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Fig. 1

Structure of R. philippinarum grading weighing machine

1. transfer mechanism, 2. cleaning mechanism, 3. grading mechanism, 4. weighing mechanism.
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Fig.2 Force analysis of R. philippinarum

G. gravity, C. centrifugal force, F. friction, y. position angle, n. roller

screen rotation speed.
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Fig. 3 Roller screen
(a) screw blade, (b) roller screen.
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Fig. 4 Weighing mechanism structure diagram
1. transmission belt, 2. motor, 3. active roller, 4. driven roller, 5. push rod motor, 6. weighing tray.
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Fig. 5 Diagram diagram of transmission belt
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Fig. 6 Automatic weighing sysyem diagram
1. pushrod motor, 2. adjustable power supply, 3. dual isolated DC motor

drive module, 4. Arduino UNO, 5. pressure sensor.
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Fig. 9 Establishment of grading weighing

machine model
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Tab.1 Material related parameters

ZH Hfe

parameter numerical value
FEH IR 725 BE/(¢/mm) 1.58
R. philippinarum spat density
FERR R ITALL 0.33

R. philippinarum Poisson’s ratio

AT B VIR /Pa 5.56x10
R. philippinarum shear modulus

B FE/(kg/em’) 7800
steel spat density

HERALL 0.3
steel Poisson’s ratio

MBI /GPa 79

steel shear modulus

it
battery

7 WMEREE
Fig.7 Weighing principle diagram
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Fig. 8 Establishing the R. philippinarum pellet model

(a) R. philippinarum, (b) 3D scanning model of R. philippinarum, (c)
filling model of R. philippinarum.
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Tab.2 Material contact parameters

ZH Bl

parameter numerical value

SEA SR AT 07 9 (30440 B 1 Tk B AR Bk 0.32

elastic recovery coefficien between R. philippinarum and
screen density (304 steel)

S TG -0 I (30480 3 EE 45 A 0.34

dynamic friction coefficient between R. philippinarum
and screen density (304 steel)

S T AT 07 IR (30440 B BE 1 R B 0.23

static friction coefficient between R. philippinarum and
screen density (304 steel)

FEHE TR - SRR AT IR R R R L 0.32
elastic recovery coefficient between R. philippinarum
FEHE RIS - SR SR IR A Bl AR R AL 0.33
dynamic friction coefficient between R. philippinarum
FEFE RIS - SR SR IR A 1 R R AL 1.25

static friction coefficient between R. philippinarum

mm JEFREISAF IR E A 28 mm FEFREIHAT
WENEE . 33 mm JEAEIGF IR E A6, G
TEARISCRHR rh IR R A i B, RIE A2 (7)
A AR R IR A2 O 5 .
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Fig. 10 Simulation process

(a) simulation process of R. philippinarum, (b) state of the R. philippinarum in the roller screen, (c) state of R. philippinarum drops into roller screen,

(d) condition of R. philippinarum falling from roller screen.
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Fig. 11 The trajectory of the R. philippinarum’s
velocity speed change
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Fig. 12 R. philippinarunmr’s velocity speed change curve
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Fig. 13 R. philippinarum’s angular velocity speed

change curve
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Fig. 14 Variation curve of R. philippinarum
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Fig. 15 Simulation results of R. philippinarum grading
®3 MREIRERITERKTE

Tab.3 Response surface test design factor level table

#  factor

ffvj VR E Y, (min)  ERIHIAXC) R/ (kg/h)

roller screen roller screen feeding

rotational speed tilt angle capacity
-1 12 2 150
0 17 3 200
+1 22 4 250

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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x4 RBWARRE

Tab.4 Test scheme and results

o o)

test number X X X3 Y% bl%
1 -1 -1 0 65.92 98.56
2 1 -1 0 74.09 92.16
3 -1 1 0 76.24 91.76
4 1 1 0 80.16 93.46
5 -1 0 -1 7735 94.29
6 1 0 -1 82.93 94.89
7 -1 0 1 72.68 93.76
8 1 0 1 73.68 92.46
9 0 -1 -1 68.65 91.68
10 0 1 -1 84.85 96.46
1 0 -1 1 69.12 95.59
12 0 1 1 86.32 97.56
13 0 0 0 94.12 96.46
14 0 0 0 95.80 98.79
15 0 0 0 96.26 97.63
16 0 0 0 96.46 95.16
17 0 0 0 96.70 96.33

