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Design and Testing of Multifunctional Strip-tillage Device Based on
Normal Distribution Regular Variable Conditioning
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Abstract; Aiming to address the problem of strip-tillers forming strips, a novel and adaptable strip
seeding apparatus was introduced. This equipment represented a significant technological leap, which was
capable of executing a wide array of strip patterns, ranging from uniform to non-uniform distributions. Its
comprehensive scope encompassed multifaceted dimensions, notably focusing on the structural blueprint
of the strip seeding apparatus. It included a detailed exposition of the intricate principles governing
variable adjustments, an extensive analysis of the simulated effects under diverse configurations, and
robust empirical validation through rigorous bench-scale testing. The EDEM simulation and benchtop
experiments were utilized to test the variable adjustment performance of compound fertilizer and rice seed
particles in the strip seeding device and the strip-forming effect under different variable adjustments was
dynamically evaluated. Simulated results from the inlet feeding angle experiments showed that when
conducted at a 70° angle, substantiating a gradual escalation in the coefficient of variation (CV),
transitioning from the upper grid group (9% ) to the lower grid group (27% ), manifesting an 18% CV

variance. This nuanced alteration barely disrupted particle flow, aligning meticulously with the intended
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uniformity envisaged in the design framework. The empirical findings regarding variable adjustment
performance revealed stark disparities in granular flow among discharge tubes. The combination with the
highest difference in compound fertilizer particle flow was Combination 8 ( CV was 92% ), with a
maximum difference of 0. 214 kg and the widest variable range (6% ~41% ). The combination with the
smallest difference was Combination 11 (CV was 44% ) , with a minimum difference of 0. 100 kg and the
narrowest variable range (11% ~ 27% ). As for rice seed particles, the maximum difference also
occurred in Combination 8 (CV was 90% ) with a variable range of (5% ~40% ), while the minimum
difference was in Combination 11 (CV was 40% ) with a variable range of (11% ~27% ). Overall,
there was a significant difference between the coefficient of variation and the variable range among the 12
combinations. The coefficient of variation for compound fertilizer particles ranged from 44% to 92% ,
with a variable range of 6% to 42% . The coefficient of variation for rice seeds ranged from 40% to
90% , with a variable range of 5% to 40% . Moreover, distinct configurations noticeably influenced
particle quality alterations, facilitating differentiated adjustments in strip width and spacing between rows.
This nuanced variation within similar variable adjustments further validated the instrument’s robustness in
achieving finer gradations in strip width and spacing. The culmination of these in-depth investigations
served as an invaluable guide for refining and optimizing this variable strip seeding apparatus. The

research results can offer comprehensive technical solutions and a reservoir of foundational knowledge.
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Tab.3 Rice seed simulation parameters
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0.2 kg Z[al, B #& AR A2 ik sh 3 /. NI 13b 1]
LA, YR R 80°F1 90° 1, 21 51 1 % 20 %1 9
PN E B RURE 23 A 35 &), fHRURE i & P-4 7R 0.1 ~
0.2 kg Z[A], L & 4 A5 4k i 2h 38/, G R
60°F1 70° 0, FURLZEZH 7] 2 4 .6 .8 oA AT,
REAE 0.3 ~0.4 kg Z b, 415 1.3.5.7.9 N4
XD e /IME N 0. 1 kg H Y BRA S Sy 7000, 4
A5 AR A RSB B AT 60° 1, 28R
0. 05 kg, 24 M A ff o~ 40°F01 50° i, Jkr 72 450 2.5 .
8 Wi &, A 1.3.4.6.7.9 410 A0 X}
B R R(EAE 0.1 kg LR, JRHAEA A 5 0, Wk:
Sy A Ik B IEAE 0. 8 kg,

14 g AR WA AR T 4 2 090 A 2 PN ) 0 I



82 & ok L

2024 4

4 L

5 6

2H 5]

(a) EMIf%

SN
15
(b) TR
B 13 ANTEI M AT 25 A 2H P9 580K R i e 1 4

Fig. 13

Statistical results of particle quality within

each grid group at different feeding angles
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Fig. 14  Statistical results of coefficient of variation of

