k_k‘w] { —ksl K, F(?C, cho phép-f’i’iéu khién
™ K-k, k—k,, k—k,, K K ? dong IM  gibng nhu

e DCMCKTBL, bdi vi do phép
{ d } chuyén déi toa do, da tim ra

d, +d, d, +d, +d,
d, d, hai gid tri dong dién diéu
d, +d, +d, d, +d,

d. | d, +d, khién tir thong va momen.
Toa d6 dq la toa d6 quay, mo
K, | k+1 k—k, k—k, k—k,, k—k,, K1 hinh trang thai dong co IM
K, K-k, Kl K41 k—k,, Kk, K-k xuat hién thanh phan tuong
[k | k—k, k—k,, k—k,, K+1 K41 k—k,, tac phi tuyén. Nhung hai dai
luong uy. Uy, la dai lugng
D, |[di] d,+d, d, d,+d,+d, ] | [d,+d, +d, d, d+d, 1| moét chiéu, c6 chira w, M6
dy d, d,+d, d,+d, d, d,+d, +d, d,+d, +d; hinh trang thai déng co IM
_dc_ d1+dz+d3 d1+dz+d3 Cl1 d]-%—d2 d]-%—d2 dw i [5, 6]
Bang 3. Cac trang thai chuyén ddi cho vecto dugc st dung dé tong hop vector di, 1 1-o voi T
6 —= = — i o, +——
trong dO MG+MH S 1 dt GT GTr sd s'sq p r rd
L P P i + v +Lu
Kkl | Tk [t k] [Tkt 11 | Tk o T e
k, k k+1 k+1 k+1 disq__ . LH_G i _1_00)va
k |k-k, K-k, [k-kot1 [k-k+1 g e Tlor T T P
ke K-k, -k, K-k, -k, |k-k -k, [k-k -k+1 o, 1 (12)
d d=0-m-m)2 |[d,=m_ |d=m, [D,=(1-m,—m)/2 +_cT, f +G_L5”sq
Bang 4. cac trang thai chuyén ddi cho cac vecta dugc st dung dé tong hop av. 1
vector, trong dd MG + MH > 1 dtrd - iy—— VY, + (0 -0)VY,
P, P; P, P, d\},vrq 1 \P, 1 \P,
[kgkid |Tkg+ 1ke] [ kg ky+ 11 |Tkg+ Tky+ 11 [[kg+1,k] m —?rlsq +(o, —0)¥, —?r q
Kn k+1 k+1 k+2 k+2 3 2
__> asfo o f _> —m 1.
ke k-k, k-kg+1  |k-ky+1 k-kg+ 1 My = ZZP(‘*’rX'r)—ZZp L g (13)
kc k-ky-ky [k-ky-ky, |k-k,-k, k-ky-k,+1 \I,;d:\Prd/Lm;lPIrq:lPrq/Lm;O‘)s_O‘):O‘)r (14)
d d,=0-|d,=1-mg|dy=my+m,-D, = (1 - el h w LA s co s
m,)/2 1 m,)/2 3.2. Thiét ké bo diéu khién dong stator
Xét trudng hop cac vector dién dp ra mong mudn cé ! .,
cung toa d6 nguyeén k,, k, la V; va V, (cung thuéc hinh binh K
hanh chia D, D,). Trong géc phan sau thi nhat, c6 thé thay
rang khi vector dién ap ndm trong tam giac D, véi ba vector
P,, P,, P; thi th(t tu chuyén mach t6i uu sé la P,P,P,P,,,
trong d6 vector P, & dau chu ki diéu ché c6 toa do (k,, kg, k)
thi cu6i nra chu ki diéu ché phai co toa do (ky+1, ke+1, 7,
kc+1), ky hiéu 1a P,,. Di€u nay luén co6 thé thuc hién dugc L,
néu P, khéng nam & hinh luc giac Ién nhat ngoai cling clia ‘ L
khong gian vector, nghia la P, cé cac trang thai khoéa du. Véi H'n\h 6. Cau tric bo‘dleu kh'?“ dong dién stator \ )
vector V,, thd tu chuyén mach téi uu sé la P,.P,P,P,,. Nhu Gom 2 b6 diéu khién Pl doc lap, diéu khién hai thanh
thé hién trong bang 3 va 4. phan dong mot chiéu iy va iy, két hop véi mach tinh dién ap
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(MTu), cé nhiém vu tinh cac thanh phan dién 4p u, va u, ti
dai lugng dau ra cta 2 bo PI. Khi tinh, bd R; st dung cac dai
lugng bién thién cham la ti théng roto Y4 va téc d6 quay
Do hai thanh phan dong c6 tac déng lan nhau phu thudc
vao w,, phai tién hanh khi tudng tac. Bé diéu khién dong
dién stator dugc thiét ké nhu hinh 6.

