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A temperature compensation method for the ultrasound resonance wind
speed and direction sensor in resonance state
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(1. College of Optoelectronic Engineering of Chongqing University Key Laboratory of Opioelectronic Technology & Systems ,
Chongqing 400040, China; 2. The 26th Institute of China Electronics Technology Group Corporation, Chongging 400060, China)

Abstract: Wind power generation, aerospace, meteorology, and other key industries have an urgent need for high-precision and high-
reliability detection of wind speed and direction. Compared with the traditional mechanical, ultrasonic convective, and ultrasonic
reflective wind speed and direction sensors, the ultrasonic resonant wind speed and direction sensing solution in this article has
significant advantages of small size, high accuracy, and no mechanical abrasion. To address the problem of accuracy shift of ultrasonic
resonance wind speed and direction sensor under complicated operating conditions, the theoretical model of the error source for the
ultrasonic resonance wind speed and direction sensor is formulated. Different temperature environment tests are carried out to analyze the
performance of the sensors. The correlation relationship between the working environment temperature and the resonance frequency point
of the sensors is constructed, which achieves the temperature compensation of the sensors based on the frequency of the resonance point
under different environmental conditions. By establishing a sensor wind tunnel test system, the wind tunnel test of the sensors under
different temperature conditions is carried out. Test results show that the wind speed measurement accuracy of the proposed ultrasonic
resonance wind speed and direction sensor is significantly improved after the temperature compensation of the resonance state. After the

compensation, the accuracy of wind speed can reach £0.3 m/s in the wind speed range of less than 15 m/s, and +2.3% in the wind
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speed range of 15~50 m/s. The sensor’s measurement accuracy significantly decreases with temperature drift, reducing the measurement

error to 2. 30% at an ambient temperature of 17. 1°C and 2. 09% at an ambient temperature of 29. 2°C., improving the accuracy by more

than 40% compared with the traditional ultrasonic convection/reflection type. In conclusion, it provides support for more effective wind

speed and direction measurements for key areas such as improving the power generation efficiency of wind farm turbines and improving

the accuracy of elemental measurements in the meteorological field.

Keywords : wind speed and direction sensor; resonant state temperature compensation; wind speed measurement
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Fig. 1  Ultrasonic wind speed and direction sensor
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Fig. 2 Wind measurement diagram of ultrasonic resonance

wind speed and direction sensor
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Fig.3 Wind measurement calculation model
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Table 1 Comparison of internal and external temperatures

of the ultrasonic resonance wind speed and direction sensor

(C)
VA P T2
¥ e SSTYES
(A ) (AT ik )
1 38.4/38. 4 30.3 8.1/8.1
2 21.3/59.2 10.2 11.1/49.0
3 15.7/43. 1 0.6 15.1/43.5
4 2.3/29.1 -20.1 17.8/49.2
5 -13.2/10. 1 -40.5 27.3/50.6

1 1 R R P iR 2 XU X ) A% SR i AR
BT, NAME2ZEITE 40 ~50°C 3 2 J5E T B 425 il 1
BT, 7E 38, 4°CIE L F il 224 8. 1°C J& f T In#Un shiid
JEWE R 25°C, EIEIMBCIRE T, B & IR E 1 FEAL, &
7 IR XU R ] £ SR PN AN 25 R T G A, X R T
PR B PRI T HL A T A D) R T AR, Y IR R v
T LPRIME IR

7 U DR AT A% B I P 00 XU T, 0 XU 5
WHTE VN, TGS IR 5, e AT, 5 I
DR JXU) £ % i PN A/ IR 22 R X A /0N, 24 7 I IR 485 K 1
T B TINAA R AN 75 I AU R\ ) A% St #2
SEVK B FZ T IE 5 TAE 3% 5 30T A5 50 108 7 Ik XU X
I AL IR N AN 25 K, XE LA A T R AR TRLRE M

P R XU X 1] 2 SR i A B0 T AR I, 2
HNERIRL 9 —40°C , L AR 2 10. 1°C, AN 22 K,
R TN EL IR A2 R A T IR A | & PRIt
SR PR T TS A P S IR 22 S O 3 B Y KU A
WA AER R P 22T

