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Design and Experiment of Trenching and Soil Covering Shovel for Straw
Deep Returner

WANG Ruili*, MENGFAN Bowen®, WANG Zhengqing®, LI Deshuai®,
QU Mengcheng®, BAI Xueyin®, FAN Haoming”

(a. College of Engineering, b. College of Water Conservancy, Shenyang Agricultural University, Shenyang 110161, China)

Abstract: [Objective|ln order to solve the problems of the complex structure of the trenching and soil covering parts, the inability to
carry out automatic soil covering after ditching, and the high power consumption of the existing straw deep burial returning machine,
an trenching and automatic soil covering shovel designed. [Methods|Through theoretical analysis, the main structural parameters of
the straw deep burial returning machine were determined. Taking the penetrating angle of the shovel tip , the width of the shovel body
and the forward speed as the key test factors, the simulation analysis was carried out based on discrete element software , to explore
the influence of the 3 test factors on tillage resistance and soil covering rate. The effects of the interaction terms of each factor on the
tillage resistance and automatic soil covering rate of the trenching and soil covering unit were analyzed using multi—factor experiments.
Through experimental analysis, the optimal range of the three factors and the optimal combination of the three factors for minimum
tillage resistance and maximum soil covering rate are obtained. [Results|The simulation results show that the optimal parameters of the
trenching shovel are as follows: the penetrating angle of the shovel tip is 24 °, the shovel width is 420 mm, the forward speed is 1.48 m+s™,
then the tillage resistance is 2 875 N, and the automatic soil covering rate is 87.76%. [Conclusion]According to the optimal

combination of parameters of the simulation results, the design and field performance test of the trenching and soil covering shovel of
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the straw deep burial returning machine were carried out. Finally, it is concluded that the stability of the trenching depth of the
trenching shovel is 98.84%, the consistency of ditching width was 96.35%, the automatic soil covering rate was 86.47%, and the
tillage resistance was 2 856 N. The simulation test results and field test results meet the design requirements.

Key words: straw deep returner; trenching and soil covering shovel; work effect; parameter optimization.
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1.Shovel handle; 2.Shovel tip; 3.Shovel wings; 4.Suppression wheel; 5.Shovel cavity; 6. Cultivated layer; 7.Plough pan layer; 8.Subsoil layer
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Figure 2 Schematic diagram of trenching and soil covering shovel structure
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Table 1 Parameters for discrete element simulation
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Figure 4 3D model of trenching and soil coverig shovel

2 Parameter FH Value

FFE7E 457 (4550) JARA e Trenching shovel (45 steel) Poisson's ratio 0.27
TR 47 (4540 ) BT YIRS & Trenching and soil covering shovel (45 steel) shear modulus/Pa 8.23x10!0
TFi 7 147 (45 ) % B Trenching shovel (45 steel) density/(kg-m™) 7 800
+— WK R B Soil-to—soil recovery coefficient 0.12
+—WKZ Z %L Soil-steel recovery coefficient 0.10
+— A EREE IR 2 8 Static friction coefficient of soil—steel 0.60
+—P BN EE 1 ZEL Soil-steel dynamic friction coefficient 0.40
HEZ L HEIAHA LE Poisson’s ratio of cultivated soil 0.25
#2878 Soil shear modulus of cultivated layer/Pa 1x106
#EZ L% Soil density in the cultivated layer/(kg-m™) 1420
HEZ L HEZE S5 R B Soil bond stiffness of the cultivated layer/(N -m™3) 5%x107
#EZ L HEZE 450 77 Soil cohesion stress in the cultivated layer/Pa 2x104
HHVEZ £ HEEE 8 280 Soil friction coefficient of the cultivated layer 0.334
FJR 2 1+ HEIAHA EE Plough pan soil Poisson’s ratio 0.34
R E BT YRR Plough pan soil shear modulus/Pa 1.1x106
T2 1 2% Plough pan soil density/(kg»m™) 1510
TR 2 1R 45 M BE Plough pan soil bond stiffness/(N+m™) 5%107
TR Z 1 HEFH 45 1 77 Plough pan soil cohesion stress/Pa 3x10*
R )2 L HEEEHE 2B Coefficient of friction of plough pan soil 0.283
oL )2 EHEAMA L Poisson’s ratio of subsoil layer 0.37
oL 42 - HEBTYIRL & Soil shear modulus of subsoil layer/Pa 1.2x10°
iU 42 1 3E% B Soil density of the subsoil soil layer/(kg+m™) 1550
iU 2 - 3EFEEE NI Soil bond stiffness of subsoil layer/(N-m™) 5%107
iU 2 HIEFEEE IV JT Soil cohesion stress of subsoil layer/Pa 4x10*
o>+ )2 - HEEEHE 22U Soil friction coefficient of the subsoil layer 0.226
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Figure 5 Soil particle model
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Table 2 Table of factor level coding

