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Improved torque control strategy for wind turbines

XU Jint, DENG Wei, LI Chunting?, LI Donglin?, SHI Xiang?, WANG Yingcheng*

(Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China; 2. Huaneng New Energy Co., Ltd., Beijing 100036, China)

Abstract: For wind power units, both torque control and pitch control are designed based on generator speed, which
leads to the coupling between them near the rated speed, further resulting in rotational speed disturbances.
Consequently, conventional torque control will frequently change the control logic according to generator speed,
thereby causing the torque and power dips. Besides, two kinds of conventional torque control strategies above the
nominal wind, constant-torque and constant-power control, have advantages and disadvantages in torque, power
and drive-train loads. In order to eliminate the torque and power dips, full load curve was extended to generator
speeds below the rated value. Several state variables, relevant to pitch angle, were selected to reduce the frequency
of switching the torque control regions near the rated speed. A new full load curve was designed based on weight
programming to comprehensively consider the power and torque performances. The transition curve connecting the
optimum Lambda curve and full load curve, was optimized dynamically. Moreover, the proposed control strategy
was tested under typical turbulent wind conditions. The simulation results show that, the torque and power dips at
above nominal wind are eliminated and the power capture increases at rated wind by using the improved torque
control strategy. Furthermore, both torque and power achieves good performance by applying the rational weight.
Key words: wind turbine unit; torque control; logic switch; weight programming
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Fig.1 Conventional torque control curve
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Fig.3 The improved torque control curve
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Fig.5 The power and torque curves using conventional
constant power control strategy at rated wind speed
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Fig.6 The power and torque curves using conventional
constant torque control strategy at rated wind speed
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Fig.7 The power and torque curves using improved torque
control strategy at rated wind speed
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Tab.1 Average values and standard deviations of torque and
power at rated wind speed

WiH DREE R AE O FORE YRR
[EVES 0.9322 0.090 8 0.9228 0.0753
TEHE4E 0.954 9 0.100 4 0.944 4 0.0757

or=0 0.9385 0.096 4 0.929 6 0.089 6
ar=0.25 0.9415 0.0970 0.9322 0.088 1
ar=0.50 0.9445 0.098 0 0.9349 0.0875
ar=0.75 0.947 4 0.099 4 0.9377 0.0875
ar=1.00 0.950 4 0.1012 0.940 4 0.088 3
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Fig.8 Power and torque curves using conventional constant
power control strategy at 1.6 times the rated wind speed

1.2
1L1F
1.0F
0.9k

0.8p

WREHENRZL

0.7

0( A A J
’300 400 500 600

i [61)/s
a) Th & il 2k

http://rlfd.cbpt.cnki.net

1.2

L.l

Z

1.0

e 9 5 B0 e B A

0.9p

0.8

0.7}

0.6

N de ]
300 400 500 600
I [i)/s
b) e i 2k

9 1.6 fEEIEMEL G IEEFL BT HI R II R FNGERE i
Fig.9 Power and torque curves using conventional constant
torque control strategy at 1.6 times the rated wind speed

MERSEENFRZL

1. () Pty e —
1 1 J
0'8300 400 500 600
i J)/s
a) T 3 iif 2k
201
1.8 = i

300 400 500 600
i [8)/s
b) % 4 iih 2k

10 1.6 fE 50 E MU pSUE 4% R I SRR B T FR AN 4L 56 ih %
Fig.10 Power and torque curves using improved torque
control strategy at 1.6 times the rated wind speed

Hi&] 8 FIE 9 WA, & Gl S AL Si1E
ThER Pt ems, RV KGR A6 2% i T R LA B2 X
(114 m/s), HIHEE AN T AR ] X 35
WS, KA R D3R e v 1)
RILHBEBE H A, BB Rk

HIF] 10 AT, SR At A B P2 ) SRS e
T I ] A R o) X300 555 ) 80 i 51 14 e REL AN Iy




166 kAL &

2023 4

RPRTE, XA TR R i i 78 24 KGR LL R
Xl o) 2 X 3 1) 4 02 e A T PR A PR 45 2R

EUAEAE K R 10 min 1945 ELBER 3T S8t
oM, ABGIEEERE . AL SR D) M DR s 45 R
BMEAT Z W3 2. B3 2 Al 0. AN TAE G
Pl 2, SR FH et ) e R 4 i) SR A R LA AR
DR FRUEZ /D T 57%~98%; [FIINF, #5%EF1Th 2K
BIEIRR B EAUE A, X2 D2k th 269
70 R SK 2 o R T 2R A KA DA BR i) S )4 P )
Ho R SCHE R R SR fe R LR T
B TFBET 0.7%, XX REALL PR — e =2 o
158 P A 430 P R s i SRS FEUDL IR HE RV N, AR Bh %
HEA KT, B AR Mg R, UK L
TR I e

J FH A (A A A o SR, XU FBLLZEL () Ty e
Bk or BERTIIG R, FEHBANEZ TN 2 or N
1.00 B, B X3 BUIEE 6 AE, IR s
K Hor 0B, BHEEIER, DRHEHE R
SEo LT 07=1.00. ar=0.75 i, HLLHA AT BE 5
ICH A% RH e Lt S B ) R iR AL Zh i HL 4R 30, 11 HLIh
R FILREFRAK 22%. 0r=0.50 I, K EENLAIFES
BEANEEAIN T ar=0 WD T 51%, ThZe)k
S FE AR T ar=1.00 1G> T 45%.

%216 EHERNE THEMNEME. HEHH

Tab.2 Average values and standard deviations of torque and
power at 1.6 times the rated wind speed

FerE st T kS HEE

A ME TiE ME TE WME
{HINZR 0.9354 0.083 8 0.9455 0.067 9 1.006 5
TE45E 0.9531 0.0735 0.963 6 0.0919 1.006 5

at=0 0.9914 0.0317 0.999 8 0.0055 0.999 3
a1=0.25 0.993 4 0.0235 1.0019 0.009 8 0.999 3
a1=0.50 0.995 4 0.0156 1.004 3 0.016 2 0.999 4
a1=0.75 0.9975 0.008 1 1.006 6 0.0229 0.999 4
a1=1.00 0.999 6 0.0019 1.0090 0.029 4 0.999 4
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