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This article designs a sliding mode controller based on hyperbolic
tangent function (SMC-tanh) to power direct control for a doubly fed
induction generator (DFIG). The DFIG is an electrical asynchronous
three-phase machine with open rotor windings which can be fed by
external voltages and widely used in high power fields. The proposed
controller was designed to ensure that the actual powers of the DFIG
follow the desired powers in a finite time. The hyperbolic function was
used to reduce the chattering phenomenon around the sliding surface.
The stability of the system was proven by Lyapunov's theory.
Simulation results in MATLAB/Simulink showed the effectiveness of
the proposed controller without the overshoot, the steady-state
converges to 0, the rising time, the settling time of the active and
reactive power was 0.002(s), 0.0031(s) and 0.002(s), 0.0036(s),
respectively.
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May phat dién gi6 nguon kép

Nghién ctru nay thiét ké bo diéu khién truot dya vao ham hyperbolic
tangent (SMC-tanh) dé diéu khién truc tiép cong suat may phat dién gio
ngudn kép. Day 1a loai may dién ba pha khong dong bo véi cuon day
rotor hé' c¢6 thé dugc cép dién bang dién ap bén ngoai va duoc sir dung
rong rdi trong cac linh vyc cong suat cao. Bo diéu khién d& xuat duoc
thiét ké dé dam bao cong suét thuc té ciia may phat dién ngudn kép bam
theo cong suat mong mudn trong thoi gian hiru han. Ham herperbolic
tangent duoc st dung dé giam hién tuong dao dong tin sé cao (con goi
1a chattering) quanh mit truot. Tinh 6n dinh cua hé thng dugc ching
minh bang 1y thuyét Lyapunov. Cac két qua mod phong Véi
MATLAB/Simulink cho thay hiéu qua cua bo diéu khién dé xuat voi do
vot 16 12 0(%), sai sb xac 1ap hoi tu vé 0, thoi gian ting, thoi gian xac
lap cua cong suat hidu dung va cong suat phan khang twong tmg la
0,002(s), 0,0031(s) va 0,002(s), 0,0036(s).
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1. Gigi thigu

Néng luong gi6 da tré thanh mot giai phap kha thi dé san xuat nang luong tai tao [1] do su
phan bd phong phu va céng nghé khai thac phat trlen [2], bao vé mdi trudng va gop phan san
XUt nang lugng dién sach [3]. May phat dién gi6 nguon kép (DFIG) la mét trong nhirng tuabin
gi6 toc do thay doi dang duoc su dung phd bién nhat [3], [4], vi hiéu suit cao cua né trong diéu
kién hé thong chi phi thap, hi¢u qua nang lugng cao, hoat dong trén mot pham vi rong thay doi
toc do va trich xuat s6 luong t6i da ngudn dién co san [5], giam kich thudc cua bo chuyén doi,
giam tleng on va kha ning diéu khién doc lap cong suat hiéu dung va phan khang [2].

Diéu khién tryc tiép cong suat (Direct Power Control - DPC) cua cac hé thong tao nang luong
gi6 dya trén DFIG da dugc dé xuat va no da dugc chimg minh ¢6 nhiéu wu diém, chang han nhu
tinh don gian, dong luc hoc nhanh va bén viing véi sy bién d6i ciia cac tham s va nhidu ludi [6].
Rat nhiéu nghién ctru da duoc cong bd véi su da dang trong viée didu khién DFIG, tiéu biéu nhu:
bo didu khién truot bac mot va bac cao cho DFIG duoc thuc hién trong [1], diéu khién tryc tiép
cong sudt DFIG dua vao mang no-ron nhan tao va no-ron mo duoc thuc hién trong [4], trong [5]
da thiét ké bo diéu khién truot va logic md thich nghi cho DFIG, trong [6] d3 sir dung mang no-
ron Perceptron nhiéu 16p dé didu khién truc tiép cong suat DFIG, diéu khién truot cong suat hiéu
dung va phan khang sir dung super-twisting cung cp boi bo bién tan diéu ché vector khong gian
dugc thuc hién trong [7], bo diéu khién truot thich nghi DFIG duoc thuc hién trong [8], trong [9]
da ap dung bd diéu khién truot véi mo loai 2 cho DFIG, va bd diéu khién truot bac hai DFIG
duogc thuc hién trong [10].

