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Design and Test on No-tillage Planter Precise Hole Fertilization System
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2. Department of Materials Engineering, Liaoning Mechatronics College, Dandong 118009, China)

Abstract; A hole fertilization system was designed to satisfy the technology demand on precise hole
fertilization agriculture which applied a discrete element method software EDEM to simulate the hole
fertilization controlling device. The result demonstrated that the mean hole distance was 24.90 cm,
23.79 cm and 23. 28 cm, respectively, when planter speed was 3 km/h, 5 km/h and 7 km/h, and the
soil opener working performance of the hole fertilization system was weakened as the speed of the planter
was increased. Based on the hole fertilization controlling algorithm, the hole fertilization position
controlling was achieved by adjusting the time interval between the seed out of the seed outlet and the
fertilizer out of the fertilizer outlet (#,) and controlling the horizontal distance between the fertilizer and
the seeds (@) ; the hole fertilization amount controlling was achieved by adjusting the opening and closing
frequency of the fertilizer axis speed and the duckbill valve. Based on the orthogonal rotation design test
of quadratic regression and the response surface methodology, the speed of the seeding machine, the
opening and closing angle of the duckbill valve and the installment height of the hole fertilization device
were taken as test factors, the precision of hole distance and the precision of the fertilization amount were
taken as test indicators to implement the orthogonal test. The result showed that the precision of hole
distance and the fertilization amount was 86.03% and 84.60% , respectively, when the speed of the
seeding machine, the opening and closing angle of the duckbill valve and the installment height of the
hole fertilization was 7 km/h, 33.37° and 17. 30 cm when the hole fertilization was at optimum working
performance. By testing on the precision of hole distance and the fertilization amount with the opening
and closing angle and the installment of 33.37° and 17.30 cm, the speed of the planter as 3 km/h,

5 km/h and 7 km/h, the field validation test result was similar to the theoretical result. Furthermore, the
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precision of the hole fertilization controlling system was decreased slightly as the moving speed was

increased and the precision of hole distance and the fertilization amount was 84.76% and 87.20% ,

respectively, which can satisfy the precision and amount controlling demands on the hole fertilization of

corn.

Key words: no-tillage planter; hole fertilization; control system; duckbill valve; orthogonal test
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Fig. 1  Structure diagram of control system for
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Fig.2  Structure diagram of control system
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Fig.4 Diagram of hole fertilization mechanism

Hi & 4 A LA 56 2 A LIS B 0 C (g, 0 ) HY 2R
PRI RE N
%y =lop — lopcosa
{ , (1)
Yo = —lopsina

JOB (e ,y) ) BARAR DT FE R

%, =%y = ly.sin
{ g (2)

Y1 =%y — lyccosB
WD (%, ,y,) BIARBRTT R N
x, =0
{ (3)
Y2 =Y +1opcosh
HT L AR HEAT IO A (s s ) B9 AR AR TS R
{x3 =0 (4)
Y3 =¥+l
2BMGYF — 2 B % K 2B A G Bk 1% B BIL 4% 7 0T 34
AR IR EE Sy 40 ~ 70 mm i JE FF 3 2% it AT R B Ry
70 ~ 100 mm it JIEE 1 4 4 2R T OOUIE 4% 00 28 i I I
T8 o i HE HE Y — 00 g ke 10 [ 45, ~F 42 170 mm; 55—
WA ST B4, 2 42 150 mm, 5 B 08 £ 52 70 R
11725 RO A4 ) A S R 2 2 A IR 4k
TH e fa I, A 7t AT I AS 52 A1 B34 558 F T 3
JER o AR Y 2BMGYF — 2 B 5 oK 2B A5 S fF 6 Fh AL
N it N g 45 F R 25K, T W ) T 5 T A I AN g
55 0UR T 18 e T30, 1 T W 1 22 2 A XL 35 T 1)
o b5 T R T mT L (B 5% A £ b0, T
A 1] 4 B R 8 B /N T 125 mm g, BT 30 O it AT
AL AN S Fs

