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Design and Experiment of Vibratory Rectification-based
Particle Feed Size Detection Device

NIU erliyoul‘2 YANG Tianyuan' LI Hongcheng3 KONG Xianrui' ZENG Rong'
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Smart Farming for Agricultural Animals, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China
3. Xiamen Ocean Vocational College, Xiamen 361100, China)

Abstract. In response to the practical issues of labor-intensive and low automation levels in particle feed
size detection, a vibratory rectification-based particle feed size detection device was designed by using
image processing technology. A simulation model of the interaction between the particle feed and the
chute-type rectification plate was established by using the discrete element method software Rocky Dem.
The amplitude, vibration frequency, installation angle, and chute deflection coefficient of the rectification
plate were considered as experimental factors, while the average slip velocity and coefficient of slip
velocity variation of the particle feed were used as evaluation indicators. Through single-factor simulation
experiments, the slip motion characteristics of the particle feed within the chute-type rectification plate
were analyzed. The results showed that the main factors influencing the particle feed’s slip motion
characteristics were the amplitude, vibration frequency, and installation angle. Orthogonal combination
simulation experiments were conducted to establish mathematical models between the experimental factors
and evaluation indicators, followed by parameter optimization of the models. The optimal configuration
was found to be an installation angle of 6. 33°, a vibration frequency of 101. 49 Hz, and an amplitude of
0.50 mm. Under these conditions, the particle feed achieved the best overall performance with an
average slip velocity of 0.31 m/s and a coefficient of slip velocity variation of 4. 10% . Particle feed

samples with aperture sizes of 3 mm, 4 mm, and 5 mm were collected to validate the measurement
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accuracy of the detection device. Compared with manual measurements, the average absolute errors

(MAE ) of the automatic diameter measurements were 0.048 mm, 0.020 mm, and 0.012 mm,

respectively. The MAE of the automatic length measurements were 0.164 mm, 0.162 mm, and

0. 103 mm, respectively. The research results demonstrated that the designed particle feed size detection

device exhibited good accuracy and reliability,

inspection.

meeting the requirements of practical production

Key words: particle feed; size detection device; vibration rectification; image processing; simulation

and optimization
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Fig.3 Discrete element simulation model of particle
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Tab.2 Particle slip average velocity and velocity

variation coefficient at different installation angles
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Fig.4 Standard deviation of axial centroid position

of feed particles at different installation angles
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Fig.6 Standard deviation of axial centroid position

of feed particles at different vibration frequencies
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Fig.7 Changes of feed particle slip velocity with

time at different vibration frequencies

T B 5 BT R i A 3 R
100 Hz,
3.2.3 kIR

i e L A 2228 0 70 AR B R
100 o 637 B 5 1) 5 B0 2.5 4 0 i 8 0R 0R
0.2.0.3.0.4.0.5.0.6 mm 47K & {f Hid 56, 45

R 4 PR,
Fd4 TRREBEHBHBBHERBBEETRRY

Tab.4 Particle slip average velocity and velocity

variation coefficient at different amplitudes
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Fig. 10 Standard deviation of axial centroid position

of feed particles with different chute steering coefficients
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Fig. 11  Feed particle slip speed with different chute

steering coefficients
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Tab.6 Test factors and codes

RES
% prow - —
TR/ () 9% 30 Jii R/ Ha 3% i/ mm
-1 4 90 0.3
0 7 100 0.4
1 10 110 0.5

27T HBEARSER

Tab.7 Experimental protocol and results

il &R Y,/ Y,/%

75 X, X, X (m-s’]) }
1 -1 -1 0 0. 187 6.92
2 1 -1 0 0.375 6.41
3 -1 1 0 0.245 4.89
4 1 1 0 0.391 5.32
5 -1 0 -1 0. 149 12. 84
6 1 0 -1 0.364 4.45
7 -1 1 0.285 2.51
8 1 1 0. 430 10. 03
9 0 -1 -1 0.182 10.78
10 0 1 -1 0.218 8.44
11 0 -1 1 0.289 3.32
12 0 1 1 0.350 5.86
13 0 0. 260 4.73
14 0 0 0 0.261 4.65
15 0 0 0 0.262 6.07
16 0 0 0 0.259 3.44
17 0 0 0 0.259 4.67