Diéu khién truot 1a phuong phap diéu khlen phi tuyén [1 1] da chung minh dugc tinh bén viing
manh m& véi sy khong chic chin cia thong sé md hinh, nhidu ngoai [1], [9] va su phirc tap cua
hé thong gi6 [8]. Tuy nhién, hién tugng dao dong quanh mat truot (con goi la chattering) la han
ché chinh cua diéu khién truot [1], [3], [5], [8], _[10]. Hién tugng chattering c6 thé 1am mat 4n
dinh hé thong va gay nguy hiém rung dong tan sé cao cua hé thong duogc diéu khién [1]. Bé giam
chattering trong diéu khién truot, bo diéu khién truot sir dung giai thuat super — Twisting duoc
thyc hién trong [1], [5], [10], [12].

Nghién ctru nay dé xuat va kiém chung hiéu qua cua b diéu khién truot dua vao ham
hyperbolic tangent (cung nhau tao thanh SMC_tanh) dé diéu khién tryc tiép cong suat may phat
dién gi6 nguodn kép véi cac két qua md phong dugc thuc hién trong MATLAB/Simulink. B§ diéu
khién dé xuét duoc thiét ké dé dam bao cong suit thuc té cua may phat dién gié ngudn kép bam
theo cong suit mong muédn trong thoi gian hitu han. Ham herperbolic tangent dugc st dung dé
giam hién tuong dao dong tin sé cao quanh mat truot. Tinh 6n dinh cua hé théng dugc chuang
minh bang 1y thuyet Lyapunov.

Bai bao duoc té chirc gdm 5 phén: phén 2 trinh bay mé hinh toan hoc cua hé thong, didu khién
trugt bam cong suat dua vao ham hyperbolic tangent dugc trinh bay trong phan 3, phan 4 trinh
bay cac két qua mo phong va danh gia, két luan 1a phan 5.

2. Mb hinh toan hec ciia h¢ théng

Céu hinh DFIG néi ludi sir dung bo chuyén doi Back — to — Back dya vao IGBT dugc diéu
khién voi PWM dugc trinh bay nhu Hinh 1 [1].

Ludn

DC DC
AC ] AC

T T Filter

Hinh 1. Cdu hinh DFIG
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Mo hinh déng hoc ctiia DFIG trong khung d — g dugc biéu dign boi cac phuong trinh dién nhu
(1) - (4) [1], [3], [4]. [12]:

do,
V, =Rl +—% @ 1
sd s " sd dt sq)sq ( )
d
Vsq = Rs Isq + ;ptsq + a)s¢sd (2)
d I
Vrd = errd + C(iptd _(a)s _a)r)q)rq (3)
do,
qu:RrIrq+d_tq+(a)s_a)r)¢rd (4)

Trong d6 ,,®, la cac van toc goc; R, R la di¢n tro stator va rotor; I, 1, 14,1, 1a dong

di¢n stator va rotor; Vy,V,,
rotor trong khung tham chiéu d — q.

Tuwong tu, cac phuong trinh tir tinh nhu (5) - (8) [1], [3], [4], [12]:

Via:Vyq 1 dién éap stator va rotor; @y, @y, @, @y 1a tlr thong stator va

(Dsd:lesd—i_Lmlrd (5)
¢sq:Ls|sq+Lm|rq (6)
(Drd :Lrlrd+Lm|sd (7)
P =Ll + Lyl (8

Trong d6 L, L, 1a dién cam tuan hoan cta pha stator v rotor; L_ 1a hd cam Ién nhat caa pha
stator va rotor.
Momen xoan di¢n tir dugc viét nhu ham cua tir thong stator va dong dién rotor nhu (9):

Tem = p%('rq?sd o Ird¢sd) (9)

Trong d6 p 1a s6 déi cyc.
’Dé dé diéu khién viéc san Xgét dién boi tua — bin gio, ta s& thuc hién didu khién doc lap cong
suat hiéu dung va phan khang bang dinh hudng tur thong stator nhu (10).

(psd = ¢)s 'qosq = O (10)
Momen xoin dién tir (9) duogc viét lai nhu (11):
Tem == p% Irqqosd (11)
Bo qua dién tro clia stator va hang so tir thong stator, ta viét nhur (12):
{V“‘ =0 (12)
Vsq = UOS(DSd :Vs

Pon gian héa (10) va (11), va thé vao (5) va (6), ta duogc dong dién stator nhu (13) va (14):
|=Ye _Ln (13)

sd T rd
s Ls Ls

I, = L I (14)
2 r LS
va biéu thirc cho cong suat stator nhu (15) va (16):
P, =-V, L I (15)
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V2
Qs :_Vsilrd +—=
Ls Lsa)s

(16)

bé diéu khién may chinh xac, ta can thiét lap mbi guan hé gitra dong dién va dién ap rotor.