P 5 B 55 0 A% it S 4 45 A 1)
Fig.5 Diagram of double disc fertilizer attachment
LR 20000 3. USSR B 4. SILE 5. AT
6. MoWEIR 7. B 8. Bk AL

LA LA B, A BT G A e R R
60 mm , )\ [a] 1< FE L 20 mm, /55 BE HL 80 mm , AT < BE
1,80 240 mm I, B 20 mm, [, B 25 mm , 24 [ I 7] (4]
A F, Loy B30 mm, W £, =50 mm, A 3RAG L, =
67.08 mm, B =26.57°,0 =36.88°,1,, =52.20 mm,
ARl €(15, -50) ,B(0, -80),D(0, -30),
A(0,210) o 4K # 4% s A2 A5 Al 1 £ = 16.70°, =
9.87°,8=99.86° — o, I\ T} 1] 13

30 —25sin6
cosq = ) (5)



%7

SR SOBERE AP LR U AL R 8 BT 5 1 67

2 W ] FF A S R, B0 = 90°, 4% A5 Ak B Oy
C(25, - 51.96), B (16.12, — 84.29). D (0.,
-51.96) ,A(0,188.04 ), 3t nl 1, 05 W ] HE 41
ST 0 ~21.96 mm, B TEAI S mm, 435 T
H1H ooy y,) 8 B2 T (s, ys) )OI AT 10T 42 30
21.96 mm , LI ¥R 5 S HEFF AO AR YD, A Rl

%5 =1, (1 = cosd)
{ (6)

¥Ys =¥y — Lyesind
PEFT 1,c R 50.72 mm, DLF A% 4 S8, & 7 AR
B 10 g Sy i), OB, % 3 2 1.22 g/em’ (10 g
FEREBT d R BN 8,22 em® W I g Sy kT 45 4, 25
710 g IERIA = LY 2. 06 em,
2.2 NEREEHE

R AR AIE i I P RE , X it A 2 o AT
PEARE . R DL A 4 5 B0 R BF 5 6 4, R kL

9 10 11 12 13
i} [ /s

(a) 3 km/h

B YL 1. 22 g/em® SFRCE AR Ty 4. 35 mm I8
FHRURL A B B, BROE 8 0. 95 N T RIURE 28 45 {5
A EDEM, 43 # 76 it JE KL B 25 em, 70 JIE =
g, A 3.5.7 km/h 25 4F T G Wi I 1) BT R
[25]

FERG AP BE 357 km/h B, %ok o7 JIEL A A0 37T it
43514 0.016 67 0. 027 78 ,0. 038 76 kg/s, M 15 JF £+
JE91 53 5024 0.30,0. 18.,0. 13 s, 1 W ¥ 1 14 01 e &%
A 11210, R AE 3 Bl 0L A S BT 4R,
L% 30 JCRY AL B, 3 A ORI AE R o e b B
Ui A% R, R 0. 05 s 30 53— YR 7 3 3t 1rd 14 FE R
PR DR RSO MR TR A R O 1 A A, X
Jit JIE 2k DAy ESASH Jo 5k O 2 6F B[] B, 5 S A 408 Y
A T U 7 U S T 1 26 T RE 1 R AR
ot AL 7 EL i A P 6 T

0
50 55 6.0 65 7.0 7.5 8.0 85 9.0

8 ¢
k[ /s ERES

(b) 5 km/h

(e) 7 km/h

Bl 6 o e ik 47 0 £k

Fig.6  Simulated curves of hole fertilization

IR HE 5 L 1K 36 5 4l 3 T, 6 b B 3 km/h,
8.7 s Jifi IE 30 7T, ¥y 7 HE 24.90 em; £ bk
5 km/h B ,5 s it i 30 7T, F 3 7THE 23.79 em; 37 Fh R
BE 7 km/h B} ;3.6 s i i 30 5T, 47T 23. 28 em,
TR NE (5 L L B, M 3 km/h i A IR T
X R WSRO B35, B % BT, WA I Bl
BOR  AE P e Ay o3 S S 3, U 245 2R SR I, 7 £ b
B 3 ~7 km/h N 15 ) A7 BT Bl Rl
BT 38 T )l B 3 T k58 o

