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TOM TAT
Hién nay may phat dién nguodn kép (DFIG) sir dung ghép ndi v6i tua bin gié duoc sir dung
do céc tinh nang wu diém ctia n6. Khi sir dung h¢ thdng phiat dién bang ning luong tii tao tich
hop vao hé thong dién, mot trong nhing yéu cau co ban la kha nang 6n dinh cta h¢ thong phat
dién. Dé nang cao tinh 6n dinh dong trong h¢ thong dién ta can c6 cdc bo diéu khién trong hé
thong mdy phat DFIG nhu diéu khién PI, didu khién mo (Fuzzy control), diéu khién kiéu no
ron (Neural)...Bai bio nay trinh bay 4p dung thuét toan diéu khién theo hé no ron md thich nghi
(ANFIS) vao hé thong may phat dién gi6 tich hop voi ludi dé lam tang kha nang 6n dinh cua
hé thong luéi dién. Muc tiéu ctia bai toan 1a tang tinh 0 6n dinh ctia hé thong va mdy phat DFIG
tich hop vao ludi trong cac truong hop sy ¢6 voi luoi hodc khi cong suét ludi thay doi.
Tw khoa: Hiéu chinh hé thong DFIG — B6 diéu khién mo - bo diéu khién hé no ron md thich
nghi — hé thong tua bin gié DFIG tich hop véi ludi.
ABSTRACT

Doubly fed induction generator (DFIG) is used by many advantages. When integrating
renewable generator systems into the electricity system, one of the basic requirements is the
stability of DFIG system. To enhance dynamic stability in the power system we need to have
the controller in the control algorithm of DFIG generator system as PI controller, fuzzy
controller (fuzzy control), controls the type of neuron (Neural)... This paper presents a
modified the controller of Grid Side Controller (GSC) using (ANFIS) in network intergrated
DFIG wind turbin system in oder to increase network stabilizing. The objective of the problem
is to increasing system stable through faults or changing network power.
Key words: Modified DFIG system - Fuzzy control

ANFIS — DFIG wind turbin system intergrated metwork.

Céc ky hiéu st dung: Ls A Pién cam ro day quén stator (H)
DFIG Doubly Fed Induction Generator Lr A Dién cam ro diy quén rotor (H)
PI Proportional Intergral ds Tur thong truc d stator (Wb)
ANFIS Adaptive Neural Fuzzy Inference gs Tt thong truc q stator (Wb)
System dr Tur thong truc d rotor (Wb)
GSC Grid Side Converter gr Tt thong truc q rotor (Wb)
RSC Rotor Side Converter Lf Pién cam cudn khang loc inverter ndi
FLC Fuzzy Logic Controller ludi (H)
vd Dién dp truc d hé quy chiéu dq (V) Rf Pién tré cudn khang loc inverter ndi
vq Dién dp truc q hé quy chiéu dq (V) luoi (QQ)
vo. Pién 4p truc o hé quy chiéu ap (V) mf Ty s6 diéu ché tan sb
vB Dién 4p truc B hé quy chiéu op (V) ma Ty s6 diéu ché bién do

is Dong dién stator (A)
ir Dong dién rotor (A)

Rs Dién tro stator () Céc ky hi¢u chi sb
Ls BPién cam stator (H) - Chi sb trén

Lr Dién cam rotor (H) s : Quy vé phia stator
Lm Dién cam tir hda (H) r: Quy vé phia rotor



ref hodc *: Gi4 tri tham chiéu (gia tri dat)