[ 14

particles in upper and lower grid groups at different

feeding angles
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KL AE L A% 415 T WA 4 0 78 S R 2 RO,
{H 240 A A Ry 80° F1 90° i, ME A £f & T HAR S,
URL E 3 P K (10.90 m/'s) |, By %k 266 et ] 15 4 7 A
187 NP R 37N T Yk S N B e S (T
WA 700, 28 5 ZE i L MAS 4L (9% ) 1) ¥
M (27 % ) i3, 28 S RECZEAE Ny 18% |, kL it A2
FEAEXTHE /N BURL AR XS 38 5] o 254 DA B % 08 AR SO
AfEEE 700,
3.2 ZBERETEFETERENL
3.2.1 {EIREGZR S0

ANTF AT RS IR R UL B8R 1Y 6 > A%
(4 58 45 M0 Uk DT R I & 15 B R . Bk R, R [
AT F & F WS N B BOR DR A IR K25 5,
LT 2 Fh R A8 5 o0 A o ORI RE R 3 A 22 U
AR (HA1.2.4.12 5445 ~8) HiiZsfh (4
5 3.10) 5B (HE9.11) XT UJREN, %
HEZEH2ZERWA—FE, Kb S 6 kL4 h oA
TELH 5] 1(0.023 kg) FIZH 5] 6(0. 023 kg) P, 2151 2 240
B 5 P9 EURLA AR AR X A AT SA ] 0. 013 kg [ A% i
X TR AR A 3 W] S IR T 2 A
() A5 S YT A0 1 P SR T AR 4 2 (0. 01 kg) L 21
56 kL UL AR B £ (0.025 kg), e K22 % K
0.017 kg, 4410 A 52 B BURE 0T 5t 22 i A IR 14 22 o
P R 2258 0.016 kg X T3 57 48 4k, 2% 41 5
MBEBEA G AFENAZS . A6 9 BIkEHY
AR NERHBURL BT 527 1 8 0. 015 kg, HA 11,
BRI 0.016 kg, 2 I, @& & ANFE WA S I
2, AT LAAS 31 - 41 ) (] B 0K BT 5 09 22 S A6 IR 5, T
L T) — 28 TR %) 7 301 e mT L A5 3 B ARG 404k ) AR
HER,

T4 NARAA T HE A IR 22 54k 5 B 45
Bo WEPALUEL 12 MHA MR RS &
WHZM AR E XS, B9 ZBCEKR 129 ~
47% ,7E L AR R 10% ~31% , 7] DL 52 3 2 4
o)A s . JUHOR A G 3 B, R A 2 Rk
BRI, 2264 0.017 ke, 8 5 RAELH 47% , 7] 5%
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Fig. 15 Particle mass of compound fertilizer particles in different combinations of mesh virtual sensor statistics
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. kS AAL ) R RIS, Bon RS A BN (14% ~20% ) o 5 bl SR AN R A 4
773, Al LA 31 45 453 1] f) 0K B i ) 78
5 WTH*E"TEI’WK* Fift 5~ UKL 22 53 46 23 B 1717 L ] — 28 78 ¢ 78 3] 4 ml LA 21 B 0RS 4 4
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Tab.4 Results of differential analysis of compound

fertilizer particles in different combinations

i itk 2t kg ERFE/ % BRI/ %
1 0.011 34 12 ~25
2 0.011 30 12 ~24
3 0.017 47 11 ~31
4 0. 007 22 14 ~22
5 0.015 36 11 ~28
6 0.013 42 12 ~26
7 0.016 41 11 ~29
8 0.014 37 11 ~28
9 0. 005 14 14 ~20
10 0.016 44 10 ~30
11 0. 005 12 15 ~20
12 0.016 43 11 ~29

x5 ARAATAKEMFENERUIFER
Tab.5 Results of grain differentiation analysis of rice

seeds under different combinations

A Pkt fH/ kg SRR/ % EHEIE/ %
1 0.012 33 12 ~26
2 0.012 36 12 ~25
3 0.018 43 10 ~31
4 0. 007 20 13 ~21
5 0.014 35 12 ~28
6 0.010 35 13 ~24
7 0.014 39 12 ~27
8 0.014 39 12 ~28
9 0. 006 19 13 ~20
10 0.017 42 11 ~30
11 0. 005 12 14 ~20
12 0.017 41 11 ~29

