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Design and Experiment on Liquid Fertilizer Device of Deep-fertilization

Wang Jinfeng Wang Jinwu Ge Yiyuan
(Engineering College , Northeast Agricultural University , Harbin 150030, China )

Abstract

Based on the analysis of liquid fertilizer deep application characteristics, against the problem of the
artificial ditching and hard burying during the process of fertilizer deep application, a kind of device
which can apply liquid fertilizer deeply was designed. Quadratic rotation orthogonal experiment was
conducted to test the fertilization performance of this device, Design-Expert 6.0.1 software was used
to analyze, then, the influence of interaction of pump pressure, nozzle diameter, the forward speed of
soil-bin trolley and the closing valve opening to fertilization loss rate were obtained. Ultimately, the
optimum performance parameters of liquid fertilizer device are ascertained: the pressure of liquid pump
is 0.2 MPa, the nozzle diameter of spraying-fertilizer needle is 3 mm, the forward speed of soil-bin
trolley is 0.975 m/s, the opening of the closing valve is 60 % and fertilization loss rate is 2.8% . With
the optimum performance parameters of liquid fertilizer device, the verification experiment result
shows that the obtained fertilizer amount from the optimum combination of parameters can meet the
design requirement, and the fertilizer loss rate is the least.
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Fig.1 Structure diagram of liquid fertilization device platform
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Tab.1 Code table of factor level

- WIS WEH AR HL%‘%EM %& 1k
/MPa Jmm BB /mesT! JFEE/%
ERSH(2) 0.30 5 1.5 100
AR 0.25 4 1.2 80
ZKT-(0) 0.20 3 0.9 60
TAKF(-1) 0.15 2 0.6 40
TRESE(-2) 0.10 1 0.3 20
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Tab.2 Experimental scheme and experimental data of

quadratic orthogonal rotary
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x Ray HEax; P xs /L /%
1 1 1 1 1 51.5 5.8
2 1 1 1 -1 28.0 3.4
3 1 1 -1 1 66.5 7.3
4 1 1 -1 -1 46.0 5.2
5 1 -1 1 1 29.2 3.5
6 1 -1 1 -1 21.5 2.8
7 1 -1 -1 1 40.1 4.6
8 1 -1 -1 -1 25.5 3.2
9 -1 1 1 1 25.0 3.1
10 -1 1 1 -1 14.1 2.0
11 -1 1 -1 1 38.5 4.5
12 -1 1 -1 -1 28.0 3.4
13 -1 -1 1 1 14.1 2.0
14 -1 -1 1 -1 6.0 1.2
15 -1 -1 -1 1 24.0 3.0
16 -1 -1 -1 -1 13.5 2.0
17 2 0 0 0 45.1 5.1
18 -2 0 0 0 21.5 2.8
19 0 2 0 0 45.1 5.1
20 0 -2 0 0 17.5 2.4
21 0 0 2 0 18.5 2.5
22 0 0 -2 0 54.0 6.0
23 0 0 0 2 39.0 4.5
24 0 0 0 -2 7.0 1.3
25 0 0 0 0 32.5 2.9
26 0 0 0 0 31.5 2.8
27 0 0 0 0 30.0 2.6
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Tab.3 Variance analysis table of influence of each

factor to fertilization

KR FHAL O HBEE HUr F {8 BEH
x 1536.00 1 1536.00 118.38  <0.000 1
s 1820.04 1 1820.04  140.38  <0.0001
x3 1120.67 1 1120.67  86.37  <0.000 1
4 1024.17 1 1024.17  92.81  <0.0001
21 0.01 1 0.01  0.00107 0.9742
3 58.68 1 58.68 4.52 0.0455
3 17.01 1 17.01 1.31 0.2650
3 213.56 1 213.56 16.40  0.0006
x12s 49.00 1 49.00 3.78 0.0655
213 0.56 1 0.56 0.04 0.8371
e 42.25 1 42.25 3.26 0.0855
223 49.00 1 49.00 3.78 0.0655
a2y 39.06 1 39.06 3.01 0.097 4
2374 2.25 1 2.25 0.17 0.6813
IREE 272.48 21

pevil] 6424.74 35
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¥, =3.016 67 —0.666 672, —0.791 672, +

