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Design of high precision mine ultrasonic anemometer

LI Bingrui, LIU Na, INOUE Masahiro
(College of Safety and Environmental Engineering, Shandong University of
Science and Technology, Qingdao 266500, China)

Abstract: The minimum measured wind speed of the existing anemometer can not meet the
requirements of precise wind measurement under the condition of low wind speed in mines. In order to
solve this problem, based on the principle of ultrasonic time difference method wind speed measurement, a
high-precision mine ultrasonic anemometer with low starting wind speed is designed. Two ultrasonic
transmitting probes and two ultrasonic receiving probes are arranged alternately to form two ultrasonic
propagation paths. The downwind and upwind propagation times of ultrasonic waves in a specific wind
speed field are measured respectively, and the average wind speed between the transmitting probes and the
receiving probes is solved by using the superposition effect of the propagation speed of ultrasonic waves in
the air and the wind speed (the effect of temperature on the wind speed measurement can be ignored). In
order to analyze the effect of ultrasonic probe direction on the accuracy and reliability of measurement, four
different probe arrangement modes are used to carry out the experiment. The results show that the more
serious the ultrasonic probe direction dislocation is, the larger the standard deviation and fluctuation range
of wind speed. Therefore, the infrared orientation device is used to calibrate the installation position of the

anemometer to reduce the measurement error caused by the ultrasonic probe direction dislocation. The
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moving average method is used to smooth the original wind speed waveform curve to eliminate random
noise and improve the stability of output wind speed. By analyzing the factors affecting measurement
precision, it is determined that the ultrasonic emission frequency is 40 kHz and the standby time is 100 ms.
The theoretical calculation and experimental results show that the resolution of the anemometer is 0.01 m/s,

the measurement error is 0.1 m/s, and the starting wind speed is lower than 0.1 m/s, which can meet

the precise wind measurement requirements of the mine roadway with low wind speed.

Key words: mine ventilation; wind speed measurement; ultrasonic time difference method; low

starting wind speed; infrared orientation device; ultrasonic probe
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Fig. 1 Principle of wind speed measurement of ultrasonic

time-difference method
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Fig. 2 Working principle of ultrasonic anemometer

DA I A pR B R BIL L R R IR A R AR e B 21 4
JE ) B A . B FLAR RO H B T I R R
ai il H B DR R AR R LR RS A T —
A 52 B 22 3k XU I £ . 21 40 [ 2% 21 A 2k
KRS E L E, BAREX Fo o Fy #8067 T8 A 5
kA By b7, EvGE; G 5 R S 21 AM 2R 2 6 T A
A Fy G Fy AT XUGHE I 4822 25 T ) A 7 o AR /)
FH 42 2% 7 T g 25 75 R A9 T % 25

DG I A T AR e S 5V, il 3 fivh A Ha % fik
KR Gt » 77 LR AT — @ AR K P E S R
RSP R SK JR SF R AL e ) IR BB AR S A

o AR T . TE R SRR S Y R SR HLS
BHTTEEER . 2 A P I U Sk B OB 7R 1R S
FEos HL A 4k A 5 B A B AL (R BsF ep E  E
T G K U U A B R P B i A A
D7 o A HL SRR R R A A s R P AL
i 1 Y R B P 3 B N (s S S b [ N
U AT A R O AL e 22 AR 2R (5) AT AR
DAL I 0 DB JRU ] o B S S B A R
2.2 MEKIZTAR

R A S TR B R X R DM S AT S ik
BRIERE . RGN B ST S b &
IR B A2 B A5 B AL 1 B [ 2 18 B0 Tk b B B L P-E
o U A B AR G H K R AE S B A D AR B B
L .

I RO B AAE S BN 1] 3 B, R
P RGN AL R TO T — > 10 s A9 1R
58 TRIG il v ) 34l 8 75 0 % 51 4R 3k AL Be
KT 8 4~ 40 kHz J5 % QU B O) . [ A, Al B, i)
TRIG #ii th—AMEHE . B, 2008 A, & 5B
W A me 28 AR Bk WS 5 a IR B & A H O B AR
M B, ) ECHO (2 Wi i) iy 8 — 4> 55 i 3 £ FLS
FL SR T 0 05 U QO B PO 77 fifs o A8 A SF 5 15 A
P AEG R 5 N AR RS ] Ty, A, #2UE) B,
TR S L AR AR A MK RS S b, R B R AR
APk AE , A, 1 ECHO B th — 4@ i F s &8
HL I N T U U TE Q) IR A7 A% » 1K L 58 5
PR KA T ARG E] T, B3 H T, R
P e IR A 1A R SR DA D R
S AL B, 5 1 RS 8 A 40 kHz J7 I %
552 WCORSEIT W B 8] 5 Ty S R LIS ] . B 75 O
RS RS 8 4~ 40 kHz F ikl & F — IR & HHH
At ]

