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Design and Experiment of Scraper Organic Fertilizer Strip Spreading
and Rotary Tillage Mixed Fertilizer Applicator

TAN Haochao XU Liming MA Shuai NIU Cong YAN Chenggong SHEN Congcong
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; In view of the inaccuracy of artificial fertilizer application amount and uneven fertilization of
orchard organic fertilizer, an organic fertilizer strip spreading rotary tillage mixed fertilizer application
machine was designed according to the requirements of fertilization agronomic. The device used scraper
drainage fertilizer, through the ring chain to drive the scraper to the front row of fertilizer, and spread
organic manure in strips on the surface, then the rotary tillage device would be mixed with the soil. First
of all, through the design calculation, the maximum opening height of the fertilizer device, fertilizer box
volume and other structural parameters were determined, and the upper and lower organic fertilizer
discharge process was analyzed. Then, discrete element simulation test was carried out with the opening
height of fertilizer discharge port, forward speed, sprocket speed and scraper spacing as test factors. The
parameters were solved with the relative error and variation coefficient of organic fertilizer as evaluation
indexes, and the working parameters of fertilizer discharge process were optimized and solved. The
optimal parameter combination was obtained as follows: the opening height was 53. 17 mm, the forward
speed was 2. 8 km/h, the sprocket speed was 15. 96 r/min, and the scraper spacing was 160 mm. The
experimental verification under the optimal working conditions showed that the average organic fertilizer
discharge was 5. 099 kg/m” | the relative error was 4. 5% and the coefficient of variation was 8. 8% . This
showed that the simulation optimization results were reliable, the fertilizer discharge was accurate and the
uniformity of fertilizer discharge was good, and the fertilization performance of the fertilization device was
good. Finally, in the rotary tillage mixing test, the mixing ratio of upper organic fertilizer was 11. 83% ,
and that of lower organic fertilizer was 6.29% , indicating that after rotary tillage, soil and fertilizer
mixing effect could be achieved, and the mixing ratio of upper soil and fertilizer was higher than that of
the lower layer.
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Tab.1 Main technical parameters
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Tab.2 Discrete element simulation parameters
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I/ (g-em ™) 7.85
X 0.6
A P-4 i S5 R L 0.7
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JKR 0.012
k242 mm 5

3.2 MaRzEf it

1 2 (13) W], 52 mm HE AR £ 04 PR 2R A 56 A )
B HEF7 HLAGE R | R R R O, R
5 B VR b 6 B AL i o R B AV R 2 ~
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Tab.3 Test factors codes

SES

i FFORE W o SR TR
h/mm (km-h~1) (remin~") b/mm
-1 25 2 10 160
0 45 3 14 240
1 65 4 18 320

o PESSRE FEH AR E HEAE K B LA 1000 mm x
1 000 mm x 200 mm A HUREERBRRE AR 5t , £330 AT B 42
BT AR IR AR, RS 3 YR IAE S 1 FLAT
HEAE 5, DA TR AR G 52 22 5 R 285 3 R HRURE A7
H0.5m 4k, L 500 mm x 1000 mm x 200 mm F{HUEE
AU R ZEH S YRR EZE R348, LA A 1
HOAE R AS R R EL
3.3 M ERIEE RS

PEFE Box — Behnken M i [T, 5 N0 S R
R, St 29 IR X9 R MR 4 s,

x4 MEARETRERER

Tab.4 Response surface test scheme and results

S — R
o f F RUBEEEL  BEREEH i&ﬂffﬁ Hixtines R R
i v/ n/ [i8] B /% /%
h/mm (km+h™') (r-min~') b/mm
1 25 3 18 240 73.7 25.30
2 65 2 14 240 -60.9 14.83
3 25 3 14 160 70. 1 5.85
4 25 3 14 320 79.2 64.25
5 45 3 14 240 42.2 22.43
6 45 2 18 240 -10.4 14. 37
7 65 3 14 320 -4.9 17. 04
8 25 4 14 240 81.1 46. 00
9 65 3 18 240 32.2 23.07
10 45 3 18 160 19.9 8.96
11 25 2 14 240 65.7 6.11
12 45 2 10 240 31.4 26.93
13 45 3 14 240 41.4 19.17
14 45 2 14 320 24.8 31.51
15 25 3 10 240 80.6 55.35
16 45 3 10 160 50.2 21.52
17 45 2 14 160 1.7 6.08
18 45 4 10 240 65.2 23.61
19 65 3 14 160 -11.0 10.95
20 65 4 14 240 16.9 15.23
21 45 3 10 320 58.1 31.72
22 65 3 10 240 10.0 13.07
23 45 3 18 320 40. 8 34. 65
24 45 3 14 240 41.0 22.80
25 45 4 18 240 47.6 24. 40
26 45 3 14 240 40.7 24. 63
27 45 4 14 320 60. 3 37.30
28 45 3 14 240 41.4 21. 66
29 45 4 14 160 51.7 15.58