BN BRI R AR K ZER . IERPEA S i U
WU (A 1241112 5446 5~9) KA
(G 3 MHE 10), HbdH G 6, LR AR R
U JE AL, M REEE o3 A FE2HL 5 1.(0. 250 kg) A4 5l
6 (0. 180 kg) P, 251 2 FNZL 51 5 P4 IE L 43 A 4R G 45
A AR E] 0. 170 kg AR BT A 12, IR K2
U JE LR, RERHEE vh 43 A5 26 41 03) 1(0. 180 kg) 2
6(0. 150 kg) , 251 2 250 5 P9 A9 HE AL 2 A AH X A8
A LA E] 0. 105 kg (928 R 15 5 24 3 IRk IR 2
B2/ o = B AR R A A (E £ 71 O B A V1 =
(0. 100 kg) , 2051 2 AR RHIL A 22> (0. 070 kg) , 4
A6 NI IERHITE IR 2 (0. 275 kg) , 25 2 F 251 5
JIE AR o A 2 B 1 A8 Ak, v K 2] 0. 205 kg ) A5 1
o A 10 1] SEE ORI B A2 = A AR Y AR
ALIAE] 0. 200 kg (A8 & 5 . £¢ L, il o 1 E AN
B2 A 7 =2, AT LAAS 31 45 28 51 [R) A ks o o 1) 22 5%

AV T L R — 28 8 % A R e] LS B
K Al ) 72 2 22 5 o

6 BB ORNA 45 x5 A IEASORL 6 421 46 HE
EHERMIRASG R, 2 AN TR RS AR
FlESRE,BSRPOEKN 4% ~92% , 8 &
FlREAIR ] 6% ~42% S22 REALAS BEJR T o 1 2%
AT HA 8 I, NER G 22 R B, 25 (H R
0.214 kg, 28 5 ZH0CHN 92% , T ik N R} 4 722 1 3 Bl ik
KTz (6% ~41% ), MY EATHAS 115, T
B AR FHRAEG TSR RN, R R
BORF 44% N8RBT B KAE 5 e /MME Z 22358 3
0. 100 kg, i [F fe /M (11% ~27% ), £ b, it
W R ALE T3, aT LA 2 45 21 590 8] 19 J50k: 5T
S 472 g Y L L R — 28 A Y 0 A T L AT DL AR
1) TEURS 40 Ak 1 A2 A3 [, R B 0O 4 Ak Y AR
%5,

2T RAEE A A AR KRR S 2R 5 HE
PEREMNAZE SR . 12 ML A AR R R84 i el 22
S E S RBOERIK N 40% ~90% , 7 3 [ R 1A
H 5% ~40% S AEAR AR BN, TR A AL T A
B 8 B, UKL oA 25 Sk 5 o B B, 25 0H O 0. 221 kg,
AR5 FR N 90% |, Fir A UK B 2 B R B )T 2
(5% ~40% ), T Y% EAFHA 11 B, IR A6 A
XTHRNHAEG TGN &N, Z 5 R EGLF
40% ok ot & B KAE 5 B /MA Z 22355 0. 102 kg,
A ER /N (1% ~27% ) o 25 b il i 5 A A Y
A7 3, AT RIS B 45 28 ) 1] i JOURL T i A AR A
B, 117 L[] — 2 78 1 A a3 15 o ] DAAS 20 5 0RS 4t Ak
475 3 L S TR IR A A AR R 22 R

g b, 0 ORI 2R 03 5 SR 38 3% B Ao o AR A
A T 2N RR 8 43 BIOBURL | oig AR UKL (1 32 Bh L3l
T 1 22 i 2 R 0 UKL 5 £ 43 A1, S5 B 4% HERLE Y Y
RS F R T . AR B SR 3 A I R
AR 2 R (HAE R — AT S HERVE N
ORI B AF X AR fb S B — B, BT XA I BURL, G
HORM G 2, 7e 07 B & 4250 N UKL 430 A SR
TR BORLAE h o AT AR ) 1 Fnd ) 6 rh
KEAEAL N 2 BN 5 b (9 53 A 52 B 5 3 3 )5 AR Y
e ) 4 B 2B A Ho A R A IR
iP5 AR IR 45 R A, A 3 41A 9. 414 10 AN
A 11 22 55T e R R R O AT ok A 0 3 0 1R
2%, W WUBURL Al 4 3Rk A 0 LI RN £ 2R K R
TR 3 36 B B AN (], 32 S T B 4 bk b e A
FA I A A 4K T 25 21 WAR7E — 3 o 5 R )
£ 403 0 rhOR A 25 REUR O B o A ) R (H R R o
WIS R BA W W5, 78 5O 2200 ik 58
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Fig. 16  Bench test results on deposition of compound fertilizer particles in different combinations in each material tube
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Tab.6 Different combinations of compound fertilizer
granule bench test discharge volume performance

