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1.Feeding equipment 2.Feeding device 3.Water cistern 4.Stream 5.Canals
6.Rice field 7.Foot fixing device 8.Automatic door device 9.Control
cabinet 10.Solar panel
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Fig.1 Overall diagram of automation feeding duck equipment
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Fig.2 Automatic door device
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Fig.3 Feeding mechanism schematic diagram
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Fig.4 Hopper is full to hopper emptying torque changes over time
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Table 2 Result of discharge stability experiments of feeding

system
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Test number B Empty row Stab111ty

coefficient/%

! 1 1 1 1 94.54

2 1 2 2 2 96.51

3 1 3 3 3 9751

4 2 2 3 1 96.92

3 2 3 1 2 95.66

6 2 1 2 3 95.45

7 3 3 2 1 96.94
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o 3 2 1 3 96.33
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Table 3 Difference analysis of stability coefficient
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Fig.5 Hardware schematic diagram of automatic feeding ducks
equipment
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Fig.6 Software flowchart of automatic feeding ducks system
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Table 4 Factor and level coding
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. Loudness of sound ~ Duration of sound ~ Duration of automatic
Coding Z; . .

x/dB Xp/min door x3/min

r 100 11 19

1 97.3 10.2 18.29

0 85 7 15

-1 82.3 6.3 14.29

-r 70 3 11
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Table 5 Test result of various of parametric affect rate of duck

returning cage
WG SEEEEME s EE
Loudness Duration of Duration of automatic ba?kaiig zzfge
of sound X sound X; Door X; Y%
1 1 1 85
1 1 -1 97.5
1 -1 1 85
1 -1 -1 95
-1 1 1 82.5
-1 1 -1 92.5
-1 -1 1 90
-1 -1 -1 85
1.287 0 0 92.5
—1.287 0 0 87.5
0 1.287 0 90
0 —1.287 0 90
0 0 1.287 82.5
0 0 —1.287 90
0 0 0 85
0 0 0 87.5
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Table 6 Regression equation is proposed to test
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Table 7 Difference analysis of duck weight under different
raising conditions
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Fig.7 Comparison of duck’s weight between automatic
raising-duck equipment and manual feeding group

4 mRSiie

D W T IEH T A SRR I B A B 3RS
o SEILT T KFHAEIRAN BB TF LT T B g [a]
GERE SANEE,  WRIGIAE T R TAT .

2) BRI IRCTRESE A (R DRLLE H R) 2% 5 52 1T 4G
H#, EmEREE T RS, Bt T A e E . K
IR T R B I B AE S EA A A 0 30 mm., ¥
T 1200 r/min. PRIGALE F 7.

3) MR gE R S0 ARG 45 R W, fE A3 EiR
FA) 1 min, FEEEWAREN 100 dB I, PSRER A7k B
R, RIS IS [H] G Zak 97.5%LL .

4) AFHFRMG V% TR GRS N T T (1 RS T AR
o, EMFAREIG K S bs A B E LR

T REMIER AR B RN & & SR EA RN



%5

FESCHEAE: REHTIBGE B BT B 2% A St 75

N TFH IR LA, EAHFARIRERI SO, nrs
YNTREA, RIS RN, RIS THEZEN T B
IS TREEE (R RE, AR N T3 77 200 76, JL77 36 d 497 7 200
JGo MAWZANTT 4d N T4edr, T8N T%% 800 Jt,
L AR 452 6 400 T, W WAHF B R A
WA R AR B shess i, nr DARRAR N TAERS H i 57
FumfE . KE TRMER AN A sk &5 1
(RS N AT 56 AR &AE NI TR ILER R A
S AT, SLUEB T RE RS @ sh kT AT, A
Jo SEHE T RS LA HOR I KB . = % A B s a5 T
I RIETIHE 554,

(1]

(Z £ X #)
W, FESCHE, TREE. RE IR0 ARSI e T F 4 o AL
SRIRT]. WA BRI AR, 2015, 36(3):
43—45.
Yang Ping, Zhan Wenlian, Xu Xin. Experiment effect of
controlling disease and pests basic on rice-duck[J]. Journal
of Tonghua Normal University:Natural Science, 2015,
36(3): 43—45. (in Chinese with English abstract)
BRal, seE, A, & RS ARSI IR U0 ok
KA. AR, 2015, 21(2): 17—19.
Chen Can, Huang Huang, Zheng Huabin, et al. Effects of
different mode of ecological planting and raising on rice
quality[J]. China Rice, 2015, 21(2): 17—19. (in Chinese with

English abstract)
AR, B, whAK, SR RRGISR S A AT RN

J AL AT ELT). RS, 2015, 13(4): 510—517.
Zheng Huabin, He Hui, Yao Lin, et al. Ecological economic
effects and its prospects of raising animals in paddy field[J].
Wetland Science, 2015, 13(4): 510—517. (in Chinese with
English abstract)

g2 MG SAEHORAE o [ T 5 3% SR D). 5
ek, 2007(4): 51—54.

