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Analysis and Experiment on Drag Reduction Characteristics
of Digging Shovel of Panax notoginseng Harvester

WANG Faan'? NI Chang'? ZHANG Zhaoguo'> XU Hongwei'’> XIE Kaiting'> WANG Boyang'
(1. Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China

2. Research Center on Mechanization Engineering of Chinese Medicinal Materials of Yunnan Universities, Kunming 650500, China)

Abstract; Aiming at the problems of high resistance and high injury rate in mechanized harvesting of
Panax notoginseng in hilly and mountainous areas, taking different shovel types of excavator as the
research object, comparative experimental research on the operation mechanism and parameter
optimization of excavator shovel of Panax notoginseng harvester was carried out. Through theoretical
analysis and mechanical calculation, the main structural parameters of each shovel type excavator were
determined, and the three-dimensional model of the excavator was established by Solidworks. The
simulation and comparison tests of displacement and flow direction of four shovel types of excavator were
carried out to track the spatial motion trajectory of rhizome particles and soil particles, and the triaxial
displacement segments were obtained. It was showed that the special curvature change of the bionic curve
of the boar head had a significant impact on the soil breaking resistance, and the bionic shovel surface
reduced the excavation resistance by changing the flow direction of soil particles. By using the Design-
Expert 13 software, taking the shovel length, width and blade inclination as the test factors, and taking
the excavation resistance as the test index, the combination test was carried out. The optimal combination
of operation parameters was obtained as the shovel length of 354 mm, the shovel width of 40 mm, and the

blade inclination of 70°. Under this combination, the average excavation resistance was 439.75 N. The
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high-speed photography experiment was carried out to obtain the movement trajectory of Panax
notoginseng rhizome and soil. The results showed that the movement trend of Panax notoginseng rhizome
and soil particles was consistent with the simulation experiment, which verified the reliability of the
discrete element model. The orthogonal test was conducted with the penetration angle, blade spacing and
excavation speed as the test factors and the excavation resistance as the test index. The results showed
that the primary and secondary order of the influence of different working parameters on the excavation
resistance was the penetration angle, blade spacing and excavation speed. The optimal combination of
working parameters was the penetration angle of 15°, blade spacing of 80 mm and excavation speed of
0.4 m/s. Through comprehensive evaluation of the performance of reducing viscosity and resistance, the
bionic excavator had the best operation effect.

Key words: digging shovel; Panax notoginseng harvester; drag reduction characteristics; excavation

resistance ; discrete element simulation
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Fig.7 Simulation test of displacement and flow

direction of rhizome particles
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Tab.2 Factor encoding for simulation orthogonal

experiments
i E i
BrKoxw /mm o BESE x/mm AR IEA a7 (°)
~1.682 316 36 30
-1 350 50 60
0 400 70 73
1 450 90 90
1.682 484 104 100
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Tab.3 Simulated orthogonal test plan and results

o i HE e
X, X, X5 Y/N
1 -1 -1 -1 470. 28
2 1 -1 -1 506. 59
3 -1 1 -1 654. 55
4 1 1 -1 723.91
5 -1 -1 1 487.17
6 1 -1 1 532.20
7 -1 1 1 684.76
8 1 1 1 751.17
9 -1.682 0 0 554.98
10 1. 682 0 0 641.97
11 0 -1.682 0 436. 54
12 0 1.682 0 775.98
13 0 0 -1.682 572. 15
14 0 0 1.682 629. 47
15 0 0 0 597. 94
16 0 0 0 592.71
17 0 0 0 596. 50
18 0 0 0 587.56
19 0 0 0 595. 67
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Tab.4 Variance analysis of simulation orthogonal test

JERW FHM AWEE ¥jo7 F P
LAY 1.544 x10° 9 17159.87  920.67 <0.0001**
X, 9 670. 32 1 9670.32  518.84 <0.0001**
X, 1.413 x10° 1 1.413 x10° 7579.73 <0.0001**
X, 2823.59 1 2823.59  151.49 <0.0001**
X, X, 370. 33 1 370. 33 19.87  0.0016*
X, X, 4.16 1 4.16 0.2233  0.6478
X, X, 28.01 1 28.01 1.50 0.2513
X2 24. 66 1 24. 66 1.32 0.279 7
X; 229.05 1 229.05 12.29  0.0067**
X; 64.25 1 64.25 3.45 0. 096 3
5k 2% 167.75 9 18. 64

He 3 IR 100. 08 5 20. 02 1.18 0.447 8
afi iR 7= 67. 67 4 16.92

Js¥:ll 1.546 x10° 18

e e FORE MM R (P <0.01) , F R,

Hi 36 4 AT B P < 0. 01, 32 B[] )3 7 R bt
& LBERS RN I £5 P Z 5 N AE 22 R 356 &R 5 O LT
P =0.447 8 >0.05, & W 76 T ik 1R 50 41 & 2 53
P a0 B AT U0 DR A A 0 I RO R IE
FHOR M 0.998 9, LW REH Fy ¥ [l )= 455 40 5 5
PRIZIEIE LSRR B . & R E X Y 52y &
W H X, X, KXo

Heb X, X, X, X, X, X0 X2 4m B Sy Y A B
FRW (P <0.01) 5 HoAth 2 Fn 28 HAE W P>
0. 05, %45 50 2 5 m o 2% B x4 4 BHL g 52 i R
I AFF AR T Y £ o0 ik A 5 R R

Y =594.11 +26. 61X, +101. 71X, +
14.38X, +6. 80X, X, +4. 10X> (27)
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AR X2 4 BEL 7 A B e An A 11 e iR 24 5K
SEAE UL K OE 400 mm [ 57 58—, 42 1 B A7 Bl %
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Fig. 12 Soil tank test bench
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Fig. 13 Physical images of excavation shovel
SRR TR B Hr a5 R, I 4 B 8 i 42 48 5
AT IS . R 5 O AR o SFO1 AT AR R R R
AR ML 2 7F = AL b IR e el K — I 2R e B, IR
TE AT DLSE R A48 — 0 M 25 S 1 0k a2 3 Bk, JF
VSR BE R N 500 £/, R HEE] 10 s, 40
Bl 14 frR .