Thay (13) va (14) vao (7) va (8), ta dugc (17) va (18):

¢rd :O_Lrlrd + LmVS
Lo,
¢)rq :GLrIrq
2
Vol o=1- Ly .
L.L

S

Str dung (17) va (18) vao (3) va (4) ta dwoc (19) va (20) [1], [3], [4], [12]:

V, =Rl +%[O‘L | +ﬁj—(a)s ~w,)oL,l,

rrd T rd
sts

d LV,
V=R, +a(aLrqu)+(a)s —a)r)[O'Lrlrd T J
Quan hé¢ gitra dong dién va dién ap rotor dugc cho bai (21) va (22):
Vrd = R

dlq

I, +oL, -go,oL 1,

r

dl
qu :errq +0er—‘r:q+ga)30'|_r|rd +J LE\S/S

_a)r

o , P
Vol g=— la do truot.

2N

3. Piéu khién trugt bam cong suit ham hyperbolic tangent ciia DFIG
3.1. Thiét ké bg diéu khién truot cong sudt higu dung

So dd diéu khién bam cong suat hiéu dung vai b diéu khién truot nhu Hinh 2.
Poer éep .qu P

Biéu khién trirot DFIG

n céng suat hiéu dung

Hinh 2. Cdu triic diéu khién trueot cong sudt hiéu dung DFIG

Mt truot bo didu khién SMC véi cong suat hiéu dung duge dinh nghia nhu (23):

Sp =Cp6p +6;
Sai s6 cong suat hi¢u dung nhu (24): e, =P, — P,
Trong d6, P, 14 cong suat hiéu dung mong mudn, P, 1a cong suét hiéu dung thyc té

Dao ham cua (24) nhu (25): €, =P, — P,

sref

Léy dao ham ctia (23), ta duoc (26): S, =Co6, +8, =C, (P

sref
I-m

Dao ham 2 vé (15), ta dugc (27): P=-V .

S

P)+&
Iy

P sref

Thé (27) vio (26), ta duoc (28);  S. =P, +C.V. f [ +e

(17)

(18)

(19)

(20)

(21)

(22)

(23)
(24)

(25)
(26)

(27)

(28)
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Tu (22) suy ra (29):
: 1 L.V,
Irq = O'Lr |:qu _errq _gwsal—rlrd _gTS:| (29)
Thé (29) vao (28), ta duoc (30):
c.V. L, c.V. L, L.V,
S _CPPsref Ler qu + O'LSLr |:_Rr|rq _ga)so-l—rlrd -9 LS :|+e (30)
Nghién ctru sir dung diéu khién truot véi ham tanh nhu (31) [13], [14], [15]:
S, = —Kptanh(ij,gp >0- (31)
&p

Luat diéu khién truot cho cong suit hiéu dung voi ham tanh nhur (32):
qu_SMC_tanh =- O-LSLr {é + PPsref _%{errq + gCl)SO'L Ird + g LmV :|+ K tanh[s j} (32)
oLl L, &

CPVS Lm T
Véi c,, K, >0.
Pé chirg minh tinh 6n dinh, ham Lyapunov duoc dinh nghia nhur (33):
1
= Es; (33)

DPao ham 2 vé cua (33), ta duoc (34):

V, =S,S, = —KPSPtanh(S—PJ <0 (34)

€p

Voi K, >0 thi V, —0 véi gia tri cua K, . Hé thdng s& 6n dinh theo Lyapunov. Liic nay, sai
s6 e, s& hoi tu vé 0 dantheo S, —0 khi t — 0. Vi thé, e,,6, —0 khi t > 0.
3.2. Thiét ké bé diéu khién trwet cong sudt phin khdng
So d6 diéu khién bam cong suat phan khang véi b diéu khién trugt nhu Hinh 3.
eref eqQ <A - 2 Vi Qs

biéu khién trirot DFIG

+ cong suit phan khang

Hinh 3. Cdu triic diéu khién truot cong suat phan khdng DFIG

Tuong tu nhu ddi voi cong suét hiéu dung, luat diéu khién truot cho cong suit phan khang voi
ham tanh nhw (35):

_oLL |, . c Vs L, S
Vrd _SMC _tanh = { Qeref - . [Rr rd ga)SO'Lr I rq ] + KQtanh (E_QJ} (35)
Q

VL,

Trong d6, S, = chQ +6€, 1a mat truot, €, = eref —Q, la sai s cong sudt phan khang, Q. 1a
cong suat phan khang mong mudn va Q. la cong suat phan khang thyc té.

