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The Analysis and Study on Operation Strategy of Grid-connected
Series Small Wind Turbine System

Chang-Ha Kim1, Hyun-Keun Ku1, Yung-Deug Son1, and Jang—-Mok KimT

Abstract

This paper proposes an analysis and operation strategy of a grid—connected wind turbine system using a
diode rectifier. The currents of generators are the same as that of a small wind turbine system. Therefore, the
analysis of generator torque is required as opposed to an analysis of blade speed. In this paper, the appropriate
MPPT control method is proposed to control generator torque. Usefulness of the proposed operation strategy is

verified by simulations and experiments.

Key words: Grid connected small wind power generating system, Series operation, H-bridge inverter, Single

phase grid

A aglo] WA ouAAEe] Frhm @
A3 AADAEAT GEHD gow, of FA
doz AAPAIAE ol &5 BHA A8 2
W Qe FAol oF T WA Az v
A eFAUAE AduAn wad: o
AN A A zelold), Belol= ]9 WAl

el i = ofd oo ¥ ol o> ob oy

ool & AN S Xkl M o O O o My o

Paper number: TKPE-2015-20-1-8

Print ISSN: 1229-2214  Online ISSN: 2288-6281
Corresponding author:  jmok@pusan.ac.kr, Dept. of Electrical
Eng., Pusan National University

Tel: +82-51-510-2366 Fax: +82-51-513-0212
1Dept. of Electrical Eng., Pusan National University
Manuscript received Oct. 1, 2014; accepted Dec. 12, 2014

— 2 =22 20149 MEMRSEYE PLEHERY

>~

WAvle) Bag AFow sl . meld B =
e AEAAY £FFLRA ALeAe] B3t o
[e)

P

rE
o [+~
13
O,

-

2 N rlo ne

2

ol
el
k)
o
"
off
:t?L_"
ne
o

1o,
=2

T

D)
1

=
ot
A

! =&
o,

f

N

N

o

Bl

N

- -
off
oo
N 2,

Codl T oox
g ol
)
Ly
zs
Q
i

Tracking)o]2} g},

1
Pb{ade = EPA VSC (1)

p

Poge: A= 59], p: B, 404



X
offt
ey
X
ofl
3
U

60

JUIRLJI0D MO, |

TSR (Tip speed ratio) ks

Fig. 1. Power coefficient versus tip speed ratio.

£ 3 &

2o
g
@
(@)
3
=5
Q.
D
2
Q
i
ol
I
vl
rE
o
jus)
=
o

)

Pyoie: 2ARL2E2 [Nin/s or Wkgm?/s®]

ZYAF(C)= T tg o= 33 £H&=n]
¢l F<£8](TSR: Tip Speed Ratio) A9 3= E 5
i, FAEAS FaE ofge] A(3)E ZdET

GGy
S (3)
G, =Gt Ce
5= Rw,, ey

- % T

R: 20| ERAF v, B H O] = &=

Cy. G, Gy, Gy, €9 T El = ZH2L Y
24, 7187 24, XF o5, 71&7] 2™ 3
= gepa)g ot Adle] o] 4H =
|

Aol oigk E95A4 2 =z= a4l 2o
22 0H W IZTHUH AL IS MPPT
ME A2 A S o8 HdA Mol e

e %
A 9e, a9 29 o] 7 alg Eel A Bl
sro} Alofatiz wAlo] MPPTS]TH

\
A
(o3
ro N g

[e] & & =
1974 2FFGRAN 2 4 2

= -1 X

Maximum Power Point

Fig. 2. Power versus angular
change of wind speed.
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Fig. 3. Series connected small wind turbine system control
block diagram.
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Fig. 4. Proposed algorithm.
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Fig. 5. Blade power curve of designed wind turbine by
wind speed.
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Fig. 6. Series connected wind turbine simulation according
to dc-voltage.
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023 MMW EXPERIMENTAL CONDITIONS
%;2 8/ ‘_/_,-r”.’. Wind Turbine Simulator
A Tmls Rated Output Power 100[W]
0-1%""'.5'”& Rated Wind Speed 9.801y/s]
005 Rated Speed 248 8[rad/s]
. Air Density 1.255[kg/m’]
0 ! : e ! ° e Maximum Coefficient(C,) 0.3188
(b) Torque Radius 0.45[m]
Generator(PMSG)
. Rated Output Power 100[W]
2 Rated Speed 3000[rpm]
100 ﬂ(\‘MA Maximum Speed 5000[rpm]
5 g ol HWWJ I Rated Torque 0.32 N'm
g RERRRRR L Voltage Constance Ke 02132
5 N I RN grid power Pole pair 3
40y I Rs 24.36 [Q]
20 Ls 19.82 [mH]
OO 1 2 3 4 5 6
time

(c) Grid power

Fig. 7. Series connected wind turbine simulation using
MPPT algorithm.
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Fig. 9. Current of individual diode rectifier.
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(c) MPPT operation of 7m/s
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(d) MPPT operation of 6m/s
Fig. 10. MPPT operation of Individual wind velocity.
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(c) Series MPPT operation of 7, 7, 7m/s
Fig. 11. MPPT operation of series connected wind
turbine.
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