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ABSTRACT

Torque control methods of wind turbine are mainly classified into two methods: torque-mode and speed-mode methods. The

traditional torque-mode method, in which generator torque proportional to square of generator speed is determined, has been

chosen in many wind turbines but its response is slower as they are larger in multi-MW size. Torque control methods based

on both speed-mode and torque-mode can be used to make response of wind turbine faster. In this paper, two torque control

methods based on the traditional torque-mode method are applied to a 2.75 MW wind turbine. It is shown through some

simulation results for real turbulence wind speeds that torque control method based on torque-mode has the merit of reducing

fluctuations of generated power than PI controller based on speed-mode.
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Table 1 Designed controller gains

Cases Gain values

Case 1 K, , =0.6292 Nmsec* /rad’
K = 486.2Nmsec/rad

Case 2 'K = 43.6Nn/rad

Case 3 K, =1400Nmsec [rad

Case 4 K, =05

Table 2 Comparison of responses for turbulence wind speed

Case 2 Case 3 Case 4
J#gk | 955% 95897 95900

TSR
EEAR | 06430 0.6764 06784
o, A7 | 8B4 8759 87596
Gpm) | g2z | 84618 59.778 59.609
T Ji#gk | 52809 5.3008 53008
&Nm) | gzma | 29997 13112 1.2915
» Figk | 04909 04911 0.4910
MW) | gzma | 02012 0.1406 0.1389

S=RAMD A == M162, N6, 2013



st

—

V (mfs)

0 20 40 &0 80 100 120 140
Time (sec)

Fig. 4 Half sine wave wind speed

TSR

5 20 40 en 20 1o 120 140
Time (zec)
(a) Tip speed ratio
1050} ‘ ‘ ' ‘ ‘ ‘ N

© ]
E _
o
Case 1 4
"""" Case 2
""" Case 3
750 | . \ . . I
o] 20 40 60 a0 100 120 140
Time (sec)
(b) Generator speed
8 T T T T T T
Case 1| |
- Case 2
""" Case 3
OO 20 40 &0 80 100 120 140
Time (sec)
(c) Generator torque
Case 1
------- Case 2
""" Case 3
OO Zb 4b 6‘0 Sb 1[‘)0 léO 140
Time (zec)
(d) Power

Fig. 6 Comparison of responses to half sine wave wind speed:
Case 3 & Case 2

=FHIIHEE ==& 162, M6Z, 2013

9
8
7
6
5
4
30 100 200 300 400 500 600
Time (sec)
Fig. 5 Turbulence wind speed
10.5 T T T

a5}

o2

= -
o . ‘ . ‘ . ‘
o 20 a0 0 80 100 120 140

Time (sec)
(a) Tip speed ratio
1050} ' ' ' ‘ ‘ ' i

€, (rpm)

750 L L L L T
0 20 40 &0 a0 160 120 140
Time (sec)
(b) Generator speed
8 T T T T T T
ol 1
E A
g a7 P 1
w N
B ‘ ;
zr Vo
NoF
A
5 . ‘ ‘ ‘ ‘ .
0 20 40 &0 a0 100 120 140

Time (sec)

(c) Generator torque

0 20 40 &0 a0 100 120 140
Time (zec)

(d) Power
Fig. 7 Comparison of responses to half sine wave wind speed:
Case 4 & Case 2



1 1
230 )
Tme (sec)

1
420 503

1 ! r
220 302
Tz (sec)

i ' i - "
230 )
Tme (sec)

Fig. 8 Comparison of responses to turbulence wind speed: Case 3
& Case 2

il : "
200 309
e (s2)

Fig. 9 Comparison of responses to turbulence wind speed: Case 4
& Case 2

5.2 8

H

g

weolMe MW FHERS SHEE

3 Bazjo] WY F ARE lvke] BaAo] We) S

E4S gelsl 2ot AEAd HAREARIE ]85t
Egnc dhlo)] Z271AQ E97|E 2 -0 R SgEE

— L

2 wed sl EARE TR Ao] Wioz WAy 74
& ol3l Pilsh o B8 olgSH YE 283
aiu} 2,75 MW EZENS tjALoR uhapela} F4 9 U=

