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Design and Experiment of Hilly Orchard Vertical Spiral
Ditching-fertilizing Machine

CHEN Pinglu'®  SU Jianghong' XU Jing'? LIU Muhua'’
(1. College of Engineering, Jiangxi Agricultural University, Nanchang 330045, China
2. Key Laboratory of Modern Agricultural Equipment of Jiangxi Province, Nanchang 330045, China)

Abstract; In order to address the challenges posed by limited access of large ditching-fertilizing machine
in mountain orchards and insufficient power of small ditching-fertilizing machine to meet the required
ditching depth, as well as the limited functionality of most small ditching-fertilizing machine, a compact
vertical spiral ditching-fertilizing machine was developed for efficient integration of ditching, fertilization,
and soil covering functions in hilly orchards with 25° slope. Through theoretical analysis, the key
components such as ditching device, fertilizing device and soil covering device were designed. The Hertz —
Mindlin with Bonding contact model was selected to establish the ditching simulation model, taking into
account the soil compaction characteristics in hilly orchards. Using the ditching rotation power
consumption, forward power consumption and specific power consumption as indexes, the Box — Behnken
simulation test was conducted to optimize the structure parameters of spiral ditching opener. The
optimization results were as follows: the optimal spiral angle, number of teeth, edge angle and tooth
length of the opener were 17.6°, 10, 30° and 19.76 mm, respectively, and the rotational power
consumption, forward power consumption and specific power of the opener with optimal parameters were
6.74 kW, 0.132 kW and 0.165 kW - h/kg, respectively. The opener with optimal parameters was
fabricated and the experiment was conducted to validate the simulation. The results showed that the
relative error of the ditching rotation power between experiment and simulation was 5. 6% , indicating that
the opener optimization results were correct. Field test results of the machine showed that the stability
coefficient of ditching depth, consistency coefficient of ditching bottom width, uniformity coefficient of
fertilization and soil coving rate were 96.91% ,98.16% ,97.08% and 77.38% , respectively, and all
indexes of the ditching-fertilizing machine met the agronomic requirements.
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Fig. 1  Structure diagrams of vertical spiral
ditching-fertilizing machine
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Tab.1 Main technical parameters of ditching-fertilizing

machine
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Fig.2  Structure diagram of ditching device
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Fig.3  Conical spiral ditching opener
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Fig.4 Spiral blade expansion diagram
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Fig.5 Structure of fertilizing device
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Fig.6 Transmission road map of fertilizing device
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auger conveyor
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Fig.8 Three-dimensional model of soil covering device
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Tab.2 Main parameters of soil discrete element model
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Tab.3 Single factor experimental factors and levels
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3.3 BRFEATNEMELRE
3.3.1 kgt

T L AR SR e VA T, BRI D AR L B R
TERRIEE M A T M R ORI &R, DLIF I
JiE % T FE T VA T HE TR | L T 8 AR, # I Box —

FIL BN SRR 45 2R

Single factor experimental results

Fig. 11

Behnken 3055 75 % ¥ 3 1 DU A& =K P 19 1E 583K

5, 1 R K A NS 4 o, B 4 HE S A5 RN
x5 PR
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Tab.4 Coding of experimental factors

B % i ity
-1 0 1
W2HEf K,/ (°) 10 20 30
WK, 10 17 24
TIf Ky /(°) 10 20 30
% K, /mm 10 20 30

3.3.2 GRS

(1) TF Jie f DhREAR AL J5 2 3

M A 1290 45 R R A7 B 485 43 B, 3R B0 56
2 5 IT I e D AR 9 Rk 1A A A, 5 0 R AL AT
T3 2200 BT, JT 10 T B D RE A Y 7 22 oy A 45 SR 3k 6
Ji7s o 5200 g Rl A, mIH AR P <0.000 1,
S R R A S W B QR A N A
(P=0.5862>0.05), B8] a0 975 #2 5 1 40 44
M aBRERY., KBKHER K, K, K K, K,
K, KK, KK, K} K} K; A 8 &5, A m
IS TE S A S N EE R iR A N T
s A% B g R 5 TV e R T AR v, /9 Il
U1 A 7