test results

HAE Pl 2/ /kg ERA/ % BRI/ %
1 0. 165 53 9~33
2 0.142 63 9~30
3 0.220 76 10 ~42
4 0.125 45 11 ~29
5 0. 162 68 8 ~35
6 0. 169 84 7~37
7 0.173 60 7~33
8 0.214 92 6 ~41
9 0. 140 53 10 ~31
10 0.198 62 8 ~37
11 0. 100 44 11 ~27
12 0.117 45 11 ~29

x®7T ARAAEGHKBEHRFRNERRKLHSELE
MK 4 R
Tab.7 Different combinations of test results on

displacement performance of rice seed grain bench test

He i zfi/ke THRFRB/P  BEIEE/%
1 0. 139 41 10 ~30
2 0.111 47 10 ~27
3 0.208 74 9 ~40
4 0. 104 41 11~28
5 0.112 42 10 ~28
6 0. 166 74 8 ~36
7 0. 161 56 7~31
8 0.221 90 5~40
9 0. 145 56 10 ~33
10 0.162 56 10 ~35
11 0. 102 40 11 ~27
12 0. 108 43 11~29

01 02 03 04 05 01 02 0304 05 06
(a) A1

(b) HE2

04 05 06

(i) HE9

02 03 04 05 06
() HE10

Vi B R 96 mm , AN [A) 7 2 8] B K AT [ BE 24 100 mm,
He/NMTEEE R 84 mm, BUAARUCRFaE . MR E LT
G 9 B P RATE BB/, Ol 89. 83 mm, fir KA
PRy 105 mm , fe /N SR FE N 73 mm, R [E AT
Z B i RAT EBE 2 100 mm, e /N7 [E]BE 4 84 mm,
AR T . 12 N A TR IR AR E &
11 RS 58 B e /N Ry 72 mm, e KR 105 mm; 4547 1]
F A /N 80 mm, fie KA 102 mm ; B 1A 417 Bl 5% 58
JEAE 85 mm I B, B AR AT M FEAE 90 mm i 5y, %¢
B TWERIALA T, B 2 IR i AR AR
9 N ARFAA T B KRG Fh T B0 AR 5 5 2%
AR, MR EATUE 6 0, P AR K,
h 95. 83 mm , 5 KNS 58 106 mm, $5 /s Bl 5 5
J& 2 90 mm , A [F) 47 2Z (8] e K AT [H FE 105 mm, /)N
FTEEE R 81 mm, AR T . MEEEAFHAA 9
B, P2 4% B B /0N, S 91 50 mm, fie K A% i
103 mm, e /N 5% B8 B O 83 mm AN [ AT 22 ] i
RATEIEE Ry 100 mm , 5 /AT [E] B 81 mm , Al A5 45051
. 12 MHE T RBRIR R RO E , £ 17 R 5%
Y JE /N R 78 mm , f K106 mm ;2547 8] #E B /N Ky
80 mm , iz KN 105 mm ; B K %47 5L 5% 96 7€ 93 mm
P B, AR ATE FEFEO L mm Y 3, 5 B R4 b T W
FRal AR, #0 5E BAR U ) L 25 300
BAEMEERGLE T, HE 6 MG 11, B
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Fig. 17  Particle formation in different combinations
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Tab.8 Results of variable bar formation test of compound fertilizer particles in different combinations
sa HAT B4 T8 B/ mm TR AAT B #E/mm