0 o |
B3 il XU AU S T B

Fig. 3 Signal conditioning of ultrasonic anemometer
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Table 2 Standard deviation and fluctuation range of

wind speed under different ultrasonic probe arrangements

m/s
kA 7 5 DRV 3 o 22 I3 % 3h ¥
yiE .l 0.042 —0.1~0.1
J= 2 0.048 —0.1~0.1
FHR 3 0.048 —0.2~0.2
F 4 0.113 —0.3~0.3

T 585 AN 3 R 1 15 2 A e e X ) SR T AL
AP E 1] % B
3.4 HIEFFAE
Xof i e IR U T i 2 1 AT ST 0 Ak B H YR T
e b AL M 7, i v i KU R k. Tl R )
BT o A SCE F ¥ 307 243k H LR X 0 AP AR 5k
Py G=0,1,,n—1), B SH m 4> H A8 %L
PR T -
fr = Lzy/wz (8

K fo M = DFARFIIME sy, R SR XU I
{151

il

m 1) BB B B2 52 W - 18 AR - m (KA R T
0 74 430 Bt AL AR AR A B BIL AR 25 5 LTI RE S 30 AR A
Ak B4 B 5 P A3 0 2 5 o {288 /NS ) T 00 ) Bt ML
W, ARG TZRE m HR 5~11, NIk m
{ELXT XU BT 1 21 T 28R B 52 s 4 0 B m R
4,6,8,10,12, XM FE 1. 0 m B J5 & X 8 0% JE i 47
BOHE - Ab B S5 SR 6 TR .

0.7

0.6

0.5

T, 04
0.3
0.2
0.1
0
=0.1

)

M/ (m -

1 L 1 L 1 J

10 15 20 25 30 35 40 45 50
blbRre
(a) JRuR R 7P

0.5F o m=4 ——m=6 ----m=8

lIO 1I5 2I0 2I5 3I0 3I5 4I0 4I5 50
TR RE
(b) -1 Ak B W B
6 Bt 1o b FACR
Fig. 6 Effect of data smoothing
m 05 KGEPRHEZ R RN 7 Fis. Al LA
P (B BR R, DX T AR A 22 /DN R R A 3 R

ZIN o DA B R S L XU T A e O R 2
m=8 W W AR HE 22 A /N o Al LUK e % XL S
(R A2 WL AR /N DR e S AR SO = 8 R A K d0 - 1
AbFE

0251

4y 0.15F
4
Yo.10F

0.05F

1 1 1 1 1 J
0 2 4 6 8 10 12
m

BT B KU R 22 10 G 2R

Fig. 7 Relation between m and the standard

deviation of wind speed
4 MBS

(1) é}%‘jﬁ?%o &QZO’XTJ‘EE;(S);R Tl E‘J%ﬂ‘ﬁﬂﬁg
L

d‘vm - ﬁ

dT, 9

L N, . P
# T, :CT%4IE/\ﬁ(9) AT

C(CHwy)’
2L

L 0 7 i XU AN T B g Y o B R
1 ps, i L=5 m,C=340 m/s, v, =5 m/s, fL A
K (10078 do, =0.011 9 m/s, H B 75 I XL ) 2 )
(I 43 BE A 0. 01 m/s,

(2) D6 i 25, 0 75 IR Sk 0 B O 2
| de | <<3 mm, 53k P I 1 9 ) I 4R 25 15

dT, |,ls - C izv

B dT, FR AR (10075 do, =0. 103 m/s, T # A
PR E AR 2N 0.1 m/s,

(3) s W . PRy ok AR PLA A% 3 07 =
PR b R e XU SR i Bl KU N 32 5 T 4
HEAR MR S0 P T AU AR RCHR 8 S 7 XU
AINF 0.1 m/s BYIEOLT o 8 75 ik XU SE I £ A3 34 3 A5
T REE I SR R B R R S XA T 0.1 m/s,

dv, = dT, (10)

= 8.683 (1D

5 #Hit

(1) 3T 75 I Aob 22 9 XU ) o J B, B8 T
HLA AR 2l R 1Y e G B A FH R 75 a0 S Y
L2 A RSk TR B K SR S L B R 2 AN
D2 A 495 S o T B X XL T 1) S i) T LA 200 AN

(2) RHLLANE ) %< 8, v] ek /) 68 75 I 4R Sk
T 8 0 5 R I o 2 25 . 36 FH Y 30 37 B 3 ke D AL
T 28 R AT T AL B L LT B BE PR S L 4R T



< 124 - IH 8L % 48 %
HRGE T IET Renewable Power Generation Conference,
(3) BEIETH 30 52 56 45 2R 3 I« % X ) & 4Y Beijing.2014.