Théng s6 bo diéu khién dong Pl dugc tinh toan va lua
chon nhu sau: Ky =30; T, =0,0247.

Bén canh d6 khi bd diéu khién dong dién dam bao
nhanh, chinh xac va khong tuong tac, thi bo diéu khién
dong stator la khau quan tinh bac nhat. Do d6 viéc thiét ké
b6 diéu khién téc d6 va ti théng dugc thuc hién don gian, &
day baib 4o dua ra dugc thiét ké bo diéu khién PI, dugc tinh
toan lua chon nhu sau:

Bo diéu khién t6c d6: K,,,=14;T,,=0,3

BO diéu khién tir thong: K, = 14,5; T, = 0,4117
4. KET QUA MO PHONG

Thong s6 moé phong nhu trong bang 5.

Bang 5. Bang thdng s6 md phdng

Théng sé dong co Ky hiéu Gia tri
(6ng sudt dinh miic Prom 1119kW
Toc do dinh muic Nyom 1470vg/ph
Dién ap dinh muic Uoom 3300V
Dong dién dinh mic om 165 ARMS
Mdmen dinh muic My 6906Nm
Dién ap mot chiéu Upc 630V
S0 doi cuc Z, 2
Dién tré rotor R, 0,5116Q
Dién trd stator R 0,60
Dién cdm rotor L, 0,0104H
Dién cdm stator L, 0,0216H
HO cdm L, 0,24H
Hé 56 cong suat 0S¢ 0,87
Hang s6 thoi gian T/T,(s) 0,4117/0,0247
Mé-men quan tinh J 1 kgm?

Tu hinh 7 thdy rang, dang dién 4p ra cta pha U, c6
dang bac (mrc) theo ddng nhu yéu cdu mé phong datra 7
muc, 11 muc, 15 muc. TU hinh 8 thdy rdng dang dién ap ra
c6 dang hinh sin, s6 muc tang |én dién ap day cang min va
gan hinh sin hon.

Level=7
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o8f
- 0.7
=
= 06
=
= 05
'E 04
= 03
02
= ”Hﬂﬂﬂ”
o
o 0.005 o011 0015 o.02 0.025 0.03
Time (s)
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; .
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0.8
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=
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>
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=5
E 04
S
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0.2
0.1
0
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Nomalized Vab (V)
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Hinh 8. Dang dién ap pha VAN clia so d6 V, clia 7-, 11-, 15- nghich luu cau

H ndi tang
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Hinh 9. Biéu dd dudng thé hién su thay ddi cia % THD dua trén su gia tang
cap do

Danh gia chat lugng dién &p ra bang cach danh gia
THD. Hinh 9 thé hién s6 liéu théng ké bang biéu do6 cho
thay, THD giam xuéng khi s6 muc tang lén.

Két qua md phéng phuong phéap diéu khién FOC - IM
cdp nguodn bai nghich luu 11 muc cau H néi tang diéu ché
vector khéng gian.
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Hinh 14. Dang dién dp A, B,
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Hinh 16. Dép (ing toc do

Tu két qua md phéng hé truyén déng FOC - IM thay
rang tu thdng, mé men, téc dé bam theo gia tri dat. Dang
dong dién ¢ dang hinh sin va gia tri thay déi theo tai nhu
hinh 14. Dang dién ap c6 dang bac va thay dgi s6 muc khi
tai thay ddi theo gia tri dat.
5. KET LUAN

Nghién cdu da ap dung phuong phdap khai quat hda
diéu ché vector khéng gian cho cau tric nghich luu da muc
cau H ndi tdng. Khi tng dung bd bién déi da thiét ké & trén
cho truyén déng KDB céng suat I6n, theo nguyén ly tua
theo tu thong rotor, da mang lai két rat kha quan. D6 la khi
b6 diéu khién dong dam béo diéu kién nhanh, chinh xéac va
khong tuong tac, hé théng truyén déng FOC ting dung cho
tai quat gié c6 dap Ung truyén déng t6t, dung vdi yéu cau
cdng nghé. Nhu vdy, véi nhitng dé xuat cta bai bao cho
phuang phép diéu khién FOC - IM c6 thé dé dang trién khai
& céng sudt cao hon (tdng s6 muc cau H) ma khong phai
thiét ké lai bo diéu khién, trién khai lai thuat toan diéu ché
ma chi can thay d6i s6 cau H don trong cdu trdc mach lyc
va tin hiéu dau vao.
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