i H Design-Expert 8. 0 B4 X475 B0 45 W
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Tab.5 Analysis of variance of regression model

VAR

TR VPIUrR HEE F P
iz
MR 33567.33 14 149.67  <0.0001*
h 22985. 16 1 1434.81  <0.0001*
v 6106. 33 1 381.18  <0.0001*
n 1843.11 1 115.05  <0.000 1 *
b 476. 66 1 29.75  <0.0001**
hw 973. 85 1 60.79  <0.0001*
hn 193.74 1 12. 11 0.0037*
hb 2.14 1 0.13 0.7203
un 145.74 1 9.10 0.009 2 *
b 52.46 1 3.27 0.0919
E nb 42.51 1 2.65 0.1256
h? 369.26 1 23.05 0.0003 ™
o 377. 64 1 23.57 0.000 3 **
n? 3.93 1 0.25 0. 6282
b* 2.41 1 0.15 0.7040
k% 224.28 14
JPIH 190. 30 10 2.24 0.227
a2z 33.97 4
B 3379160 28
R? 0.993 4
R 5032.09 14 9.47 <0.0001*
1202.30 1 33.69  <0.0001*
v 323.36 1 8.52 0.0112"
n 233.05 1 6.14 0.0265"
b 1813.76 1 47.81  <0.0001*
hw 398. 84 1 10.28 0. 006 3 **
hn 204. 71 1 5.40 0.0358"
c, hb 684. 12 1 18.03 0.000 8
un 44.48 1 1.17 0.2972
vb 3.44 1 0. 091 0.7676
nb 59.51 1 1.58 0.2294
h? 10.79 1 0.28 0.602 1
v’ 18. 04 1 0.48 0.5017
n? 26.71 1 0.70 0.4155
b? 10. 41 1 0.27 0.608 5
%% 531.10 14
RAUT 491.43 10 4.96 0. 068 4
a2z 39.67 4
B 5563.19 28
R? 0.904 5

e AR B E(P<0.01), « FRBE(P<0.05),

S AT s, E fl C, /) RIEELRS P 3/ T
0.000 1, 443K T 0. 05, F2 B [l 4R 7R e, 4005
B, NF R EHRE 4 Al%ﬂﬁﬁiﬂ?ﬁﬁf M)
SO E RV A T O b TR o BESE

SR n RIARIAIEE b, 520R C, /9 U 2 - AR (4]
B b ¥R h SRR n ATHEEUEE o, AR )R
FTF 5 BEXF C Mt ol 3% o A 18 35 00 15
FMEIER E R C A 1E 7 RE 4300 R
E =100.85 - 1.56h +13.431 -3.71n +0. 08b +
0.78hv —0.09An +1. 51vn —0. 02h> - 7. 85¢°
(24)
C,= -89.91 +1.69h +27. 40 -5. 13n +
0.52b —0.49hv +0. 09hn —0. 008hb  (25)
FE% 5 AT, AR R ZE T 5, JF F i B S ek 4
R TF I i B RO R SRR A
AACHAEH ; WA S RN, T R E S s
TR RAR (A PR A S B AT, o AR A e
7 il T (P 11, 12) S M S HAR IR T E A e,
[ 2 M B
FH & 11a AT 76 FiFaE o BE 1) A a] B 2 1)
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I F i BE RS N S 1 1) 980 IS B 3K B A I
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AR X158 22 i o i TR S I G K
TR AR MR B IN 2R i KT A X 15 22 Bl i i
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155 FE A /NS HERE S AR /N B iy s i 18 i , /b
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JEE 3B INZR G K | Y R T AR R AT A X R
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F M JEAksemi /b F 8N T B Al RIAE DR
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T A A FEE P98 O AT 28 38 K 32 PRI Oy e i [ 2 T
Jiti I 55 Ay 2 A, WP o 398 R S (AR e b
At B R A n , BB R L Rt A A ) )
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(a) v=3 km/h, 5=240 mm