- Chi s0 dudi
s : Cac dai lugng cua stator

I. GIOI THIEU

Khéc véi nang luogng khong tai sinh, nang
lugng tai sinh thi khong bao gio can kiét. Hi¢n
nay may phat dién nguon kép (DFIG) sir dung
ghép ndi véi tua bin gi6é dugc st ung dung do
cic tinh ning uwu diém cua né. Mot trong
nhitng uu diém cua nd so véi hé théng may
phat dién gio truyén dong truc tiép. V&i hé
thong truyén dong tryc tiép, toan bd ning
luong dugc chuyén dbi chi khoang 20% ning
luong gi6é di qua chuyén doi thanh dién ning,
phan niang luong con lai di qua stator ma
khong chuyén thanh nang lugng dién. Mot uu
diém khdc nira ctia hé thong mdy phat dién gi6
DFIG la kha néng didu khlen phdi hop cong
suét tic dung va cong suat phan khing cho
viéc ghép noi vao ludi t6t hon. Tuy nhién do
day quan stator két ndi truc tiép véi ludi dién
nén may phat dién gié DFIG chiu anh hudng
rat nhanh khi c6 sy ¢6 trén lu6i. i c6 nghidu
bai bdo thao luan vé van dé lam thé nao dé
giam cdc anh hudng xau cua cic sy cb ludi
dién dén hé cdc théng mdy phat dién gié sir
dung DFIG [12-16].

Trong tai li€u tham khao sb [17], tac gia
Bui Thanh Tan véi tu dé: “Piéu Khién Doc
Lap P Va Q Cua Mdy Phat bién Gié Khong
DPong Bo Ngudn Kép”, luan vin thac si,
Trudng Dai Hoc Su Pham K§ Thuéat TP. Ho
Chi Minh, thdng 5/2011. Luan van tap trung
vao van d& diéu khién dinh huéng Vec to tir
thong stator dé tir d6 diéu khién doc lap cong
suét P va Q cua mdy phét dién gi6 khong dong
bo ngudn kép c6 xem xét dén sy thay doi ctua
téc do gié trén co s md hinh héa mdy phat
dién DFIG, tua bin gio6, tryc truyén va cdc thiét
bi dién tir cong suat dugc gia dinh 1a 1y tudng.
Nghién cuou [18] Yufei Tang, HaiboHe,
ZhenNi, JinyuWen, XianchaoSui, “Reactive
Power Control Of Grid-Connected Wind Farm
Based On Adaptive Dynamic Programming”,
Elsevier B.V, 2013. N6i vé van d¢ t6i uu héa
diéu khién cong suat phan khang cho mdy phat
DFIG nbi ludi dya trén chuong trinh thich ing
dong. Nghién ciu dé& cap dén van d& diéu
khién may phat DFIG véi bo diéu khién lap
trinh thich tng dong (Adaptive Dynamic
Programming) dé ting sy 6n dinh cia may

r : Cac dai lugng cuia rotor

turb : Cac dai lugng cta turbine

d; q : Céc dai lugng quy chiéu truc d hodc
q ctia hé quy chiéu dq

phat DFIG n01 luédi trong va sau qud trinh xay
ra sy ¢b ngan mach cham dat (ground fault)
cua lugi dién ghép ndi. Nghién ctu [19]
Sathans and Jitender Rohilla, “Intelligent
Control of DFIG based Variable Speed Wind
Turbine System using Artificial Neural
Network”, the 2014 International Conference
on Power Systems,Energy, Environment
(PSEE  2014), Interlaken, Switzerland,
February 2014. Trong nghién ctru nay nhém
tdc gid s dung thuat todn hé no ron nhén tao
(Artlflclal Neural Network) ap dung vao bo
diéu khién ph1a rotor (RSC) dé lam tang sy on
dinh ctia hé théng méy phat dién gié DFIG so
v6i kiéu diéu khién vec to trong khi ludi dién
van hanh.

