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Implementation of Maximum Wind Energy Tracking in Direct-Drive

Permanent Magnet Wind Power Generation System

Li Yong, Zhu Xiaoqing» Huang Ying
('School of Electrical and Information Engineering> Hunan University of Technologys Zhuzhou Hunan 412007, China )

Abstract: Studied the principle of Baez about maximum wind power tracking theory of permanent magnet synchro-
nous wind generator and put forward the tip speed ratio control method. Introduced the mathematical model of wind turbine
and the optimal tip speed ratio control method, constructed the mathematical model of permanent magnet synchronous
wind power generator, and simulated and analyzed the model by Matlab/Simulink software. The simulation results showed
that the proposed method achieved fast and accurate maximum wind energy tracking.
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Fig. 1 The optimal tip speed ratio control method

3 AHESRA R BB LR
CED

HE TR T 1 R R R E g B,
FAELL LA —, F g Mm A BB
S B, BOERIRY T, R S o &k
KFR, F g e e Bk =X A i B2 3 3 5 AN
SRR o JE A AR AR AR SR L AR BR FR T B A L
AN, dg RV, PR g BhALI, g BRI
F, R TR RY g Bl e aT L4 ER Tk
A LRGSR AR, SEBIK G 9K XU & B AL e i 5
R ) iR R

SR —ARER IR R 4 B C S B AR T AR AR
R dg T, TSR A AR FR A B PIAH R I
AR R B o PIAHERIEAL TR R P 1 o A ARl 5 A
HRIEARTR R 4 AHEE G, pilTRE T oA 90 J2 . X AR
PR3] T PIAHER 1L AR RaBo

PAH R LA R R o BRI B AR g HESE AL PR AR 1Y
PSR [ RO

c - cosf sinf (5)
2s/2r —Sin9 C059 ’
C —c - cosf sinf ‘ (6)
2r/2s 2s/2r —sinf® cosf :

I oo A n 2 o il g Bl 2 18] PR e A
DR = A LR AR PR 2R 4 BC AL BN PIARTERE dg 21
PRAMAX N

cos@  cos (0 - 2_7'c) cos (0 + Z_n)
B 3 3

C3s/2r_ 5 o o ’
—sin@ —sin[@—?j —sin[9+?j

(7)

coso —sin@

5 | cos 6—2—n —sin 9_2_71:)
Cc...=C"'! = |= 3 3
2r/3s 3821 3 2 2 o (
cos(0+—ﬂj —sin(0+—n]
3 3

KGR HLAE PIATIERE ag AEAR 38T RRCA RN
FHIR.

8)



HEF BRI L 2R G e R XU RE BB 1) 55 B 61

#5301 ¥ 5, %
W, =Li Ve (9)

. dy
u,=—Ri, —oy, + dtd’ (10)

d¥y

U= =R, + o, + < (11)

K (o)~ C11) ey, uqﬁ%’]ﬁd%*ﬂq%@}f;
i 1, 57BN a A g S
w,, v, AR A BLE FINSRALEY q S g
ol R R
R, 7KW A AL E TS84 P B AR S840 5
yr, R IK B e HBIL R 7RO A 4 T i
o, FIK R BUHILA LA L
MK L [F) A0 e AL BE , AR H LIS S R

7, -7, =%,
d

t

b 7 R B A BB 5

T, R ) A6 AL A B 5 46 5

J AR K BB S5 38 ih Sl it a5

o FIHUIAA R

WL e R T AR

E=%%R%—Qﬁ@+@ﬁ]

Krp: n, A AL X £

Ly, L, dg A 2 Hu gk

w | TR

K i =0 BIFERIHMS, Rt (13) $4

3.,
72=Enﬁﬁﬁo (14)

ML RERFETT AR AT, PG AR A RN ¢ il

(12)

(13)

HA S, 5 g M iJek, HIESSH Tk HE
R IXU A3 2 B RIL A il - 2 R ) e

4 REMHREREWHEREEMGE
75 R

ARG 60 kW KB FL R HEAL, R4
HALBHANT . & IS4 R=0.362 Q. L~L~
0.006 5 H» KREAT: T 1fiHEy =1.3 Wb, 25 UBER
p=1.225 kg *m~, WHLEYM R 242 R=2.5 m, XJIHL
AIRE RGN 7.5 m * 7o DT ERIRIEATH] 0.6 s IS, K
HH7.0m s N7 5m s, RERXIIPUERRE
Xof KU HEA T fe KR B

TESCPR LAR T, T T 12 I 1 & A Lo A -
B -3 (proportional-integral- differential » PID ) 12
filgs. Hrp, pip g ny SHCEE R R g kit
MIRZ 0N ES . PID IS BUEE ) AR 2 k4
ERAPRIE —EHISITT . BEERK
i R G RIBCERRL, Zead PSR s il 2 2 50
XA TR AR B R B E R AT L, i
i it TR SR TR R S N, U TR E T
WL BEEREERE TEASR, HEEEG RE0iE
it HOGERR BTER, fELRS R pk
Iz R0,

T TR R ICEIE 1) pT 2L, AT LM
S Ry AR B ERAICR DT S B0 KRB A SR R IR
T ik A A R e AR, T
KRG ERIR T R LRI ELAERY Gl 2 FR .

D Scope5— /&
Scope6 +
A b—l—L
Constant2 Scoped paralle]l RLC
i, U, » Branch =
B
Scope2
[ TW[ wm] @, U, U,t—>U, - P
Step Pwi—1 | @ wref pulse r|c
™ “wref] ® U, J theta U, U, [Universel Bridge
Rotor —|
|_‘ i l '
< Subsystem2 10>—p{ [thetam]
J Subsystem1 . ubsystem <Rotor ange tetam (rad> | "
+ +HAdd >|‘1 0 p{wm]

Scope§

Constant
hﬁh

b

<Rotor spoedyun (rad/s)
,{ P a0 Gain3
L LB mM— B »
1Lé St biAp
achine S s h

Permanent Magnet
Synchronous

<Stator cukrent i5_t (A » D
<Statoc cifment i5_d (A) Scopel

3!
Lai

Scope3

B2 REMRELHFTERE

Fig. 2 The simulation model of optimal tip speed ratio
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Fig.3 Waveform of wind energy utilization coefficients
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Fig. 4 Waveform of optimal tip speed ratio
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Fig. 5 The speed of permanent magnet synchronous motor
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Fig. 6 The power of permanent magnet synchronous motor
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Fig. 7 The d axis current of motor side
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Fig. 8 The ¢q axis current of motor side
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