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This paper proposes a maximum power point tracking control method for a
doubly-fed induction generator in a wind power system to optimize power
generation. A PID controller is used to regulate the rotor current, thereby
adjusting the electromagnetic torque of the doubly-fed induction generator
to achieve maximum power output. To enhance control performance, a
particle swarm optimization algorithm is applied to automatically
determine the optimal parameters Kp, K;, and Kq of the PID controller.
Simulation results demonstrate that the proposed method enables
significantly improved maximum power point tracking compared to a
conventional PID controller, especially under rapidly and continuously
varying wind speeds. The average maximum power point tracking error
using the particle swarm optimization algorithm-optimized PID controller
and the conventional PID controller is 0.83% and 7.1%, respectively. This
demonstrates the effectiveness of combining the PID controller with the
particle swarm optimization algorithm in controlling the maximum power
point tracking of the doubly-fed induction generator, contributing to
improved wind energy harvesting efficiency, as well as enhancing the
stability and reliability of the wind turbine power system.
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PID

Thuat toan téi wu hoa bay dan

Bai bao nay dé xuat mot phuong phap diéu khién bam diém cong suat
cuc dai cho may phat dién khong dong bo ngudn kép trong hé théng dién
gi6 nham téi wu hoa cong suat phat. By diéu chinh PID dwoc sir dung dé
kiém soat dong dién rotor, tir d6 diéu chinh md-men dién tir cia may phéat
dién nham dat c6ng suit toi da. Dé cai thién hiéu suat diéu khién, thuat
toan tdi wu hoa béy dan dugc ap dung dé xac dinh céc tham s6 tdi wu Ky,
Ki va Kgq ctia bo dicu chinh PID mot céch tuy dong. Két qua mo phong cho
thay phuong phap dé xuat gilp may phat dién bam diém Cong Suét cuc
dai tot hon dang ké bang bo diéu chinh PID cung thuét toan t6i uu hoa
biy dan so v&i PID thong thuong, dic biét trong diéu kién toc do gié thay
dbi lién tuc va Ion. Sai s trung binh bam diém cdng suét cuc dai st dung
bo didu chinh PID vai thuat todn téi wu hoa bay dan va PID thong thuong
lan luot 12 0,83% va 7,1% biéu nay ching minh hiéu qua cua viéc két
hop bo diéu chinh PID véi thut toan t6i uu hoa bay dan trong diéu khién
méy phat dién, gop phan nang cao hiéu suét khai thac ning luong gio,
cling nhur tang tinh 6n dinh va do tin cay cho hé thong dién tuabin gio.
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1. Gigi thiéu

Nhién liéu hoa thach dugc str dung dé san xuat dién nang nhu than da, dau mo, khi tu nhién
dang can kiét va s& khong thé tai tao trong thoi gian ngan. Dé giai quyet van d& nay, cic ngudn
nang lugng tai tao nhu dién mat troi, dién gio, thuy dién, dién thuy tricu, dién song bién va dién
sinh khdi co thé thay thé va dam bao ngudn cung On dinh va lau dai [1]. Nang luong tai tao gitip
giam lugng phat thai CO, dang ke Chi phi san xuat ning lugng tai tao dang giam manh nho cong
nghé phat trién. Trong sO cac nguon nang lu:ong tai tao, nang lugng gi6é ngay cang dugc sir dung
mét cach phé bién. Piéu nay khing dlnh val tré quan trong cua nang lugng gi6é trong co cau
ngudn ning lugng tai tao noi riéng va co cAu ngudn cia hé théng dién néi chung.

