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Design and experiment of a wind speed detection equipment with
wind pressure conversion near ground
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Abstract: [Objective] The current wind speed detection equipment is influenced by wind speed interference
in the wind field. To solve this problem, this paper presented a new kind of wind speed detection equipment
using pitot tube speed sensors based on wind pressure signal to obtain better unmanned aerial vehicle(UAV)
wind parameters near ground. [ Method] We first used axial fan to test the interference of induction position of
pitot tube wind speed sensor as well as vane anemometer, and then used hot wire anemometer to detect the
changes of wind speeds before and after interference. In the end, we used axial fan to test and record wind
speeds of all pitot sensors at the same wind speed, and obtained the consistency of the system. The measured
wind speed of the standard hot wire anemometer was compared with that of the sensor in the system at the same
wind speed to find out the range of wind speed in which the accuracy of pitot tube wind speed sensor was low.

Matlab software was used to fit the wind pressure signal and wind speed value. [Result] At the wind speed of
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10-15 m-s', the reduction of wind speed interfered by pitot tube did not exceed 1%, while reached more than

20% for the vane anemometer. The maximum absolute discrepancy of all 30 sensors of this equipment was 0.96

m-s 'when the wind speed was 15.00 m-s ', the maximum relative discrepancy was 6.40%, and the coefficient of

variation was about 1%. Fitting with three-time formula, the sum of squares for error was 0.099 6, the goodness

of fit (R”) was more than 0.96. [ Conclusion] Comparing to the current methodology, the proposed system can

effectively detect the rotor wind speed data of UAV and has the significant advantage of reducing interference.

This system can effectively help research the field work of UAV.

Key words: agricultural UAV; rotor wind field; pitot tube; wind-pressure conversion; wind speed detection

FIH & APl (Unmanned aerial vehicle, UAV)
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Fig.2 Diagram of alterable wind speed detection node
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Fig. 4 Diagram of wind speed interference of the sensor
profile
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Tab.1 The results of wind speed interference of pitot tube
and vane anemometer profiles

S R gﬁ%ﬁ# Dﬁ@ﬂiﬁfrﬁ)ﬁ
(ms?) R/ HlRE, R
(m-s™) % (m-s™) %
10.10 10.10 0 7.52 25.5
11.00 11.00 0 8.16 25.8
12.10 12.09 0.08 9.08 249
13.05 13.00 0.38 9.47 274
14.00 13.92 0.57 10.04 28.2
15.00 14.88 1.13 11.40 24.0
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Tab.2 Temperature-dependent voltage of zero point
signal
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Fig. 5 Diagrams of wind pressure convertors in different angles
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Fig. 6 Testing diagram of wind pressure convertor

\

a4

/IN TR 9 AT — i R TE R B AR R e XU
ZIHE A AR F R L, AR ER AR E KUE, H
PR /N AT o 2 A R B A AT AR AN, RS
&, AR08 ORUE D & v KU AR T o W & A [
S M EFRE I TE (AT 4R ED), 1 @ 1) R AT

JE N A, 5 R E B O T e 2 A
FLEE%%& TEAH [F) R T R FH A 7] 0 XU AR 3% 2%
D& G, PALE R — B0 o A6 78 A1 R XGE R
FE MR 30 A XUE AR 2%, WA FT FH AR v X3
15.00 m-s ', I %A 11 XU A0 28 9 b A #4286 20
PAHE A (b A A R A R, X I
0~30 m's™, FAKEE 0.1 ms™, 2FFFE 0.0l m's™),
BT A U 732 250 45 1 U 308 € 3 BT

R3 RELTHEEMKEREE

Tab.3 Comparisons of test results of wind pressure

convertors

ARG KGR/ | RIS KGR/ | RIS KGdY
Gi (s | %S (msh) | BT (ms)
1 14.80 11 14.70 21 14.41
2 14.30 12 14.35 22 14.20
3 14.32 13 14.40 23 14.30
4 14.40 14 14.32 24 14.33
5 14.90 15 14.47 25 14.44
6 14.27 16 14.20 26 14.54
7 14.41 17 14.40 27 14.28
8 14.40 18 14.90 28 14.60
9 14.30 19 14.29 29 14.53
10 14.11 20 14.33 30 14.04

1) AR/ R %4 15.00 ms™
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Tab.4 The AP-y value of a wind pressure sensor
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Fig. 9 Diagram of flight path of unmanned helicopter and
wind speed sampling node position
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Fig. 10 Diagram of wind field distribution in different flight direction
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