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Parameter Calibration and Experiment Verification of Shrimp Feed Pellet
Based on Discrete Element Method

CHEN Leilei' SHEN Kaiqi' LI Jun' WAN Hongxiang® CAO Chang” HU Qingsong' LI Zhijian'
(1. College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China
2. Foreign Economic Cooperation Center, Minisiry of Agriculture and Rural Affairs, Beijing 100125, China)

Abstract; In order to improve the performance and accuracy of discrete element method simulation
optimization in the processes of blanking, conveying, and mechanical spreading of the shrimp feed pellet,
the intrinsic parameters of the shrimp feed pellet, the contact parameters between feed, the contact
parameters between feed and equipment were systematically calibrated. Taking Tongwei’s columnar
sinking shrimp feed pellet as research object, the DEM simulation parameters of the shrimp feed pellet
were calibrated by combining physical and simulation experiments. Firstly, by using the physical test
method, the density, Poisson’s ratio, elastic modulus and shear modulus of the shrimp pelleted feed were
measured to be 1 177. 68 kg/m’, 0.26, 114.77 MPa and 45. 58 MPa, respectively through instruments
such as high precision digital calipers, electronic balances and pressure testing machines. Through
inclined plane method and rebound method, the static friction coefficient, rolling friction coefficient, and
restitution coefficient between the shrimp feed pellet and 304 stainless steel were determined to be 0. 607 ,
0.097 and 0. 35, respectively. The average stacking angle of the shrimp feed pellet was found to be
26.93°, and the feed’s area coverage on a steel plate was 13.32% through stacking tests. Secondly,
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based on the Plackett — Burman experiment, the factors significantly affecting the physical stacking angle
and area proportion were screened out to be the static friction coefficient between feed, the rolling friction
coefficient between feed, and the static friction coefficient between feed and 304 stainless steel. Based on
this foundation, the steepest ascent experiment was applied to converge the optimization range, and the
parameter optimization was carried out by fitting the regression equation between the significant
influencing factors and the response values through the Box — Behnken Design experiment. The optimal
parameters combination were obtained as follows: the static friction coefficient between feed was 0. 207,
the rolling friction coefficient between feed was 0. 150, and the static friction coefficient between feed and
304 stainless steel was 0. 607. Finally, the reliability of the parameters was verified through stacking tests
and spiral blanking tests. The findings revealed that the simulated stacking test results were statistically
indistinguishable from the physical counterparts, as confirmed by a double-sample i-test. Furthermore,
the correlation coefficient between the simulated and physical tests for the discharge amount line under
varying speeds was an impressive 0.997, signifying a highly consistent trend with a discrepancy in
discharge amount of less than 3% across all speeds. These results underscored the reliability of the
calibrated DEM parameters for shrimp pellet feed, thereby establishing a solid data foundation and
scientific rationale for investigating the motion mechanisms of shrimp feed pellets and optimizing

equipment designs within DEM simulations.

Key words: shrimp feed pellet; discrete element method; stacking test; parameter calibration
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Fig.1 Histograms of shrimp feed pellet size distribution
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Tab.3 Significance analysis of parameters in

Plackett — Burman experiment

i 7 i ® O O¥ AEANHE F P

%) 5.76 -0.69 413 0.0979

% 40.35 1.83 28.89  0.0030*

, X 12,90 1.04 9.24  0.0288"
K X, 1.52 -0.36 1.09  0.3443
x5 48.73 2.02 34.88  0.0020"

X 2.21 0.43 1.59  0.2635

x) 0.16 0.12 0.25  0.6409

X,  7.54 -0.79 1152 0.0194"

. 3 7.32 -0.78 1118 0.0205*
> % 1.07 0.30 164  0.2563
x5 54.15 -2.12 82.76  0.0003*