0.7250025+0.658 3324 +0.241 6727 +

0.191 6723 +0.316 6723+ 0.237 502,24 (3)
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Tab.4 Variance analysis table of influence of each
factor to loss rate
P Sl 5 A i ¥ FH  BEME
Xy 10.67 1 10.67 64.69 <0.000 1

2 15.04 1 15.04 91.23  <0.0001
x3 12.62 1 12.62 76.51  <0.000 1
x4 10.40 1 10.40 63.09 <0.000 1
3 1.87 1 1.87 11.33  0.0029
3 1.18 1 1.18 7.13  0.0143
3 3.21 1 3.21 19.46  0.0002
23 0.01 1 0.01 0.08 0.7745
x12s 0.16 1 0.16 0.97 0.3358
2153 0.04 1 0.04 0.24  0.6274
r1Ty 0.90 1 0.90 5.47  0.0293
23 0.20 1 0.20 1.23  0.2803
x224 0.01 1 0.01 0.06  0.8079
x324 0.16 1 0.16 0.97 0.3358
W 3.46 21

syl 59.93 35
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0.241 6727 +0.191 6723 +0.100 0022, (4)
PERETETR vy BIER/MEN 2.1% , fEI IR KT
W% 1 LA T i 0 2 8 1 5 M B LU S TR T 3
3.3.2 BEEEJR A A Rt g
[ E W5 0 EH AR R 3 mm, #UE R ITE A 60% , 4
v,=3.016 67 —0.666 672, +0.725 0025 +
0.241 6727 +0.316 6723 —0.050 002,25 (5)
HERETEFR vy BIIR/IMEN 2.0% , FEIR IR KT
- 2 T X it AR S R R M TR T
PILTE
3.3.3 BRI RIEUE R EE
[ W5 1 B2 3 mm, A
0.9 m/s, 1%

EERIBES Y )

¥2=3.016 67 -0.666 67 +0.658 334 +
0.241 6727 +0.020 8325 +0.237 502,24 (6)
HIEL 2 AT PERESE AR vo W93/ ME Y 2.1%
ST oy 7 T 2R AT, T ey 7 i 22 A4

&ofﬂhm¥T@mFﬁﬁm%b%$E%m%

BUAR A PR A 5

B2 WEES '?EEJJ:WJ?FXWEIJLETJ PR
S 4 e 7 T
Fig.2 Response surface map of influence of pump pressure

and close valve’s opening to fertilization loss rate
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[ E W TR S 0.2 MPa, 811 R K 60 %
%
v, =3.016 67—0.791 672, +0.725 0025 +
0.191 6723+0.316 6723 - 0.112 502525 (7)
PERBFEAR vy BII/ME R 2.3% , 7EIR I K T
W% 1 L AR T it 3 2 8 1 i 22 L A 5 2 i R
ERE,
3.3.5  WEL E AR R TR
[ E AR S 0.2 MPa, 4 5 4§ 5
0.9 m/s, 15
v, =3.016 67—0.791 672, +0.658 332, +
0.191 6725 +0.020 8323 +0.025 002,24 (8)

PEREFER vy F/IME R 1.7% , TEIR I /K F- T 5t
DE%N%%?%%%%W%%&&W%FE%O
3.3.6 Al A R R BT RE

E%WmﬁﬁOlN@a%DEhﬁ3mm%

v, =3.016 67+0.725 0023 +0.658 3324+

0.316 6723 +0.020 8323 —0.100 00324 (9)

PEREEAR vy MR/ IMEN 2.0% , I KT
A 5 A A T it MR 5 2 6 14 R ) AR L
R
3.4 RESHNRL

TEMEIE N 26 ~ 34 mL /WK, i 43 2k 25 5 /N
ZAF R W Design-Expert 6.0. 1 8AF AT IS
ﬁﬁl%wﬁﬂﬁﬁﬁqumzmwawmﬁh
3mm, HHEE R 0.975 m/s FIE R R



62 P

RN I G

20009 4

60% , LI HEAE R N 2.8% o
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{4 28.6 mL/K, N 2K A KAE N 3.4 % , e/
K 2.6% , FHMEHN 2.9%.
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