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MPPT Fuzzy Fractional Control of Permanent-magnet Synchronous Wind

Power Generation System
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Abstract: As the the main force of zero-carbon electricity and
renewable energy generation, wind power plays a key role in
assisting the comprehensive green and low-carbon transforma-
tion of society in the context of "dual carbon". It is crucial to
maximize the utilization of wind energy and to increase the
wind power generation system output while ensuring stable
power generation. The maximum power point tracking (MPPT)
problem of permanent-magnet synchronous wind power gener-
ation system was investigated. Firstly, a mechanism simulation

model of permanent-magnet synchronous wind power genera-
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tion system was established and a two-level dual-PWM full-
power converter was used to connect the wind turbine to the
grid. Secondly, based on the above model, an integer-order PI
controller, fractional-order PI * controller and fuzzy fractional-
order PI * controller were designed to implement MPPT con-
trol. Finally, simulation research was conducted on the above
control strategies. The results show that the fuzzy fractional-or-
der PI * controller has better MPPT performance and better ro-
bustness than the other two types, regardless of whether it is in
step or random wind speed.

Keywords: permanent magnet synchronous wind power gen-

eration system; two-level dual PWM full rated converter;

fuzzy fractional-order controller; MPPT; stable power gener-

ation
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Fig.1 FRC-based direct-drive permanent magnet

synchronous wind power generation system
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Fig. 3 Wind turbine characteristic curves
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£1 K IEERE

Table 1 Determine the K, optimization range

K, ISE ITAE

6 1.9976x10° 2.9089x10*
10 1.8369x10° 2.8714x10*
14 1.7354x10° 2.8216x10*
18 1.6529x10° 2.7801x10*
22 1.5947x10° 2.8120x10*
24 1.5680x10° 2.8194x10*
28 1.5192x10° 2.8653x10*
32 1.4799%x10° 2.8878%10*

WE, BESEK IR, ISEB#E/N,
1M ITAE W 52 B SE st/ Jm 3 R 2 Al 3, 2
g, HE K, A ST [10,28].

LK, =10, =1, HEKNTILLE, n¥k?
IR

*®2 KSEEEHE

Table 2 Determine the K;optimization range

K; ISE ITAE

50 2.0843x10° 4.0697x10*
100 1.8369%10° 2.8714x10*
150 1.7808%10° 2.5677%10*
200 1.7793x10° 2.5071x10*
250 1.7849x10° 2.4248%10%
300 1.8123x10° 2.3503%10*
350 1.8349x10° 2.3189%10*
400 1.8660%10° 2.3439%10*
450 1.8914x10° 2.2770%10*
500 1.9097x10° 2.3137x10*
550 1.9274x10° 2.2773%10%
600 1.9586x10° 2.2850%10*
650 1.9770%10° 2.2882x10*
700 2.0010%10° 2.2670x10*

AN, BEES KRR, ISE 8BS
/NEHER MR, ITAE 5 3 e/ e 1 K
M ARG L R S, LA %08, B0AE Kk T
L A [100,350],

LKy =10, Ki=100, %Al FHRILHE, 4
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Table 3 Determine the A optimization range FAIBICN [0.5,1.0],

2 ISE ITAE BRI HE A 2R 552, ] ORI A ) S
0.1 1.3939x10° 1.0007x10° N, JEATRORIRE B, Ao A R A RO ) R
0.2 1.4329<10° 8.8736x10* Ky Ki. ARBDHIRLIN R AN 4—6 Firs .

S 4 N N
03 LaTordo 7a4zixlo WU — I 2122 B SR A% EC 1K
0.4 1.5288%10° 6.6741x10* y ST N
- : DU IRBORI IR, XF K, . K MESEAT I,
0.5 1.5850x10° 5.6564x10*
PEiE
0.6 1.6330x10° 4.7749x10% &4 Kp*ﬁm*imu
Table 4 K, fuzzy rule

0.7 1.6808%10° 3.9893x10*
0.8 1.7285%10° 3.3867x10* EIEC NB M NS R rs ™ B

NB PB PB PM PM PS ZR ZR
0.9 1.7740x10° 2.9790x10%

NM PB PB PM PS PS ZR NS

1.0 1.8369%10° 2.8714x10%

NS PM PM PM PS ZR NS NS

1.1 1.9106x10° 3.1296x10*

ZR PM PM PS ZR NS NM NM

1.2 1.9920x10° 3.8126x10*

PS PS PS ZR NS NS NM NM

1.4 2.2650%10° 5.7256x10*

PM PS ZR NS NM NM NM NB
1.6 2.8084x10° 1.0457x10°

PB ZR ZR NM NM NM NB NB
1.8 4.2389%10° 2.4325%10°
2.0 1.3153x10° 6.2641x10° x5 Kk ERHN

Table 5 K; fuzzy rule
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Fig. 7 Block diagram of fuzzy fractional-order PI*

E\EC NB NM NS ZR PS PM PB

controller NB S S LS LS LB LB B

PR AR 23 7 5085 S A BOORS f Z8 DA R NM s LIs LS LB LB B B
H, WEIRZEE5RELEEC WAL, NS S LS LB LB B B B
Ky K. 340 HiAc s, #EE, EC. K,. K ZR LS Ls LB B B B B
RSN I 5 A8 o (INB(f k), NM(fiH), NS(ft PS 1S LB B B B B
/N, ZR(E), PS(E/PN), PM@EH), PB(IEK)}, PM LB LB BB B B
U AR S A (SO, LS/, LB BB IB B B8 B B

AW, 77,2024,41(2)  http://xddl.ncepu.edu.cn  E-mail:xddl@vip.163.com



236 /I L

B 5h 2024 4 4 H

S ASEA B8 070 DA 8 e B 4 LS P A A A
WA ARG, RO (centroid ) A5
B, HAKXT

M=

Vicky (Vi)
k

i": (Vi)
k=1

Hols ) R BISRIE BEE ;s v, Mo S IR(E .

i 3 (8 FH FOTF A5 L4 v (14 2 00 B 42 1) 25 455
B, FIH S-Function f5% He R 4 10 sk I 2215 B
T30 20 AU 7 T A ST SR 4 3 2R 8 ST AR K
Ki. ME, ¥HS A Matlab TAEZSH], 5888 &
TOH, SEBUBDRIE A

3 (hEMR

BIR R [F 25 KU & R G S 8N 7 Bt
o FEMLSECE, M Ao L ik U8 35
IR A A, TERB PLES RIS TEAT T,
CIEA R E] MPPTIRZS . Ak XN & HL R4
MPPT W BE i FE PR RE 5 20 B0 2 i 25 5 AR
3B F il 25 00 FH T AL 2% 42 1) 2R 4 1% B o 2R
W, 0 BITE B BR XU 5 B AL R o 42 il e A 7
PEREMR, XoF FL R .

FIH TFFV-PSO FL U9 i rix il g 2810,

#7 BERXKEETRNEBRGESE

Table 7 Parameters of direct-drive permanent magnet

Vo =

(26)

synchronous wind power generation system

SR il
BRI A2 AR R 6.5m
T AR L Aoy 8.1

T RIRBEF R ELCpmax 0.48
2 p 1.205kg/m*
Uil 0.4kg-m?

WXt p 20

T il K Loy 0.01H
FEF gl FE L, 0.01H
E T HIBH R, 0275 Q
TE TR s 1.1 Wb
HL AT 50 Hz
WEHP 50 kW
EREENER 380 V
BN Uge 800 V
R X vigtea 14 m/s
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Table 8 Controller parameter optimization results
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