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1.Hopper 2.Rolling unloader 3.Unloader step motor 4.Vibrating sieve plate
5.Vibration motor 6.Control cabinet 7.Electric pusher 8.Rotary table AC
motor  9.Rotary drum step motor 10.Rotary table 11.Rotary drum

12.Little hopper
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Fig.1 Structural diagram of feeder
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a. Structural diagram of vibrating sieve plate  b. Frequency response curve diagram
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Fig.2 Structural diagram of vibrating sieve plate and frequency
response curve diagram
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Fig.3 Test results of vibrating sieve plate under different vibration
frequency
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1.Rotary drum 2.Rotary drum holder 3.Fixed roller 4.Optoelectronic switch
5.Rotary table 6.Rotary table AC motor 7.Rotary drum step motor 8.Gear

set 9.Shade
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Fig.4 Structural diagram of horizontal angle system
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1. Rotating shaft 2. Rotary drum 3. Link rod 4. Holder 5. Electric pusher
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Note: G is the gravity of rotary, N; Fy is the supporting force of the rotating
shaft to the link rod, N; G, is the gravity of link rod and motor, N; F is the
push force of the electric pusher at the end of the link rod, N; ¢, is the angle
between the electric pusher and the horizontal plane, (°); 6, is the pressure angle
between the F; and the link rod, (°); 6, is the pressure angle between the G,
and the link rod, (°); O is coordinate origin.
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Fig.5 Structure and force analysis diagram of electric pusher-link rod
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Note: /; is the length of the pusher, m; /; is the length of the link rod, m; / is the
length of the fixed frame, m; ¢;is the angle between the pusher and the

horizontal plane, (°); ¢ is the angle between the link rod and the horizontal plane,

(°); @3 is the angle between the fixed frame and the horizontal plane, (°); 0 is
elevation angle,(°).
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Fig.6 Geometric model diagram of casting elevation angle system
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Note: vy is the initial velocity, m/s; vy is the vertical component velocity, m/s; vo,
is the horizontal component velocity, m/s; f'is air resistance, N; 4 is the initial
feeding height, m; mg is the gravity of the feed, N; L is the feed casting distance,
m; 0 is elevation angle, (°).
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Fig.8 Schematic diagram of motion model for feed
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Table 1 Parameters of multi-stage casting mode
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Fig.9 Casting droppoint results of multi-stage casting mode
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Design and experiment of discrete feeder for fresh feed

Hu Haigang®, Wei Pengbo!, Duan Zheng’, Tang Chao!, Qian Yunxia®
(1. Department of Maritime and Transportation, Ningbo University, Ningbo 315211, China,
2. Department of Marine Science, Ningbo University, Ningbo 315211, China)

Abstract: Fish feeding is a key process in fishery industry. With the advancement of fishery modernization, traditional manual
feeding has been replaced by mechanized feeders. But most of existing feeders are designed for pellet feed, which are not quite
suit for carnivorous aquatic species such as weevers, groupers, squids etc. Those species mainly feed frozen little fishes and
shrimps called fresh feed. Taking Sepia pharaonis for example, the intensive droppoints of fresh feed caused by traditional
feeders will make squids to fight for food and result in injury and death. Such phenominon highly raises the cost and reduces
the production efficiency. In this study, the design idea of feeder with discrete casting for fresh feed was put forward. Firstly,
in order to ensure that the feeder had a good effect on discrete droppoints of fresh feed, the multi-stage casting mode was
specially designed. In this mode, the casting speed, direction and elevation angle of feeder can be adjusted in real time, which
maked the droppoints of fresh feed relatively uniform and not gather in small area. In addition, to ensure feeding automation,
the feeder was equiped with Siemens PLC and MCGS touching screen as the control core and human machine interface for
user to adjust and monitor above running parameters. The static analysis of the electric pusher was done to ensure the
necessary maximum load. And the complex-vector method was used to calculate the relation curve between running time of
electric pusher and elevation angle to realize the accurate control of casting elevation angle. The relationship between elevation
angle and pusher running time was close to the straight line. Furthermore, MATLAB was used to simulate the droppoints of
the multi-stage casting mode and determine running parameters in the mode and the test was held in squid breeding site to
confirm the basic performance and effect of the casting mode. The multi-stage casting mode test results showed that the feeder
could realize the discrete casting with longitudinal casting distance range from1.8 to 8.0 m, crosswise casting distance range
from 0 to 3.9 m, the casting area 26 m’. And this mode can cover 81.2 % of 8 mx4 m indoor breeding pool. Since the test was
held in dry pool and fresh feed slide in the ground, the casting area was greater than that shown in the simulation of 17.95 m’.
The performance test results showed that the average feed breakage rate was 3.3% when the rotating speed of the feeding
machine was less than 900 r/min, while the rotating speed was higher than 900 r/min the breakage rate increased rapidly.
Therefore, the maximum effective throwing distance was 10.5 m in speed of 900 r/min. The results showed the feeder and
multi-stage casting mode were effective to realize the discrete casting with relatively uniform droppoint distribution, which
reduced the behavior of fighting for food to death .The study can provide references for feeders design and discrete feeding.

Keywords: agricultural machinery; design; test; feeder; fresh feed; discrete casting; complex-vector method



