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OPTIMAL POWER MANAGEMENT IN STAND-ALONE WIND ENERGY SYSTEM USING FUZZY LOGIC
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TOMTAT

Trong bai bdo nay, mgt hé thdng nang lugng gié doc lap st dung may
phat dién dong bo xoay chiéu va pin dé cung cp dién cho tai. Nang lugng cung
cdp béi may phat dién gid thay doi phu thudc vao téc do gid, d€ dap ing cong
sudt tiéu thu cla tai mot bd gidm sat mo'sé dugc st dung. Bai béo dé xuat mot
phuang phép tim diém c6 cong sudt I6n nhét cho hé thdng dién gi6 doc lap co
t6c do thay ddi bang céch st dung logic mo. Cac két qua md phong trong phan
mém Matlab/Simulink chi ra rang céc bo diéu khién dugc thiét ké hoat dong
tot va phu hop vdi hé thdng néng lugng gid ddc lap.

Tir khod: Tuabin gid; diéu khién logic mo; hé théng ddc lap; MPPT.

ABSTRACT

In this paper, a wind energy conversion system using synchronous
generator and a battery to supply for a load is presented. The wind tuabin
power is often variable due to the variation of wind speed. In order to satisfy
the load demand, a fuzzy logic supervisor is used. This paper also presents a
maximum power point tracking (MPPT) method using fuzzy logic for stand-
alone variable speed wind tuabin system. The simulation results in
Matlab/Simulink software are presented to show the good performances of
the proposed controllers in stand alone wind energy systems.

Keywords: Wind turbine; fuzzy logic controller; stand-alone system; MPPT.
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Pham Duy An""
Dy Duty cycle ctia b6 tang ap DC/DC 1
D, Duty cycle cda b6 tang ap DC/DC 2
Pwtr W  Céng suat co clia tuabin gid
Vwr V  Diénap 1 chiéu dau ra ctia bo chinh luu
Ls H D6 tucdm clia cudn day stator clla may
phat
kr Hé sé clia m6 men cla may phat dién
déng bé nam cham vinh cliu
ke Hé s6 cha dién ap clla mdy phat dién
déng bé nam cham vinh cliu
Te N.m MO men dién tU cla mdy phat dién
déng bé nam cham vinh cliu
CHU VIET TAT
MPPT  Maximum power point tracking (theo déi
diém coéng suat cuc dai)
PMP  Point of maximum power (diém c6 cédng suat
cuc dai)
FLC Fuzzy logic controller (b6 diéu khién logic ma)
PMSG Permanent magnet synchronous generator

(may phat dién déng bé nam cham vinh clru)
Pl Tich phan ty Ié

SOC  State of charge (trang thai sac clia pin)
P&0O  Perturb & Observe
1. GIGI THIEU

Trong nhiing nam gan day, st dung nang lugng gié
dé cung cap dién cho nhimng nai xa x6i héo lanh da trg 1én
ngay cang phé bién. Viéc nghién cliu cac bé diéu khién
trong hé théng dién gi6 dé tang dé tin cay, tiét kiém chi
phi va cai thién chat lugng dién nang dang tré nén can
thiét. Trong hé théng dién gio déc lap, cau hinh st dung
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may phat dién déng bé nam cham vinh ctiu néi truc tiép
vdi tuabin gi6 c6 nhiéu uu diém nhu dé tin cay cao, khong
can nguén mot chiéu cho cuén day kich tur, chi phi bao
dudng thap. Viéc n6i truc tiép cling khdng can hop so tu
dé giam dugc Uing suat co hoc 1én may phat dién. Nhiéu
cau hinh vé hé théng nang lugng gié doc lap da dugc dé
xudt va nghién ctu [1-6]. Hé thong nang lugng gié doc
lap st dung may phat dién déng bé nam cham vinh ctiu
noi truc ti€p vai tuabin gid,va pin lithium-ion sé dugc
nghién ctu trong bai bao nay.

Trong [7], bai bao da thiét ké bo giam sat ma dap ung
nhu ciu tiéu thu cda tai khi téc do gi6 thay déi, tuy nhién
bai bdo chua tich hgp bé diéu khién MPPT. Trong [8-12],
céac bai bao da thiét ké bo diéu khién MPPT cho hé théng
dién gi6 doc lap, tuy nhién cac bai bdo chua tich hop bo
diéu khién dé quan ly dong céng suat trong hé théng khi
t6c do gi6 va cong suat tiéu thu cla tai thay déi.