Nang luong gio la dang nang luong tai tao dugc tao ra tir sy chuyén dong cua khong khi trong
khi quyén. Céc tuabin gié chuyén doi dong nang cua gio thanh dién nang, gitp cung cap ning
lwong sach va bén vimg. Nguyén 1y chuyén dbi nang luong gi6 thanh nang luong dién dugc dua
trén viéc gid 1am quay canh quat cua tuabin, canh quat truyén dong dén truc chinh ma dugc két
nbi voi may phat dién, may phat dién chuyén ddi co ning thanh dién nang. Khi ay, may phat dién
gi6 1a mot trong nhiing thanh phan chinh c6 anh huong 16n dén ning luong dién thu dugc. Trong
do, may phat dién khong ddng bod nguon kép (KDBNK) ngdy cang duoc su dung phé bién trong
hé thong dién tuabin gid voi cac uu diém lién quan dén hiéu suét, chi phi va dic biét 1a kha ning
cho phép diéu chinh ca cong suét tic dung va cong suit phan khang. May phat dién KDBNK
nhan duoc nhidu quan tim lién quan dén cac nghién ciru diéu khién t6i uu cong sut nhu chién
luge diéu khién dong dién tir héa clia méay phat dién KDBNK [2], chién lugc diéu khién cong
suét co cua may phat dién KPBNK [3], chién lugc diéu khién bo bién doi phia rotor dé cuc tiéu
cac ton that cong sut ciia may phat dién KPBNK [4], chién lugc didu khién truot bac hai tich
phan dé dat duoc cong suat 1on nhat [5], chién lugc didu khién dy biao mo hinh phan tan phan cp
[6], chién luoc diéu khién thich nghi theo mo hinh tham chiéu [7], hay chién lugc st dung bd
diéu khién H.. [8]. R& rang rang phan 16n cac chién luge didu khién c6 cau tric phirc tap. Diéu
nay co thé anh hudng dén do tin cdy va tinh bén viing cta cac két qua dat dugc. Vi vay, bai bao
nay dé xuét chién luoc didu khién bam diém cong suit nham t6i wu cong suit tic dung thong qua
bd diéu chinh PID don gian va tin cdy. Thém vao do, bai bao ciing dé xuit viéc sir dung thuat
toan toi wu hoa bay dan dé xac dinh duoc cac gia tri tdi wu cta cac hé sé diéu chinh K, Ki va Kq
trong bo diéu chinh PID. Thuat toan tbi wu hoa béy dan 1a mot trong nhiing thuét toan t6i wu hoa
nhan dugc nhiéu quan tim va duoc st dung nhiéu trong céc Umg dung ti wu hoa vi cac vu diém
cua no so V0'1 cac thuat toan t01 uu hoa khac lién quan dén tinh don gian, tinh dé str dung va hiéu

Phan con 1a1 ciia bai bdo duogc ciu tric nhu sau: Phan 2 trinh bay phuong phap nghién ctru bao
gom mo hinh toan cua may phat dién KDBNK va dé xut ky thuat diéu khién bam diém cong
suét cyc dai cia may phat dién KDBNK. Phan 3 1a két qua nghién ctru va thao luan. Cudi cung,
phan 4 13 két luan dé khing dinh tinh hiéu qua ctia dé xuat diéu khién bam diém cong suit cuc dai
nham dat cong suat phat toi wu ctia may phat dién KDBNK.

2. Phwong phap nghién ciru
2.1. M6 hinh toan ciia mdy phdt dién khéong dong bg nguon kép

May phat dién KDPBNK 14 loai may phat dién dugc st dung rong rai trong hé théng dién gio.
May phat dién KDBNK c6 2 cudn day. Cudn day stator duoc két ndi truc tiép voi ludi dién.
Cuon day rotor dugc két ndi véi ludi dién thong qua bd bién doi dién tir cong suét hai phia.

May phat dién KDBNK dugc mé ta bing mo hinh trong hé toa d6 quay dq. Cac phuong trinh
mo ta [12], [13] bao gom:

Phuong trinh dién ap stator:

Vds = Rslds +%_a)sl//qs (1)
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d
VCls = Rs I gs + % — Y 45 (2)
Phuong trinh dién ap rotor:
dyg,
Vdr = Rr Idr + d—td — Yy (3)
dy
Vqr = Rr Iqr + d—tq +t oWy (4)

Trong d6: Vs, Vgs, Var Va Vgr: 1a dién ap stator va rotor theo truc dq; las, lgs, lar VA lgr: 1a dong
dién stator va rotor theo truc dq; wes, Wos, War, VA Wyr: 1a tir thong stator va rotor; Rs va Ry: 1a dién
trd stator va rotor; ax Va ar: 1a tbe d gdc cua tir trudng stator va rotor.