®5 MNEEE ANOVA 5317
Tab.5 Response surface model ANOVA analysis

e VL w BT FlE PfH 2
R sum of I HI mean F P Rl Tt
source dr significance
squares - square value  value

kit 232031 14 165.74 48.13 <0.0001 **

model

X 30.02 1 30.02 872 0.0105 *

X, 46.26 1 46.26 1343  0.0025 **

X3 17.26 1 1726 501 0.042 *

XX 26.27 1 2627 7.63 0.0153 *

XX 1.2 1 1.2 035 0.5646 *

XX 7.59 1 759 22 0.1598 **

X7 845.52 1 845.52 245.52 <0.0001 **

X’ 895.49 1 895.49 260.03 <0.0001 **

X7 587.99 1 587.99 170.74 <0.0001 **

%= 4821 14 3.44

residual

RAI 43.96 10 44 414 00917 REF

lack of fit not significant

iRz 425 4 1.06

pure error

poyil 2368.53 28

total

R=0.9796 Adj R*=0.9593

e R, P<0.01, “*7 AR, P<0.05.
Notes: P<0.01 means extremely significant, indicated by "**", P<0.05

means significant, indicated by "*".
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Fig. 16 Reponse surface analysis of interaction

(a) roller screen rotational speed and roller screen tilt angle, (b) roller
screen rotational speed and feeding capacity, (c) roller screen tilt angle

and feeding capacity.

https://www.china-fishery.cn

E 17 SERRRFORREFN
L BRI, 275504, 3.5 R0H, 4 FRENM.
Fig. 17 R. philippinarum grading weighing machine

1. feeding mechanism, 2. cleaning mechanism, 3. grading mechanism,

4. weighing mechanism.
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Fig. 18 Field operation

(a) grading state of R. philippinarum in the roller screen, (b) condition of
R. philippinarum at the time of weighing.

#=6 1ElER

Tab. 6 Results of test %
ST Vo GRS PR e HE A E7ES
test number  grading accuracy weighing accuracy breakage rate
1 96.17 98.43 1.42
2 96.59 98.12 1.38
3 96.93 97.95 1.51
FHIE 96.56 98.16 1.43

average value
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Optimization design and verification of grading weighing device
machine for Ruditapes philippinarum

PAN Lanlan *?, ZHANG Xinyu ?, BIAN Ce ?, ZHANG Zhangiao ",
ZHENG Yu ?, HUANG Weiwen '?, ZHANG Guochen "**
(1. College of Mechanical and Power Engineering, Dalian Ocean University, Dalian 116023, China,

2. Marine Fishery Equipment Professional Technology Innovation Center of Liaoning Province,
Dalian Ocean University, Dalian 116023, China,
3. Key Laboratory of Environment Controlled Aquaculture, Dalian Ocean University, Ministry of Education, Dalian 116023, China)

Abstract: This study utilized Ruditapes philippinarum as the research subject to develop integrated grading and
weighing equipment featuring drum screen grading coupled with automatic weighing to address the issues of low
accuracy in grading and weighing R. philippinarum, as well as insufficient procedural coordination. Utilizing dis-
crete element simulation , the grading and weighing processes of R. philippinarum were simulated and analyzed.
The impact of roller screen rotational speed, roller screen tilt angle, and feed capacity on grading and weighing
accuracies was investigated using response surface analysis in Design-Expert software. This study aimed to optim-
ize the operational parameters of the complete equipment and validate its performance. The findings indicated that
the primary factors affecting the accuracy of grading and weighing R. philippinarum, in descending order of influ-
ence, were the roller screen tilt angle, roller screen rotational speed, and the feed capacity. The device achieved a
grading accuracy of 96.09% and a weighing accuracy of 98.79% under operational conditions of a roller screen
rotational speed of 17 r/min, a roller screen tilt angle of 3°, and a feed capacity of 200 kg/h, . After completing the
prototype manufacturing and operational validation, the grading accuracy was recorded at 96.56%, and the weigh-
ing accuracy at 98.16%. The results demonstrated that setting appropriate parameters for the roller screen tilt angle,
roller screen rotational speed, and feed capacity could significantly enhance grading and weighing accuracies in the
process of handling R. philippinarum. This research provides valuable insights for the design of post-harvest grad-
ing and weighing devices for shellfish.

Key words: Ruditapes philippinarum; grading; weighing; discrete element simulation; grading accuracy
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