3 NHERERES REiRT

3.1 NMEMREHIEE

T K 5T FEL 2 4 AR R 7 i A B 7 3% B —
A B 57 8, BB B X T 0 00 R 7 o R
A NEN-E3 AR v il R R
LBt B 45 3 P B Ay KO B B o AR TR 2
P s W7 B EESRCT 0 by HERR TR HEAR
1 014 2 3% (37 B e 5, @ AT Y O T 4 o v Y 4
TRt G B b BIL I T 9 B MR o Rl 37 40 A
B 7 B

Bl Hf Ry g HERT 15 40 RS I BB B 5, R
HERN B s o N BR T IO BERR A BE 5 R HERR 242
H g4l Rl T 358 45 A 3 B 85 5 1, 4 HE T 1 5 30 5 A

YA

1
I
7u|[‘

Y
= = ﬁ
iy
X — iy

7 AR L E oA
Fig.7 Distribution diagram of seeds and fertilizer location
T RS 50, Ak FPAL AT ZE T JEE 5 S W5 N KRRl T 119
PLE T N5 N KRR 5t AL 7 B o HERR AR 75 J A
TF UG A Al , ol - 50 225 Aol 10 B 7 S 38 2 R e 1
o9
(7)

{UX =v, —VCOSC

v, = —vsing

S v R T HE R O KT A m /s
o, —— B T I B R 11T 14 m/s

Foft - BT 1196 AT A 1432 Sl 1) ¢, 396 2

H, +h, =vt, +%ng

+

h, =r(1 - coso)



68 & o Bl B ¥ iR

2018 4

] zlz[—v}+/vi+2g(H1+hl)]/g (8)
ol 6 5 HE R 13 P T RO AL RS
S, =v.t, —rsing (9)

JOMENE A EAE K T 46 G A , 220 e JIE Rk ] A 7
T3S SR T BER IE 8 HE AL 1 oK - 0 e 0
B Hh

’

i (10

v, =0
JIE Rk 58 25 HE A 11 % A b 18 119 32 Bl (] o, G 2
H, =%gt§ (11)
JERE B B HEAE 173 % 38 BRI AL
S, =vlt, (12)
HeRD S HEAE 11 A9 K ST BE B S b, B B R HE
Fofr 11 55 B 5 R AT F 6 B B) ) B oy o5, #5 0 =0°,
W Ay =0, BERHS B 7% TS R K F B
a=8,-S,+b+v,1, (13)
M ory =0 W, JERHS Bl 7 T 18 IR /Y d /N K F
PR

@ =5, =S, +b (14)
SR NE 2 1) 2 48 W] LA G i 5 4 o, RO AL, S BUAE
it AL A )R

R B A AR i IE i LR S B IR R
Sl RV Ry R R N b= B3 I 0 S N D& = e
T2 o B N i AR 2 HE I 25 it A 2
BRG], b e e e o I R T I A R AT
W I v, Al A I IS 25 e I HE S R
q, =f,Lyz (15)
X f B U R 1A A, em?
L— R AR TAEKIE, em
y—HER B g/ em’
LIF; RN
#1 B I iR g,
n _80¢ (16)
14,
X n——HFIEHIFE 3, v/ min
3.2 #EHRFZIEZIT
R R G5 DVP - SX2 R%1] PLC # il & , %
il B B ALHE 2 > 100 kHz 5y 3 Bk o o 4 101, 4%
] HIE o gk At I A2 ) 2hE ) SR Bl H B AL, 2 AR
o0k 42 11 43 ) A e 2XCHR T s R0 4% 2677 5K 3l L 3
Bl i A i FZEALHE 2 4> 100 kHz 23 3k o iy A 4%
1 D0 HE A 8 R0t I 428 o b o ) AR R 1 A
10 kHz 725 3 Bk o A 322 10, R OB F R A 5 0 45
il R GE R L B W 1R .
RGN AE B ik WPLSoft 2. 37 % & 3k FH # E

