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based on intermittent control signals that forces the system's state trajectory
Fuzzy logic to approach the sliding surface. The proposed controller is designed to

Doubly fed induction generator €nsure that the actual powers of the DFIG follow the desired powers in a

finite time and reduces the chattering phenomenon around the sliding

. surface. Lyapunov theory is used to check the stability of the system.

Active power Simulation results of the SMC-FL-Q controller applied to the DFIG system

Reactive power were compared to the adaptive fuzzy Pl and Recurrent Type-11 Fuzzy
Neural Networks. The comparison results showed that the proposed
controller was more effective without the overshoot, the steady-state
converges to 0, the rising time, the settling time of the active and reactive
power is 0.0021(s), 0.0031(s) and 0.0016(s), 0.0029(s), respectively.

Quasi-sliding mode

UNG DUNG LOGIC MO VA CHE PQ TRUQT QUASI
CHO MAY PHAT PIEN GIO NGUON KEP
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THONG TIN BAIBAO TOM TAT
Ngay nhdn bai:  04/7/2024 Nghién ctru nay dé xuat ket hop dieu khien logic mo véi dieu khién trugt
. o dua vao ché d6 trugt Quasi (SMC-FL-Q) dé diéu khién doc lap cong suat
Ngay hoan thign: 07/10/2024 4 ohat dién gio ngudn kép (DFIG). Day la loai may dién c6 hiéu qua
Ngay ding: 08/10/2024 cao va thuong dugc sir dung trong tua-bin gi6. Diéu khién mo 1a viéc
kiém tra, phat trién va thir nghiém cac hé thong dua trén cac quy tic mo.

: - Diéu khién truot 13 bo diéu khién cé cdu trac thay ddi dua trén tin hidu
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- dieu khién khong lién tuc budc quy dao trang thai cua hé thong ti€p can

Logic mo dén mat trugt. B diéu khién dé xuat dugc thiét ké dé dam bao cong suat

May phat dién gi6 ngudn kép  thuc té ciia may phat dién nguon kép bam theo cong sudt mong mudn
PP : trong thoi gian hru han va giam hién tuong chattering quanh mat truot.
Cf)e a0 tiuq’t Quas Ly thuyét Lyapunov duoc st dung dé kiém tra tinh 6n dinh cua hé thdng.
Cong suat tic dung Chc két qua md phong cua bo didu khién SMC-FL-Q 4p dung cho hé
Cong suat phan khang théng DFIG duoc so sanh véi bo diéu khién PI mo thich nghi va no-ron
mo hoi quy loai 2. Cac két qua so sanh da cho thdy bo didu khién dé xuét
hiéu qua hon véi d6 vot 16 14 0(%), sai sb xéac 1ap hoi tu vé 0, thoi gian
tang, thoi gian xac 14p cua cong suét tac dung va phan khang twong tng 1a

0,0021(s), 0,0031(s) va 0,0016(s), 0,0029(s).
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1. Gigi thigu

Hé thong gi6 dira trén mdy phat dién gio ngudn kép (DFIG - Doubly Fed Induction Generator)
da tr¢ thanh mot nguon nang luong rat quan trong. DFIG la may dién duoc sur dung rong rai trong
cac linh vuc cong suét cao, nho nhimg wu diém khac nhau nhu: giam kich thudc cua bo chuyén doi,
hoat dong trong khoang thay doi tc do 16n va kha niang diéu khién cong suét doc lap [1].

Rat nhiéu nghién ctru da dugc cong bd trong diéu khién DFIG, tiéu biéu nhu: diéu khién truot
[2] - [5], diéu khién trugt va cudn chiéu (6], diéu khién duéi diéu kién ludi can béng [71 diéu
khién truot terminal thich nghi [8], diéu khién dya trén ki thuat hoi tlep [9], diéu khién bang giai
thuat di truyén [10], tuyén tinh hoa [11], diéu khién truot voi luat tiép can ham mii nhanh [12],
diéu khién truot mo [13], diéu khién PID-GA MPPT cai tién [14], diéu khién truot thich nghi
[15], diéu khién truot bic mot va bac cao [16], cai tién diéu khién cong suét truc tiép [17], phan
tich vector diéu khién [18], diéu khién truot va thuat toan Super Twisting [19].