XFEAM T, FESECOMRERZ W, h ALK
A A1,
¢ =331.45+0.606 x T (13)

Horp TN FEIRE LR DN -40°C ~60°C JE BN,
FEER G R R 307. 21 ~367. 81 m/s, 7 Bl ARk K,
T BAET R A AT M2 B A BE v /N XU XL el 0 Y
F=

= (8) AT, JUF'—E’J@TH i 7 15 2 [ 7€

&, IRGE 10 m/s ﬁfjﬂ’fT{E/\*ﬁ X JE AT XL R
ZMK, TP K K Z /N T 10 m/s, iZHBUE B AR

P, WU 10 m/s | i{az@ﬁ 315, LR TT 2350

v, =/ +315% - 315 (14)

DU 5 L BLR 22 MG IR R EE ISR S iR 2245
B, FE-40°C LT, INFRIREE 298 10°C 247, 76 10°C 1F
BUR , NFBIREE 2958 60°C 224, Il TR 204 B 10C
VEJbn e s s XU 24 337. 5 m/s, 7E-40°C ~60°C )
JEIEI P, 75 3306 3 A 307. 21 ~367. 81 m/s 'HF'l_.{B
Bl AT (14) |, X435 A A 5 (8 5 TR 52 I T e
FRFE X 0 ARk R A & 4 PR

180

— =srt(x?+315%)-315
(368.00,169.41)

160 | (352.75,157.92)

(337.50,146.66)

140 | (322.25,135.63)

(307.00,124.86)

120

1 1 1l 1 1
300 320 340 360 380
FEHE/(m-sT)

Kl 4 AR KU e b (A T
Fig.4 Speed of sound change vs. scalar value of

wind speed component

HIE 4 a0, FER 3R 307 m/s B, XU e bR ie
124. 86; 2475 3 ol 368 m/s I, KU /r B ARt N 169.41;
RS AN 337.5 m/s B, R BR8N



%1

RAER A5 P R DA X 1) A SRR iR 2l B A M T 1 15

146. 66 AR 4 715 0] 1, 7675 38 368 m/s ( XT 1 60°C)
i, HARZEZ R 15. 5% , 167738 307 m/s (X [ -40°C )
o, HAR 22298 14. 8% , H b AT 0, 7 e g =20 AL 3 JxL 1)
1R R R BB B # A AE R AR 22, B
TR R 22 e DL S B XX ] Y A

3 HIRTEEMETTE

77 S XU XL ) A JERi i T 5 IR 1 J
HEAT DR XL i 00, IR 00 5 2 RO T2 L I
JE AR AR AL, R A AR A X £ R
TE 58 B R BEREAR AR, TARSREE N ML A SRR B, Tt
SEAEE | DA R AT A 1 32 2252 0 DY 3R Oy AR BRI
JEE R, mT AR A0 7 P XU XU ) £ gt T A )
P R AT R X A U B R AT Rl 4, 7 B SEBR A
TAFIREE , S AR SR A

YTER I EREE T ol R ey E PR BT T, R 2 A AR
—E ML, FEBR AT PRS2 1 bar, B 5 S E 5 R
SR AR e — R 2R B R G a7 A () iR 2% 1 T A
AN e A AR B AT O, Ik 2 R

x2 BEREARBEMENTHEEREE
Table 2 Ultrasonic air propagation velocity at different

temperatures and pressures
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Fig.5 Principle of ultrasonic plate resonance
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Table 3 Resonance frequency test at different temperatures
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with temperature
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Table 4 Resonance frequencies of different ultrasonic

resonance wind speed and direction sensors at 10 °C,

25 °C and 40 °C (kHz)
AR A 10°C i 3 25°C itk 40°C itk
DR e Jed i PR EIRLIES LIS
1 35.4 36.6 37.8
2 35.3 36.3 37.4
3 35.3 36.5 37.7
4 35.2 36. 1 37.4
5 35.1 36.5 37.6
6 35.3 36. 8 38.0
7 35.4 36.6 37.8
8 35.1 36. 8 38.2
9 35.2 36.3 37.6
10 35.3 36.5 37.7