Khi khéo siat mang no ron va 16gic mo, ta
thdy mdi loai déu c6 diém manh, diém yéu
riéng ctia né. Pi vai logic mo, ta dé dang thiét
ké mot hé thdng mong mudn chi bang cac luat
néu - thi (If-Then) gan véi viéc xir 1y ciia con
ngudi. Véi da s6 ung dung thi diéu nay cho
phép tao ra 101 giai don gian hon, trong khoang
thoi gian ngan hon. Thém nita, ta dé dang st
dung nhitng hiéu biét cia minh vé dbi tugng
dé t8i wu hé théng mot cach truc tiép. bdi voi
mang no ron, chiing c6 mot s wu diém nhu xir
1y song song nén toc d6 xir 1y rat nhanh; Mang
no ron c6 kha ning hoc hoi; Ta c6 thé huin
luyén mang dé x4p xi mot ham phi tuyén bat
ky, dic biét khi dd biét mot tap dir liéu vao/ra.
Tir nhitng phén tich trén, ta thdy néu két hop
logic m¢ va mang no ron, ta s€ cé mot hé lai
v6i vu diém cua ca hai: logic m¢ cho phép
thiét ké hé¢ dé dang, tudng minh trong khi
mang no ron cho phép hoc nhitng gi ma ta yéu
cau vé by diéu khién. N6 sira d6i cic ham phy
thudc vé hinh dang, vi tri va su két hop, ...
hoan toan ty dong. day ciing chinh 12 dic diém
cua bo diéu khién st dung h¢ no ron mo thich
nghi (ANFIS)

Bai bdo nay s& 4p dung thay thé bo didu
khién PI bang bd diéu khién ANFIS vao khau
diéu khién phia lugi (Grid Side Converter —
GSC) ctia hé théng mdy phat dién gié DFIG
ndi véi ludi dién [24] muc dich cua viée thay
thé nay 1a 1am ting kha ning 6n dinh cta hé



thong DFIG, tir d6 ci thién sy on dinh cho
ludi dién ghép noi.
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Hinh 1: Hé thong khéo st 3 may phat 9 nit sau khi thém méy phat DFIG.

II. MO HINH MAY PHAT PIEN GIO
DFIG [17]
2.2. M6 hinh toan may phat dién gié DFIG
Mady dién khong dong bo ngudn kép DFIG
ban chat 1a mdy phat dién khéng dong bo rotor
day quan. Phuong trinh todn md phong mdy
dién nay va mdy dién khong dong bo roto 1ong
soc thong thuong glong nhau. Ngoai tru, dién
ap rotor khéc khong d6i voi may dién rotor
day quan va bang khong dbi voi may dién
rotor 10ng sc vi mach rotor ngin mach.
Quy déi céc thdng s6 vé mach stator, va dua
cac phuong trinh vé hé toa do tinh gan trén

stator.

Hinh 3.3: Mach twong dwong may dién DFIG
quy ddi vé phia stator

Dwa vao so d6, Ta c6 dugc phuong trinh
dién ap stator va rotor.

TS

(1)

i =R+ (2)
r r dt

Phuong trinh tir thong

V=R’ A (3)
s 5 dt

=R+ W g (4)
r r dt

Ta cé duoc phuwong trinh dién ap statorva
rotor trén hé truc dq:

. dy
=Ri, -0y, +—=
vdc s ldx s l//qs d t (5)
d
=Ri, +oy, + W
dt (6)
. dy
=Ri,— (0 - + 4
vdr rldr ( s r ) l//qr dt (7)
d
Vqr = Rsiqr +(a)s _a)r)l//dr + l//qr
dt (8)

2.2. M6 hinh mé phéng DFIG sir dung phin
mém MATLAB

Ta xdy dyng md hinh mé phong hé thong
DFIG trén phan mém MATLAB dya viao mb



hinh todn va dugc chia thanh cédc khdi chirc
nang chinh nhu hinh 2, trong d6:

Khéi 1 (Aerodynamics): mé phong chirc
ning cta tua bin gié chuyén d6i dong nang cua
gi6 thanh co ning & ddu truc tua bin. Céc tin
hiéu dau vao 12 van tdc gié, géc xoay cua canh
quat va van tdc gbc cua truc tua bin. Tin hi¢u
d4u ra ctia khdi 1 12 md men truc tua bin.

Khéi 2 (Driver train): md phong chic
nang hdp s6 truyén dong trung gian giira tua
bin gié va tryc r6 to cia may phat DFIG.

