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Abstract: Climbing search method is one of the major methods on maximum power point tracking of wind power system. For
the wind power system with large inertia the traditional climbing search method cannot carry out the correct search control be—
cause of the rotating speed lag caused by large time constants. Therefore an improved variable step climbing search method is
proposed and compared with the climbing search method based on slope. The simulation results indicate that the improved
method has a good effect on maximum power point tracking of small wind power system and it not only increases the utilization
of wind energy but also avoids the mechanical oscillations when wind speed is stable.

Key words: wind power generation; climbing search method; maximum power point tracking; variable step size

1 TM762 TA : 1003 —6954(2014) 06 — 0054 - 07
0 o 12 - 13
N 14 -15
o 16 - 18 N
1-3
3
( tip speed ratio TSR) .
( power signal feedback PSF) | ( hill
— climb searching HCS) . 4 -6 3
AY AY 3 0
3
7
8-9 1
o 10 1 o
o 11 N N N

54«



37 6 Vol.37 No.6
2014 12 Sichuan Electric Power Technology Dec. 2014
° 1.1.2
(’*\) Py (2) (1
><\/ C A
i;t?%j% / L (3)
) g 2 A
Sip R
v BN R (2) . (3)
E Ed
1
1.1 3 A
i 3 19 Y
’ RE
1.1.1 o o
1 Z o
Pu=5pmRVEC(A ) = ~
H 116 125
DCPZO‘22 Ti—0.4,8—5 e i (1) X
0
1 1 _(). 035 1.2
A, “A+0.088 g +1
C, P Kg/m’; R o
m; V B 0
(n o
Cl‘ o Cp 4 o
A B o A
RO
A=y (2)
c, A
o 2 C,-A 2 4
4 T, Tg
A Cp 20
o dn .
- ! J= =10 ) —iTg(_Qg) -BQ.  (4)
04- 12
003? ‘]:Jr+']l+;(-]h+']g) (5)
T J B H,
I v I
L ol L ; ‘]é’ o °
1.3
2 C, -2

+ 55



56

37 6 Vol.37 No.6
2014 12 Sichuan Electric Power Technology Dec. 2014
(1) 120° 2.2.1
(2)
( 3) : ~N o
(4) . PI
d q 21 5
bd Va & ll di, (i " )
Ode ~ L, L L d Ot T €, =X
O o
Diis VS Rl R.S . LﬂL di,{ . m .
@dtq - Lq TLTLMTL dtl -o,(iy +fl’d)
s § S S S ( 6)
Ry Ledia o L
Ode = L™ L d V7@ U T °
0 R
is(/ Rr . Lm disq ( ) ( I Lm . ) BE it &
= -7, — (o, —w) (1, +571, e T : S ]
T A f Lt
3 . .
TL - ?p ¢ Lm( L,\'q ° b = Lr([ Lxd) ( 7) PRI 2
5
. . 2.2.2
v= x,(1) x%(1) x(0) x,() = iy by Ud Ly
u= V, Vsq
° 6
SCIG Pow
x=A(£0,) *x+B*u Aw
3pL, (8)
y= (x2x3 —xlx4)
2 Aw 0
2 , dPy | _ |dPy
a~ 0~ ¢C dw dw
2.1 dP b P, =0
dw dw °
Aw =dwo
° dP AP
P — =0
0, A do Aw
/\npt ° ( 1) ( 9) °
C o AP( k
b Aw(k +1) ZKMPPTﬁ
2.2 (9)
3 AP(K) _\p
(TSR) . ( PSF) . Aw( k)
( HCS) . Ky



