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Design and Experiment of Shunt-hedging and Multi-stage
Expansion Combined Automatic Sand Sampler
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Abstract; Since the beginning of the new century, the research on the field observation and test
equipment has been developed, and many important results have been achieved. To overcome the
shortcomings and deficiencies of the current test equipment, improve the level of soil erosion theory,
scientifically prevent and control soil erosion, developing more advanced and practical soil erosion test
equipment has a great significance. For the problems of measuring accuracy of automatic sand sampler
and sand collection efficiency affected by strong wind interference, a shunt-hedging and multi-stage
expansion combined reducing velocity method was proposed, a shunt-hedging and multi-stage expansion
combined automatic sand sampler was designed, design principle of sand separator and data wireless
acquisition system were expounded, and a test and analysis on reducing velocity and separation
performance of sand separator, anti strong wind interference performance and collection efficiency of sand
sampler were carried out. The results showed that shunt-hedging and multi-stage expansion combined
automatic sand sampler had anti strong wind interference performance and it could collect data in real-
time, continuously and in a long distance wireless. The starting wind speed of free rotation was
4.23 m/s, equal dynamic property was 92. 94% , average sand collection efficiency was 90. 42% , when
wind speed was less than 18 m/s, as long as soil samples which particle was greater than 55.36 pum
entered sand sampler, can be fully collected, power supply battery life of data wireless acquisition system

was up to 31 h. The signal transmission distance was 208. 51 m without obstacles, which can well meet
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the automatic observation need for soil erosion mass.

Key words: sand sampler; shunt-hedging and multi-stage expansion; sand collection efficiency; wireless

acquisition system
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Fig. 1  Structure diagram of shunt-hedging and multi-stage
expansion combined automatic sand sampler
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Tab.1 Performance test data of sand sampler
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2 31.64 31.96 31.94 212.24 76. 32 4.19 4.15 4.07 3.92

3 31.89 31.94 32.07 203.33 78.15 4.28 4.22 3.92 3.97
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Fig.9 Sand amount waveform at wind speed of 18 m/s
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Tab.2 Sand amount of inlet width (15 mm) at each wind speed

35 HRERIENED R/ g WA TR WERM BED
(m-s™ ") 1 cm 4 cm 8 cm 16 cm 22 ¢cm 32 ¢cm 40 cm a b R? H/g
6 52.9 9.80 2.4 0.6 0.1 0 0 52.99 -1.314  0.9981 115.77

9 47.3 11.1 3.4 1.1 0.8 0.1 0 47. 44 -1.150  0.9971 134. 40

12 45.17 10.9 3.7 1.3 1.0 0.2 0 45.82 -1.125 0.9977 135. 44

15 41.4 10. 6 4.1 1.5 1.2 0.3 0 41.53 -1.066  0.9976 136. 11

18 38.2 10. 4 4.4 1.6 1.3 0.4 0 38.34 -1.019  0.9973 136. 58

FIFH Matlab B4 X6} 42 0 5 4% AH [A] XUGE A 7] 2R
LB AT T IR BLG, AR VD B R A R R R AR
o3 WG TR R

q=az’ (1)
X ¢— ERERENED = ¢
a b—HE TR
KA, em

P (D) FEm BEIX I [ 1,40 ] B, AT A5 4% X
B S A FEEE (15 mm) S AE Vb &, G0 3k 2 Jr
IR o AU B S8 FE 1 m 9 S By 0 & R 10 kg, I
15 mm 5 B (S H S8R ) B9 L PR b 4 150 g, i
R[S REHA 6 ~ 18 m/s B VML A R VD 350K 43331 Ky

z

77.18% .89.6% .90.29% 90. 74% F1 91. 05% ,

YRH S 6 m/s I, AR T Ik B AR R 3 X
HE (FLR TR 73 A B B AT AR JE BRI T 2
WA IHAS B A AT A3 A SR B WORS i Ak B L R
TR R, BOAR SCBET ISR U AU IE & 6 m/s DUR K
B A S, DR T U0 SR A 3 4R YD AR
DAL SR VERENIVE ST & SNIIRE RS S5
4y 90.42%

5 #Hit

(1) 4 XGEALT 18 m/s B}, Kife 55.36 wm DL |
Y LAe LB A s b 5 Z A A 50 A a4k



LR

RE F WA b5 2Ry A8 S E DSOS R

141

TS, il o8 i g .

(2) Wb o3 85 45 (9 124 70 B AR R 0 99. T8% , 4
WA X BV 0% y 90.42% o 4 XK | + 5k
PR A R AR I () 25— I, SR VD A B LR
SRR AN 73 85 s 1) o B AR R R R AR U LR VD
e RS YRS SiSp R e SUPVE IS P
P g T Y R R AR OR

(3) 73 iins b 5 2 A H A XA S DA
# T PUR KT PEPERE , W] S | 34 S R B B TC R
X, B o e i 3l K O 4. 23 m/'s, FE Bl g 1
0 92.94% I HEVP AR Ty 90. 42% |, B TL R
R SETRE 13k 31 h DL B, JORE A 5 5
i RS Oy 208. 51 m, AT G M il 2 9 XUk B Y
H LI oK