Khdi 3 (Stator): mé phong stator ctia mdy
phat DFIG véi céc tin hiéu ddu vao 1a dong
dién va suc dién dong cua cac cudn day quén
stator, tin hi¢u ngd ra la gia tri dién ap. Cac gia
tri d3 dugc bién ddi theo hé truc toa do d-q.
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Hinh 2: M6 hinh méy phat DFIG dang khi
xdy dung trong phan mém MATLAB
Khdi 4 (Rotor Dynamic): mé phong 16 to

cua may phat DFIG véi cdc tin hi€u ngd vao
1a dong dién stator, dién dp trén céc cudn day
quan rd to va van toc géc cua 1o to. Tin hi¢u
ngo ra la stc dién dong cam tng stator, dong
dién trén r6 to va Te.

Khéi 5 (Controllers): md phong céc khoi
diéu khién sir dung cho mdy phét DFIG. Nhu
da dé cap phia trén so do téng quat: ¢6 2 bd
chuyen ddi (converter) ddu ndi voi nhau theo
kiéu “back-to-back” dé két ndi day quan ré to
v6i ludi nén can phai c6 2 bo didu khién cho
cic khbi chuyén d6i d6 twong tng 1a bo didu
khién phia 16 to (RSC) va phia luéi (GSC). O
day ta bo qua khau diéu khién géc xoay cia
canh quat tua bin.

Khéi 6 (DC link): ¢6 vai tro cdp ngudn va
1a ciu ndi cho 2 khdi chuyén doi cong suat
phia rd to va phia lu6i. Tin hiéu vao cta khdi
DC link 1a cong suit tic dung cua stator va rd
to mdy phét DFIG dé tir d6 dwa ra tin hiéu dién
4p DC thong qua sy diéu khién cua khdi GSC.

O so d6 hinh 2: khéi diéu khién 5 dugc
chia ra thanh 2 phan 1a RSC va GSC. Tuy
nhién trong pham vi dé tai chi 4p dung thuat
todn diéu khién hé thong no ron mo thich nghi
(ANFIS) vao khdi diéu khién bién ddi phia
ludi (GSCO).

iog_rel_a P

Hinh 3: So do kh01 GSC st dung thuat diéu
khién PL
Phuong trinh dién 4p rotor trén hé truc dq:

L di I?
Vy =R, +| L ——= ﬁ — Wy, L —— 'iqr
Ls dt L (9)

di, r r
Vo —Rl +[L _f] ;"’w |: - ‘i,m‘+[lﬁ _Lm]‘iql
s s 5 (10)

3 Ap dung thuét toan ANFIS vio hé théng
DFIG

3.1 Thay thé b diéu khién PIs bang b diéu
khién ANFIS

Di c¢6 nhiéu phuong phép tdi wu héa sy on
dinh cua hé théng DFIG dya trén viéc diéu
chinh cac thong s6 trong hé théng thong qua
cac giai thuat PSO, DE. Phuong phép co ban
nhat dugc sir dung phd bién trong thuc té 1a str
dung cac bo 6n dinh PI dé duy tri cac dai
lugng: cong xudt phat tdi da, dién dp ngo ra,
gid tri dién dp DC trong bo chuyén di cong
suat va cong suét phan khdng cua hé thong &
lan luot 2 khdi chuyen ddi phia 6 to (RSC) va
phia luéi (GSC) trong cic khéi didu khién cua
DFIG.

Khi str dung thuat todn diéu khién ANFIS
thay thé cho kiéu diéu khién PIs ta x4c dinh
ngd vao cua khdi diéu khién FLC (Fuzzy
Logic Controller) 12 sai sd giita gid trj dién dp
DC tham chiéu va gia tri thyc té dé tir d6 diéu
chinh gi tri dong dién tham chiéu Idgc_ref
nhu hinh 5.

Vage ret

Hinh 4: GSC 6n dinh dién 4p DC.

Do 1éch gia tri dién ap DC dugc mo hoda
st dung 2 ngudng gid tri P (positive hay
ngudng trén) va N (negative hay ngudng
dudi). So dd khéi ctia bd 6n dinh str dung FLC



duogc trinh bay & hinh 6. Gia tri cua L1 va L2
trong hinh 6 duoc ldy tir gid tri 16n nhét cia
sai sb gid tri dién 4p DC va tich phén cua sai
s6 d6. Céc gid tri d6 dugc 13y tir qud trinh chay
md phong chuong trinh véi cic bo diéu khién
PI trude do.

