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Tém tat - Bai viét nay trinh bay sy cai tién cla phwong phap diéu
khién dinh hwéng tir thong stator (SFOC) cla may dién khong
ddng bo ngudn kép (DFIG) khi trong Iwéi dién mét dbi xieng, séng
hai clia dong dién ciing dwoc cai tién dé& gidm dao dong séng hai.
Thay thé bd diéu khi&n PI thong thwong thanh bo diéu khién Pl mo
(PI+F) dé c6 dwoc gia tri lénh ctia dong rotor; b loc Notch va bo
didu khién thanh phan thi tw thuan nghich (SCC) cling dwoc st
dung dé loai bé thanh séng hai bac hai. Nhitng cai tién dwoc ap
dung khi diéu khién v&i van téc gié thay 60| Turbine, may phat dién
va bo diéu khidn dwoc mé ta trén phadn mém Matlab/Simulink. Két
qua md phdng cho thdy sw cai thién dang k& clia cac dai lwong
diéu khién cong suét tac dung (P), cong suét phan khang (Q) va
sy &n dinh moment trong diéu khién DFIG.

T khéa - DFIG; lwéi mét déi xieng; P1 Antiwiup; SFOC; fuzzy.

1. Dt van dé

Viét Nam 1a qudc gia co tiém niang gié rat 1on, tiém
nang gi6 VN tét hon rat nhidu so véi cac nudce trong khu
vuc nhu Lao, Campuchia va Thai Lan ca vé chat luong va
s6 lugng. Viéc tan dung ngudn ning luong nay dé san xuat
dién 1a rat can thiét trong bbi canh thiéu hyt ning lugng va
tai nguyén khodng sdn bi can kiét. Khoa hoc k§ thuét hién
dai cho chung ta nhiing phuong phap didu khién rit hiru
hiéu va chinh xac cao. V& mit thiét bi, turbine glo cling
dugc cai tién rat nhiéu, tiéu biéu 1a may phat dién gio khong
ddng bd ngudn kép (Doubly Fed Induction Generator—
DFIG) 1a mot bude phat trién 16n [1]. V& mit didu khién,
DFIG thuong duge didu khién trén nén hai phuwong phap
chinh: Piéu khién dya trén dinh huéng tir thong (Flux
Oriented Control- FOC) va Piéu khién tryc tiép Cong suét
(Direct Power Control- DPC) [2, 3]. Trong do, FOC c6 céc
wu diém vuot troi nhu sb 1an dong ngit truc tiép khi didu
khién dugc giam di rat nhiéu so v6i DPC, giam déng ké
thiét bi do ludng cam bién tryc tiép, linh kién dién tir trong
b chuyén dbi (back-to-back) don gian. Dé thuan tién trong
didu khién va van hanh, diéu khién cong suat tic dung (P)
va cong suét phan khang (Q) doc 1ap trén nén SFOC (Stator
Flux Oriented Control) dang dwogc tmg dung rat nhidu trong
diéu khién may dién gi¢ DFIG [4].

Céc cong trinh nghién ctru khoa hoc vé phuong phép
SFOC rat nhiéu. Tuy nhién, didu khién SFOC v&i bd chinh
PI+F, b6 loc Notch va bo khir song hai bac hai cua dong
dién rotor (Sequence Component Controller — SCC) khi
ngudn méat déi xing 1a mot van dé dang dugce quan tim
[5, 6]. Khi ngudn mat dbi xtng, cac thanh phn thir ty xut
hién gém thtr ty thudn, nghich va khong. Trong d6 thanh
phan thi ty nghich 13 tac nhan chinh gy ra hién tuong
nhiéu tin hiéu trong diéu khién. Cac thanh phan séng hai
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bac 2 tac dong lam dong di¢n, dién ap bién dang va anh
huong dén cac dai luong diéu khién P, Q [7, 8]. Céc tac
dong do 1am moment khong 6n dinh, anh hudng truc tiép
1én cac bo phan co khi, 1am gy d6 va hu hai 16n cho turbine
gi6 [9, 10]. Ngoai ra, khi ngudn khong dbi ximg con tac
dong dén cac turbine gio khac trong néng trai gié do cac
turbine dugc két ndi véi nhau. Vi vay, diéu khién doc lap
P, Q trong DFIG khi ngudn mat ddi xtng véi PI-F va bo
SCC la trong tam cua bai bao nay.

2. Phuong trinh todn hoc turbine gi6
M@ hinh toan hoc cua turbine gio véi cac thdng sé quan

trong cua turbine gié nhu moment co, cong suat co dugc
thé hién & cac phuong trinh toan hoc.