y, =11.369 06 - 0. 323 357K, +0. 088 875K, -

0. 133 778K, - 0. 101 84K, +0. 002 72K, K, +
0.004 33K, K, —0. 002 848K,K, +0. 005 476K; +

0.001 479K: +0. 002 02K; (12)

x5 RBEITEER

Tab.S5 Experimental design and results

% I

B F T R O R

5 R e Wt

K,/ K,/ K,/ ) ~ (kW-h-kg™")
K, /KW FE/KW
&) () mm

1 30 17 20 10 7.684 0.175 0. 185
2 20 24 30 20 7.347 0.144 0.177
3 20 17 10 10 7.591 0.188 0.179
4 20 17 30 30 7.466 0.136 0.189
5 20 17 20 20 6.987 0.127 0.174
6 20 24 10 20 7.737 0.150 0.187
7 10 17 20 10 7.700 0.226 0. 188
8 20 17 30 10 7.132 0.186 0.171
9 10 10 20 20 7.262 0.163 0.188
10 20 17 20 20 7.215 0.136 0.179
11 20 10 20 10 6.737 0.174 0.157
12 20 17 20 20 6.987 0.127 0.174
13 20 17 20 20 7.215 0.136 0.179
14 20 24 20 30 7.662 0.155 0. 190
15 10 17 30 20 6.941 0.125 0.179
16 20 10 20 30 7.614 0.126 0.191
17 30 10 20 20 7.913 0.139 0.198
18 10 24 20 20 7.624 0.150 0.195
19 20 17 20 20 7.215 0.127 0.179
20 20 17 10 30 7.853 0.143 0.200
21 10 17 20 30 7.085 0.129 0.191
22 20 24 20 10 7.582 0.194 0.178
23 10 17 10 20 8.022 0.164 0. 206
24 30 24 20 20 8.279 0.160 0. 205
25 20 10 30 20 6.953 0.133 0.167
26 30 17 20 30 8.801 0.159 0.223
27 30 17 30 20 8.185 0.147 0.204
28 20 10 10 20 7.072 0.147 0.170
29 30 17 10 20 8.177 0.155 0.205
30 20 17 20 20 6.987 0.136 0.174

(2) I ) Rif 2k Dy AR AR 2L 5 22 0 A
AR A 16 25 SR R AT M1 4805 20 A, 3 31 0¢ T
5 PR R 5 I R 2 D) R A U Il AR iy E ) FE
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Tab.6 Analysis of variance of ditching torque power

consumption model

FERWBE FHM HIE ¥yor F P
e 6.57 14 0.469 6 32.15 <0.000 1
K, 1.62 1 1. 62 110. 68 <0.000 1
K, 0.598 8 1 0.598 8 41 <0.000 1
K, 0.491 4 1 0.491 4 33.65 <0.000 1
K, 0.352 1 0.352 24.1 0.0002
KK, 4.65x107° 1 4.65x107° 0.0003 0. 986
K K, 0.296 1 0.296 20.27 0.000 4
KK, 0.749 9 1 0.7499 51.35 <0.000 1
K, K, 0.018 5 1 0.0185 1.26 0.2787
KK, 0. 159 1 0.159 10. 89 0.004 9
KK, 0.001 3 1 0.0013 0.090 5 0.7677
K? 2.13 1 2.13 146. 12 <0.000 1
K 0.035 1 0.035 2.4 0.1423
K2 0.1713 1 0.1713 11.73 0.003 8
K 0.308 7 1 0.308 7 21. 14 0.0003
5k 2% 0.2191 15 0.0146