Foso] Ut XAV S eI 1 9% ﬂq— PI Flo]7]
o1§% HERE Ao WHel gt vlmstgitt, Eam
71ke] Alo] WhTH SERE Ao] Wy W AEA

—é_

=

HAREANL o] g5l EARE YNt SUEES
27 stof Aapyeel wel wEehe selg 4 gt Ea

wE 7)uke] Ao}

W HEnc Ao wnd Ao 3

HEom Gdeigtel mEstA skar AddEdl ol
Z207F AR o= ol S Elskle) ey &
=re Aol jE AL oo 23h WSt B
9] Wgo] A ST M-S A fEsHA 22 &
ot YRAETL 10%0] WEso| tigt £AAY

3 2
I BAWE Fvte) Alo] WL SEwE Aof vy} &
9o Bagke Ao 2AT enge) WES 27 29

& 9l ol ee Falstel

[¢]
ol

o &

R

k=
-

N

20129 %= n&Ielr|eR o] QYo R st
A A U(No. 2012-0002397)3 Fht)
] ATLIA (A ZE-Edol= sEnd

7l ] A YE ol R AA 2

1]

=3

(1) Hansen, A. D. and Hansen, L. H., 2007, “Wind Turbine
Concept Market Penetration over 10 Years,” Wind
Energy, Vol. 10, No. 1, pp. 81~97.

(2) Joselin Herberta, G. M., Iniyanb, S., Sreevalsanc, E. and
Rajapandian, S., 2007,
Technologies,” Renewable and Sustainable
Reviews, Vol. 11, pp. 1117~1145.

(3) Bianchi, F. D, Battista, H. D. and Mantz, R. J., 2007,
Wind Turbine Control Systems: Principles, Modelling

“A Review of Wind Energy
Energy

and Gain Scheduling Design, Springer—Verlag.
(4) Burton, T., Sharpe, D., Jenkins, N. and Bossanyi, E.
2001, Wind Energy Handbook, John Wiley & Sons, Ltd.

(5) Bossanyi, E. 2000, “The Design of Closed Loop
Controllers for Wind Turbines,” Wind Energy, Vol. 3,
pp. 149~163.

(6) Munteanu, L, Bratcu, A. L. Cutululis, N. A. and
Ceanga, E., 2008, Optimal Control of Wind Energy
Systems, Springer-Verlag.

(7) Munteanu, L, Cutululis, N. A., Bratcu, A. I. and Ceanga,
E., 2005, “Optimization of Variable Speed Wind Power
Systems Based on a LQG Approach,” Control
Engineering Practice, Vol. 13, No. 7, pp. 903~912.

(8) Muljadi, E., Pierce, K. and Migliore, P., 2000, A

Conservative  Control — Strategy for Variable-Speed
Stall-Regulated Wind Turbines, Technical report
NREL/CP-500-24791, National =~ Renewable  Energy

(=P~

L

& M6, Hies, 2013



E3RE Jldtel E3 Mo YHe HEF 275MW SEEEle| 35 Y

Laboratory, Colorado, U.S.A. G., 2003, Wind Turbine Control Algorithms, Technical
(9) Cutululis, N. A., Ceang#, E., Hansen, A. D. Srensen, P., 2006, report ECN-C-03-111, ECN Petten.

“Robust Multi-Model Control of an Autonomous Wind Power — (11) 9#1% A 78, 2010, “HFE&o] & MWH e

System,” Wind Energy, Vol. 9, No. 5, pp. 399~419. o] EAY W wE S 5A waw” dighy] A
(10) Van der Hooft, E. L., Schaak, P. and Van Engelen, T. =53 A, A34d, A123, pp. 1835~1891.

s=RMDIHSE =28 H16d, 6=, 2013 1