Cong suit co dau cuc la:

Py = = pAVSC, (1. 5) )

turb 2
Véi:  p=31,22 (kg/md);
A=R?g (m?);
R(m): Béan kinh canh quat gio;
Vi (M/s): Toc do gi6 trén mot vang dién tich A;
Cp (A,B): Hiéu suit cua canh quat turbine.

3. M hinh diéu khién DFIG
3.1. So dé ciu triic diéu khién DFIG-SFOC

Céu trac so do diéu khién DFIG-SFOC duoc thé hign
& Hinh 1, 2 va 3. Hinh 2, diéu khién P, Q doc lap véi
phuong phép SFOC véi b dicu chinh PI+F cdi thién rat
nhieu b dieu chinh P1 [12]. Tuy nhién, khi nguon mat doi
ximg tdc dong cua thanh phan song hai bac hai va thanh
phan tha ty nghich rat I6n lam anh huong truc tiép dén
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cac dai luong diéu khién. Khi thanh phan thir tu nghich
1a can thiét. Véi Hinh 3, bd loc Notch 1am nhiém vu truc
tiép khir thanh phan 2w; tir dai lugng dién &p stator Vegs,
dong dién rotor lgq va bo khir thanh phan tha tu nghich
cua dong dién rotor lgqr - dai luwong truc tiép anh huong
khi nguon mat déi xang. Vi vay, két qua diéu khién duoc
cai thién tinh dn dinh rat nhiéu.

Hinh 4 bicu dién d6 thi chuyén doi truc tir h¢ truc toa
d6 (abc) sang (ap) va (dq). 0 day thé hién rd thanh phan
thir ty thuan nghich khi ngu0n mat d6i xang (dg)* 1a thanh
phan thtr tu thuan véi tan sé goc ws, (dg) ~ 1a thanh phan
thir tw nghich véi tan sb goc -ws.

Tir Hinh 4 ta c6 thé chuyén dbi cac dai lwong tir truc toa
d6 (abc) sang (o.f)s, (oB)r va dg*, dq- theo cbng thirc (2),
(3), (4). Cong thirc (5) thanh phan thi tu thuan nghich sau
khi diéu chinh thanh dong thir tu thuan va dua vao tinh toan
(6). Cong suit tac dung va phan khang cua stator dugc tinh
toan codng thic (7), (8).

+ .t - jost
I - @ — I e] s
(ap)s® (ap)s 2)
+ —j2@t - j2at
=1 _.e % =1,_.,.e""
da (apB)s " (apB)s o )
+ _ zUsllp-v— - —_ m5|'P—
Loy = Niap® '(dq)r = liopy® ()
e = Vo Lo = Lo + 1 g 127!t
(da)r
(dg)r* (da)r~ (dg)r* dQ)r (5)
Dién ép stator thur ty thuan dugc tinh nhu sau:
Ay | .
ngq = Rs | s:iq dts . + Ja)sl//;iq (6)

Cong suat stator khi nguon mat ddi xtmg duoc tinh theo

[7]

P s PsO + Ps_sinz S In(2 ZD-st) + Ps_coszcos(z wst) (7)
Q s= Qso + Qs_sin2 S m(2 ZD-st) + Qs_coszcos(z ZUst) (8)
P, 0 0 0 0
V§i| Qe Ve Ve Va- Ve ||V (9)
csine |30 | Ve Ve Ve Ve || Ve
Poosz | 2L | Vo W Ve Ve || Ve
Qs sin 0 0 0 0 Ve
QsJ:osZ 0 0 0 0
Ve Vear Ve Ve
Ve Ve Ve Ve | liae
Lol | Ve Ve Ve Ve || b
2L | Vo W Ve Ve || lw
Vo VYa Var Ve |l
Wi Vo Vear Ve

Vi muyc tiéu loai bo dong dién '[hl:l”tl.l’ nghich cua rotor
=0) [5] va trong hé quy chiéu SFOC tir thong

(I (dQ)r*
l//qs+

=y, =0. Ap dung vao (7), (8) va (9), ta co cong

suét tic dung va cong suét phan khang cia stator:

Ps ++ = (3/2).(Vds++ids+ *
Qs = (3/2).(Vds++iqs+ *

3.2. Bj diéu chinh PI+F

_Trong Hinh 5, bo diéu chinh PI+F dugc sir dung dé
kiém soat cac sai so gitra gia tri Iénh va céc gid tri thuc té

- Vq5++iq5++)
- Vqs++ids++)

(10)
(11)

cua Ps, Qs ciia DFIG. Trong dé, cac thong sb cua Pl bo diéu
khién (T; va Kp) duge diéu chinh phi hop voi bang ly
thuyét mo va diéu khién logic (Fuzzy Logic Control - FLC)
dé c6 duoc dau ra tét nhat vai cac sai sé 1a khdng. Céc bién
sb didu khién dugc cb dinh trong bo didu khién PI truyén
thong 1a co s& hd trg gidp cho tinh toan trong Fuzzy nhanh
choéng va dat duoc hiéu suét tét nhat.

