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1.Hopper 2.Frame 3.Plumule removing system 4.Discharge system
5.Sequential and continuous feeding system for fresh lotus seeds with low damage
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Fig.1 Structure diagram of the plumule-removal machine of
lotus seeds
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Table 1 Overall performance parameters of the plumule-removal

machine
Z# Parameters {& Values
A0 AR /mm 2.7
0 /MPa 0.7
TAER /s 0.56
TRCR (kg™ 32.7
SO Y 95.4
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1.Vibrator support 2.Shock absorber 3.Linear vibrator 4.Vibrating feeding
tray S5.Hopper 6.Feeding pipe 7.Centering device 8.Fresh lotus seed

9.End identification device 10.Plumule removing device 11.Roller

12.Sprocket  13.Mixing nozzle 14.Discharge chute
B2 ST L L EA AR
Fig.2 Sequential and continuous feeding system for fresh lotus
seeds with low damage

2.1 EEEREE

kR E RIS R OISR 10°)
ORI . BERVRME . Sk, BRI, IR
VI R, ARG BT 5 T RAIL A T
BE T ISR R, T ML A5 M K nn AR 6 3R AR 1
1 RE R IR kL A 2 g M S i AT B, Wi 3
Fi7s o

HELIE R E TAER, B 7 iRl F H IR S
R, B IRBh A A IR B IR 0 S
I3, NGRS o i RN A . R ) 5
R, B FERE TR RERIIAE, KIKEANTTEG
Z P T R

PRBIEARL A

TR SME  Vibrating feeding tray
Mixing nozzle

iR

7
g7~ Cover plate

- R
Discharge chute
Linear vibrator

PR3] 43T e
Vibrator support

B3 &BEHELEFER

Fig.3 Schematic diagram of the continuous feeding device
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Fig.4 Schematic diagram of the structure of the sequential
feeding device
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Fig.6 Schematic diagram of the working process of the sequential feeding device
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d. Critical position of large diameter lotus
seeds cutting
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HERPNETER, mm; dy ANEKETERE, mm; y FET | HOSET 2 POERA, D pAET 2 POLEWREKPFhOKER LA, ).
Note: Oy, O, are the centers of lotus seed 1 and lotus seed 2 respectively, O3, O4are the center of the left and right rollers respectively, Os is the center of the largest
diameter lotus seed, point P; is the projection of point O; on the O304 line segment, point P, is the cut of lotus seed 1 and lotus seed 2, point Ps is the projection of the
point O, on the O304 line segment, and point Py is the projection of the point Os on the O30, line segment; D is the diameter of the groove bottom, mm; D; is the outer
diameter of the roller, mm; L, is the chain pitch, mm; dyi, is the minimum lotus seed diameter, mm; dmax is the maximum lotus seed diameter, mm; y is the
distance between the center of lotus seed 1 and the center of lotus seed 2, (° ); f is the angle between the center of lotus seed 2 and the horizontal center line of the two
rollers, (° ).

c. h HE/IME

c. h takes the minimum value

b. h BUSEFR A
b. & takes the actual maximum value

a. h BE RCKME

a. h takes the theoretical maximum value

B7 ARARETTHIZTHEEXRATR

Fig.7 Schematic diagram of the position relationship in the feeding process of lotus seeds with different diameters
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Table 2 Parameters for discrete element simulation
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T TR L 0.35
Ty 32 1 B DA i /Pa 1.73x107
T3 S T 5 5 /(kg-m ™) 1017
T, 304 AR H) 0.3
Ts 304 NAFAN BT R /MPal's) 7.4x10*
Te 304 NEFANE JE/(kgm™) 17 7 800
Ty i 32T 55 30 Z /mm 20
Ty 32— S Tl D T R B 0.64
Ty S T R R 0.5
Tio ST — B TR B BE R R A 0.015
Ty 304 ARt T R K R L 0.52
Tz 304 AN HR- I 1 i PR M R AL 0.2
T3 304 TEFI-EHE T IR BN BEHE R L 0.01
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Fig.8 Discrete element model of vibrating feeding tray and fresh lotus seeds
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Fig.9 Structural diagram of the vibrating feeding tray
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a. The air nozzle arranged inside of the vibrating feeding tray
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b. The air nozzle arranged outside of the vibrating feeding tray
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Fig.12 The plumule-removal machine of lotus seeds and test
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b. Conveying of a single lotus seed on
the roller chain