z

F1 EHRFEGRE

Tab.1 Hardware configuration of control system

T 1 24 KA RS

43k DVP20SX211T,24 VDC fitif1

PLC CPU
8 DI/6 DO/4 AL/2 AO

i 43k DOP — BO7S411, 24 VDC fitr
HENEZR IR Bl B HIRH L, 12 V,50 W
o it A 2 R 2y L Bl AL TEFE STHSI3 2 1.8° 564 0.9 Nom
St AR L Zh ALK Bl T FE M542M542 — 05,24 VDC ik
HEFhER IR Bl R B 7] 86HBS120, 2 £y 1. 8°, 447 12 N-m
HEFPHL ShHLLRK B 4% #5fA] HBS860H ,24 VDC fikHi
A 5 SRR J1%+ PT - 20ML - 10,24 VDC fitif
HEF R AR U Jp E3X — NALL, i )i i (6] /T 400 s

B IT % ¥ 4 B )5, 78 DOPSoft 2. 00. 04 - &5 JF 4 W
RERF . FENREARE UG TESHBFEA L
VS22 50 W I L 7t B 42 A 5 3 L 3R Bl el s L
S R R B ARG A RS RT R
RGN IR AL 7O IE T AE 2 805 5 7 it JE A A1 7T
il L5 2 0 S R AR BT LA 5, 2 ) 3% v
FEREAE 5, I8 Bl O N0 2 R AT R R Ui
f R

4 BEED

4.1 R@H#

Sy K 56 i MES 47 A 2R Ak E R A T S
17 BRAE . KB G B VTR RS LTE RERS
IR e, A 8 s, B G2 LR R
PIRG4S R G AL WK Sl L Bl HL AT 48 SRS
SHER i HERR AR 95 S S L SR AR SCHRIE A% 0T
Jit A 422 < B L i A 2k R Bl F S AL A A A
AR A o AT b WA B T CBR UUTRT RS, LA
Foft ¥~ FRE R v A A 36 7 Bk 1) EE 452 0, B 1 b 5 0 IE
ks R ot IS AR RE A I o 8 TR L 958 ok
b AT A& 4 5 JERHE D 5t B 42 i 28 48 1 BE A )
KB EEA

1 2 10 11 12

K8 st AL R g B
Fig.8 Performance test bench of hole fertilization
LR 2 RG34 R
5. A4 R 6. SMEREIE S 7. U IR AR IR B 8. Y
W 9. SUENEAEIKS AL 10. AR 11 kA 12 L%
HPOK Bl e B L



573

SR SOBERE AP LR U AL R 8 BT 5 1 69

4.2 RWHE

B HIE ol 27 1 I 4% 1 7 A 42 ] 26 1 R 7
B b, 3 o 4 ) A % A R AR, HE A
WAL o =0° HERP O S L XA IR H, =10 em,
HEFP B AR 12 om  JERHS M T2 B RS Ay =10 em,
HEAE B 5 A5 8BRS H, O 15 ~ 30 em, HEFl H 5 4
AE F B AP BE S O b =20 em 5 A 94 1 R 4 BERE
BER LD R SR T KPR o =5 em, HEIE 4
B HME d =6. 8 em, MM TE AL 0. 188 om”, MEAE A AL
TAFRE L=1.5 cm, MUEAB9 A, HEAE & 45 5% 1
NEHEE 3. 1 go FEMSLPRAIEY L,, BI/UEL & ¢, =
5 g, BECHER L AR BE B Ly, 4 OIS R 5K B 5
=N g, TR B

IL, - L,
I L VS 1
¥, ( i )xOO% (17)
7% it A R
lq, —q, |
y2=(1-&)x100% (18)
q,

ORI R RGBT, 7 AT RUIE AL L
— € W B R 7% B ia 17 WALk b AEdLE N T &
R it A R R 7 B R it AR s o R e
4.3 ABWERE5HWH

RERNALAT S B v, 5 IR 5% AR Q0 =28 HE
FIE 171 22 2 1 B 2 R Wi it A P R 10 T 22 5 0, o
VEMIRIE 1 3 A B 2, M40 50 206 W 45 05 S HF L,
B30 mm, 4% B R A A6 Bl 3% R LA T F N 3 ~
7 km/h, T 8 [ e 5 £ A 26. 56° ~37. 71°  HEAE 1142
BN 15 ~30 em, BYGRI 5 4 mo it IR B
YO EE 3 WHCEEE I Ebr . X5
RS INE 2 PR,