Tbc d6 rotor:

AV
®, = _RW Q)
Trong do: A: laty s6 van tbc gio; vy 1a tbe do gi6; R: 1a ban kinh canh quat.
Phuong trinh mé-men va dong luc hoc rotor:
3
Te:_p(l//dslqs_l//qslds) (6)

2
Trong d6: Te: 1a md-men dién tir cia may phat dién KPBNK; p: 1a sé d6i cuc clia may phat
dién KPBNK; wus Va ys: 1a tir thdng doc truc va ngang truc stator.
Tdc do rotor, @r tudn theo phuong trinh dong luc hoc:
] do,
dt

Trong d6: J: 1a m6-men quén tinh cuia rotor; Tm: 1& Md-men co tir tuabin gid; D: 14 hé s6 ma sat.

= Tm _Te - Da)r (7)

2.2. Diéu khién bdm diém cong sudt cuec dai Ciia mdy phdt dign khéng dong bg nguén kép

Dura trén md ta toan hoc cuia may phat dién KDBNK, cong suit tac dung, P va cong suét phan
khéng, Q ciia may phat dién nay dugc phép didu chinh bang cach diéu khién dong dién rotor, I;.

Cong sut ciia may phat dién KDBNK dugc tinh nhu sau:

Cong suét tac dung:

P = Vds Ids +Vqs Iqs (8)
Cong suat phan khang:
P =Vds Ids +Vqs Iqs (9)

Trong bai bao ndy, bd diéu chinh PID dugc sir dung cho viéc diéu chinh dong dién, lq dé dat
duoc toc do goc cua tir trudng rotor toi wu, @r .
Qua trinh thuc hién bai bd dicu chinh PID dugce thé hién nhu sau:

de
l, =K,e, +K [e,dt+K, - (10)

Trong do: e,: 1a sai ) gilra tdc do rotor thuc té va tdc do rotor tdi wu tir viée diéu khién bam
diém cong suét cuc dai; Ko, Kiva Kg: 1a cac hé s6 ctia b diéu chinh PID.

B¢ diéu chinh PID diéu khién lg; tir d6, thay d6i moé-men dién tir, Te clia may phat dién
KPBNK va dan dén thay doi toc do rotor.

R rang rang, trong qua trinh sir dung bd didu chinh PID, viéc chon cac hé s6 Ko, Ki va Kq gip
nhiéu khé khan. Bé khic phuc tré ngai nay, bai bao dé xuit su dung mdt thudt toan t6t wu hoa dé
xéc dinh gia tri t6i wu ctia cac théng sd cua bo didu chinh, Ko, Kiw Va Kdw. Mot trong cac thuat
toan toi uu phé bién hién nay la thuat toan t8i wu hoa bﬁy dan ma s€ dugc chon va ap dung cho
viéc xac dinh nay.
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Ham muyc ti€u ctia bai toan nay chinh la ham muc tiéu dé danh gia chat luong cia bd diéu
chinh PID ma dugc thuc hién bang céach toi thi€u hoa sai sO gitra cong suat thuc t€ va cong suat
tai diém cong suat cuc dai. Khi ay, ham muc tiéu dugc biéu dién nhu sau:

T
F =ﬂPtu (t)-P(t)pt (11)

0

Céc rang budc ciia bai toan bao gom:
Kpmin < K, <K e (12)
Ki,min S Ki S Ki,max (13)
Kd,min < Kd < Kd,max (14)

Trong d6: Kpmin, Kimin, and Kamin: 12 céc gia tri cuc tiéu cta cac hé s6 Kp, Ki, va Ka; Kpmax,
Kimax, and Kamax: 13 cac gia tri cuc dai cua cac hé sd Kp, Ki, va Kq.

Thuat toan tdi wu hoa bﬁy dan la thuat toan dugc phat trién boi Jame Kennedy va Russell
Eberhart [9], dugc 1y cam himg tir hanh vi di chuyén ctia dan chim hodc ca khi tim kiém thuc an.