% 1.77 -0.38 2.71  0.1608

e s RN W (P <0.01), = RN B E (0.01 <
P<0.05),

2.2 EBEREREERS ST

ShyitE— 20 ff ORI ) ek ) 42 ik 2 8, BT
Plackett — Burman 83015 11 BENCH G, DL HRs 1
SECWURL R ARDRH ) 4 fih 2 00 SOCTE L. i TR0RLAR
e kUL A DR B 52 R B X, R SR ROk
R ARDRHA Sl EE 5 DB X, RN ASURE R AR 304 5 R
O PR A DR RS X X i 7 HE R Ay R i 7 {1 R
a7 L SR e 3 s IBO(E Y R TS 20 ) B
0. 140 ~ 0. 260 ,0. 010 ~ 0. 300 F1 0. 200 ~ 0. 650, i
3 I 2 5 e PR 2R SO AT R UURL R GRDRMIR 52 2R 8
X R 2 thBUE R T B K- OB R ERDEL- 304 58
BRI E 2R X, BORLER 1R RE- 304 5 A BB TR 3h
PEAGE AR X B BRI A5 HH Bl . i3k 3 mTA,
UL B ) ek — JIORL BR ) ok e P 452 DXL 5 X, | UKL M ]
AL-FURL AR R EHE 3l BE 45 P8 X FRURL AR (RDE- 304
AN A e PR A DR X X ) (R B 1 R B
FETHERT 0, X5 TR 5 e Sy JR B THE X /)
T 0, B PR 7o AR A B TR0, R TR AR L
TN, A L ] 20 4K 48 R T 2B e B T 3
B, mBERYIR IR B 58 M A5 R ANR 4 PR,

H1 4 A1 B & X, X, X2 4 K, B BE e

x4 RERBELBATRSER

Tab.4 Design and results of the steepest ascent

experiment

o g H R A o AL SR
X, X X5 n'/7(°) /% S'/ % /%

1 0.140 0.010 0.200 17.39 35.43 19.58  47.00
2 0.170 0.083 0.313 22.21 17.53 14. 88 11.71
3 0.200 0.155 0.425 25.40 5.68 13.82 3.75
4 0.230 0.228 0.538 27.56 2.34 12.79 3.98
5 0.260 0.300 0.650 30.13 11. 88 11.92 10. 51

Yo gs 7 A A HERR A o RO AR L ST 5 W A
JIT A5 R 2Z 1] 64 i 2 52 B SE i/ N e 1 R a8, H
I3 BITESS 4 A 3 AL A5 2 d /MR 58 2%
WORE AR 2 ~ 5 SIS B L, BIVOR AR G R 0RE
IR} B 458 R 5K 0. 170 ~ 0. 260 , UKL IR A A — 5
R 1) R Bl JBE 452 (K12 0. 083 ~ 0. 300, R A 7]
B304 SN N 0. 313 ~0. 650 1E N F
PLIERI#E1T 5 42 Box — Behnken Design 1805 .
2.3 Box  Behnken Design i3 4R 5947
R e B I B 1 6 745 3] 1) FOAE AR A ek —JURE A
TRk g PR 52 DX UKL A SRR UKL AR G 2l BE 45
DRSO R RIURE MR AR E— 304 5 A5 85 4 i A 4452 DR 501 B
{EIX 1], % 3T Box — Behnken Design 5 , #4) 22 {5 B
WURLER R HERRAR ' S AR T ST RY [l D7 2 A
17T SR A o A 1) JURE AT 45 48 7] 422 fih Z 80 & . Box —
Behnken Design i35 )7 2 545 R 4138 5 s,
%5 Box - Behnken Design iR F RS ER
Tab.5 Design and results of Box — Behnken Design