Vi Co >0, KQ >0,gQ >0.

Luat diéu }(hién (32) va (35) dam bao cong suét thyc té cua hé théng DFIG bam theo cong
suat tham chiéu trong thoi gian hitu han va khac phuc hién tuwong chattering quanh mat truot.
4. Két qua mé phéng va danh gia

S dd md bo diéu khién dé xuét trong MATLAB/Simulink dugc trinh bay nhw Hinh 4. Thong

s6 cua hé théng DFIG nhu sau: P,= 3 (MW), p = 2, G = 90, p = 1,225 (kg/m®), M = 0,0135 (H),

Ls=0,0137 (H), L, = 0,0136 (H), Ry = 0,021 (€2), Ry = 0,012 (€2), vs = 690 (V), f = 50 (Hz), ws =
320 (rad/s) va g = 0,02. Bang 1 trinh bay cac thong sd ctia bo dicu khién dé xuat.
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_I—V Uqr ™
active_power_SMC_tanh Var - var
asanlfl=—m
— g I
Vdr [ Vdr ar

P Idr

Qsref »| reactive_power_SMC_tanh Decoupling Block DFIG System

_o

Hinh 4. So d6 mé phong bg diéu khién SMC_tanh trong MATLAB/Simulink
Bang 1. Cdc théng sé cua bé diéu khién SMC_tanh

Cong suit Hiéu dung Phén khang
Thﬁng Sé Cp Kp &p Co KQ o)
Gia tri 20 4,5 0,5 13 25 0,5

Dap tng va sai sé cong suit hiéu dung b diéu khién SMC_tanh véi Ps-ref = 3(MW) duoc
trinh bay nhu Hinh 5. Cong suat hiéu dung thuc té cia DFIG (Ps) bam theo cong suét tham chiéu
(Ps-ref) véi thoi gian ting dat 0,002(s), thoi gian xac 1ap 1a 0,0031(s), khong c6 vot 16 va sai sb
xéc 1ap tién vé 0. Cac chi tidu chat lugng nay duoc trinh bay ¢ Bang 2 va Bang 3 trinh bay cac
hiéu suét sai s6 khac nhau cho mdi dap tng str dung dit liu mau kiém ching [16]. Pap tng va
sai s6 cong suat phan khang bo diéu khién SMC_tanh véi Qs-ref = 0,35(MVar) dugc trinh bay
nhu Hinh 6. Cong sudt phan khang thuc té cua DFIG (Qs) hoi tu vé cong suat tham chiéu (Qs-ref)
trong thoi gian hiru han véi cac chi tiéu chét luong dugce trinh bay trong Bang 2 va Bang 3 trinh
bay cac hiéu suit sai s6 khac nhau ctia cong suat phan khang.

Hinh 7 thé hién tin hiéu didu khién cua cong suét hiéu dung va phan khang bo didu khién
SMC_tanh. Tin hiéu ¢ Hinh 7 cho thdy hiéu qua st dung ham tanh dé khic phuc hién tugng
chattering trong diéu khién truot ciing nhu trong ung dung diéu khién bam cong suét cia DFIG.

Pip ng b diéu khién SMC-tanh véi Ps-ref=3(MW) Pip ing b didu khién SMC-tanh véi Qs-ref=0,35(MVar)
‘ | | ‘ = 1 - Qserel
3 g o
2 Sos
2, So6
e 20 i
I e 204 |
Ps 0.2 u
0 | | | I | |
0 0.01 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03 0.04 0.05
Sai s6 ctia Ps-ref va Ps b didu khién SMC-tanh Sai s6 ciia Qs-ref va Qs b didu khién SMC-tanh
3 ‘ eP 0
s s,
22 s02 /
g1 & 0.6 /
2 \ 20
0 08 —
0 0.01 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03 0.04 0.05
Thoi gian (s) Thoi gian (s)

Hinh 5. Ddp vmg va sai 6 cong sudt hiéu dung bg Hinh 6. Ddp ing va sai $6 cong sudt phan khang
diéeu khién SMC_tanh véi Ps-ref = 3(MW) bé diéu khien SMC_tanh vgi Qs-ref =0,35(MVar)
Bang 2. Cdc chi tiéu dat dwoc cia bé diéu khién SMC_tanh véi cong sudt hiéu dung va phan khéang
Cic chi tiéu chit lwong Thoi gian ting (s) Thoi gian xac 1ap (s) Do vot 16 (%) Sai s6 xac 1ap
Cong suat hiéu dung 0,002 0,0031 0 0
Cong suét phan khang 0,002 0,0036 0 0
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Bang 3. Cdc hiéu sudt sai o khdc nhau cho méi ddp img

