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Abstract: Aiming at the problems of high labor intensity in the collection and transportation forpig
manure organic fertilizer by Hermetia illucen transforming, based on the process flow of Hermetia illucen
breeding and the physical characteristics of organic fertilizer, a bucket-wheel shoveling device was
designed. To improve the mean mass shoveled by hopper and reduce the coefficient of variation between
each hopper, single-factor test was used to get the best form of the bucket-wheel mechanism. The Box —
Behnken central composite experimental design principle was adopted on the basis of single factor
experiment to research the working parameters of the shoveling device. The moving speed of bucket-
wheel, rotation speed of hopper, and number of the hopper were taken as the influencing factors, the
mean mass of organic fertilizer shoveled by thehopper and coefficient of variation were selected as the
responsive variables. The results showed that the mean mass of organic fertilizer shoveled by the hopper
and coefficient of variation could be fitted with two regression polynomials. According to the rate of factors
contribution, the results indicated that the rotation speed of hopper had the greatest effect on the mean
mass of organic fertilizer shoveled by the hopper and coefficient of variation among the three selected main
factors followed by counterweight position, and moving speed of bucket-wheel had the minimum effect.
Taking the maximum average mass of organic fertilizer shoveled by the hopper and the smallest coefficient
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of variation as the optimization goal, the optimal operating parameters of the machine was obtained; the

moving speed of bucket-wheel was 65 mm/s, the rotation speed of hopper was 8. 25 r/min and number of

the hopper was 3. At this time, the theoretical values of mean mass of organic fertilizer shoveled by the

hopper and coefficient of variation were 4. 008 kg and 3. 19% , respectively. Based on the optimization

result, the physical prototype was processed. The test results showed that the mean mass of organic

fertilizer shoveled by the hopper and coefficient of variation were 4. 236 kg and 3. 37% , respectively. The

relative errors between the experimental and predicted values of average mass of organic fertilizer shoveled

by the hopper and coefficient of variation were 5.38% and 5.34% , respectively. The results indicated

that the multivariate regression model was reliable.

Key words: pig manure; Hermetia illucen; organic fertilizer; bucket-wheel reclaimer; discrete element
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different rotation speeds of bucket-wheel
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Tab.3 Experiment design and response values
5 X, X, X Y /(kghT) /%
1 -1 -1 0 3. 157 2.81
2 1 -1 0 4.340 4.32
3 -1 1 0 1. 744 1.28
4 1 1 0 2.411 0.24
5 -1 0 -1 2.887 1.90
6 1 0 -1 4. 040 3.21
7 -1 0 1 1. 860 0. 40
8 1 0 1 2.581 0.72
9 0 -1 -1 4. 620 9.13
10 0 1 -1 2.738 2.13
11 0 -1 1 3.090 4.13
12 0 1 1 1.748 1.46
13 0 0 0 2.630 1. 49
14 0 0 0 2.616 1. 60
15 0 0 0 2.652 0. 40
16 0 0 0 2.674 1.44
17 0 0 0 2.623 1.20
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Fig. 16 Change curves of reclaiming mass with

different numbers of hopper
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Tab.2 Coding of test factors
S
Yty SR U AL,/ B Ho
%/ (mmes™!) (r-min~") *3
-1 45 6 3
0 55 9 4
1 65 12 5

4.2.2 [[AERIE ST 5 S AR

MG 2R 3 B FE A, R ] Design-Expert
8. 0. 6 FAXT s I e £ ot mUA & 43 A, S B
SEE OB AR S R BOS S ek g R B

OB 3 S H AR A R 22 3 X L I [E] )
Y
Y, =2.64 +0.47X, -0. 82X, —0. 63X, -0. 13X, X, —
0. 11X, X, +0. 14X, X, +0. 033X +0. 24X} +0. 17X;
(15)
Y, =1.23 +0.26X, —1.91X, — 1. 21X, - 0. 64X, X, —
0.25X,X, +1.08X,X, —0.86X; +1.80X; +1. 19X;
(16)

Xt A AL 3 47 0 22 o0 B0 a4 BT
TNo FHF 4 WAL R EHEAL P <0.001, & WM
VAR AR ARt 35 R LI P > 0.05 (43514 0.429 7,
0.1207) , RAUA 25 | U IR AY i A5 — e 0] )5 5 72
AT &, BETEA0 S B P B Ok & Y, 00
TRERY, S X, X, X, ZERFR HkE R
R*5351749°0.999 6 F10.952 5, W] 2 A [A] 1 4 7 ]
DIMRAFERE 95% DL ERIPEMHa AR, PRI, 3|58 B0k}
PR Y TAEZH0AT LU IZAE AR AT 1500

Horp Bl SP g BoRka v R A 8 A [l )5 15
b W (P <0.01), 09k X, X, X, X, X, .
XX, X, X X5 X5 B LA A e 3 (P <
0.05) 4 X} ;28 7 AL Y, BRI A 3 A 8] 5 1552 1)
W3 (P <0.01) 53510 X, X, X5, A 3 Al H 5
S (P <0.05) 735008 X, X, X] X3,

TEQAIE Y, B8 0 25 R AU 35 RIS 0L T
SBRATRUAS b 28 %) [ A 30, X AR v, A T4k, A5

Y,=1.23 -1.91X, - 1. 21X, + 1. 08X, X, —

0. 86X} +1.80X; +1.19X; (17)
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Tab.4 Variance analysis of regression model

e 52

B
sobn U Rl i ¥ior F P
AR 10. 84 9 1.20 1998.99 <0.0001**
X, 1.73 1 1.73 2877.56 <0.0001**
X, 5.39 1 5.39 8945.53 <0.0001**
X, 3.13 1 3.13 5199.79 <0.0001**
XX, 0. 067 1 0. 067 110.49 <0.000 1 **
XX, 0. 047 1 0. 047 77.45 <0.0001*
X, X, 0.073 1 0.073 121.01  <0.000 1 **
" X7 4.725x107° 1 4.725x107% 7.84  0.0265"
X2 0.24 1 0.24 404.26 <0.0001**
X3 0.12 1 0.12 200.80 <0.0001*
B2 4.217x107° 7 6.024%x10°*
R 1.957x1073 3 6.523x10°% 1.15 0.4297
W 2.260x1073 4 5,650 x10°*
eyl 10. 84 16
T 70. 55 9 7.84 15.59  0.000 8 **
X, 0.55 1 0.55 1.10 0.3299
X, 29.18 1 29.18 58.04 0.0001*
X, 11. 66 1 11. 66 23.20  0.0019 ™
X, X, 1.63 1 1.63 3.23 0.1152
XX, 0.25 1 0.25 0. 49 0.507 7
X, X, 4.69 1 4. 69 9.32  0.0185"
Y2 X2 3. 11 1 3.11 6.18  0.0418"*
X3 13.58 1 13.58 27.00  0.0013*
X2 5.97 1 5.97 11.87 0.0108*
B2 3.52 7 0.50
PR 2.58 3 0.86 3.67 0. 1207
R 0.94 4 0.23
SR 74.07 16
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Fig. 17 Response surfaces of influence of factor interaction on mean mass shoveled by hopper
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