Thuat toan dugc mo ta bdi cac phuong trinh cap nhét van tdc va vi tri ciia mot ca thé hay 1oi
gidi trong quan thé hay trong khong gian 10i giai [9] — [11].

Phuong trinh cap nhat van tde:
Viprl = a)vit + Clrl( Presti — Xit ) TGl (gbest - Xut) (15)

Phuong trinh cap nhat vi tri:

xt=x+vit (16)

Trong d6: @: 12 hé sb quan tinh; c1 va c2: 1 hé s6 hoc tap; r1 va rz: 13 hé s6 ngdu nhién e [0,

1]; xi va vi: 14 vi tri va van tdc cua ca thé thir i.

3. Két qua nghién ciru va thao luan

Piéu khién bam diém cong suét cuc dai cua may phat dién KDBNK dugc thuc hién béng bo
diéu chinh PID. Trong dod, cac hé s6 cuia bo diéu chinh PID duoc xac dinh bﬁng thuat toan toi uu
hoa bay dan. Cac thong sé cia may phat dién KDBNK dugc trinh bay trong Bang 1 [14]. Gidi
han ciia cac hé s6 cta bo didu chinh PID dugc gidi thiéu trong Bang 2. Thuat toan tdi uu hoa bay
dan dugc ap dung dé xéac dinh cac hé sd cua bd diéu chinh PID. Cac thong s6 cua thuét toan tdi
vu hoa bay dan dugc minh hoa trong Bang 3. Khi dy, cic thong sb ctia bo diéu chinh PID dat
dugc bang sir dung thuat toan ti wu hoa bay dan trong thé hién trong Bang 4.

Bang 1. Thong so cua may phat dien KDBNK  Bang 3. Théng 56 ciia thudt todn 16i wu héa bay dan
Théng s6 Gia tri

Ban kinh canh quat (m) 40 p Thorng so‘A 2 Gia tr]
A A A A aX ) Z. Kich thuéc quan thé 50
Hg¢ s6 van toc dau canh quat toi uu 8,1 36 vone lap 161 d 200
Mat d¢ khong khi (kg/m?) 1,225 o VORg 'ap fo1 ¢a
n A A e H¢ s6 quan tinh 0,5
He¢ s0 cong suat toi da 0,48 A2 A 21
A . , 2 Hg¢ s0 hoc tip ca nhan 2
M6-men quan tinh cua rotor (kg.m ) 0,015 He sb hoc tAp toa 5
He¢ s0 ma sat 0,002 ¢ S0 oc Tap foan cue
Cong suét dinh mitc (MW) 15 Bang 4. Thong s6 b diéu chinh PID
bién ap stator (V) 690 — = - —
N - . . thuwong toi wu hoa bay dan
Bang 2. Gioi han cua cac hé so cua bo diéu chinh PID Kp 1 29
Hé s6 Gi tri cuc tiéu Gia tri cuc dai Ki 0,8 1,5
Ko 0,1 10 Kgd 0,05 0,1
Ki 0,1 10
Kg 0,001 1
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Téc do gi6 hang gio trong ngay dugc gia sir thay doi va biéu dién nhu Hinh 1. Khi iy, cong
sudt phat t6i uu sir dung bd diéu chinh PID thong thuong va PID véi thuat toan t6i wu hoa bay
dan dugc thé hién trong Hinh 2 va Hinh 3 ma lan luot duge so sanh voi dac tuyen cua tap hop cac
diém cong suit cuc dai ciia may phat dién KDBNK. Sai s6 trung binh bam diém cong suét cyc
dai str dung bo diéu chinh PID thong thuong va PID véi thuat toan ti wu hoa bay dan lan luot 1a
7,1% va 0,83%. So sanh nay ciing duoc minh hoa ¢ Hinh 4 cho thiy hiéu qua ciia dé xuat bang
céch str dung bo diéu chinh PID véi thuat toan t6i wu hoa bay dan cho viée xac dinh cac hé s cia
b0 diéu chinh.