AT 0.1409 10 0.014 1 0.901 3 0.5862
gliiR 2z 0.0782 5 0.0156

ps¥ill 6.79 29

BA 7 253 BT A5 SR ANR T Fim ot 5 25 0 i & R vl
A, g B e AR e T 9 R AR LAY P <
0.000 1, #ERIARG 1 2% . MR U P =0.117 9,45
W T 2k 400 PR 3R AF A, L5 1 [ 9 5 R R4, FT LU
. RN K K, K, KSR, N PR

xRT FHMENREBGTESN
Tab.7 Ditching forward resistance power consumption

model variance analysis

FEKE PR AR ¥ 5 F P
ki 0.016 1 14 0.001 2 0.26 <0.000 1
K, 0 1 0 0.656 1 0.4306
K, 0.000 4 1 0. 000 4 7.31 0.016 3
K, 0.0005 1 0.0005 8.2 0.0118
K, 0.007 4 1 0.007 4 130. 58 <0.000 1
KK, 0.0003 1 0.0003 5.02 0.040 6
KK, 0. 0002 1 0.000 2 4.25 0. 057
KK, 0.0017 1 0.0017 29.28 <0.000 1
K, K, 0 1 0 0.364 5 0.555
K,K, 0 1 0 0.452 0.5116
KK, 0 1 0 0.1789 0.6783
K 0.001 3 1 0.0013 23.63 0.0002
K2 0.0003 1 0.0003 5.48 0.033 4
K 0.0002 1 0.000 2 2.83 0.1133
K 0.004 8 1 0.004 8 84. 08 <0.000 1
s 0.0009 15 0.000 1

SB35 0.0007 10 0.000 1 3.01 0.1179
afiiR 2z 0.000 1 5 0

S 0.017 29

{EL AT LA X T ) i 32k 2 6 52 Wi D OR 31 /0N 5 I
H:K, Ky K, o ZZHIR KK, (K, K, XL 52 e
FLOHAR R UL IR E M 5 R EO0 T Y R )
FeA —E R EAEN . T K K, P AE/NT 001, §d B
WEE £ 5 A K XS T 9 T 32k 2 AR 22 LS R AR B
Fo TWIHRBRT K MR R B AN A IR
HE A A W&

15 2 BRI 38 117 30 DA 52 Wi A & S B
35 T R 5T R 2E DA y, ARG K ol
I 77

y, =0.499 876 —0. 011 637K, - 0. 005 774K, -
0. 000 624K, —0.015 861K, +0. 000 121K, K, +
0. 000 204K, K, +0.000 133K; +0. 000 124K, +
0. 000 257K; (13)

(3) IR AL Iy 22 53 Bt

A 12X 9 45 R R AT B 485 23 B, 3R BOR : PY
5 I R IR A I b D A AT 5 22
ML AR NR 8 s, MR 8 Al A, BLAL P <
0.000 1,2 4Y3i P =0.282 3, {5 WKL B4R 2%, H. [0l
H 77 A R AF, AT LU T30, [a] i, a4 P 3R 08
Jigfh K, BCK, T K, A K X AR Y Y 52 1) 1
W, fELEWH KK K K, KK/ PEE/N
T 0. 01, U B XS 55 2L (Y52 o A W 2, HOAR g AN i 2
ORI, KK R R B, AR R
FLH K SR KG T B A )k Rk
T2 R T4 K

R8 LLHEEFTESHK

Tab.8 Variance analysis of specific power model

JEKIE PR AR ¥5 F r
A 0.0057 14 0. 000 4 28.35 <0.000 1
K, 0.000 4 1 0. 000 4 30.21 <0.000 1
K, 0.000 3 1 0. 000 3 22.62 0.000 3
K, 0.000 3 1 0. 000 3 22.32 0.0003
K, 0.001 3 1 0.001 3 92.97 <0.000 1
KK, 7.56 x107® 1 7.56 x107%  0.0053 0.9429
K, K, 0.000 2 1 0. 000 2 11.31 0.004 3
KK, 0.000 3 1 0. 000 3 22.01 0.000 3
K, K, 0 1 0 0.9102 0.3552
KK, 0.000 1 1 0.000 1 8.89 0.009 3
KK, 1.50 x10~°° 1 1.50x107%  0.105 0.750 4
K 0.002 5 1 0.002 5 176. 54 <0.000 1
K2 0 1 0 0.874 7 0.364 5
K 0 1 0 3.38 0.085 8
K 0.000 1 1 0.000 1 5.84 0.0289
B 0.000 2 15 0