Vdgc_ref

Vae - TS Fuzzy | |lecw

controller
Hinh 5: Khau diéu chinh gi4 trj dién 4p DC
dung bd dieu khién FLC.

negative positive B o positive

Hinh 6: Cac ham lién thudc.
ref + - actual
CJ

ek + Te(k)
+ - TS Fuzzy | uo ||
controller| |
e(k)

Hinh 7: So d6 khéi cua bo 6n dinh st dung
FLC véi ngd vao sai sd va tich phan sai s.
Tir d6 ta 4p dung thay thé bo didu khién
PI5 bang bd ANFIS véi cc thong s6 hé thong
mdy phat DFIG. Sau khi xdy dung xong b
didu khlen ANFIS thay thé cho b diéu khién
PI5 ta tién hanh chay mo phong hé thong dé
lay s6 liéu so sénh véi hé thong md phong khi
con sir dung bo PI truyén théng.
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Hinh 8: So d6 khéi GSC st dung thuat didu
khién ANFIS.
3.2 Khéi tao bp diéu khién ANFIS thay thé
bo diéu khién PI sir dung MATLAB
Nhu da néu ¢ trén, qué trinh khéi tao bd
diéu khién ANFIS phai dya trén hé thong dir
lidu c6 san dé tir d6 ta tién hanh huan luyén bo

4. Két q T Tmd phéng
4.1 Khi thay doi dau vao may phat SG1

diéu khién ANFIS dua trén thiét 1ap céc luat
hoc. Qua trinh thuc hién duoc biéu dién béng
lvu d6 hinh 9.

Céu tric hg ANFIS: bo diéu khién ANFIS
c6 thé xdy dyng theo nhiéu céu tric khdc nhau,
trong dé tai ndy tic gia chon bd diéu khién
ANFIS nhu hinh 10.

Xacdinhtin hiéu vao_ra cho b ANFIS

Nap thong s6 ban dau clia hé
théng

Chay md phdnghé wibd PID

Thiét lap bd ANFIS v&i cac luat

Hudn luyén ANFIS dira vao data va cac luat da dua ra

Hinh 9: Luu d6 khdi tao bo diéu khién
ANFIS.

® Lo?w

Hinh 10: So d cau tric b diéu khién

ANFIS.

So dd cAu tric thi bd diéu khién ANFIS ¢6
1 d4u vao va 1 dau ra. Pau vao ¢6 5 no ron md
ta cdc ham lién thugc dang ham Gauss. Trong
qud trinh huin luyén néu sai s6 chua dat yéu
cau can phai tang s6 ky hudn luyén hogc thay
d6i cAu tric mang bang cich thay ddi sé no
ron hodc thay doi phwong phdp huin luyén
mang.

g8




Khi thay doi cong suét phat cua SG1 ¢ gidy thir 5 thi cdc mdy phat khdc trong hé théng
cling bi anh hudng va thay ddi theo hinh 11 (a), (b), (¢), (d) . biéu dién cong suat cua cdc may
phit trong tmg SG1,SG2, SG3 va hé théng mdy phét dién glo DFIG theo mién thoi gian.
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Hinh 11: Két qua mo phong khi thay d6i cong suat diu vao ciia mdy phat SG1.