Bai bao nay tap trung vao viéc quan ly t6i uu cong suat
trong hé théng dién gio doc lap. Bo gidm sat ma va bo
diéu khién MPPT dugc tich hgp chung vao mét hé théng
nang lugng gi6 doc lap. Bo diéu khién MPPT logic ma
dugc thiét ké dé thu dugc cong suat I6n nhat tur tuabin
gi6 khi téc d6 gio thay déi. Bé giam sét logic ma dung dé
can bang gilta cong suat phat va cong suat tiéu thu trong
hé théng.

2. MO TA HE THONG

Hé thong dién gid doc lap bao gém mét tuabin gié néi
truc ti€p v6i PMSG (12kW, 67Nm, 1700 vong/phut), mot
pin lithium-ion (650V,10Ah) d€ cung cap dién cho hai tai
xoay chiéu c6 cong suat la 4kW va 2kW dugc mo ta trong
hinh 1.

DCBus

Dién tré

Pui
g

Pwr

Turbine% B chinh
gié lwu

ot

BY téng 4p DC/ B0 tang 4p DC/
DC1 DC2

x
wr iD1

MPPT
logic m&
wr

Hinh 1. Hé théng dién gio ¢ toc do thay ddi tich hop cac bo diéu khién
logic m&

B6 diéu khién MPPT logic m& sé thay doi duty cycle
cla bd tang ap DC/DC 1 dé thu dugc cdng suat Ién nhat

4 | Tap chiKhoa hoc va Cong nghé Trugng Dai hoc Cdng nghiép Ha Noi

tU tuabin gié. Dau vao cla bé diéu khién la cong suat va
dién ap clia tuabin gié. Dau ra la duty cycle Ds.

DE& quan ly cong sudt phat va tiéu thy, ching ta su
dung b6 giam sat ma véi ba muc dich. Muc dich tha nhat
dé thay déi duty cycle cia bd tang ap DC/DC 2 va do d6
diéu chinh dién ap cta bus DC. Muc dich tha hai dé chon
thai diém sac hodc phong clia pin lithium-ion. Muc dich
th(r ba dé chon thoi diém tiéu tan cong suat duthira trong
hé théng qua mot tai dién tra.

Néu nhu cong suat clia tuabin gié nhé hon cong suat
tiéu thu cua tai va dung lugng cla pin lithium-ion dd, Pin
lithium-ion sé & trang thai phéng dién dé cung cap cong
suat dién cho tai tiéu thu. Néu nhu cong suat clia tuabin
gio6 I6n han cong suat tiéu thu cla tai, lugng cong suat du
thura sé dugc luu tri vao pin lithium-ion. Va néu nhu pin
lithium-ion da day, lugng céng suat du thua sé dugc tiéu
tdn qua mot ti dién tré.

Dé thuc hién dugc diéu nay, bd giam sat ma sé can hai
thong tin dau vao. Dau vao tha nhat la trang thai SOC cla
pin lithium-ion. Bau vao thu hai la chénh léch céng suat
gilfa tuabin gié va tai tiéu thu. B6 gidm sat md sé lua chon
gid tri clia duty cycle D, @€ 8n dinh dién 4p mét chiéu dau
vao cta bd nghich luu, lua chon thai diém phéng hodc
sac cla pin lithium-ion bang khoa S; va xac dinh thai
diém tiéu tan lugng cdng sudt du thira qua tai dién trg
bang khoa S,.

Bang cach st dung logic m& sé khéng can phai biét
mo hinh chinh xac clia cac hé théng phtic tap (tuabin gid,
may phat dién déng bé ba pha, bé chinh Iuu, bd nghich
luu).