(b) n=14 r/min, 5=240 mm

(¢) h=45 m,b=240 mm

11 32 H PR AR X R 22 B 0

Fig. 11

Influence of interaction factor on relative error

; . 3| 200 41

7 1y ~749 2 49 \ o

o, 241 oo 7 4 o™ B, 240 T 49 W
Y 33 e %, 33 g Ry, 280 57 8
}%\9 10 55 ;}%\3%& 4, 2.0\25/35&\3‘{3 7‘5@6/,),,,] 32065~ K&

(a) v=3 km/h , =240 mm

(b) n=14 r/min ,b=240 mm

(¢) v=3 km/h ,n=14 r/min
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Fig. 12 Influence of interaction factors on coefficient of variation
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Fig. 13 Speed increment of different scraper spacings
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Fig. 14  Fertilization process diagrams
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4.1.1 ARk

HEAE P RE IS T 2021 4F 9 HFE LR i & i
fit AR BRA A 47 . 18 Bk A HLIE S L
AL L ZATEAT PR T A 77 BB AR 2 HLIE,
BAE/NT T 10 mm, F7KFHA 27. 8% .

BRI LA 2 AT HLIE 150 kg, M4 07 2
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540 t/ min, FIAEIE A 160 mm , HEAE =54 53. 17 mm,
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(a) HEHEHL

(b) AHACHEAC MERE IS
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Fig. 15 Test site and sampling
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Tab.6 Fertilization performance test results

() A HAETE

under optimal working conditions

I— Hhg SR i]‘ﬁﬂ /&;‘?}
5 Yo AmE w R
(kem™) om ) (kem?)  B% C/%
1 0.199  4.880  5.136 5.3 9.1
2 0.079  4.880  5.260 7.8 3.3
3 0.319 4880  4.900 0.4 14.0
F-HE 5.099 4.5 8.8

P Ak i 2 850 T AL AL jit AT 25 ' e IE 1 i 4%
I W R R
4.2 MEHREAMERERE
4.2.1 REAM Tk

BERHE & PEREREE T 2021 4E 12 A 14 H 1ERE
VG PG 22 5B AT O IR HE AR M A i g — 2k,
G A S HEAE BRI AR R (o IR A 50
FE X100 kg A UL FH S0 26 0 (0 Ye b e (o) Yo
A HUIE BN RE AR | 2547 H bR AR VR Y ; TF 4 T4
I, 384 PR PR B MR 2 10 em 2247, JR S
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Fig. 16 Mixing soil and fertilizer experiment
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Fig. 17 Image processing organic compounds
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Tab.7 Results of organic fertilizer granule ratio %
EgE| KA 1 FEAR 2 FEAR 3 FEA 4 KA 5 KA 6 BEAR 7 FeAR 8 SEHIE
I 2 12. 66 8.74 8. 87 12.98 10. 83 12.27 14. 11 14.18 11.83
T2 4.08 9. 00 8. 44 9.22 6. 89 5.34 4.01 3.36 6.29
A 8.37 8. 87 8. 66 11.1 8. 86 8. 81 9. 06 8.77 9.06
4.2.2 ZERAHT FEAR

H12¢ 7 I, W ARG 694 LR 1 5968 & He ]
SERIE R 9. 06% , W i T B AE, 1244 HLAIL ok
LLABSF2{E R 11. 83% 5 THIRME 7. 87% , F2A
HUIE ORI A L) Y E R 6.29% , BgAIK T 2
., Zad—wiEedts, LZ2aPUIRIEA Lol T2
TRA LBl s, B & T R34, A HLIE TR A L 6]

5 #ig

(1) B T —F AR G HUIE S Sl e R &
AEAL, Xt e B rp bR 2 AL R B AT T 3h
D153 IR T L2 APUCER R HEE A4 FHE
54 MG E R VAT B AR HAC £ 4. 88 ke/m’,
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