14 s e B
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Fig. 15 Comparison of excavation test results
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Tab.5 Factors and levels in biomimetic excavator

bench test
K - R ” .
ALf/(0)  FRRIEE/mm iR/ (mes ")

1 15 40 0.4

2 20 50 0.6

3 25 60 0.8

4 30 70 1.0

5 35 80 1.2

R E 5 o A PR, A AR A 0 ~ 3 m
3~9m 19 ~12 m & AN X A R X FE
X 38 56 16 S 48 T 38 200 mm S5 R 00 A5 A9 95 4
BH T3 0 A R0MH , B 40 5 5 R AT 3 IR, O 082 4
B V- 30E R - B2 i B 7, &5 R a3k 6 iR AL
B.C A ZE KA.

K6 MEEHETERRRARSER

Tab.6 Biomimetic excavator bench test plan and results

F & VAR T /N
KBTS T ZHa 4145 i
A B C 230 1 =5 2 %51 3

fZ 485" 85" 248 4" fZ 485"

1 1 1 1 1 1 1 1345.08  1202.17  1068.07 937.93
2 1 2 2 2 2 2 1194.19  1194.81 1027.12 855. 43
3 1 3 3 3 3 3 1105. 21 1060. 19 905. 84 753.58
4 1 4 4 4 4 4 1036. 57 980. 16 831.78 681. 37
5 1 5 5 5 5 5 989. 88 760. 93 656. 33 549.72
6 2 1 2 3 4 5 1568.72 1298.29  1201.86  1097.45
7 2 2 3 4 5 1 1416.91 1500.18  1232.04 958. 24
8 2 3 4 5 1 2 1375. 81 1174.89  1001.29 823. 68
9 2 4 5 1 2 3 1340.79  1023.19 968. 47 919.76
10 2 5 1 2 3 4 1019. 58 914. 11 812. 43 708. 95
11 3 1 3 5 2 4 1694.58  1507.53  1398.58  1295.62
12 3 2 4 1 3 5 1597.22  1621.36  1402.84  1186.13
13 3 3 5 2 4 1 1472.47  1424.93  1230.15  1033.69
14 3 4 1 3 5 2 1225.51 1364.35  1159.89 958. 20
15 3 5 2 4 1 3 1122.96  1152.44  1003.75 844.29
16 4 1 4 2 5 3 1805.49  1786.91 1603.25  1407.59
17 4 2 5 3 1 4 1572.66  1707.33  1472.48  1233.47
18 4 3 1 4 2 5 1613.92  1504.93  1339.36 1177.76
19 4 4 2 5 3 1 1520.54  1570.47  1485.32  1395.99
20 4 5 3 1 4 2 1429.31 1481.69  1284.24  1082.78
21 5 1 5 4 3 2 2164.59  2051.25  1763.87  1480.48
22 5 2 1 5 4 3 2045.05  1943.74  1615.79  1283.49
23 5 3 2 1 5 4 1870.55  1856.64  1528.31 1203.92
24 5 4 3 2 1 5 1676.35  1798.51 1407.93  1012.27
25 5 5 4 3 2 1 1490.13  1702.19  1629.62  1563.14
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R, Wik — NS R BRR 8 95% #4707 20007 45 R Nk 7 iR,
(5% e A% B2, R 1 IBM SPSS 3k 4, & {5 B B2 7 W, LAAZ AR BE 2 B bR eR B R A
x7T ARRABERFESW
Tab.7 Analysis of variance of bench test results
b &R - ER:ED: S ¥or F P
A 1443 458. 358 4 360 864. 590 45.565 <0.001*"
) - B 746 152. 276 4 186 538. 069 23.554 <0.001 ™
FEALZRT C 10 779. 904 4 2 694.976 0. 340 0. 846
iR 95 036. 855 12 7919.738
A 2201 728. 704 4 550432.176 120. 002 <0.001 "
o B 526 212. 266 4 131 553. 067 28. 681 <0.001 "
=B e C 26 994.277 4 6 748. 569 1.471 0.271
iR 55 042. 085 12 4 586. 840
A 1582 266. 414 4 395 566. 604 54.285 <0.001 "
AP B 364 212.789 4 91 053. 197 12.496 <0.001 "
C 25 728.760 4 6432. 190 0. 883 0.503
iR 87 441.619 12 7 286. 802
A 1096 845. 122 4 274 211. 280 13.162 <0.001 "
5 . B 279 954. 800 4 69 988. 700 3.359 0.046 "
LRSS C 48 055. 559 4 12 013. 890 0.577 0. 685
iR 250 011. 140 12 20 834. 262
o« FARLE(P<0.05),
H5HRE B X248 B 71 9 52 e 18 2 & 2 K7, R W A Rt 3
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