3. THIET KE BO DIEU KHIEN MPPT LOGIC MO

Tuabin gié Bd chinh luu

PMSG

Vdc
-—!—> DC/DC1 |
' A

PVt

Hinh 2. Bd diéu khién MPPT logic mé duoc dé xudt cho hé thdng dién gio

Trong hé théng tuabin gi6 c6 téc do thay déi, tac gia
st dung mach cau chinh luu diode dé chinh luu dién ap
xoay chiéu clia may phat dién dong bé nam cham vinh
clru thanh dién ap mét chiéu. Sau do, bo tang ap DC/DC
1 dugc st dung dé thu dugc diém cé cdng suat Idn nhat
clia tuabin gié bang cach diéu khién duty cycle D;. B6
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diéu khién MPPT logic m& dugc dé xuat cho hé théng
dién gio dugc mo ta trong hinh 2.

Trong cau hinh ctia hé théng dién gi6 co téc do thay
déi dién ap dau ra Vg clia bé tang ap dugc tinh theo céng
thuc sau [8]:

1 3v6
—~a

V. =
79D, w

2
i - (-22) )
kp
Trong [8] da chi ra rang, ing véi méi téc do gid sé co
mot gid tri cha téc dd quay cla rotor dé€ cong suat co hoc
cUa tuabin gié dat gid tri I6n nhat. TU phuong trinh (1),
dién ap Vacty 1é thuan vai toc dé quay Q clia rotor clla may
phat. Va chung ta c6 thé diéu chinh duty cycle D, dé thay
déi Va., qua dé thay déi téc do quay cla rotor clia may
phat. Khi gia tri ca D, bi gidm xudng, sé lam tang gia tri
cla Vqc va qua do6 lam tang téc dé quay cla rotor clia may
phat. Khi gia tri ctia D, dugc tang lén, sé lam gidm gid tri
cla Vqc va qua dé lam gidm toc dé quay clia rotor clia may
phat. Bé diéu khién cong suat cuc dai cla tuabin gi6 sé
hoat dong dua trén nguyén ly nay. Bé diéu khién sé diéu
khién t8c d6 quay cla rotor bang cach diéu khién duty
cycle Dy clia bo tang ap.
Tai diém hoat déng c6 céng suat I6n nhat cda tuabin
gio, ta c6 phuong trinh (2) sau day:
dPytr dPwt dVwr
dQ  dVyr dQ
Trong may phat dién dong boé nam cham vinh cliu, téc
dd quay cla rotor ty 1é thudn véi dién dp pha cla may
phat, do d6 dVwr/dQ sé ludn cé gid tri duong. Nhu vay:
dPyr dPyr
T dr

(2)

3)

" L) Diém & bén phai
Diém & én tréi va Elgm cdcong v gin PP - dP/dV
gén PMP : dP/dV udt cu¢ dai (PMP) \Q\ amnho
qEOTGHNG dP/N=0
dP/dy =0

'

|
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Hinh 3. Diém cd cong sudt I6n nhét theo tdc dd quay cla rotor

Dua trén hinh 3 va phuong trinh (3), c6 thé thdy rdng
khi diém lam viéc clia tuabin gi6 vé phia bén trai ctia diém
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cdng suat cuc dai, gia tri ctia (dPwi/dVwr) sé duong. Khi
diém lam viéc clia tuabin gi6 vé phia bén phai cta diém
cdng suat cuc dai, gia tri cla (dPwr/dVwr) sé am.

Bo diéu khién MPPT logic m& dugc thiét ké dua trén su
két hgp clia phuong phap P&O trong bo diéu khién logic
ma. BO diéu khién MPPT logic m& ¢ hai dau vao va mot
dau ra: dau vao thur nhat la dao ham bac mot ctia cong
sudt tuabin theo dién ap ra cia mach cau chinh luu
(dPwi/dVwr), dau vao thi hai la dao ham bac hai ctia cong
suat tuabin theo dién ap ra clla mach cau chinh luu
(dPwr/dVwr), dau ra la sy khac nhau gilra duty cycle hién
tai va duty cycle truéc d6 AD; clia mach tang ap DC/DC 1.

Khi diém lam viéc cla tuabin gi6 vé phia bén trai clia
diém cong suat cuc dai, gia tri cia (dPwr/dVwr) sé duang.
Va néu (dPwr/dVwr)’ < 0, tuc la diém lam viéc dang tién lai
gan PMP. Biém lam viéc can tiép tuc duy tri theo huéng
nay.