MG 4 AT, 76 10°C B, AS[a] fl 8 75 i 20 sk
ﬁ%m%gffﬁiﬂ%ﬂfﬁi@%ﬁ%'5\,1E’Eﬁ3\7fﬁf4ﬂz
0 R, DA I T3 25 FAE T A 1R 25 5 1 1) R EUR 2 7E
—SEIRZE U 5 7E 25°C F1 40°C i, AR 45K T, (R H
I 43 7E — 2 3 BB P, 10 BH 3R 3 R 41 A3 % HL A A 56
P X 2R an &l 7 s

3951 a 10T IR FAL IR S AR AR

— =353 kHzbp#EZR
39.0F -o-g(s"’CHﬂ;FJ ga&#aﬁﬁiﬁz
385 40CHT A [ £ Jk 48 FL 3 3 451 2 o

:.—377kHz1‘?J<ff§?£ 3$ 3/8\2 A0°C1 B i 6%
380 - 537.8 37.7 }\ 37 \/ 37.7

18_ i _ T _ N _ 37
375 l N <~ o "376
374

; 37.4 25°C K37 Hh £
37.0 + 37.7 kHzkR#ELR . 362&‘%%%

36.6 365 363

36.5

FEHRF kHz

365F B - ses - 20T - 2% - AN -
36.3 363
36.0 F 2
ass | iijik”z**’w 354 10°CRIRZMZE
’ A i g = = e o 4353
3s0f /353353 3570 X352
353 kHzARHEZ: 35.1 35.1
345 1 1 1 1 1 1 1 1 1 1 1
o 1 2 3 4 5 6 7 8 9 10 I1
%S
7 [E] R RS SR AR 10°C [ 25°C
FT 40°C FeARITFE XS L

Fig. 7 Comparison of resonance frequencies of different

ultrasonic resonance wind sensors at 10 °C ,25 °C and 40 C
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Fig. 9 Wind tunnel test system
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Table 5 Wind speed test results at 17.1 °C

R/ KM/ My L P AE
(m-s™") (m-s™") M/ (mes™") B2/ BAMZ) /%
0. 00 0.05 0.02 —
3.42 3.56 3.49 4.09/2.04
9.96 10. 48 9.77 5.22/1.91
20. 12 19.17 20. 55 4.72/2. 14
34.07 35. 81 33.43 5.11/1.88
49.91 52.43 51.06 5.05/2.30




18 %8 I F£ ¥ M a6t
oY 2k 31l 3t e 5 60
&6 29.2CHRTRENRER = KRB
Table 6 Wind speed test results at 29. 2 °C o RARSERME (025230 %
sof - - -tRsk '
K/ KMz, SHRBIEEAME, RN (R ~ 0k
(m-s™") (m-s™") (m-s™") B2/ AAME) /% &
& 301
0.00 0. 06 0.03 — ié
il
3.36 3.51 3.42 4.46/1.78 g 20
10.02 9.55 10.23 4.69/2.09 o e
3.36,3.51
19.98 19.15 20.38 4.15/2.00 e
(113 10,0.03)
¢ (0,0.06) i ; ¥ i .
34.10 35.57 33.45 4.31/1.91 0 10 20 30 10 %0
50. 20 52.36 51.23 4.30/2.05 PR R/ (m-s )

FH% 5 R 6 22 ik 7 h £, T v il 48 e s 0 i i
el 1o AT 5 b o G i 22, 17, 1°C Bsf IR 0 A
LS PRERZE B SL AN & 10 iR,

601
=5 = KRR E LM
—— RAFAR IR B AME
S50F - = -RifiLk

(4991 .52.4_‘1
7

FAIURAREAM

20F

21917
19 %(20.12,20.55)

P K /(m-s™)

—_
=
T

0,0.02)
(0,0.05)

0 1‘0 2‘0 3‘0 4‘0 5‘0
P e R/ (m-s™)
P10 17, 1°C i DRI ft A7 205 o 8 G 2
Fig. 10 Wind speed measurement and standard
deviation at 17. 1°C
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Wind speed measurement and standard

deviation at 29.2 C
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