Transactions of

Huhhot; Inner

Australian

2 £ X B
LM bR, o o 3, ik L A5 FRIE AL T 2f T 5 i X RS i b AR i AR e AR S AL [ T]. K R AR FF 24,2007 ,21(3) : 1 - 6.
ZHAO Halin, ZHOU Ruilian, SU Yongzhong, et al. Processes and mechanisms of soil desertification in semiarid areas, Northern
China[ J]. Journal of Soil and Water Conservation,2007,21(3) :1 - 6. (in Chinese)
2 JERCHE, e ST, JA g R PR B R R A KU R ST [T ] ARl AR 24,2003 ,19(2) 156 - 60.
ZANG Ying, GAO Huanwen, ZHOU Jianzhong. Experimental study on soil erosion by wind under conservation tillage [ J].
Transactions of the CSAE, 2003,19(2) :56 — 60. (in Chinese)
3 THIGEE, W S0, AP0, SF L AL T R B A A KU AR H SRR RS [T ] A AR 2 4 ,2007,38(5) 51 - 54.
FENG Xiaojing, GAO Huanwen, LI Hongwen, et al. Effect of wind erosion in agro-pastoral regions on soil characteristics[ J].
Transactions of the Chinese Society for Agricultural Machinery,2007,38(5) :51 —54. (in Chinese)
4 BKOR BRIV S VR R 2% B AR AR T M R A BT XUk R [T ] AR BUB 2 4R L2011 ,42(6) 238 - 42.
ZHAO Yonglai, CHEN Zhi, SUN Yuechao, et al. Testing on anti-wind erosion effect of soil for crop stubble coverage farmlands
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2011,42(6) :38 —42. (iin Chinese)
JRRASE =, R . s AU 0 3 5 P R R [ M] . bt Bh2 i A ,2010.
N S BB [ WITSEG 42 v DURIH T2 B S0 011 o IV, 2003 23 (6) 1714 — 720.
DONG Zhibao, SUN Hongyi, ZHAO Aiguo. WITSEG sampler: a segmented sand sampler for wind tunnel test[ J]. Journal of
Desert Research, 2003, 23(6): 714 —720. (in Chinese)
7 IR, RAUER TR T R B B gl e A VAT [T] . 7Y 2 5858 R A 2= 41 ,2006,40(9) - 1088 - 1089.
GU Zhengmeng, GUO Liejin, ZHANG Ximin. Development of a new type of active vertical sand trap[ J]. Journal of Xi’an Jiaotong
University, 2006,40(9) :1088 —1089. (in Chinese)
8 A, A e B ARV S IR IR A [ T] . AR 5E,2007 (10) :102 - 105.
FU Lihong,ZHAO Manquan. Study on sand sampler of gas cyclones and swirl[ J]. Journal of Agricultural Mechanization Research,
2007(10) :102 = 105. (in Chinese)
O AU, SR R A XU A BE AR VAR B [T ] BRE HOR UE A ,2012,40(2) 141 - 43.
LI Ying, SHI Yongge, JIANG Fugiang. Study on the all wind direction gradient sand sampler[ J]. China Academy of Railway
Sciences,2012,40(2) :41 —43. (in Chinese)
10 SR BRE RS, 55 20 Bioxd s A VBT Je Mg i3 [T ] RO WU =4, 2015,46(9) ;173 ~177.
SONG Tao, CHEN Zhi, MA Qian, et al. Design and performance experiment of shunt-hedging sand sampler[ J].
the Chinese Society for Agricultural Machinery, 2015,46(9) :173 — 177. (in Chinese)
UL XU, A, MR, 55 & B b 250 R I A B VAU BTSR[] RO AL 4% ,2016,47 (6) :53 - 60.
LIU Haiyang, CHANG Jiali, CHEN Zhi, et al. Study on automatic multi-channel wireless agricultural sand sampler [ J].
Transactions of the Chinese Society for Agricultural Machinery,2016,47(6) :53 —60. (in Chinese)
12 X LI, R, 4. AT A8 g R S XU 1 i 1T 5l [ T] . R WL 52,2016 (9) 1244 - 249.
LIU Haiyang, KONG Lili, CHEN Zhi, et al. Design and experiment of portable mini low-speed wind tunnel [ J]. Journal of
Agricultural Mechanization Research,2016(9) :244 —249. (in Chinese)
13 Besf A A% gl 20 WU XU U 23 08l ) 22 e PR st 5 3T [ D ] 0 e - A 58 Rl DR 2%, 2005.
DUAN Xueyou. The test and evaluation of characteristic of aerodynamics on portable erosion wind tunnel[ D].
Mongolia Agricultural University,2005. (in Chinese)
14 EFER W7, RS VIS BoE SH RS ImPEE [T]. K AR 4 ,2012,32(3) : 116 - 121.
WANG Jiajun, JI Yaqin, ZHAO Xueyan. Structural design and performance experiment on a sand sampler[ J]. Bulletin of Soil
and Water Conservation, 2012,32(3) :116 —121. (in Chinese)
15 SHAO Y, MCTAINSH G H, LEYS J E, et al. Efficiencies of sediment samplers for wind erosion measurement[ J].
Journal Soil Research,1993,31(4) :519 - 531.
16

CORNELIS W M, GABRIELS D. A simple low-cost sand catcher for wind-tunnel simulations[ J]. Earth Surface Processes and
Landforms,2003,28(9) :1033 - 1041.