Khi diém lam viéc cla tuabin gié vé phia bén trai clia
diém céng suat cuc dai gia tri cGa (dPwr/dVwr) sé duong.
Va néu (dPwr/dVwr)' > 0, tuc la diém lam viéc dang tién ra
xa PMP. Luc nay can giam gia tri D, dé tang gia tri dién ap
Vwr. Do d6, diém lam viéc sé tién lai gan PMP.

Khi diém lam viéc cla tuabin gi6 vé phia bén phai clia
diém cong suat cyc dai, gia tri ciia (dPwr/dVwr) sé am. Néu
(dPwi/dVwr)' > 0O, tiic 1a diém lam viéc dang tién lai gan
PMP. Diém lam viéc can tiép tuc duy tri theo hudng nay.

Khi diém lam viéc clia tuabin gi6 vé phia bén phai ctia
diém cong suat cuc dai, gia tri cla (dPwr/dVwr) sé am. Va
néu (dPwi/dVwr) < 0, tiic la diém lam viéc dang tién ra xa
PMP. Luc nay can tang gia tri D, dé giam gia tri dién ap
Vwr. Do do6, diém lam viéc sé tién lai gan PMP.

Néu chon mét gia tri I6n cda AD;, ta c6 thé nhanh
chong dat dugc PMP. Nhung diéu nay sé gay ra nhiéu dao
doéng xung quanh PMP. Mat khac, néu chon mét gia tri
nhé cda AD, dap Ung thai gian cha bo diéu khién MPPT
logic m& sé cham. Nhung, c6 thé dé dang dat t&i PMP.

Dé gidi quyét van dé nay, gia tri thuc ctia cac bién dau
vao va dau ra sé dugc chia thanh cac bién ngdn ngit sau
day dé xtr ly trong bo diéu khién mao:

- dPwr /dVwr [rat 4m, am, am nho, khéng, duang nho,
duang, rat duang]

- (dPwr /dVwr)’ [rat am, am, khéng, duang, rat duang]

- ADq [ -3%; -2%; -1%; -0,5%; 0%; +0,5%; +1%; +2%;
+39%)]

Ham lién thudc cla hai bién dau vao dPwr /dVur va
(dPwr /dVwr)’ dugc mo ta trong hinh 4 va 5.
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ritdm  khadm @&m khéng dwong khadwong ratduong

0.5
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Hinh 4. Ham lién thudc cta bién dau vao (dPwr /dVr)

kha am am  khong dwong kha dwong

0.5
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Hinh 5. Ham lién thudc cta bién dau vao (dPyr /dVyr )’

Do I6n ctia AD, sé dugc bd MPPT logic m& thay doi
tuy thudc vao khodng cach cta diém lam viéc cda tuabin
gi6é v6i PMP. Do d6, PMP sé nhanh chéong dat dugc,
nhung khéng vugt qud va sé khéng con dao dong xung
quanh PMP.

Bang 1. Luat hgp thanh cta AD;

(dPyy /dVur Y
AD, kha R . kha
am am | khong | duong duong
ratam +3% | +3% +1% 0% 0%
khdam | +2% | +1% | +1% | 0% 0%
am +1% | +0,5% | +0,5% 0% 0%
dPur khéng 0% 0% 0% 0% 0%
i | Guong | 0% | 0% | -05% | -05% | -1%
khd duong | 0% 0% -1% -1% -2%
ritduong | 0% | 0% | -1% | -3% | -3%

Khi diém lam viéc cda tuabin gi6 & xa vé phia bén trai
ctia diém cong suat cuc dai gia tri ctia (dPwr /dVwr) sé rat
duaong. Luc nay duty cycle D; can gidm xuéng mét cach
nhanh chéng dé tang dién ap Vwr dat t&i PMP.

Khi diém lam viéc ca tuabin gi6 & gan vé phia bén trai
cta diém coéng suat cuc dai gia tri cda (dPwr /dVwr) sé
duong nhung nho. Luc nay duty cycle D; can gidm xuéng
mot cach tu tir d€ tang dién ap Vwr dat téi PMP.

Quy tdc hgp thanh max-min va mé hinh mg
TakagiSugeno sé dugc stirdung. Vi du: néu nhu dPyr /dVr
la rat duong va (dPwr /dVwr )’ la kha duong, thi AD; = -3%.
Luat hop thanh dugc tém tat trong bang 1.