Bing viéc st dung thuit toan tdi wu hoa by dan, cac hé s didu chinh téi wu cia bo diéu
chinh PID dat duoc 1an luot 1a Ko =2,2; Ki=15vaKg=0,1 da giup cai thi¢én dang ké kha nang
bam diém cong suét cuc dai ciia may phat dién KDBNK, dic biét trong diéu kién toc do gio thay
dbi lién tuc va 16n tir 0 — 20 (m/s) trong 24 gid.

20 Téc dd gi6 hang gio trong ngay 5 So sénh cong sudt phat thyc té voi cong suit phat cwe dai mong mudn
T T T T T T T T

= = Cong suat phit cuc dai mong muén
18 1 8 =——©— Cong sudt phat cyc dai sir dung PID thong thuong

o
T
L

Toc d6 gi6 (m/s)
w o
Cong suat phat (MW)
IS

T
L
)
T

IS
T
L
T

)
T
L

=3
T

=3

0 5 10 15 20 25 0 5 10 15 20 25
Thoi gian (gio) Thoi gian (gio)

Hinh 1. Tée 6 gi6 hang gic trong ngdy Hinh 2. Cong suat phat toi vu svr dung bo diéu chinh

A \
PID thong thuong
5 So sénh cong suit phat thwe té véi cong suit phat cwe dai mong mudn 5 So sanh cong suét phit thue té voi cong sult phit cye dai mong mudn
T T T ; T T T T
— — Cong suit phat cyc dai mong muén ) . 1 =— = Cong suit phat cuc dai mong mudn 1
8t Cong sudt phat cyc dai sir dung PID va thujt todn 18] uu héa by dan | | o 8 |==@==Cong suit phat cyc dai sir dung PID thong thuong '
I Cong sudt phat cyc dai sir dung PID va thudt toan t5i wu hoa bay dan
7 1 S I
! [
o 6r I 6 "
z I e i
2 st : Sl i
= ) <09 [
£ | 8
o F ’ 4 =
= " Sa4r A
: | \ : 1 ; \ m
o 3y / § 1 w3r i 17
3 1 ) \ 3 1 f \ i
2r ‘ % WA AR TS\ i /
\ S B AN Y ‘ 6 A 4 v
/ N A’ \ S B AN A\ Y
1r \ 1 Y/ N u
A [ 1r S ©
N N N\ i S 2 | ©
\ ] & A g
or 0 b\:'?" %
-1 - : : ’ 1 L L L
0 5 10 15 20 25 N
5 10 15 20 25

Thoi gian (gio R
hoi gian (gio) Thoi gian (gio)

Hinh 3. Céng sudt phat t6i uu st dung bo diéu chinh  HInh 4. So sdnh cong suatphat 10i veu stk dung bg
PID véi thudt todn téi wu héa bay dan diéu chinh PID thong thu"ong va PID voi thudt toan
16i wu héa bay dan

4. Két luan

Bai bao da dé xuit mot phuong phap didu khién bam diém cong suit cuc dai cho may phat
dién KDBNK sir dung bo diéu chinh PID két hop vé6i thuat toan téi wu hoa bay dan. Phuong phap
nay giup toi wu hoa viée didu chinh dong dién rotor nhim dat cong suat phat t6i da ctia hé thong
dién tuabin gi6. Cac két qua mo phong da chimg minh rang viéc str dung thuét toan téi wu hoa
bay dan dé xac dinh cac tham sO t6i wu clia by diéu chinh PID giup cai thién dang ké hiéu suat
bam diém cong suit cuc dai so véi b diéu chinh PID thong thuong. Sai s6 bam diém cong suit
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giam dang ké, cho thay phuwong phap dé¢ xuit gitp nang cao hiéu suat khai thac ning lugng gio.
Hon nita, phuong phap nay khong chi cai thién d6 chinh xac trong diéu khién cong sut ma con
gop phan tang tinh On dinh va tin cdy cho hé thdng dién tuabin gi6. Trong tuwong lai, nghién ctru
¢6 thé dugec mé rong bang cach thur nghiém cac thuét toan t6i wru hoa khac va ap dung mé hinh
diéu khién nang cao dé tiép tuc ning cao hiéu suét hé thong.
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