Higu suit sai sb Céng suit hiéu dung Cong suit phan khing
AAD 7,9928e-19 6,8827e-19
MSE 6,3891e-33 4,7376e-33
RMSE 7,9932e-17 6,8830e-17
MPE -2,6643e-19 2,7531e-18
MAPE 2,6643e-19 2,7531e-18
MRE 2,6643e-17 2,7531e-16
Tin hi¢u diéu khién cia cdng suit higu dung (Urg) véi SMC-tanh Dip ing by SMC-tanh véi Ps-ref=3(MW) khi Ls ting 50%
6 /A\ ] Urq 3 -
g \ 5
) 2 S 1r s-ref
2S =
0 0 . . .
0 0.01 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03 0.04 0.05
Tin hi¢u diéu khién ciia cong suit phan khang (Urd) véi SMC-tanh Pip iing by SMC-tanh véi Qs-ref=0,35(MVar) khi Ls ting 50%
3 Urd — = Qoref
~ 06 Qs
s
g 2 ,\ 205 \\
~ <«
=§A 1 \ E 04 \
2|\ 8 03—
0 02
0 0.01 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03 0.04 0.05
Thoi gian (s) Thoi gian ()
Hinh 7. Tin hiéu diéu khié’n‘ Cia cong sudt higu Hinh 8. Ddp img cong sudt hi¢u dung va phan
dung va phdn khang bé dieu khién SMC_tanh khang b¢ diéu khién SMC _tanh khi Ls tang 50%

baép ung véi Ps-ref = 3(MW), Qs-ref = 0,35(MVar) bo diéu khién SMC_tanh khi L, ting 50%
S0 Vi gia tri ban dau va truong hop nhidu trang (gia sir nhidu cam bién) tic dong ¢ ngd ra cua
DFIG dugc trinh bay nhu Hinh 8, Hinh 9 va Hinh 10 twong tng. Cong suit thyc té cua DFIG
ciing hdi tu V& cong suat mong mudn trong thoi gian hitu han véi sai s6 xac 1ap tién vé 0. Két qua
nay chirng to bo diéu khién dé xuat hiéu qua va bén viing trong ung dung diéu khién bam cong
suat ciia DFIG.

Pap ing b diéu khién SMC-tanh ciia Ps-ref=3(MW) véi nhiéu Pap tng b didu khién SMC-tanh ciia Qs-ref=0,35(MVar) véi nhiéu
g3 o
=3 2.8
g2t 12
£ 9o
a1 - Y
m
0 | | | =t |02 ! !
0 0.01 0.02 0.03 0.04 0 0.01 0.02 0.03 0.04 0.05
0.0 o Thai gian (s)
Thoi gian (s)
Hinh 9. Ddp ung vdi Ps-ref = 3(MW) bg Hinh 10. Pdp ung voi Qs-ref = 0,35(MVar) bg
SMC_tanh khi co nhiéu SMC tanh khi co nhieu

5. Két luan

Bai bao di thiét ké bo diéu khién truot dwa vao ham hyperbolic tangent (cung nhau tao thanh
SMC_tanh) dé diéu khién truc tiép cong suat may phat dién gié ngudn kép. BO diéu khién
SMC tanh dugc thlet ké da dam bao cong suét thuc té cua may phat dién nguon kép bam theo
cong suat mong muébn trong thoi gian hitu han voi d6 vot 16 1a 0(%), sai s0 xac 18p hoi tu vé 0,
thoi gian ting, thoi gian xac 14p cua cong suat hiéu dung va cong suit phan khang twong tng 1a
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0,002(s), 0,0031(s) va 0,002(s), 0,0036(s) va giam dang ké hién tugng dao dong tan sb cao quanh
mit truot. Ham Lyapunov da duoc sir dung dé chimg minh tinh 6n dinh cua hé thng. Cac két
qua dat dugc tir Hinh 5 dén Hinh 10 cho thdy hiéu qua va tinh bén viing cua bo diéu khién
SMC_tanh trong g dung diéu khién bam cong suat cia DFIG. Cac bo diéu khién lai sir dung
phuong phap diéu khién thong minh s& duoc nghién ctru ap dung trong thoi gian toi.
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