Zhang Xiaoan. Rice and duck make technology application
and popularization in China[J]. World Agriculture, 2007(4):
51—54. (in Chinese with English abstract)

FURREL, BRALVT, TR, &5, AN AMEMILA TSR ).
w2 R AR, 2006, 21(1): 81—85.

Lu Yuehong, Wei Hongjiang, Zhang Xi, et al. The research
on the mode of rices duck mutualism[J]. Journal of Yunnan
Agricultural University, 2006, 21(1): 81 —85. (in Chinese
with English abstract)

R TSR, R, AR FRERMIEEAR R IR
XD dC S mEESE, 2010, 31(10): 33—36.
Xiang Min,
Development status and countermeasures of rice-duck
farming technology in China[J]. Animal Husbandry and Feed
Science, 2010, 31(10): 33—36. (in Chinese with English
abstract)

PR, EERs, R, S P EASRR R
AR, 2009(20): 315—317.

Xie Chunfeng, Jiang Jinsong, Xiang Qingsong, et al.

Huang Hechun, Pei Zhengfeng, et al.

Discussion on ecological agriculture development in Chinal[J].

[10]

[12]

[13]

[14]

[15]

[16]

[17]

Modern Agricultural Science and Technology, 2009(20):
315—317. (in Chinese with English abstract)

RFAL, WA, W SR ED RO B R ],
I AR, 1994, 25(4): 455—459.

Wu Aixiang, Gu Desheng, Dai Xingguo. The influence of
water content on the flow property of bulk solid[J]. Journal of
Zhongnan Mining and Metallurgy, 1994, 25(4): 455—459.
(in Chinese with English abstract)

TR AV, L, F EBUE SRR U AR
WIS R R RIN . R TRk, 2005, 21(5): 1—6.
Yu Jianqun, Fu Hong, Li Hong, et al. Application of discrete
element method to research and design of working parts of
agricultural machines[J]. Transactions of the Chinese Society
of Agricultural Engineering (Transactions of the CSAE),
2005, 21(5): 1—6.(in Chinese with English abstract)

KUK, %, TR, A& R RGBT IR LE BN
BHERERISEMI[)]. R TFE244R, 2014, 30(5): 19—27.
Zhang Xiliang, Ma Kui, Wang Hui, et al. Effect of particle
size on precision dosing of screw feeder[J]. Transactions of
the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2014, 30(5): 19 —27. (in
Chinese with English abstract)

BT L, RRUET, BT, BBE Ay 0 RIS ok (d).
BB KW TR, 2000, 22(4): 29—33.

Hu Yongke, Dai Lili, Pi Ya'nan. Theories and calculation of
the Auger-type conveyer[J]. Journal of Nanchang University:
Engineering & Technology, 2000, 22(4): 29—33. (in Chinese
with English abstract)

T, BRE, EEA%, & EEEEARS M.
Jent: R H ARk, 2001: 737—744.

B, KA. EHLAM] BB dbat: BlEE AL,
2013: 118—131.

EFTE MO E R T R N HTT]. AR T e
., 2012, 29(7): 73—75.

Wang Lijing. Analysis of characteristic and application of
arch breaking device[J]. Journal of Jilin Institute of Chemical
Technology, 2012, 29(7): 73—75. (in Chinese with English
abstract)

XU, AR BB R G R Bt [I]. LUK,
2010, 38(13): 118—119.

Liu Jingchuan. The design of coal storage with air cannons
for break the arch system[J]. Mining & Processing Equipment,
2010, 38(13): 118 —119. (in Chinese with English abstract)
EWE. R T3], KIZ TR, 2011, 6(10):
165—169.

Wang Yawu. Measures for bulk anti-arch in funnel[J]. Port&
Waterway Engineering, 2011, 6(10): 165—169. (in Chinese
with English abstract)

K58, mAeA, L RSN = H ) ) 5
FL[ILBEHLAR, 2014, 35(11): 255—256.