X £ Factor
JKF- Level - S pv— N
AL Penetrating angle A/(°) i 96 Width B/mm HFEH E Forward speed C/(m-s™")
-1 21 380 1.12
0 24 420 1.38
1 27 460 1.64

322 WHALZRG EZ45H  RIEBox—Behnkenik s 7 58, Hilb AT 17 215, 150 )7 58 25 R 3k 3. i De-
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Table 3 Test scheme and results

R K2 7K Factor level RIGFEHE Test metrics
Trial ﬁumﬁ o AL FAL) IE % B/mm FHERE Cl(m-s) TEAHY /% BEHEBL T Y/N
Penetrating angle A Width B Forward speed C Soil covering rate Y, Tillage resistance Y,
1 21 380 1.38 77.82 2587
2 27 380 1.38 80.43 2638
3 21 460 1.38 82.97 2984
4 27 460 1.38 81.73 2 804
5 21 420 1.12 75.41 2773
6 27 420 1.12 78.93 2690
7 21 420 1.64 83.50 2953
8 27 420 1.64 86.19 2 849
9 24 380 1.12 71.51 2603
10 24 460 1.12 80.24 2983
11 24 380 1.64 84.86 2861
12 24 460 1.64 82.18 2980
13 24 420 1.38 85.76 2838
14 24 420 1.38 86.67 2779
15 24 420 1.38 86.47 2872
16 24 420 1.38 87.01 2 826
17 24 420 1.38 85.95 2829
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Y, = 86.37 + 0.947 54 + 1.56B + 3.83C — 0.962 SAB — 0.207 S5AC - 2.85BC — 2.164> - 3.47B> - 3.20C> (5)

HH 2% 4 W1 B R Y I A ALY P<0.01, Ui B BT R R i 28, R FUL 1) P>0.05 , S U TR i 2%, e [l )5
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Y, = 2828.80 — 39.504 + 132.75B + 74.25C — 57.75AC - 62.25BC — 58.034% — 17.53B> + 45.48C>  (6)

HH 2% 5 AT AT, BEVERH 7 Y, i RS P<0.01, 156 BH SEBE RN o 3, R BLI0 Y P>0.05 , R AT AS I 25, ZR A [
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Table 4 Analysis of variance of soil covering rate

WA I I Fr ¥ P ,
Evaluation indicators Source of variance Sum of squares Degree of freedom Mean square
57 Model 306.81 9 34.09 59.56 <0.000 1
A 7.18 1 7.18 12.55 0.009 4
B 19.53 1 19.53 34.12 0.000 6
C 117.35 1 117.35 205.02 <0.000 1
AB 3.71 1 3.71 6.47 0.038 4
AC 0.1722 1 0.1722 0.300 9 0.600 4
HLERY % BC 32.55 1 32.55 56.86 0.000 1
Soil covering rate Y, A? 19.69 1 19.69 34.39 0.000 6
B? 50.76 1 50.76 88.69 <0.000 1
C? 43.18 1 43.18 75.43 <0.000 1
5835 Residues 4.01 7 0.572 4
ZRAI Lack of fit 2.95 3 0.9829 372 0.1186
4fii% 2= Pure error 1.06 4 0.264 5
AR Sum 310.81 16
HE:P<0.01 R8I R 50.01<P<0.05 F7R8 35 P>0.05 R ARE. T,
Note: P<0.01 means highly significant; 0.01<P<0.05 means significant ; P>0.05 means not significant. The same below.
x5 BHMEBENAESH
Table 5 Variance analysis of tillage resistance
W15 b Evaluation I R b 577 p .
indicators Source of variance Sum of squares Degree of freedom Mean square
A model 251200 9 27914.29 31.25 <0.000 1
A 12 482.00 1 12 482.00 13.97 0.007 3
B 141 000 1 141 000 157.81 <0.000 1
C 44 104.50 1 44104.50 49.37 0.000 2
AB 13 340.25 1 13 340.25 14.93 0.006 2
AC 110.25 1 110.25 0.123 4 0.7357
FHEBL ) Y,/IN BC 17 030.25 1 17 030.25 19.06 0.003 3
Tillage resistance Y, A? 14 176.42 1 14 176.42 15.87 0.005 3
B? 1293.16 1 1293.16 1.45 0.268 0
C? 8707.27 1 8707.27 9.75 0.016 8
5851 Residues 6253.30 7 893.33
AT Lack of fit 181450 3 604.83 0.5450 0.6773
#li15% 2% Pure error 4 438.80 4 1109.70
S sum 257 500 16
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Figure 6 Effect of the interaction of various factors on the soil covering rate of trenching and soil covering shovel
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Figure 7 [Effect of the interaction of various factors on the tillage resistance of trenching and soil covering shovel
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Table 6 Experimental results of trenching depth