Diéu khién trugt (SMC) 1a bd diéu khién c6 ciu tric thay doi dya trén tin hiéu diéu khién
khong lién tuc budc quy dao trang thai ctia hé thong tiép can dén mat truot. Ky thuat diéu khién
nay duoc biét dén boi su bén viing cua né chdng lai sy phi tuyén, sy bat dinh cua hé théng va
nhiéu ngoai [20]. Tuy nhién, dbi vai bién do cua luat diéu khién truot néu khong dugc lya chon
phu hop s€ gy ra hién tuong dao dong [21], [22]. Hién tuong dao dong do sy khong hoan hao va
cham tré thoi gian trong chuyén mach, do thiét bi truyén dong hang sb thoi gian nho, cac mach
cong sut dé bi qua nhiét dan dén hu hong [22]. Bé khic phuc nhugc diém nay, ‘nghién clru dé
xuat sir dung ché do truot Quasi (thay vi sir dung ham signum). Bén canh do, diéu khién mo 1a
viéc kiém tra, phat trién va thir nghiém cac hé théng dua trén cac quy taic mo [23]. V& co ban,
viéc sir dung diéu khién mod cho mét hé thdng dua trén cac quy tdc ma cac quy téc nay dya vao
kinh nghiém va kién thirc ciia con nguoi. Nghién ctru nay dé xuat két hop diéu khién logic mo
Vi diéu khién truot dua vao ché do trugt Quasi dé diéu khién doc lap cong suat DFIG tua — bin
gi6 v6i cac két qua mé phong duoc thuc hién trong MATLAB/Simulink.

Bai bao duoc t6 chirc gdm 4 phan: phan 2 trinh bay tng dung logic mo va ché d6 truot Quasi
trong diéu khién cong suit DFIG, phan 3 trinh bay cac két qua va thao luan, két luan 1a phan 4.

2. Ung dung logic mo va ché d9 trugt Quasi trong diéu khién cong suat DFIG
2.1. M6 hinh cia DFIG

Céu hinh DFIG duoc trinh bay nhu Hinh 1 [24]. M6 hinh dong hoc cua DFIG trong khung d —
g duoc biéu dién nhu (1) - (4) [25]:
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Hinh 1. Cdu hinh cia DFIG tua-bin gié

do,
Vsd = Rslsd + dtSd _a)s(osq (1)
d
Vsq = Rslsq + ¢Sq +0)S§05d (2)
dt
d
Vrd = errd + g)trd _(a)s _a)r)q)rq (3)
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V=R, +%+(ws—wr)¢rd (4)
Cac phuong trinh tir thong nhu (5) - (8):

P =Ll + L1y )
0 = Ll + Lol (6)
O =Ll + Ll (7
O =L 1+ Ll (8)

Momen xoin dién tir dugc viét nhu ham cua tir thong stator va dong dién rotor nhur (9):
Ton = p%(qu¢5d _Ird(Psd) 9)

trong d6: p 1a sé doi cuc.
i bé dé diéu khién‘viéc san xut dién bai tua — bin gio, cong sudt tac dung va phan khang duoc
diéu khién doc lap bang dinh hudng tir thong stator nhu (10):

Dsg = Ps '¢sq =0 (10)
Momen xoan dién tir (9) duoc viét lai nhu (11): T, =— p% |y @ug (11)
Bo qua dién tro cia stator va hang so tir thong stator, ta co (12):
{Vsd =0 (12)
Vsq = a)swsd =Vs
Pon gian hoa (10) va (11), va thé vao (5) va (6), ta dugc dong dién stator nhu (13) va (14):
V
sdz_s_ilrd (13)
a)S LS LS
I, = Ly I (14)
2 r LS
va biéu thirc cho cong suat stator nhu (15) va (16):
L
P =-V, Tm I (15)
2
Qs = _Vs ﬁ Ird + VS (16)
L Lo,
Thay (13) va (14) vao (7) va (8), ta duoc (17) va (18):
LV
¢rd ZGLrIrd +—= (17)
Sa)S
¢I’q = O-LI' I rq (18)
2
Vol o=1-—"-.
LS Lr
Str dung (17) va (18) vao (3) va (4) ta duoc (19) va (20):
d L.V,
V, =R 1, +a[‘7|—r|rd + Lo, —(coS —a)r)O'LrIrq (29)
d L.V,
V, =R, +a(0Lrqu)+(a)s —a)r)[aLrlrd 7 ] (20)

Quan hé¢ gitra dong di¢n va dién ap rotor dugc cho bai (21) va (22):
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|
V,=Rl, +oL, dd{d -gooLl, (21)
di, \Y
qu:errq+0'er—tq+ga)50'Lrlrd+gL'Ii5 (22)
voi g =" 1ado truot.
[0)

S
2.2. Thiét ké bg diéu khién truet dwa vao ché dj triet Quasi

Trong phan nay, nghién cttu & tién hanh diéu khién cong suat tic dung va phan khang stator ctia
DFIG bam theo cac gia tri tham chiéu st dung bo diéu khién truot dya vao ché d6 truot Quasi.