Zhang Hao, Gao Quanjie, Yan Jiang. Dynamic analysis and
simulation of three degrees of freedom shaker[J]. Coal Mine
Machinery, 2014, 35(11): 255 — 256. (in Chinese with
English abstract)



76

BNl TREZAR Chttp://www.tcsae.org)

2016 4F

(18]

T AR RI RGO ] TR ROR,
2007, 30(6): 100—117.

Li Zhiyu. Anti-disturbance design in the micro controller
system[J]. Electronic Measurement Technology, 2007, 30(6):
100—117. (in Chinese with English abstract)

FhE, W, O, TR HUNAnL R ZE I
EE RG] Ak TR, 2014, 30(12): 163—170.

pure electricvehicle[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2014, 30(12): 163—170. (in Chinese with English
abstract)

MRplas. TR LR AL R g vt (0], T
YLUiEL, 2010, 27(1): 359—362.

Chen Deyi. Design of motor control system based on

embedded single-chip[J]. Computer Simulation, 2010, 27(1):
359—362. (in Chinese with English abstract)

Xin Zhe, Ge Yuanyue, Bo Wei, et al. Design of
microcontroller-based battery management system for

Development and experiment of automatic duck feeding device with

opening way for paddy

Ren Wentao, Wang Yue, Kong Aiju, Xin Mingjin, Song Yuqiu, Wu Liyan, Liu Cuihong, Cui Hongguang
(College of Engineering, Shenyang Agricultural University, Shenyang 110886, China)

Abstract: The technology of raising duck in paddy filed has good economic and ecological benefits for rice based agriculture.
The past studies are usually only based on interaction effect between ducks and paddy. In this paper, we took the development
of automatic duck feeding equipment that could adapt environment of paddy as its study object. Equipment for both automatic
feeding system and automatic door system are crucial issues needed to be solved by adequate design, calculation and testing.
Through the relevant experiment for the speed of ducks returning to cages, we gained optimal speed of the automatic door was
Sr/min. The automatic door of the related calculation showed that the adaptive quality of the automatic door was 4.15 kg,
moment of inertia was 0.24 kg'm”. The time of accelerating speed of automatic doors from 0 to 5 r/min was 0.0067s.
According to the dynamic theory, we obtained the minimum torque of automatic door was 9.8 N-m. Automatic door powered
by 15W DC gear motor. The DC gear motor can produce 28.6 N-m torque, which can meet the designed door requirement.
Due to the hopper placed in the paddy field, feed was from more easily formed arch by affecting with damp, which influenced
the control precision of feed quantity. So hopper with break-arch by vibration needed to be designed. For different kinds of
feed angle of repose, the hopper’s cone angle was designed to 60°. Taking advantage of the relationship between the DC motor
armature current and DC motor torque, we measured the range of variation of torque during hopper discharging operation. The
result showed that the minimum change rate of hopper torque appeared in transitional position between the body and the cone
part, and the maximal load torque of the hopper was 47.79 N in the process of running. Based on the result of load torque, 24 V,
160 W 7.5 r/min DC gear motor was selected in the actuality. The optimal parameters of the break-arch that were measured by
using of three factors at three levels orthogonal test were vibration eccentricity for 30 mm, rotating speed of 1200 r/min,
vibration source location as below. Using the ternary quadratic orthogonal regression experiment of field experiment, we
conducted researches on the optimal parameter between audio and automatic control system for maximizing the return rate of
ducks. According to absolute value of coefficient in the regression equation, the factors affecting the rate of ducks return to
cages were delay time of automatic door, sonic loudness and interaction between delay time of automatic door and sonic
loudness in rank from big to small. At the same time, the maximum rate of ducks return to the cage was 98% from the equation
in theory. Field experiment results showed that the closed delay time of automatic door was 1 min and sonic loudness was 100
dB, which would make the return rate of ducks achieve more than 97.5%. Under the same feeding condition, contrast
experiment between manual feeding and automatic feeding was carried out. The test results showed that average weight of
ducks in every week was not significant difference (P>0.05), which meant the designed automatic equipment could achieve the
same result compared with manual feeding. The results were of great significance for improving automation level of rice-duck
technology, accelerating the promotion and application of rice-duck technology.

Keywords: automation; doors; feeding; equipments; rice field; raising duck; arch breaking mechanism; rate of return cage
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