28 Parameters AT#E 1 First run 11#22 Second run ~ f7F2 3 Third run ~ f7F£4 Fourth run ~ 17#2 5 Fifth run
5 KA{E Maximum/mm 308 307 304 306 305
#¢/ME Minimum/mm 298 297 296 298 298
F-H{H Average value/mm 303 302 300 302 301.5
% 2% Range/mm 10 10 8 8 7
FaE MR E%

. 34 , , 84
Stability factor 98.35 98.3 98.67 98.68 98.8

2 7 0, S AT RE R 7 7 0 - Y T 1) S BE AR IR R 290,292.5 ,293,289.5,287.5 mm., FEAH [ AYFE
WATFER , ZE5 R 57 1 TP VR S8 8 252 S KN 15 mm AN . ST RR T I0 78 + 57 TF 10 56 )8 — 80k 2 500 8
i 95% , X 7653 3 B FF I8 7 5740 0 e FE —30vE B B R,

R FAREREER

Table 7 Experimental results of trenching width

S8 Parameters 17#2 1 Firstrun ~ 17#22 Second run 4723 Third run 17724 Fouth run A7 5 Fifth run
¢ KAH Maximum/mm 302 306 302 299 298
#¢/ME Minimum/mm 278 279 284 280 277
F-H4{H Average value/mm 290 292.5 293 289.5 287.5
% 2% Range/mm 24 27 18 19 21
—EHERRU% 95.86 95.38 96.93 96.72 96.35

Coefficient of conformity

TV EA VR O) , A AR A A 58 Ui + )5 , 3 ) B3R T, 7 B BT 49T Hh 3 X i TR AN 5
JEIG , RERETE B i AT Ob XIS AE AT AT AR A £ 3825 s Y, 58 RS PR [ sh 7 10 72 SCERRS FFAE
Uite. RYGYEUE T VA3 47 0] AR A b S T H s o

H R 8 AT, S AMTHE T FF VA 570 734 A sl B 1850 31°h 86.45% .87.05% 85.55% .87.75% F185.55% o

L5 i

ARSI T — AT A AT 57, rT S BT A R TREE  TRAA A 2 Uk i — AL, S B
A ATRRA A HLAE TR A 2 M R, AR RICR A RERE SC BT IR A A3 BT £

AWFFEE AT T IV B I B R R AR R B T AR SR S8, O i EDEM 47 B A
SE S ARG AT R IE LSS A8 09 £ RS HONUT , Bt 1 IFR 8 57, JF il 2 )i 30 TV B 57 2 0
B PEARBHIERE . R AT IR P ML G BE RS PFIT I 8 5 45 M S G AT T B 70, O THA B L4571 T
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Trench of trenching and soil covering shovel Cavity formed by trenching and soil covering shovel
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Figure 9 The working process of trenching and soil covering shovel
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Table 8 Experimental results of soil covering rate

Z8 Parameters P71 Firstrun 172 2 Second run Fi#23 Thirdrun ~ f7F24 Fouth run 472 5 Fifth run
¢ KAH Maximum/% 88.4 89.6 88.9 92.1 89.4
#¢/ME Minimum/% 84.5 84.5 82.2 83.4 82.7
F-HIME Average value/% 86.45 87.05 85.55 87.75 85.55
% 7 Range/% 3.9 5.1 6.7 8.7 7.7

VESHEI TR TR, %Uiﬁﬁ%xz/\,/éﬁﬂﬁﬂiﬂazaﬁﬂ THARE L4 L FTE 21~27 ° B IE 5515 380~460 mm,
HEVESR B 1.12~1.64 m-s™'. R Solidworks — 2 # J2 B HIOTH A EDEM 347 174 3 + 57 B0 0 e 57 Ay
B, RHRENS A B A R B B M BE 10 2 800847 Box—Behnken 1565 . I F Design—Expert 13 #5423 #r 4
SO R 80 T T L5 5 S BB AR, BRI Y8 R 420 mm, PR A AN 24 ° BRVE
K148 mes™ o MRAE T ELAE TN TF VA 5 UEAT R, LA SR B T YA TR e 1k 35 1) 98.84% I 1) Wi JiE
—FPEIRF] 96.35% 1R K 86.47% %I IHE LA AT EER W 2 H Rl VE kA A v ARk 20K
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