2.2.1. Piéu khién céng sudt tac dung
Mt truot trong diéu khién cong suat tic dung dugc dinh nghia nhu (23):

SP = Psref - Ps (23)
trong d6: P, 1a cong suét tac dung mong mudn, P, 1a cong suét tac dung thuc té cua DFIG.
Pao ham 2 vé cua (23), ta duoc (24): Se =P, —P. (24)
Thé dao ham ciia (15) vao (24), ta duoc (25): Sp =P, +V, f Iy (25)

Luat didu khién trugt cho cong suit tac dung véi ché do trugt Quasi nhur (26) [22]:

V, = GLrLS( P - VsLm |:_Rr|rq _ga)sO-LrIrd -9 LmVs :D_ GLrLS K SP (26)

VL L oLl L |} VL, C[Se[+¢
Trong do, £, >0.
. . 1
bé chirng minh tinh 6n dinh, ham Lyapunov dugc dinh nghia nhu (27):  V, = 3 SZ (27)
SZ
=-K, —>—<
[S6[+ <5

voi K, >0 thi V, —0 Véi gia tri cia K. Hé thdng sé& 6n dinh theo Lyapunov. Lic nay, sai

s0 e, (t)s& hoitu vé 0 dantheo S, (t)— 0 khi t > .

Dao ham 2 vé cua (27), ta duoc (28): V, =S,.S, 0 (28)

2.2.2. biéu khién céng sudt phan khdng
Mt truot trong diéu khién cong suat phan khang duoc dinh nghia nhu (29):
SQ = eref - Qs " (29)
trong d6: Q... 1a cong suat phan khang mong muén, Q, lacong sudt phan khang thyc té

sref

Tuong tu, luat diéu khién truot cho cong suat phan khang véi ché do trugt Quasi nhu (30):

oLl o Vil oLl S
=—T3| - ——T R | - K . 0. (30
rd _smc Vsl-m { eref O'Lrl_s |: r'rd + gwsO-Lr rq :|J VS I—m Q ‘SQ‘ +§Q é’Q > ( )

2.3. Logic me

Cac hé sb Kp, Ko trong (26) va (30) néu dugc chon véi gia tri qua nho s& lam cho thoi gian
tiép can mat truot qua dai, nguoc lai s& giy ra hién twong chattering cho hé théng. Nghién ctu
nay str dung logic mo dé didu chinh gia tri Kp va Ko. Sai s6 (€) va su hay doi cua sai s6 (de) 1a 2
ngd vao cta hé logic mo. Hai ngd vao nay st dung cic bién ngon ngit nhur sau: NB (dm 16n), NS
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(am nho), ZE (zero), PS (duong nho) va PB (duong 16n). Ham lién thugc cua e, de, Kp va Kq
duoc trinh bay nhu Hinh 2, Hinh 3, Hinh 4 va Hinh 5. Hinh 6 va Hinh 7 trinh bay mét déc tinh
cua Kp va Kq Voi cac quy tac mo dugce trinh bay nhu Bang 1 va Bang 2.

Membership function plots ot paints® ‘ 181‘ Membership function plots olat pnints- 181
NB NS ZE PS PB B ‘ ‘ NS ‘ ‘ ZIE I ‘ 253 I ‘ PB
0.5 05
o 0
-3 -2 -1 0 1 2 3 -1 -0.8 -0.6 0.4 -0.2 0 0.2 0.4 0.6 0.8
input variable "&" input variable "de"
Hinh 2. Ham lién thuéc cua e Hinh 3. Ham lién thudc cua de
ship ion plots nint pnints- 181 Membership function plots ot peints 181
NB NS ZE PS PB B NS ZE PS PB
0.5 0.5
0 0
o} 1 2 3 4 5 6 7 8 g 10 0 2 4 5 8 10 12
output variable "KP" output variable "KQ"
Hinh 4. Ham lién thuoc cua Kp Hinh 5. Ham lién thuéc cua Kg
- .
NP2 5%
35S
10 <SS S