Fig.13  Test of the sequential and continuous feeding test
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Table 3 Performance test results of the plumule-removal machine
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1 2000 7 8 2 2 0.35 99.60 0.20
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Design and experiments of the sequential and continuous feeding system
for fresh lotus seeds with low damage

Ma Qiucheng, Sun Ning, Lu Ange™, Cao Yunsheng, Liu Jian, Tian Runfeng, Zhuang Ziyun
(School of Mechanical Engineering, Xiangtan University, Xiangtan 411105, China)

Abstract: Lotus seeds have been commonly consumed as functional food and traditional Chinese herbal medicine. However,
the congestion and damage often occur in the automatic feeding process of the mechanical plumule removal for fresh lotus
seeds. In this study, an airflow stirring-assisted vibrating feeding system was proposed to realize the sequential and continuous
feeding to the plumule-removing post. Firstly, the feeding system consisted of the linear vibrator, the vibrating feed tray, the
stirring nozzles, the feeding pipes, and the roller chain. An intermittent jet and vibration were also utilized to make the lotus
seeds enter the discharge chute in an orderly manner for continuous feeding. Specifically, the movement of the roller chain was
combined to realize the sequential delivery of fresh lotus seeds of different sizes, particularly at the appropriate distance A
between the feeding pipe and roller, and the length L of the slot set on the feeding pipe. The feeding failure was avoided by
two fresh lotus seeds when entering the same station, where the distance 4 was in the range of 3 mm to 4.33 mm. Besides, the
large-size lotus seeds were also smoothly sliding out from the feeding pipe, where the length L was 8 mm. In addition, the
feeding pipe was made of elastic silica gel (Shore hardness was 50), in order to prevent the lotus seeds from mechanical
damage. Secondly, the discrete element method (DEM) was used to simulate the vibrating feeding process of fresh lotus seeds.
Some factors were also determined, such as the structural parameters of the vibrating feed tray, and the vibration frequency of
the continuity of fresh lotus seeds feeding. The simulation results show that the congestion rate of vibrating feed trays with
different structures decreased significantly, with the increase of the vibration frequency. The average congestion rate of the
circular arc II vibrating feed tray was 2.06%. Once the vibration frequency was higher than 12 Hz, the congestion rate basically
tended to be flat, and then the ever increasing frequency also posed no outstanding effect on the congestion rate. Therefore, the
vibration frequency was reduced for better continuous feeding. Hence, the circular arc II type vibrating feed tray was selected
as the preferred structure, where the optimal vibration frequency was 12 Hz. In addition, the FLUENT software was used to
analyze the effect of the nozzle position on the internal flow field distribution of the vibrating feed tray. When the air nozzle
was arranged on the outside, the air flow from the air nozzle quickly flowed down the splitter plate, indicating a uniform and
stable speed. The direction of the airflow was exactly aligned with the lotus seeds on the inner side, which greatly contributed
to pushing the lotus seeds away for better stirring. The air flow inside the discharge chute was more uniform for the better
continuous feeding of the lotus seeds. Finally, the actual feeding test was carried out to clarify the effect of the nozzle position
and the vibration frequency of the optimal vibrating feeder (circular arc II type vibrating feed tray) on the continuity of fresh
lotus seeds feeding. The results show that the better feeding continuity was achieved when the stirring air nozzle was arranged
on the outer side of the vibrating feed tray, and the vacancy rate was lower than that on the inner side. The vacancy rate
decreased gradually, whereas, the breakage rate of fresh lotus seeds increased at the same time, as the vibration frequency
increased. The optimal process conditions were achieved for the sequential and continuous feeding without damage to fresh
lotus seeds, where the air nozzle was arranged on the outside of the vibrating feed tray, the vibration frequency was 12 Hz, the
slot length of the feeding pipe was 8 mm, and the distance between the roller and the feeding pipe was 3.5 mm. Under these
process conditions, the vacancy rate was 0.37%, the sequential delivery rate was 99.67%, and the breakage rate of fresh lotus
seeds was 0.2%, fully meeting the requirements of lotus seed plumule-removing equipment. The findings can provide a strong
reference to optimize the feeding system of fresh lotus seeds, or granular agricultural products.

Keywords: agricultural machinery; optimization; discrete element method; fresh lotus seeds; sequential and continuous
feeding; fluent
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