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Design and Parameter Optimization of Directional Conveying Device for Shrimp

XIONG Shi' FANG Xianfa® NIU Kang® YUAN Yanwei’ ZHAO Bo’ ZHOU Liming’
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. State Key Laboratory of Soil — Plant — Machine System Technology, Chinese Academy of Agricultural Mechanization Sciences ,
Beijing 100083, China)

Abstract; Due to the irregular shape of shrimp, the automatic orientation is difficult. In view of the
problems that the orientation link of shrimp pretreatment still relies on manual operation and lacks of
orientation equipment, taking headless Penaeus vannamei as the research object, through the analysis of
the shape and structure characteristics of the shrimp body, a head and tail orientation method was
proposed, and the head and tail orientation mechanism of shrimp was analyzed. The theoretical study
showed that it was feasible to orient shrimp’ s head and tail by means of opposite rotation of parallel
rollers. According to the shape parameters of shrimp, a directional conveying device for shrimp was
designed. Medium-sized and large-scale shrimps were selected as the experimental objects. The single
factor and orthogonal experiments were carried out with the roller gap, the conveying speed of pushing
plate and the rotation rate of orientation roller as the experimental factors, and the orientation success rate
as the index. Through the experiment, the influence law of each experimental factor on the orientation
effect was explored, and the main parameters of the test device were optimized. The experimental results
showed that the optimal parameters combination of the experimental device were as follows: the conveying
speed of pushing plate was 40 mm/s, the rotation rate of orientation roller was 90 r/min, the
corresponding roller gap of medium-sized shrimp was 10 mm, and that of large-sized shrimp was 13 mm.
Under the optimal combination of parameters, the success rates of medium-sized and large-scale shrimp
were 97.3% and 94. 7% , respectively. The research can provide theoretical and technical support for
the development of shrimp orientation equipment.
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Fig. 1 Structure of directional conveying device for shrimp
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Fig.2 Dorsal shape of shrimp
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Fig.3 Force analysis of shrimp before orientation
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Fig.4 Force analysis of shrimp after orientation
XTURTE B M2 IR RA
Ji =N,
, = tang
G, =0.5G (3)
N, =G, cosa
F,=f - G,sina
X Fy—XERE B iz A J1,N
B—XF R 5 5 1) AR A BE 4R A L (°)

B (3) ] 15 F, =0. 5Geosa (tanB — tanar)
[ BRI A C Z WG T F 5 F RNMASE BRI
TMARTZ &) F, = (F, + F,)sina = Gsinacosa (tang —
tana) o a <B W, 0145 Fy >0, 77 H 1w b, It
RF SR AT 188 7 [ 32 3 AN, 2 3 B R Bk Bl Y
MG E B NP . AR B3R AT, S R E X
RSk B A 1) Y RGE PR, B 2 e =B

3 XESM4RT

3.1 xtERSMERSTIE

HRAE 52 B Az 7 v X SR 40 2 g REAR Rl o3, ik —
A 54 ~ 110 H kg {6 Bl A AT IR U5 268 S v BYIE R
T 54 H/kg XU REVER . il T HLAR
NI — AT TR R B — E 1)
F ) TR, DA 1) e A B DL rh R B X R Sy
7%, L 35 FUXH IR x4, % 25 3k 5 xR &
Bt Ay &7k i s s, WA, L3RR
KRR, L R aAE O RN 6 W, H KR IR
JEE

TGO AR X IR0 R B AILRS S F 4% 50 AR R




%5 1)

BB 45 . X 8 a6 8 B B 5 28U il R 327

KOS 26 o iR & 7 2

Fig.5 Measurement method of headless shrimp
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Tab.1 Measurement results of shrimp’s external
dimension mm
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Fig. 6  Structure of side slip surface
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Fig.8 Layout of conveying plate
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Fig.9 Test bed of directional conveying device for shrimp
4.2 RIGH R

1 R 36 11 6 R SR 3 56 X 42, i FH OGE R I F b
UL T, MR AR i 0 R 38 ) AR R I A R 4
Sy v B EE AR Y B PR RS, SR S 6 R RO AT 25
Sk Ab
4.3 IR

T Y EPE A T8 AR Sy X W E ) ) R R
PR AR S0 1) b R ) T A 2 A LR B e ik %
Iv) 068 A g L Ay [ i 2, S BK BR R R ) B A [ B
oLV 451 B0 34 R 7 1) 2 T o

FE [ PR A A

W—W‘ 100 % (7)
_W X 0

(N3

AR B B
B IR DA BT 8 FH Y 0 HF R A rh BE AL % B S0
P —4 il i 3 0 S R (E
4.4 BERZRRE
FRAE L 3C o0 B w] 41, %k 45 ] B A i 2% 3 Al iz 3
R O R AASK R SE 0 ROR AT R . 45 G B TR

HEE 20 ~ 80 mm/s,, & %< E A M 5 Kk
B, S ) 0 B 0 3 R s b R O G 3 B [ B T L 5 o
T 2 S o v R X S 9 A0 TR 5 6 TR TR A R 3
RN N N S AT D N R S B e e
e SRR X6 B 1) Sk B2 S ) A RS T, i T R B R B
10 ~130 r/min,

IS 5 8] B 0 HE AR 0 B 3R B 1] B %
I &R, DU W] B ) o fe 4w, o oR
TR T B P Ao A 11 X R A B8 X 42 AT I
B, e PR K Ik 2 iR .

#2 BEERRERKT

Tab.2 Factors and levels of single factor tests
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Fig. 10  Relationship curves between roller gap and

orientation success rate
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speed and comprehensive index
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orientation roller and orientation success rate
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