de -3 e

Hinh 7. Mat dac tinh cua Kq

Hinh 6. Mdt dac tinh cua Kp
Bang 1. Quy tac mo cia Kp Bang 2. Quy tac mo cua Kg
K de K de
P NB NS ZE PS PB Q NB NS ZE PS PB
NB NB NB NB NS ZE NB NB NB NB NS ZE
NS NB NB NS ZE PS NS NB NB NS ZE PS
e ZE NB NS ZE PS PB e ZE NB NS ZE PS PB
PS NS ZE PS PB PB PS NS ZE PS PB PB
PB ZE PS PB PB PB PB ZE PS PB PB PB

3. Két qua va thao luan

So d6 mé phong bo didu khién SMC-FL-Q 4p dung cho DFIG duogc thuc hién trong
MATLAB/Simulink voi cac théng so cia DFIG nhu sau: P,=3(MW), p=2, G=90,
p=1225(kg/m*), L,=0,0135(H), L =0,0137(H), L =0,0136(H), R, =0,021(Q),
R, =0,012(Q), V, =690(V), f=50(Hz), g=0,02 vaw, =320(rad /s). Cac thong sb cia bo
didu khién SMC-FL-Q1a ¢, =0,5, &, =0,1.
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Hinh 8 trinh bay dép tng va sai s6 cuia cong suat tac dung (Ps) voi b didu khién SMC-FL- -Q
khi Py =3(MW) va cong suat phan khang (Qs) khi Qge=0,3(MVar) nhu Hinh 9. Pap ung thuc té
cua Py va Qs hdi tu VE P va Qsref VO1 cac chi ti€u chit lugng dat dugc hiéu qua hon bd diéu

khién no-ron mo hoi quy loai 2 (RT2FNN) [24] va PI mo thich nghi [26] nhu Bang 3.
Bang 3. Cdc chi tiéu chdt lwong dat duwoc cua bé diéu khién SMC-FL-Q

Chi tiéu chét lwong

Thoi gian ting (s) Thoi gian xac 13p () Dd vot 16 (%)

Sai 6 xac 1ap

Cong suit tac dung

SMC-FL-Q 0,0021 0,0031 0 0

RT2FNN [24] - 1,7 0,32

P1 mo thich nghi [26] 0,0024 0,0042 0,01 -
Cong suit phan khing

SMC-FL-Q 0,0016 0,0029 0 0

RT2FNN [24] - 1,0 -

Pl m¢ thich nghi [26] 0,0024 0,0042 0,14 -

Pip ting cong suit tic dung b SMC-FL-Q véi

l’sre f=3 (MW)

Pip ting cong suit phin khang bp SMC-FL-Q véi Qs

=03 (MVar)

3 -
§ ’;: 1 - -eref
=2t 508 —Q,
=l So6f
51 = " sref =
Q sre © L
2 S a0t

0 1 1 1 1 S 02 1 L L L 1

0 0.005 0.01 0.015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0.025 0.03
Sai s6 cong suét tac dung by SMC-FL-Q véi Psref=3(MW) Sai s6 cong suit phin khang by SMC-FL-Q véi eref:0,3(MVar)

3 " r T T ot
—~ ePs g
z S.02F
g2 s
< Z -0.4 1
™~ 3
5§ Lr £ -0.6
= <

ot : : : : : M -08¢ . ‘ ‘ ‘ fas

0 0.005 0.01 0.015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0.025 0.03

Thoi gian(s)

Hinh 8. Pdp img va sai s6 cong suat tac dung bg

Thoi gian(s)

Hinh 9. Pdp img va sai s6 cong suat phan khding bé

SMC-FL-Q SMC-FL-Q
Tin hiéu diéu khién U bd SMC-FL-Q véi P f=3(MW) Pap rng cong suét tac dung bé SMC-FL-Q khi Psref thay dbi
* qr * sre: . . . :
.......... U o
= qr z
3° s
S 4 b3
kel s
£, % £
5 2 | m 1 L 1 _PS
0 e ; ‘ ‘ ‘ ‘ 0 02 0.4 0.6 0.8 1
0 0005 001 0015 002 0025  0.03 ) )
Tin higu didu khién U,_bo SMC-FL-Q véi Q__=0,3(MVar) Dip iing cdng suit phin khing by SMC-FL-Q khi Q, ; thay di
¥ dr sref 1 T T T
o Ud § - -ercf
< ' 2 05 —Q,
g s et
5 g 0 ]
3 A
0 LT ! ‘ ‘ s s 0 0.2 0.4 0.6 0.8 1
0 0.005 001 Th(g.g};n(q) 002 0025 003 Thés gian(s)