510

A A PR B i FOMORL R RO R A B 5 i 417

3.3.2  WURLRLRY RS X T 2 B B T 43 B

iz ] Design-Expert X {4 X 50 b7 1] L ¥ 6 34
Y, N7 (AL IE R R I AT O 22 0T, B0 E A IR R TR R
o R e e i B X R ) Y L A5 SRk 8 T
TNo HF 8 AIAN, PR Rl M RS 1 S Yk [l I 5L A
P <0.01, 3B [\ )9 A5 AU B B8 35 5 AR AN /9 — W 0T X, |
X, R X5 0 B4 3 s K XS R AR B R
X, X, 5 WA e X X, R A A TR
Fo MR ] U ASE 45 DR 26 [T AR R, 5 3 A5 06 R
50 A A e Y RS 38 5 R Y R O X X
X, , B2 5 ff AR e 4R s A

*8 BAARBBYERENT
Tab.8 Mean velocity variance analysis of feed

particle slip

J5 2K W R 1 H B F P
[ 0.0980 9 232. 06 <0.000 1
X, 0. 060 2 1 1282.70  <0.000 1
X, 0. 003 7 1 77. 88 <0.000 1
X, 0.0243 1 517.95 <0.000 1
X, X, 0. 000 4 1 9.40 0.0182
X, X, 0.0012 1 26. 10 0.001 4
X, X, 0. 000 2 1 3.33 0.1108
X2 0.007 9 1 168. 00 <0.000 1
X2 0.000 1 1 1.42 0.2726
x? 0. 000 1 1 1. 11 0.326 1
5% 2% 0.000 3 7

i 0.0003 3 63. 09 0. 000 8
R 6.800 x 10 ~° 4

B 0.098 4 16

SR 7 26 43 A 46 SR v S I 22 T, e S 0R AR) R
BB Y0l H 7 FE
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Fig. 12 Response surfaces of effect of factors on average

slip velocity of feed particles
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Tab.9 Variance analysis of coefficient of variation

of feed particle velocity

LR+ 3 07 A F P
el 119. 01 9 10. 99 0.0023
X, 0.1128 1 0.093 8 0.768 3
X, 1.07 1 0.8859 0.3779
X, 27.34 1 22.73 0.0020
X, X, 0.2209 1 0. 1836 0. 6812
X, X, 63.28 1 52. 60 0. 000 2
X, X, 5.95 1 4.95 0.0615
X2 2.47 1 2.05 0.1954
X2 0.7000 1 0.5819 0.470 5
X2 16. 51 1 13.72 0.007 6
B 2% 8. 42 7

D! 4.95 3 1.90 0.2702
PR 3.47 4

R 127.43 16

SR T 22 43 A 4 R oK W 3 R I A8 B A
7R AR RS S S R, Y 1T A O AR Dy
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Response surface of effect of factors on variation

Fig. 13

coefficient of feed particle velocity (X, =0)
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Fig. 14  Physical picture of automatic pellet feed

size detector
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Tab.10 Descriptive statistics of results of artificial
and instrumental measurements of particle feed
diameter of different ring mould cavities
WAL W RO/ BMES CFIES iR/ BR R
#/mm  Jrz mm mm mm mm B/ %

AT & 4.20 3.28 3.83 0.17 4.52
’ XA 4,18 3.22 3.84 0.21 5.53
ATi&  5.06 4.28 4.61 0.21 4.54
! ICFRm R 5.04  4.25 4.60  0.21 4.65
NI 5.20 4.74 4.98 0.14 2. 80
: g mE 519 4.73 4.97 0.14 2.83
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Imaging of particle feed
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Tab.11 Descriptive statistics of artificial and
instrumental measurement values of particle

feed lengths of different ring mould cavities

WEAL  WE  RARE/ &/AME PHE WL, BRAR
£ /mm 7= mm mm mm mm B/ %
AT 14.72  10.64 12.00  0.98 8.12

: I EsiE 14.60  10.28  11.86  1.04 8.76
AT 18.67  12.54  15.22  1.43 9.34

N ILgR - 18.60  12.51  15.07  1.40 9.27
ATI&E 18.69 13.56  16.21 1.21 7.43

: 24 18.85  13.73  16.16  1.22 7.55
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Fig. 16  Particle feed diameter instrumental measurement values related to artificial measurement values
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Fig. 17  Particle feed length instrumental measurement values related to artificial measurement values
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