37 6 Vol.37 No.6
2014 12 Sichuan Electric Power Technology Dec. 2014
8
(10) o
p A
X AP, AP, (10)
L k, Aw, Aw,
k, b c
a
P=T, *w (11)
-
1]
b _ e g do (12)
Y@ T
6 p-w 50 rad/s (12)
T AP Aw
AP
AP
Aw Ao
. AP,
Aw, AP, Aw, (13)
Y
spt-al | lrafelloll)r | ["emlpaer ‘ AP.AP, Aw, 8 A
MPPT MU;TIﬁ MPPT AP,
S (13) 0% AP,
7 AP, &
2.2.3 AP, < AP, >0
o 8 B
Kyppr AP, AP, (13)
AP,
Aw = AP, Aw,
Aw Aw =Aw/0.618
o AP &
_ AP( k) 2 2
Aw( k+1) _KMPPTAQ)( i 0 3
Aw AP o
Aw(k +1)
R AP, AP,
AP, =0 AP, #0

e 57




37 6 Vol.37 No.6
2014 12 Sichuan Electric Power Technology Dec. 2014
AP, =0 AP, =0 8. Kypor =0. 1Ky =0. 5
0. 9 o 11(a) .(d) .(e) .(h)
pt Kyppr =0. 5
Kypr =0.1 11(b)
(1) 0.1
0.5
8, 11(c) (g
KMPI”T
(
) (60 ~ 100 s)
Kyippr
KMPPT
hk=k11
9 " ‘ ETT T
i 25 ) ”[’!‘I"vll‘wwwﬂ'\'\nyv kit
3 ;% o, g ; f‘fwl { Wu,a Ry
Matlab /Simulink 10 % W e e w0 w0
(a) TREEH 0.5 R EEE
MPPT . MPPT M ‘ |
£ u I J" WM\
P1 & ‘ I
o 20 40 60 e 140 160 180
(b) TREHKH 05 HEERTK
. it £+ ( i
MEE L f}';‘ -6000
IXL*)I %% {tij]%*% %}j‘ %m ‘ %E‘Eﬁt 00 [} 2‘0 4b 60 80 100 120 140 160 180
izt L—i‘ H fi2-S | IR i /5
R - L Hiz
e EE.TJLE‘@" e 4T L 12 2 g 7
T H s (c) HHKEEH 0.5 FENMmHIIE
.
i O gy P S
PP M o S N LA L I N M
10 gos
3.1 2
7 00 20 4‘0 60 80 1&) 120 140 160 180

B [E] 2/5

(d) TKFEH 0.5 BREEFI B RE



37 6

Vol.37 No.6

2014 12 Sichuan Electric Power Technology Dec. 2014
” P [ ) ey
» ,‘Jhl. =y, LR /\(J\lf%“wﬂ%\ — SRR
3 - K7 N 220 X‘rv e
= : I AN
2 49 vt o
ES ® 10 .
K
Q 20 40 MB-H | [/100 120 140 160 180
0
) . . 0 20 0 60 80 _ 100 120 140 160 180
(e) TR AE 0.1 BB EEE B 15
. P — \ (a) RpHESRMERE
E UWMWWWM f | - Hl/ 'u” 'L/M
=
5 t i 10
0 20 @ e s;)ﬂﬁ] , /1500 20 40 160 180 EA | /‘/\ﬂ}}\]\f' e N y—
(O SHRREH 0.1 FHRESK =
. — % 0 40 @ @ 10 10 140 0 10
Ll }(‘m - e 2/5
2 20 (1] ‘» y
o N (b) P
]
-6000|
009 20 40 60 80 100 120 140 160 180 045 ! ! !
IR /5 ‘ | [ »_[mm
, " o i
() SRR 0.1 HANHEE e | !j |
Foa | ‘ :
N — D0 AT L R =4
04 L L L L
B oo B e e o 0 0 14t 0
E ] 2/5
Z’.\v:: 02
-4
& (c) MeeF HRE
OO 20 40 60 80 100 120 140 160 180
(] £/5
(h) SKEHN 0.1 B REEH I RE
11 MPPT
3.2
Gio w100
A /5
. \PPT O BEK
12 o
. ‘ |
0
E. W Wy,
§_20WWMMWM MM W WW
. "~
g
% 20 40 60 80 100 120 140 160 180
A /s
(e) BB HEFESE
! H | ! |
0
s Ay i
5 -2000 Tﬁy MW
12 MPPT & o Mﬂm
i
9 & £ 000
:1 82 :50 40 13 =300 20 40 60 80 100 120 140 160 180
iE 2/5

(a) \(b) (¢)

(40 ~80s.110 ~130s.150 ~ 170s)

(f) RHLEH T &

13 MPPT

59



2014

6

Vol.37 No.6

12 Sichuan Electric Power Technology Dec. 2014

5

1. 13

Matlab o

J. 2007 31(3): 77 -8l.

. 2010 (11): 78 -82.