(3 HEAy 0. 01 m/s, MERZEH 0.1 m/s.J3 3)

FAI T 0. 1 /s o L 20 LMk
HHEI KB R L 4 43

FIET W

ot S AT i — AP Ik

2 % 3Tk ( References) ;

[1]

[2]

[4]

[5]

[6]

£8]

SR RAE B R B L R X AR IR S
AL ¢ J e B LT ). Mo B 2 £ R, 2020, 48 (2)
97-103.

ZHANG Qinghua, YAO Yahu,ZHAO Jiyu. Status of
mine ventilation technology in China and prospects for
intelligent development [ J ]. Coal Science and
Technology,2020,48(2) :97-103.

JAAE S B L R B L SF . 0T R il R B OC
PR B Hody 28 5e B LT B o 2 i, 2020, 45 (6)
2225-2235.

ZHOU Fubao, WEI Lianjiang, XIA Tonggiang, et al.
Principle, key technology and preliminary realization
of mine intelligent ventilation[J]. Journal of China
Coal Society,2020,45(6) :2225-2235.
R . RERT T LA P e XU e Y e o
I R 516 T.2016,39(5) : 136-137.

XU Xinkun. Influencing factor of the accuracy of mine

oA

mechanic blade type anemometer [ J ]. Coal and
Chemical Industry,2016,39(5):136-137.
TP IR, 0] 5. — Bl B G 2R
0], Tw [ 3h4k,2012,38(11) :61-63.

JIANG Ze,HAO Yejun, LIU Yan. Design of a mine-

I %

used air speed sensor based on pitot tube[ J]. Industry
and Mine Automation,2012,38(11):61-63.

JEN 2. e A AR IR 75 g IR 3 XL o 42 S A8 O B
ARAFFELD]. b SRl 2 58 KB, 2018,

ZHOU Chuanyun. Research of key technologies of
high precision and low limit ultrasonic wind speed and
direction sensor [ D]. Beijing: China Coal Research
Institute,2018.

YUN Lei. Design of ultrasonic wind speed sensor for
[ CJ//7th

Education, Management, Information and Mechanical

mine International Conference on
Engineering, Shenyang, 2017 :602-605.

LUCENA D C,FREIRE R, VILLANUEVA ] M M,
et al. An innovative ultrasonic time of flight method
based on extended Kalman filter for wind speed
measurement| ] ]. Journal of Instrumentation, 2020,
15(4) :04024.

SCHLABERG H I.LIU Yan.LI Zhihong. et al. Wind
speed and direction measurement with narrowband

ultrasonic sensors using dual frequencies [ C]//2nd

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

LRI JAL T KON SR S HE 1A R K RO &5 5 3 JL S 3
WEFELD]. #2018,

PEI Xiaodong. Experimental study on catastrophic
regulating airflow for the comprehensive control of
the coal spontaneous combustion and gas in coal mine
[DJ]. Xuzhou: China
Technology.2018.
PRI 2L O XU B AL BIe S ROR T R
4K ,2020,45(6) :2236-2247.

LU Xinming, YIN Hong. The intelligent theory and

University of Mining and

technology of mine ventilation[ J]. Journal of China
Coal Society,2020,45(6) :2236-2247.
HoAr A L A w2 B L A S . — R XU
8 75 KU A M 5 vk K ke B - CN201310081679. 7
[P]. 2013-03-14.

Gansu Electric Power Company, Institute of Electrical
Engineering of Chinese Academy of Sciences. Wind
power plant ultrasonic wind speed detection method
and device;CN201310081679. 7[P]. 2013-03-14.
THIELICKE W, HUBERT W, MiLLER U, et al.
Towards accurate and practical drone-based wind
measurements with an ultrasonic anemometer [ J |.
Atmospheric Measurement Techniques,2021,14(2)
1303-1318.

XA SR TR P I AT R 1 IR IR 1) 0 S AR ()]
IR AR 5 15128, 2018(12) :101-104.

LIU Huaxin. Research on wind speed and direction

measurement based on ultrasonic sensor [ ] ].
Instrument Technique and Sensor, 2018 (12 ):
101-104.

FEE L T L0 T A 2 1 i B R U XL A R
[J]. w42 42,2015,46(7) :116-119.

RAN Xia, YOU Qingshan. Mine-used ultrasonic air
velocity sensor based on time difference method[J].
Safety in Coal Mines,2015,46(7):116-119.

UE UL — T P R P Sl X A i i B LT ]
4 ,2017,48(1) :88-91.

YOU Qingshan. Design for an mine-used ultrasonic
air velocity sensor[]]. Safety in Coal Mines, 2017,
48(1) .88-91.

R R R LML b5 LA Tl 1 R A, 2009,
GUO Wei,
Machine Press,2009.

Ultrasonic testing [ M ]. Beijing: China

ZRES, 2208 . M E P BE L) ], B e HoR, 2012,
31(7):55-56.
L1 Tongling, LI Qingjun. Ultrasonic distance

measurement [ J ]. Coal Technology, 2012, 31 (7).

55-56.