EI el 0.0002 10 0 1.73 0.2823
afiiR 2z 0 5 9.57 x10°°

SR 0.0059 29
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12 BR A L B 52 i A B35 S B, A4 B G T
0 PR 26 15 H B -, T I
y, =0.264 669 —0.010 043K, +0. 002 349K, -
0. 001 758K, —0. 000 682K, +0. 000 064K, K, +
0. 000 089K, K, —0.000 8K,K, +0. 000 19K} +
0. 000 033K; (14)
3.3.3  ffb Bk
H T 45 N 3200 T e % G i a2t DA | L DY)
ERA—2 Wt ® Z T 2R 2 Histitb. LT
Ve DIFE v, HTEDIAE v, (EE I ys B /N H A e
B, DURBETT {5 TR hEf K, B K, T1 R K R
K, 9728 5, 1 Design-Expert 21 9 {0852 e b A1)
AL IR I 3R 5 4 A 1A A OB Y R A7 5K
fi, peAerh 3 AR I A5 AR UM R AU o DA AL
miny,
miny,
miny,
10°<K, <30° (15)
10K, <24
10°<K, <30°

10 mm<K, <30 mm

A4 S 8 E £ 17. 6°, 5%k 10, 71 £ 30°,
1 19.76 mm, M4 I Ak 25 SR H 7 98 e T ) T AR A
HEAT U5 FLAR I i i DI AR T 16 i 32F D) AR R0 L 2 43
B 6. 74 kW 0. 132 kW 1 0. 165 kW -h/kg.
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=
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Fig. 12 Optimization results of spiral ditching opener
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SLPRIT IS . T {8 i e Dy RE I i A ] 13
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Fig. 13 Ditching rotation power consumption test
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Fig. 14  Prototype of vertical spiral ditching-fertilizing

machine
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Fig. 15 Ganzhou navel orange garden
AT
T 5% B bl A 2EAT IF Y8 (] 16) it AE AL T 7

JI ¥ 35k 400 v/ min, {if#E 3K B R 0.2 m/s, 35 FF 74
R R E] B bR R EE 300 mm, 505 B AR — 8, R
P J1 B 25K, s 6 R 9 5 K I 9E R 300 mm,
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50 m, R —A7 R ] 30 m A S BOE R R X (A, 7E
R N AFERIBELE £ 5 A 80, AT EZ AT St
10 A A5, % B4~ ) 1
TR 58 1% 96 B o

ST R RG4S T 7

K16 IRk
Fig. 16  Ditching test
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Fig. 17  Fertilization uniformity test
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T W><100% (16)
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Tab.9 Test results of prototype
e/ —%%/1

BH e s
T 292. 56 mm 9.03 mm 96.91%
V) JFE i JE 193. 55 mm 3.56 mm 98.16%
it A 159.91 ¢ 4.66 ¢ 97. 08%
R 77.38% 1.07%

5 %Kik

()BTt 17 —Fhak F T e B 2R Bl iy o7 =X 88 5 o F
WHEALAL, B &I et o+ = KI)Ee. il #
WA AT SE B T IF A AR L - S ORI, I
BT TR R ZATAL S LI S8 T I R FE 8 15

(2) 34T T I D AE B AE 43 #, B 2 T 52 I I
WIFERI R R AR i o B R el B 4 + R s S T
YT T 4 T S H T i BB T X6 R e I YA D) R i) 42
SEFF 18 IS5 2 B0 AT T4k DA g R oy« 1858
1 17.6° 5810 71 #4 30° 5K 19.76 mm, F% I8
ARZE S T ) Bk 17 T kil 5, 25 R R W i
TR FER L BRI IFEIR ZEH 5. 6%

(3) #EAT T 7 2R e T 3 i N B3 1 O O
7RIS o ] ke 0 A5 S I TR R R E I R AL
T Ve B — B0 R B it I X A R BCRE - R
Wk 96.91% 98. 16% 97. 08% F1 77. 38% , i 4
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