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Design and Test of Self-propelled Lotus Root Digger Based on
Hydraulic — Mechanical Combination

Zhou Yong'? Liu Ran'?  Zhang Guozhong'” Tao Guoying'” Wang Yongle'” Tang Nanrui'~
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; In response to the high labor intensity and high labor costs associated with manual hydraulic
lotus root harvesting, as well as the lack of self-propulsion and low harvesting efficiency of existing lotus
root harvesters, a design for a self-propelled lotus root harvester was presented based on a hydraulic —
mechanical combination. Key components included a tracked undercarriage, a hydraulic flushing system,
a hydraulic-mechanical combined harvesting device, and hydraulic and power systems. A mechanical
model of the interaction between the screw conveyor and the soil was established, clarifying that the
factors primarily affecting the screw conveyor’s mud-clearing performance were the blade angle of attack,
blade height, effective length of the screw conveyor, screw conveyor shaft diameter, screw conveyor
rotational speed, screw conveyor forward speed, and penetration depth. Single-factor and orthogonal
experiments were conducted using EDEM simulation. The results indicated that the best mud-cleaning
performance was achieved when the blade pitch angle was 25°, the screw conveyor rotational speed was
125 r/min, and the screw conveyor travel speed was 0.05 m/s. Based on a test rig, single-factor
experiments were conducted by using lotus root cleaning efficiency A as the test indicator, with the
relative height of the nozzle to the screw conveyor h,, nozzle jet angle 8, , water pump suction depth h, ,
test rig feed rate v,, screw conveyor mud penetration depth d, and rotational speed n as experimental
factors. Additionally, Box — Behnken central composite experiments were conducted with nozzle jet angle
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0,, the test bench feed rate v,, and the height h, of the nozzle relative to the screw conveyor as

experimental factors. The results indicated that the lotus root cleaning rate of the test bench was optimal
when the nozzle jet angle was 24°, the test bench feed rate was 0. 048 m/s, and the height of the nozzle
relative to the screw conveyor was 55 mm, with optimization and validation results of 97% and 95% ,

respectively. Field trial results indicated that the self-propelled lotus root harvester, based on a hydraulic —

mechanical combination, achieved a harvesting rate of 93.9% , a damage rate of 2.7% , and an

operational efficiency of 340 m*/h. Compared with manual hydraulic harvesting, the harvesting rate was

increased by 8. 3 percentage points, and operational efficiency was improved nearly sixfold.

Key words: lotus root digging machine; screw conveyor; hydraulic scour; combination; self-propelled
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Fig.1  General structure of whole machine
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Tab.1 Main performance parameters of whole machine
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Fig.6  Schematic of a screw conveyor in operation
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Fig.7 Screw conveyor and soil simulation model
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Fig.8 Results of one-factor simulation experiments
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Tab.3 Orthogonal test factor

SN

K w7t Rk L A IR K AR AT
7/ (°) n/(remin~')  HE 0 /(mes™!)
1 15 75 0.05
2 20 100 0. 06
3 25 125 0.07

R4 EXHEABRARRER

Tab.4 Orthogonal simulation test programme and results

75 A% w F/N
A B c (N+m)
1 1 1 1 164. 1 1020.6
2 1 2 2 172. 8 1043.2
3 1 3 3 180. 1 1 066. 6
4 2 1 3 155.6 1097.1
5 2 2 1 144.2 779. 1
6 2 3 2 152. 4 820.0
7 3 1 2 141.8 929. 1
8 3 2 3 149. 5 938.6
9 3 3 1 125.5 604. 5
x5 WESW
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Tab.7 Experimental factors and codes

SN

GiF WA AORMTIERIE WO A ek
0,/(°) v,/ (mes™") PR by /mm
-1 15 0. 04 0
0 30 0. 05 30
1 45 0. 06 60

FIH Design-Expert 13 ARG EFEN
(AR | BT IR A IR SR 9 R, HER 9 i,
[] I 455 8 4 58 35 (P <0.01) BRI B (P>

%8 Box—Behnken H/MEFIREFTREER
Tab.8 Box — Behnken simulation test programme

and results

- % e
x Xy X3 A/ %
1 -1 -1 0 90
2 1 -1 0 54
3 -1 1 0 23
4 1 1 0 6
5 -1 0 -1 36
6 1 0 -1 24
7 -1 0 1 90
8 1 0 1 60
9 0 -1 -1 38
10 0 1 -1 7
11 0 -1 1 93
12 0 1 1 33
13 0 0 0 49
14 0 0 0 50
15 0 0 0 54
16 0 0 0 47
17 0 0 0 49
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Tab.9 Analysis of variance for lotus root surfacing rate

p3l SERF AmRE F P
iR 10757.01 9 1195.22  67.45 <0.0001*
X 1128.24 1 1128.24 63.66 <0.0001*
%, 5304. 50 1 5304.50 299.33 <0.0001*
2 3655.24 1 3655.24 206.25 <0.0001**
X%, 90. 36 1 90. 36 5.09 0.058 6
X% 81.11 1 81. 11 4.57 0. 069 8
X, 210. 36 1 210.36  11.86  0.0108*
x} 10.78 1 10.78  0.6082  0.4610
3 279. 67 1 279.67  15.78  0.0054**
x} 5.09 1 5.09 0.2875 0.6084
KT 97.25 3 32.42 4.84 0.0809
DR 2% 26.8 4 6.7

J=vill 10 881. 06 16

e ek FREIN B (P <0.01); * FoREN T2 (0.01 <
P<0.05),

0.05) , FEWI M1 H 7 BRI BERUF o, \xy vy T 22 X
PR BN 5.3 (P <0.01) ,xyx, XHZ S0
F(0.01<sP<0.05) , HRW¥AEE(P>0.05),
2 R M2 3 0 BRI < 5 5 HTEE o, |
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[l AR ep (AN (B B 05 A5 B 4 IR 5 1505% A
Z A R A 5 Ry
A=54.8 —11.87x, —25.75x, +21. 38x, —
7.25%,x, —8. 1522 (13)
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Tab.10 Results of field trials

i H 15155/ % B/ % AR/ (m?-h ")
X RRZH 85.6 0.9 60
52 93.9 2.7 340
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