Psrer +* gy (imsLmfLs + OLyigr): iWs OLiigr

5 PWM
eJBs\ !

Q, v B2

Qsrer

Vap.es
[Unbalanced
Grid

Hinh 1. So d6 diéu khién RSC véi P truyén thong [12]

Psrer g (imsLm/Ls + oliar)

W OLigr Voc
Vi H

Vap.cs

unbalanced
Grid

Hinh 2. So d6 diéu khién RSC véi P1-Fuzzy

" Wl (imskm/Ls + OLyig): iWsi OLiigr

HH

RSC

Hinh 3. So d6 khéi mé hinh diéu khién RSC
véi bg SCC va Pl-Fuzzy

Hinh 4. So do biéu dién doi truc toa dé (a.f)s, (a.f)r; da*; dq-
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PI controller with fuzzy logic

Hinh 5. B§ diéu chinh PI-Fuzzy

4. Két qua md phéng

Xay dyng moé phong may dién gié DFIG 2,3 MW trén
phan mém Matlab/Simulink. Théng s6 méy va thong sb
dau vao thé hién & Bang 1, 2. Vé6i dién ap ludi bi mat can
bang 25% trén pha A tai thoi diém 30 gidy va phuc hdi thoi
diém 70 gidy (Hinh 6). Gié tri lénh P va Q duoc thay dbi
tai thoi diém 50 gidy. Gid tri lénh P va Q dugc thay doi tir
1MW — 2MW. Téc¢ d gio6 thay doi tir 10 — 14m/s (Hinh 7).
Pién ap khi ngudén mat déi xiang va phuc hdi, dudng dit
khiic 1a pha dién &p bi s ¢6 (Hinh 6), véi van tdc goc rotor
nr = 1400rpm. Md phong dugc xay dung trén phan mém
Matlab/Simulink. Pai luong diéu khién P, Q doc lap trong
khoang thoi gian mé phong 100 gidy.

Két qua so sanh gia tri thuc va gid tri 1énh duoc thé hién
& Hinh 8-16. Céc Hinh 8 - 11 1a d6 thi cia cong suét tac
dung thuc Ps so véi gié tri 1énh Ps*. Tir Hinh 13 - 16 1a d6
thi cua cong suat phan khang thuc Qs so véi gia tri 1énh Q™.
Hinh 12 1a d thi caa moment. Thanh phan séng hai cua
dong dién rotor duoc trinh bay trong Hinh 17.

Két qua md phong ba phuong 4n diéu khién: DFIG sir
dung PI thong thuong (Hinh 1); DFIG st dung bo diéu
chinh PI+F (Hinh 2) va DFIG c6 bo diéu chinh P1_Fuzzy
va bo SCC (Hinh 3) dugc & thé hién Hinh 8 dén Hinh 16.
Cong suat tac dung dwoc thé hién ¢ Hinh 8-11. Déi véi
cong suét phan khang duoc thé hién Hinh 13-16. Hinh 12
thé hién moment cua ba phuwong an.

DIEN AP STATOR KHI MAT DOI XUNG t=30 s
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Hinh 6. Pién &p mdt doi xiing ¢ thoi diém 30-70 gidy
Bing 1. Théng sé mdy phat gié DFIG 2.3MW

Théng sb KY hiéu Gia tri
Dién cam cuon stator Ls 159,2 (uH)
bién cam cudn rotor Lr 159,2 (uH)
Pién cam tir hda Lm 5,096 (mH)
bién trd cudn Stator Rs 4 (mQ)
bién tré cudn Rotor Rr 4 (mQ)
S6 doi cuc P 2

Tén s6 goc os 100m (rad/s)

Luc quan tinh J 93,22 (kg.m?)

Bing 2. Théng s6 diéu khién dau vao

Thong sé | Ky higu | Truéc Sur b Sau sy ¢b
dieu khien | donvi | swco : (phuc hai)
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Hinh 7. Téc dg gi6
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Hinh 9. Céng sudt tac dung khi nguon mat ddi xing

SCC + PI-Fuzzy Pl+Fuzzy P! thong thuong
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Hinh 10. Cong suat tac dung khi phuc hoi doi xiing
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Hinh 11. Cong sudt tac dung khi gia tri lénh thay doi
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Hinh 12. Moment cia DFIG
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Hinh 14. Cdng sudt phan khang khi nguén mdt ddi ximg
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Hinh 15. C6ng suat phan khang khi phuc héi doi xing
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Hinh 16. Cong sudat tac dung khi gia tri 1énh thay doi

Tong do6 bién dang song hai (Total Harmonic Distortion
- THD) cua dong dién 1a sy phan b céc song hai bac cao.
Hinh 17 1a @4 thi THD cua rotor khi ngudn mét ddi xang. S6
liéu thdng ké va so sanh trinh bay ¢ Bang 3.