Ta thay khi thay doi cong sudt phat cua SG1 ¢ gidy thir 5 thi ciac mdy phat khdc trong hé
thong cling bi anh huorng va thay ddi theo hinh (a), (b), (c), (d). Cu thé cac ‘mdy phat khac va
DFIG thay dbi theo chleu hudng nguoc lai nham duy tri lugng cong sudt tong phat khong daé
tdng cao nham muc dich 6n dinh gia tri dién 4p tai cac nit cua hé thong
4.2 Khi xay ra su ¢6 ngin mach & dwong diy 5-8 trong 5 chu ky

Khi xdy ra sy cd ngan mach & gidy thu 5 tai duong day 5-8 thi cac mdy phat khdc trong hé
thong cling bi anh huorng va thay ddi theo h1nh 12 (a) (b), (¢), (d). Cu thé SGI bj glam cong
suat phat vi vi trf ngan mach & duong day gan SG1 nhét nén bi anh hudng nhiéu nhat, cdc mdy
phét khic va DFIG thay doi theo chiéu “hudéng nguoce lai nham duy tri luong cong suét tong
phat khong dé tang cao nham muc dich 6n dinh gi4 tri dién 4p tai céc niit ciia hé thong
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Hinh 12: Két qua mo phong khi ngén mach trén duong day 5-8.

Sau khi sy c6 két thiic (sau 5 chu ky) ta thiy cac may phét dan diéu chinh dé céng suét phat
6n dinh trg lai. Dao dong tit dan nhanh chéng va dén gidy thir 10 thi hé théng 6n dinh tro lai.
4.3 khi toc a9 gi6 thay doi

Dé danh gid s anh hudng cua bo diéu khién ANFIS dén hé thong so vé6i b diéu khién PI,
tac gia thyc hién mo phong khi téc do gié thay dbi tang va giam dot ngdt nhu hinh 13. Hinh 14



bén dudi thé hién su so sanh két qua cia cic thong s giita bo didu khién PI (duoc thé hién

bang dudng mau xanh) va bo didu khién ANFIS (dugc thé hién bang duong mau do).
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Hinh 14: Két qua md phong khi ngén mach trén dudng day 5-8.

Ta thay khi toc do gi6 thay doi dot ngot tang ¢ gidy th 5 va gidy thir 15 thi cong suat phat
cua DFIG cling tang dot ngdt. Khi d6 h¢ thong lu6i dién khong c6 su cd nao khic nén tong
luong cong suat phat vao ludi ting dan den cdc mdy phat khéc trong hé thong cling bi anh
huodng Va dleu chinh thay ddi gidm cong sudt phat theo h1nh (a), (b), (¢), (d) nham duy tri lugng
cong suét tong phat khong dé tang cao nham muyc dich on dinh gid tri dién 4p tai cdc niit ctia hé
thong Iudi dién hinh (e) (), (g).

Pong thoi ta thay toc do cua cac mdy phat cing thay d6i twong g theo su thay doi cong
suat ting mdy phat. Sau khi toc do gié on dinh tr6 lai ta thiy céc mdy phat dan diéu chinh dé
cong suét phét on dinh tr¢ lai. Dao dong tat dn nhanh chong, hé thong on dinh tro lai. Co thé
thay tir két qua md phong hinh 14 rang, bo diéu khién ANFIS gitip hé théng 6n dinh nhanh hon
thé hién & d6 vot 16 nho hon va thoi gian qué do nge‘tn hon.

5. Két luan

Trihg bIIIb([I nll] d& x[4t 4p dung thong th! phuong ph(p diing bo diéu khién
th(at t[(n diéu khién theo hé no ron mo ANFIS gitp hé théng 6n dinh nhanh hon
thich nghi (ANFIS) vao hé thong mdy phat thé hién & do vot 16 nho hon va thoi gian
dién gi6 tich hop véi ludi dé lam ting kha qud d6 ngan hon. D(Id(] phuong ph(p diing
ning 6n dinh cua hé théng ludi dién. Viée bo diéu khién ANFIS 171mot trlng nhung
ap dung d[idwoc nghlén cirlIch( hé thong phuong phlp toLtIUtthg v(éc nghlén cul)
lui d/én trong bl truong khi cong suat thay phuong ph(p toLtrUch [van d& cai thién va
d6i, khi sy ¢ ngan mach va khi tin hiéu gié t6i uu héa d6 on dinh hé thong ludi dién tich

thay d6i. Cle két qULIth(] duge st vol! hop mdy phat gié DFIG.
phuong phdp dung bd dicu khién PI truyén
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