6 | Tap chiKhoa hoc va Cong nghé Trung Dai hoc Cong nghiép Ha Noi

Gid tri Dy cta b6 tang 4p DC/DC 1 dugc tinh todn dua
theo cong thuc sau day:

D, (k) =D; (k-1) + AD; (k)

Phuong phap diém trong tam dugc st dung dé giai
ma.
4, THIET KE BO GIAM SAT LOGIC MO

B6 giam sat mo dugc thiét ké nham muc dich dap
ung lién tuc nhu cau tiéu thu cda tai. B6 giam sat ma& co
hai dau vao va ba dau ra. Pau vao tha nhat la state-of-
charge (SOC) cuia pin lithium-ion. Pau vao thu hai la AP
chéch léch gilta cong suat phat cta tuabin gié va cong
suat tiéu thu cda tai. Pau ra tha nhat 1a khoa Sq. Pau ra
thu hai la D, duty cycle ctia b6 tang 4p DC/DC 2. Dau ra
thurba la khoa S,.
4.1. Mo hoa

Gia tri thuc clia cac bién dau vao va dau ra sé dugc chia
thanh cac bién ngdén nglr sau day dé xur ly trong bé diéu
khién ma. AP [am, duong nhd, duang, rat duong]. SOC
[trong khong, trung binh, dayl. D, [rat nho, nhé, trung
binh, 16n, rat I6n 1. S; [ ddng, ma]. S; [ddng, ma].

. am dwong nhé dwong rat dwong

0.5

0 1o 101 3 s 10

Hinh 6. Ham lién thudc cGa bién dau vao AP(kW)
tréng rdng trung binh day

1 F

0.5
0 30 65 100

Hinh 7. Ham lién thudc cia bién dau vao (S0C)

Trung
rdt nhé nhé binh |¢n ratién

1
0 o1 02 03 04 05 06 0.7 1

Hinh 8. Ham lién thudc cGa bién dau ra (D,)
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Dong

Bang 3. Ludt hgp thanh clia S;

0.5

[} 0.4 0.6 1

Hinh 9. Ham lién thudc clia bién ravao Siva s

Ham lién thudc cta hai bién dau vao AP va SOC duoc
mo ta trong hinh 6 va 7. Ham lién thudc clia ba bién dau ra
vao Do, Sy va S; dugc mo ta trong hinh 8 va 9.
4.2, Luat hgp thanh mo

Viéc xay dung cac luat hop thanh ma sé dua trén luat
hgp thanh mad Mamdani. Luat hgp thanh cta Sy, S;va Ds
dugc mo ta trong bang 2, 3 va 4. Phuong phap diém trong
tam dugc sir dung dé gidi ma.

Né&u nhu AP la am va SOC la trung binh, thi S; dong va
S2 mé va D; nhé.

Néu nhu AP la duong nhé va SOC la trung binh, thi S;
md&va S; méva D, I6n.

Néu nhu AP la rat duong va SOC la tréng khong, thi S;
ma& va S; dong va D, rat 16n.

Bang 2. Ludt hgp thanh clia S,

S0C
& trong khong | trung binh day
am mé mé mé
AP duong nho md md md
duong mé mé md
rat duong mé mé dong
Bang 4. Ludt hop thanh ctia D,
D, | S0C |
trongkhdng | trung binh day
am rat nho nho Trung binh
duong nho nho Ién rt lén
AP duong trung binh I6n rat16n
rat duong rt dn Ién I6n

5. KET QUA MO PHONG VA THAO LUAN

Hé théng dugc mo ta trong muc 2 dugc méd phong
trong phan mém Matlab/Simulink nhu trong hinh 10.

T6c d6 gi6 (hinh 11) va cong suat tiéu thu cuda tai (hinh
12) dugc thay déi trong vong 50 gidy dé danh gia hoat
déng cla cac bo diéu khién trong hé théng dién gid doc
lap. G thoi diém ban dau, pin dang & trang thai day
(SOC =90%).