#5147 #5217 %347 #5417 #5547 #6417 FLEE/mm 1-2 2-3 3-4 4-5 5-6
1 90 100 95 97 98 102 97.00 100 90 80 80 84
2 99 97 90 85 92 100 93.83 99 92 92 86 86
3 97 75 72 89 89 105 87.83 101 93 94 92 90
4 95 90 89 88 90 99 91.83 102 94 93 94 98
5 99 90 75 82 92 103 90. 17 102 92 88 90 94
6 98 98 98 96 97 99 97.67 100 92 85 84 86
7 97 96 73 82 95 103 91.00 102 92 86 84 98
8 95 88 96 94 97 102 95.33 101 85 86 85 98
9 90 73 95 86 90 105 89. 83 100 84 86 84 97
10 102 85 88 95 92 101 93. 83 101 88 84 86 96
11 102 95 88 95 95 99 95. 67 102 84 82 87 97
12 91 90 85 94 97 105 93. 67 102 90 84 88 96

x99 FAAAATAEMFRHNTENZNRER
Tab.9 Results of grain variable formation test of rice seeds in different combinations
gia AT RSk 56/ mm -1 R A% 47 [ B/ mm

514 B24T W34 HAdT BSAT HBeAT  FiE/mm 1-2 2-3 3-4 4-5 5-6
1 100 91 93 91 98 99 95.33 99 85 82 83 92
2 96 92 87 83 89 105 92.00 97 88 90 84 91
3 92 84 78 83 89 101 87.83 100 90 91 90 93
4 101 89 87 88 91 100 92. 67 99 93 90 92 94
5 101 89 81 85 93 101 91. 67 101 91 86 91 100
6 101 94 93 90 91 106 95.83 105 91 89 81 98
7 98 94 83 88 91 105 93.17 97 90 88 81 99
8 96 89 91 90 94 99 93.17 101 84 87 88 100
9 95 83 91 88 89 103 91.50 100 83 89 81 99
10 101 84 89 91 95 103 93.83 103 86 86 88 97
11 99 91 94 97 96 101 96. 33 99 82 84 87 98
12 96 92 87 91 94 102 93. 67 96 89 85 87 97

g A7 MR i £ ok O, S BORE 1R R 2% i 52 0[] B
R T LR UL B R ROCR AT LOR g R
AR RH A )G TR ORI A )
kR D A R, S EUR R R ROCR AN
255 [R5 HE A 310 R 4R A =2 (8] fr B A R HERHAE
AR T B A G, LA I R R A R A 1] B 9] 8

&t

(1) JERE F1EEA A X 0K 2E A7 B 98 5 AL 1Y
NS AN R L SNSRI AR B Sy OE TRV
THEAM TR SR WA T0°m, A
SRR B L (9% ) 0] T AR (27 % ) i3,
AR S BRAFEAE N 18% |, UKL 72 Ak FH X B8/0N , ORL
FAXS 350 AT BT oK

(2) %% 5% B RE 8 52 B B 7, FLAR E M
4o fE—E W E SRR T A R4S, & HE
BHE Z 0] 9 52 45 I ORI B 22 Sl R M 5 8
(5 RBCN 92% ) , e RZEAE M 0.214 kg, L L
Bl K (6% ~41% ) 5 # HERHE Z 18] 1 52 & JIE kL

4

i =R RN NEG 11 (44%) , /N ZH N
0.100 kg, A BETEBE R /N (11% ~27% ), 12 DHE
(78 S RS AR R R 22 S W 3 EX ¢3N]
449 ~92% 75w F AR 6% ~42% W] LI £
FEALAE 5T,

(3) 1% 45 16 2% B B 5 S0 L AR o 98, FLRRE
U o fE—E KRR T BB T R4 G, %
HERHAE 22 18] (9 7K e o —F 00K I 1k 25 S5 e K R 445 8
(90% ), Fx RZEAH 7y 0.221 kg, 22 H A Flfx K (5% ~
40% ) ;45 HERFE Z 18] (4 7K A8 R 1 00K I 2 25 57 I
NS 11 (40% ) , Fe/h 2246 0. 102 kg, 78 &
WHRN(11% ~27% ), 12 A HAEWER RS
AR 25 R W, R R R AR 40% ~90%
A [ AR R 5% ~ 40% , 7T S B £ RE AL R B

(4) %MB B BMAGEREH], TAHET
WURL WSRO W 0., 25 I 2l /Dy | 4507 5 B A [] FE AR
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