*2 BERERD
Tab.2 Coding for factors
i b A7 3 o B e 2
v, /(km-h~") 0/(°) H/cm
1. 682 7 37.71 30
1 6.19 35.45 26.96
0 5 32. 14 22.50
-1 3.81 28. 83 18. 04
-1.682 3 26. 56 15

AR 3 8 e D B R AT = 50 R [l U I A e e
Hevotls, R T RS54 R NE 3 PR, AB,
C oy P28 4 i L

i if Design-Expert 8. 0. 6 F{F X iR 55 45 2R 47
[ 051 7 A, 8 5 138 435 s 7 AS TR) DR 3R e 9 A2 Al
P o JRCBEORS R e FE Se RS B (8105 07 R 5
Praf Rk 4 s

x3 REARSER

Tab.3 Test scheme and results

il JCEEASRE 7 NE RS B2

=2 A ? ¢ y1/ % y2/ %
1 -1 -1 -1 96. 40 90. 80
2 1 -1 -1 91. 60 86. 60
3 -1 1 -1 98. 40 92.00
4 1 1 -1 90. 80 88.20
5 -1 -1 1 93.20 87.80
6 1 -1 1 88. 00 86. 20
7 -1 1 1 91. 60 88.20
8 1 1 1 88. 80 84. 80
9 -1.682 0 0 96. 80 91.20
10 1. 682 0 0 88.40 84. 80
11 0 -1.682 0 90. 80 88. 80
12 0 1. 682 0 95. 60 87.20
13 0 0 -1.682 96. 20 91.20
14 0 0 1. 682 89.20 84. 80
15 0 0 0 95.20 90. 60
16 0 0 0 94. 80 91.20
17 0 0 0 96. 40 90. 40
18 0 0 0 95.20 89. 80
19 0 0 0 94. 40 91.20
20 0 0 0 94. 80 91. 60
21 0 0 0 95. 60 90. 80
22 0 0 0 93. 60 90. 20
23 0 0 0 93.20 91.40

x4 FEDW

Tab.4 Variance analysis

e s 2RI FM BB By F P
i 178.70 9 19.86 14.47 <0.000 1
Bz 17.83 13 1.37
JCHEAE B2 KW 10.15 5 203 2.12
"2 7.68 8 0.96
MR 196.53 22
R 119.47 9 13.27 25.89 <0.000 1
%L 6.67 13 0.51
JUMAE RS B R4 3.79 5 0.76 2.10
W 2.88 8 0.36
M 126.14 22

0.1654

0.167 2

By 22 A s Rl 0, R4 P {E R T 0.05,
Ui I R R A, AL P {E /T 0,000 1, 5
B 5 A 0, 5 a0 B 00 5 B o R T A S A
() 8] 9 77 78 Sk
y, =10.525 +2. 0050, +4.3940 +1.425H -0.013v, 0 +
0. 1040, H —0. 0170QH —0. 608v> —0. 05947 —0. 041 H
(19)
y, = —44.941 +5.051v, +6.4370) +2. 454H -
0. 0450, +0. 0710, H - 0. 0320H - 0. 66927, —
0.08642° - 0.047H’ (20)
FHEHMW PR R S E R RZEN LR, B
F Design-Expert 8. 0. 6 {445 21 7 HR 2 A7t IE
SR e 7 TR, A0 9 R o



70 & o Bl B ¥ iR

2018 4

100 0

\() ( )()

15.00
18

7 6 ey
/(/"n-/,.v, 7 26.56 &
D) §

15.00
18.75

: 2
.. 2656 300

8 2
26.56 30.00

(R oy S DU R LN AL
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Tab.5 Verification of testing result

ATk & Fh it JE it JCHE I
(km-h=') RiFE/cm XPE/em  JER/g WE/% KWE/%
3 23.83  22.30 9.23 93.58  92.30
5 27.35  25.10  10.97  91.77  90.30
7 28.61  24.25 8.72 84.76  87.20
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