S0C . a am o a e bin T
S P o pr Trong vong 20 giay dau, cong suat tiéu thu cuda tai la
trongkhong | trung bin Yy 6kW va téc dé gi6 la 7m/s. Luc nay dé thu dugc cong suat
am mo dong dong I6n nhat ti tuabin gid, bé diéu khién MPPT mg da chon
AP duong nhd mé mé mé gia tri ctia duty cycle D; 14 0,63, tuong Uing véi toc dé quay
duong mé mé mé clia rotor la 1338 vong/phut. Khi d6 cong suat I6n nhat
rét duong mé mé mé clia tuabin gié tai téc do gié 7m/s la 5,071kW. Sau khi
Discrete
1e-05s. Bo giam sat logic mo
Toc do gio Turbine gio o DeltaP
B . MPPT logic mo BT >esi
g W)
m e g
T un XU"Q DU*'_I - 3
<Rotor speed wm (rad/s)> m A A +>J il‘. =t Voutt ’_| 4 iGnF oo = = 5 I L” ApB—adA Ab— Tai
Br—-Bi -Irm F s T - SZ 10mF % J Epb—4B Bp—4 B :’
Toc do quay rotor < el f s R=200 ' ch—dc  cb—d 5
PMSG Bo Chinh Luu Bo tang ap de/dc 1 Bo tang ap de/dc 2 i Bo Nghich Luu BoLoc
-E
s1(2
- <50C (> g 650V, 10Ah @ 3@

.

Hinh 10. M6 phdng trong phdn mém Matlab Simulink
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céng suat cda tuabin gié dat gia tri I6n nhat, gia tri cta
duty cycle D dugc giti la hang s6 va khong con dao dong
xung quanh diém cé cong sudt cuc dai.
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Hinh 11. Thay d6i cGa tdc d6 gi6 trong vong 50 gidy
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Hinh 12. Thay d6i ctia cong sudt tiéu thu ctia tai trong vong 50 gidy
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Hinh 13. (ong sudt tuabin gid (kW)
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Hinh 14. Cong suat pin lithium-ion (kW)

Tai gidy thu 40, t6c do gid thay déi tir 6m/s t&i 5m/s.
Bo diéu khién MPPT m¢& da gidm gia tri cha duty cycle D,
xudéng con 0,61 dé thu dugc cong suat I6n nhat cha
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tuabin gi6 la 1,848kW, tuong Ung vai toc d6 quay cua
rotor la 953 vong/phut. C6 thé thay rang, bo diéu khién
MPPT hoat déng tét dé thu dugc cong suat I6n nhat cda
tuabin gié va khéng con dao déng xung quanh diém cé
cbéng suat Ién nhat.
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Hinh 20. Dién ap bus DC (V)

Tai gidy thu 20, cong suat cla tuabin gi6 I16n hon cong
suat clia tai, bd gidm sat ma da gui tin hiéu diéu khién khoa
S1 & trang thai maé (hinh 18). Luc nay pin sé & trang thai sac
dién (hinh 14). Khi cong suat cla tuabin gi6 nhé hon cong
sudt cda tai, bo giam sat md sé gui tin hiéu diéu khién khoa
Sy &trang thai dong. Luc nay pin sé & trang thai phong dién
va sé cung cap dién cho tai (hinh 18). V& phia tai tiéu thu
xoay chiéu, dién ap dau vao mot chiéu ctia bo nghich luu
luén dugc gitr & mot gia tri phu hgp (hinh 20) bang cach
diéu khién duty cycle D,. Do dé, dién ap va tan sé cla
tai xoay chiéu luén & 380V, 50Hz khi t6c dd gi6é thay déi
(hinh 21).
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Hinh 21. Dién ap tai xoay chiéu (V)
6. KET LUAN

Trong bai bdo nay, mét phuong phap MPPT va mét bo
giam sat m& dé quan ly nang lugng cho hé théng dién gié

Vol. 60 - No. 7 (July 2024)

doc lap da dugc dé xuat. Vai cac thong tin vé tai tiéu thy,
trang thai SOC clia pin, cong suat va dién ap cla tuabin
gio, cac bo diéu khién da hoat déng tét dé dap Ung nhu
cau tiéu thu cta tai khi téc do gio6 thay déi. Cong suat cla
tuabin gi6 & gia tri cuc dai Uing véi cac téc dé gio khac
nhau. K&t qua mé phéng da chi ra rang cac bo diéu khién
luén hoat dong tot trong cac diéu kién khac nhau cta téc
dé gi6 va cong suat tiéu thu cla tai.
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