J. 2010 43(9): 71 -74.
Munteanu I. Optimal Control of Wind Energy Systems: to—

wards a Global Approach M . Springer 2008.

e 60 -

10

11

12

13

14

15

16

17

J . 2010 38(9):
1393 - 1399.
Abdullah M A Yatim A HM Tan C W et al. A Re-
view of Maximum Power Point tracking Algorithms for
Renewable and Sustainable
Energy Reviews 2012 16(5): 3220 —3227.
D .

Wind Energy Systems J .

2007.
Narayana M Putrus G A Jovanovic M et al. Generic
Maximum Power Point Tracking Controller for Small —
scale Wind Turbines J Renewable Energy 2012
(44): 72 -79.

MPPT
J. 2011 41(12):
61 -65.

Ciprian V. MPPT Algorithm for Small Wind Systems
Based on SpeedControl Strategy J . Annals of Dunarea
de Jos 2008 31(1):23 -28.
Munteanu I Cutululis N A Bratcu AT et al. Optimiza—
tion of Variable Speed Wind Power Systems Based on a
LQG Approach ] . Control Engineering Practice
2005 13(7): 903 -912.
Lin WM Hong CM Cheng F'S etal. MPPT Control
Strategy for Wind Energy Conversion System Based on
RBF Network C //Energytech 2011 IEEE. IEEE
2011: 1 -6.
Abo — Khalil A G Lee D C. MPPT Control of Wind
Generation Systems Based on Estimated Wind Speed U-
sing SVR ] . TEEE Transac—
tions on 2008 55(3):

Industrial Electronics
1489 —1490.
Rocha R. A sensorless Control for a Variable Speed
Wind Turbine Operating at Partial Load J . Renewable
Energy 2011 36(1): 132 —141.

Boukhezzar B Siguerdidjane H. Comparison Between
Linear and Nonlinear Control Strategies for Variable
Speed Wind turbines J .
tice 2010 18(12):

Control Engineering Prac—

1357 —1368.

J. 2009
36(6): 1-7.
MPPT
J. 2009 13(3):
414 -418.

J. 2009 16(6): 764 ~767.
( 72 )



37 6 Vol.37 No.6
2014 12 Sichuan Electric Power Technology Dec. 2014
R, L, BRK PCC .
PCC. BRK (=3s 1=7 .
s . OVP/UVP .
. DG P-V OVP/UVP
82 kW P, 100 kW . DG P-V
1.1 p. u. 100 OVP/UVP :
kW, DG P-V
1.1p.u. 100 kW D . OVP/UVP .
1.1 p.u. 100 ( I p.u. 100 kW)
kW D . DG P-V .
100 kW 3 DG P-V 1 M
1.1 p.u 100 kW 2006.
E M. OVP/UVP 2
] D. 2007.
0.88 p.u. 100 kW 3 J
o 2009 33(11) :83 —86.
0.88 p.u. 100 kW c . 4
DG P-V .
o 129 kW 2008 23(4) :44 - 52.
. 5 D .
2006.
OVP/UVP o DG P-V 6
OVP/UVP J. 2007 30(1):1-6.
DG P_V 7 . D .
OVP/UVP . 2009-
8 D .
2009.
4
(1981)
( 12014 - 07 -21)

PIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

( 60 )
19 Pucci M Cirrincione M. Neural MPPT Control of Wind
Generators with Induction Machines without Speed Sensors
J . Industrial Electronics IEEE Transactions on 2011
58(1): 37 -47.
20  Welfonder E  Neifer R Spanner M. Development and
Experimental Identification of Dynamic Models for Wind

Turbines J . Control Engineering Practice 1997 5
(1): 63-73.

« ]2 .

21 Leonhard W. Control of Electrical Drives M . Spring-
er 2001.
(1988)
(196;))
( 12014 - 07 - 07)