Hinh 10. Tin hiéu diéu khién bg SMC-FL-Q

Hinh 11. Pdp iing cong sudt tac dung va phan khing

bé SMC-FL-Q véi since

Cac hiéu suat sai s6 AAD, MSE, RMSE, MPE, MAPE, MRE dat duoc cua bo diéu khién
SMC-FL-Q ddi véi Ps 1a 1,4754e-18; 6,5520e-34; 2,5597e-17; -4,9179¢-19; 4,9179¢-19; 4,917%-
17 va Qs 1a 1,4754¢-18; 6,5520e-34; 2,5597e-17; 5,9015e-18; 5,9015e-18; 5,9015e-16.

Tin hiéu diéu khién cho cong suit tac dung (Ug) va phan khang (Ug) v6i bo diéu khién dé
xuit duoc thé hién nhu Hinh 10. Hién twong chattering da duoc khic phuc véi bo didu khién
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SMC-FL-Q 4p dung cho hé théng DFIG trong nghién ctru nay. Dap mg cong suat tac dung (Ps)
va phan khang (Qs) cua DFIG véi bo didu khién SMC-FL-Q khi ngd vao since van hoi tu V& Py
va Qe VOI Sai sb tién vé 0 duoc trinh bay nhu Hinh 11. Pap tng Ps va Qs bo SMC-FL-Q vdi ngd
vao Pger = 3(MW), Qqe=0,3(MVar) va since khi c6 nhiéu tac dong & ngd ra cia DFIG nhu Hinh
12 va Hinh 13. Péap tng cong suat thyc té cia DFIG van hoi tu vé ngd vao tham chiéu.

Dip ng cong suét tic dung by SMC-FL-Q khi P“er:f;(MW) khi c6 nhifu Pap tng cong suit tic dung by SMC-FL-Q véi since khi cé nhiéu
o. =
g? =
S22t g 0
o
& P 3 P
2 — P @ -2f - =P
0 | | | | sref | | | sref
0 0.005 0.01 0.015 0.02 0.025 0 0.2 0.4 0.6 0.8
Pip ing cong suit phan khang by SMC-FL-Q khi eref=0,3(MVar) ¢6 nhiéu Bé'l’ \rng cong suit phan khang by SMC-FL-Q véi since khi ¢6 nhiéu
-1 T T T T — - Q,
s s k
: - o, S osf — O
Z05 g
5 ™ € 0
2 M
0 0.005 0.01 0.015 0.02 0.025 0.03 0 0.2 0.4 0.6 0.8 1
Thoi gian(s) Thoi gian(s)
Hinh 12. Ddp g cong suat tdac dung va phan khang Hinh 13. Pdp g céng sudt tac dung va phan
bg SMC-FL-Q Vdi Pyrer = 3(MW) va Qse=0,3(MVar) khdng b SMC-FL-Q Véi since khi cé nhiéu

khi ¢6 nhiéu

4. Két luan

Bo diéu khién SMC-FL-Q da duoc thiét ké va ap dung cho hé théng DFIG trong nghién ctu
nay. Bo diéu khién dé xuat dugc thiét ké dé dam bao cong suit tac dung va phan khang thuc té
ctiia DFIG bam theo cong sudt mong mudn trong thoi gian hitu han va giam hién tuong dao dong
tan s6 cao (chattering) quanh mat truot. Cac két qua mod phong trong MATLAB/Simulink cho
thdy rang cac chat luong dat dwoc cua bo diéu khién dé xuét hidu qua hon so véi b diéu khién
RT2FNN va PI mé thich nghi v&i d6 vot 16 1 0(%), sai sé xac 1ap hoi tu v& 0, thoi gian ting, thoi
gian xac 1ap cua cong suat tac dung va cong suat phan khang twong tng 1a 0,0021(s), 0,0031(s)
va 0,0016(s), 0,0029(s). Trong thoi gian t6i, nghién ctu s& tiép tuc khao sat cac dang mat truot
khac nhau nhu PI cai tién, PID, mit trugt bac phan sé hoic st dung mang no-ron nhan tao dé loai
bo hién twong chattering trong diéu khién truot DFIG.
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