FFT analysis

Fundamental (50Hz) = 131.8 , THD= 250.07%

Mag (% of Fundamental)

60
Frequency (Hz)

FFT analysis
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)
=
5
£
8
g
g
S
Z
5
B
g
=
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Frequency (Hz)

Hinh 17. THD Ir khi mat doi ximg
a. SCC va PI-Fuzzy; b. PI-Fuzzy; c. PI truyén thong

5. Két qua va nhan xét

Ba m6 hinh diéu khién DFIG duoc dé xuit & Muc 3
(Hinh 1, 2, 3) dugc tién hanh md phong trén phin mém
Matlab/Simulink. Két qua thu duoc tir md phong duoc
trinh bay ¢ Muc 4. Ta ¢6 nhitng nhan xét sau:

- M0 hinh DFIG_PI théng thuong (Hinh 1), céc gié tri diéu
khién Ps, Qs doc lap khi nguon dbi xing ciia phuong an nay
kha tét, cac gia tri ludn bam sét gié tri 1énh, moment ciing dao
dong trong pham vi hep. Tuy nhién khi ngudn mét ddi xung,
c4c gia tri diéu khién bj dao dong lon lam sai s6 diéu khién
rong thém, moment ciing dao dong lén. Cac thanh phan séng
hai bac cao ciia dong rotor tang nhanh (Bang 3).

- M6 hinh DFIG_PI-F (Hinh 2), day 1a mé hinh diéu
khién c6 sy cai tién caa DFIG_PI thong thuong. Céc gia tri
diéu khién c6 cai tién hon so voi md hinh DFIG_PI théng
thuong, nhung khong dang ké. Tuy nhién, vai thanh phan
s6ng hai bac cao dong rotor giam 44.8% (Bang 3) khi ngudn
mét ddi xtng. B6 diéu chinh PI+F diéu chinh 1am sai s6 gia
tri thuc va 1énh vé 0, vi vy céc séng hai bac cao khi ngudn
mat d6i xtmg ciing bi giam manh trong mé hinh nay.

- M6 hinh DFIG_PI-F+SCC (Hinh 3) 1a m6 hinh cai tién
rat nhiéu so vai hai moé hinh trudc. Chdng ta xay dung thém
khdi SCC la khéi khir song hai bac cao va loai bé dong thi
tu nghich cua rotor khi ngudn mét déi xang. V& bo didu
chinh ta dung 4 b6 PI-F hon so v&i m6 hinh DFIG_ PI-F la
2 b PI-F va 2 bo PI truyén théng (Hinh 1, 2). M4 hinh nay
duoc cai tién hon rat nhidu so véi 2 mé hinh truée. Két qua
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S0 v6i 2 mO hinh truge: Bo diéu chinh PI+F 1am tdt nhiém
vu diéu chinh gi4 tri lénh va thyc (Hinh 8-16); Dao dong
moment khi thay d6i Iénh va mét ddi xing én dinh (Hinh
12):; B6 SCC lam thanh phan séng hai bac cao giam 72,45%
véi dong rotor khi ngudn mét ddi xting (Bang 3).

Bdng 3. So sanh THD dong rotor khi mar déi xiing

ruyén théng - -F) va
THD PI (T h PI-F PI-F SCC
Dong 907,6% 501,1% 250,07%
rotor
0% -44,8%* -72,45%*
(*) _ THD _THDPI—Ihongthuong
THD,

Pl —thongthuong

6. Két luan

Trong phuong phap diéu khién DFIG str dung b diéu
chinh PI-F hay PI thong thuong lu6n dap tng diéu khién
cong suat doc lap khi nguén déi xing. Tuy nhién, khi
nguon mat ddi xang, cac dai lwong diéu khién bi anh
huong, sai s6 16n. Khi thém bo SCC, dai lwong diéu chinh
P, Q dgc lap duoc cai thién hon so véi hai phuong an trudce.
Moment dao dong trong pham vi hep. Vi vay, céc su ¢b co
khi duoc giam tbi da.

Qua céc két qua mo phong trén ta c6 thé khang dinh
thém phuong diéu khién cong suat tac dung va phan khang
doc 1ap khi ngudn khong dbi ximng c6 sir dung bo SCC va
bé diéu chinh PI-F duoc cai thién hon va ning cao tinh 6n
dinh trong diéu khién. Do ing dung ly thuyét mo vao bo
diéu chinh nén doi hoi bo xir ly manh. Tuy nhién, khuyét
diém nay duoc khic phuc véi su phét trién manh mé cua
khoa hoc cdng nghé may tinh.
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