experiment
B EUSSES WA AT
i X s s 7'/(°) S'/%
1 -1 -1 0 24.27 14. 56
2 1 -1 0 29. 12 13.23
3 -1 1 0 23.12 13.98
4 1 1 0 28.46 12. 08
5 -1 0 -1 21.63 14. 85
6 1 0 -1 26.71 13.28
7 -1 0 1 24.50 13.91
8 1 0 1 30.51 12. 19
9 0 -1 -1 23. 88 14. 18
10 0 1 -1 23.41 14.31
11 0 -1 1 27.31 13.6
12 0 1 1 26.32 12. 66
13 0 0 0 26.59 13. 19
14 0 0 0 26.76 13.13
15 0 0 0 26. 19 13.05
16 0 0 0 25.95 13. 66
17 0 0 0 27.44 12. 87
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3L Design-Expert FF % ik 46 485 R 47 J5 22
S3HT, RIS EHERUAR S E AR A E A RS SR
7' =26.59 +2.66x, —0. 41x, +1. 63x5 —0. 12x,x, +
0. 23x,x5 = 0. 132,05 +0. 13x; —0. 48x; —0. 88«2
(8)
S"=13.18 = 0. 81x, —0. 32x, —0. 53x, —0. 14x,x, —
0. 038x,x5 —0. 27x,x; +0. 076x; +0. 21x; +0. 3042
(9)
i WA HE R A/ 5 AR b SR L AR p
{E¥/NF 0. 000 1, FBHHERA 5 HA 5 LAY [l A
USSR S 35, e Ah  HERRAR RN AR o L (] AR 76 2 401
5 P AE 5354 0. 9347 F10. 743 8 (¥ KT 0.05) ,
EZREC R )4 0.983 1 F10.953 6,4 5 43 5l N
24.651 Fl 13.749, 78 5 Z K57 0 A 1.74%
1. 90% , & W RIS RIS PER O, R o 3 v ™7, %t
T BRSO & B R, 55—
Jr i, S 2250 WNEE 6 Fion , WOk IR i k-
ST U ) Al i FEE R DR X, | SR A A B 304 5K
% 6 Box — Behnken Design i385 £ 44

Tab.6 Variation analysis of Box — Behnken Design

experiment
WARE  ORIE EAAM AEEE B F P
MR 83.90 9 9.32  45.33 <0.0001*
%  56.66 1 56.66 275.49 <0.0001*
% 1.33 1 1.33  6.47 0.0385"
xs  21.15 1 21.15 102.82 <0.0001**
xx;  0.06 1 0.06 0.28 0.6105
x5 0.22 1 0.22 1.07 0.3347
7 xyxs  0.07 1 0.07 0.32 0.5885
2 0.08 1 0.08 0.36 0. 5662
2 0.95 1 0.95 4.63 0. 068 4
e 3.26 1 3.26 15.85 0.0053*
k% 1.4 7 0.21
KPI 0,13 3 0.04 0.13 0.9347
4R 1.31 4 0.33
TR 9.40 9 1.04 15.99  0.0007 **
%, 5.31 1 5.31 81.35 <0.0001*
x 0. 81 1 0.81 12.35 0.0098"
P 2.27 1 2.27 34.73  0.0006 "
xry  0.08 1 0.08 1.24 0.3016
%% 0.0l 1 0.01 0.09 0.7777
s’ x3%s  0.29 1 0.29 4.38 0.074 6
x3 0. 02 1 0.02 0.37 0.559 8
2 0.18 1 0.18 2.74 0.1417
x? 0.38 1 0.38 585 0.0462"
% 0.46 7 0.07
BT 0. 11 3 0.04 0.43 0.743 8
4% 0.35 4 0.09

o ROREMRL R E (P <0.01), * RREIH 83 (0.0l <

P<0.05),

S e A DRI X ke 7 (B HE AR ) B TR L
SN L (P < 0. 01) | 0k R ek — Sk A 4]
LR Sl EE SR DB X, X AR A ' B35 (0. 01 <
P <0.05) , X W AE T8 AR b ST il R 2 (P <
0. 01) ; TORLUF IR} - 304 -5 A 55 A9 i B 488 R KL X 1)
S5 TGS e o7 A HE AR AR B TR L ST R w3
(0.01 <P <0.05) ; 1743 i Uk IR ] RE— B0k 2R
o e e B 42 DR B X, U A e — R A ) ) 7R
JEEJEE DB X, FVIURT R R} - 304 5 AN 455 0 e R 2 TR
B X 2Z 0] 1 28 BB R 4% 1 1R U0 % i {3 R
i ' SIS S AN EE(P>0.05),
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Fig.9  Comparison between optimization results and

actual results
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Fig. 11 Measurement and simulation results of feed

quality at different rotational speeds
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