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Design and Experiment of Double-gear Type Fertilizer Apparatus

DUN Guogiang' YU Chunling' GUO Yanling' JI Wenyi’ ISLAM K R* DU Jiaxing'
(1. College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China
2. College of Engineering, Northeast Agricultural University, Harbin 150030, China
3. Soil, Water and Bioenergy Resources Program, The Ohio State University South Centers, Piketon OH 45661, USA
4. Jiamust Branch of Heilongjiang Academy of Agricultural Sciences, Jiamust 154007 , China)

Abstract; In order to improve the fertilizer performance, a double-gear fertilizer apparatus was designed.
Aiming to optimize the fertilizer performance, the discrete element simulation technology was used. The
pressure angle of gear tooth and the interval of fertilizer wheel were taken as test factors. The coefficient
of variation of fertilization uniformity was measured as test indicators, and the influence of various factors
on the indicators was obtained and analyzed. The results of single factors simulation test showed that
fertilizer apparatus had relatively small coefficient of variation of fertilization uniformity. When pressure
angle and fertilizer wheel interval was at 15° ~25° and 4 ~6 mm, respectively. According to the results
of single factor experiment, a quadratic general rotation unitized design method was conducted, and
regression equations of two key structural parameters and coefficient of variation of fertilization uniformity
were established. The results showed that coefficient of variation was increased at first, and then
decreased with the increase of pressure angle and fertilizer wheel interval. When they were 19. 52° and
4.7 mm respectively, coefficient of variation of fertilization uniformity was minimum, in this case, the
coefficient of variation of theoretical calculation value and simulation test value were 15.30% and
14.58% respectively, and the deviation was only 0.72 percentage point, the regression model was
accurate and credible. In order to validate the regression model established by simulation test and

optimization effect of structure parameters, a bench test of double-gear fertilizer apparatus with the
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optimized structure parameters combination of fertilizer wheel was carried out. The results showed that

fertilizer discharge flow rate can be adjusted linearly by the speed of fertilizer wheel. The average

coefficient of variation was 15.42% ,

which was basically consistent with simulation test value and

theoretical calculation value. Under the same condition, the coefficient of variation of outer groove-wheel

fertilizer apparatus was 20.29% . The coefficient of variation of beach test was increased by 31.58% . It

obviously improved the fertilization uniformity.

Key words: fertilizer apparatus; double-gear type; involute gear; fertilization uniformity; discrete

element
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Fig. 1  Structure sketches of double-gear type

fertilizer apparatus
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wheel and coefficient of variation of fertilization uniformity
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Tab.3 Coding of experimental factors

ZES
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x,/(°) x,/mm

1.414 25.00 6. 00
1 23.54 5.71

0 20. 00 5.00
-1 16. 46 4.29
-1.414 15. 00 4.00
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Tab.4 Schemes and results of experiment

R E R
=2 T -~ /%
1 16. 46 4.29 16. 57
2 23.54 4.29 17.28
3 16. 46 5.71 18.25
4 23.54 5.71 22.48
5 15.00 5.00 18.02
6 25.00 5.00 18.61
7 20. 00 4.00 17. 16
8 20. 00 6. 00 21.52
9 20. 00 5.00 16. 09
10 20. 00 5.00 14.96
11 20. 00 5.00 15.95
12 20. 00 5.00 16. 40
13 20. 00 5.00 15. 10
x5 FESW
Tab.5 Variance analysis
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X, %, 3.10 1 3.10 5.66 0.0490"
) 11.13 1 11.13  20.33  0.0028*
% 21.91 1 21.91  40.04  0.0004 *
5 7% 3.83 7 0.55
FA 2 2.23 3 0.74 1.86 0.2775
pEgil 61.84 12
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K10 53R

Fig. 10 Bench test verification
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Tab.6 Test results of controling speed to change

quality of fertilizer g
i [a] / i/ (romin ')

s 20 30 40 50 60

2 23.56 37.14 51.36 65.97 83.85
4 58. 65 90. 00 121. 89 154.75 193.96
6 93.75 142. 85 192. 42 243.52 304.13
8 128. 84 195.71 262.95 332.29 414.27
10 163.93 248.56 333.48 421.07 524.42
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Fig. 11

Fertilization amount curves for different

speeds of fertilization wheel
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Fig. 12 Fitted curves of fertilization uniformity

and speeds of fertilization wheel
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Tab.7 Test results of comparison test

Eiskan

HeE 2% HeAE & A5 R
e HE R i/ L OERE
A xR AR R

g B/ %
22/ % 72/ %

RIS 524.42 15.42
WikE R [FEM 544.30 3.79 14.58 5.45
IS 534.69 1.96 15.30 0.78
S P 602.54 20.29 31.58

Hi 2 7 AL SR AL 5 2 805 IO HEIE 48 ik

IS HENE & 507 HEIE A X iR 22 3.79% , S5 e
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FE 15° ~25° HEAE S [H] B 7E 4 ~ 6 mm  H{EAELY 2 PE 44
b5 i E e A U AT e L A5 2 B
B N HEREHE 0 #A 19 52° HEARHE (] BR 4. 7 mm, i
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