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Design and Experiment of Integrated Machine for Stirring and
Delivery Sea Cucumber Bait

YANG Yu’e' LIU Guanghui' HAN Jiaqi' NING Lizhen' ZHANG Yan’
(1. School of Mechanical Engineering, University of Jinan, Ji’ nan 250022, China
2. Shandong Fishery Mutual Insurance Association, Ji’ nan 250022, China)

Abstract; Aiming at the problems of high labor intensity of manual feeding, poor uniformity of feed
mixing and low feeding accuracy in the process of sea cucumber breeding, an integrated sea cucumber
feeding machine for stirring and feeding was designed, which integrated the functions of feed stirring,
delivery, and moving. In terms of the optimization of the stirring device, a combined structure of a 45°
downward-pushing four-inclined blade stirring paddle and a semi-circular tube deflector plate stirring tank
was adopted. The uniformity of the distribution of sea mud particle content was explored through flow field
analysis. The test results showed that when the stirring paddle speed was 100 r/min, the sea mud particle
content was 51. 25% , which was 1. 25 percentage points lower than the standard value. The uniformity of
the feed was superior to that of manual stirring (the content of sea mud particles was approximately
40% ). In terms of the optimization of the placement device, based on hydrodynamic calculations, the
performances of conical diffuser nozzles, abrupt conical diffuser nozzles, conical non-diffuser nozzles and
conical cylindrical diffuser nozzles were compared and analyzed, and the conical diffuser nozzle was
determined to be the optimal structure through orthogonal experiments. The proportion of the optimized
nozzle bait coverage area was 90% , the average feeding range reached 4.38 m, and the feeding speed
was stable at 0. 3 kg/s. Under the condition of a feeding distance of 4 m, the content of sea mud particles
in the feed was 48. 52% , which was 1. 48 percentage points lower than the standard value, meeting the
aquaculture requirements for uniform feed mixing and feeding performance. According to the requirements
of the stirring device and the feeding device, a traveling device was designed to ensure the normal use of

the feeding machine in the breeding area. This sea cucumber feeding machine can effectively replace
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manual feeding, reduce labor intensity, improve the uniformity of feed mixing and feeding efficiency, which

can lay a foundation for the mechanization of aquaculture operations and future intelligent upgrades.

Key words: sea cucumber breeding; feeding machine; feed stirring; feed delivery; nozzle
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Fig.1 Schematic of feeding environment
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Tab.1 Physical property parameters of feed

W R/ (kgem ) 1776
TR RLAE/ wm 106
e i/ % 50
RAWEE/ (Paxs) 3.33x10°°?
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Tab.2 Main parameters of feeding machine
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of different types of nozzles

—- M O ~— IR
o SARHETEY RN~ SR B O
100 o

3
;
4

£ 60f
)
%= 40f
20t
14 16 18
b6 2 fum
0024681012141618
Al B B /mm

P18 T i) g 2 Ak it 26
Fig. 8 Axial flow velocity variation curves

I 7 A4, 4 IS R s W S AL 5 ) X B R
A T I A 5 T S Be B AF Ak . a1l Ta 7 i
71N 5 2 e IR IR 1) T W A RICBE I I 3 23 Bl B e
SR A e G ) TR, R ATH AL, Hh AR YT
PR e R I 5 e DX R U, B AR N A
W L SR HETE B OB MR N B AL D) R T A A A
R TR R ARG X, AN R T S35 3 A s g Ay 8 1 o s AR
Mo i 7e.7d firos, HEE JCP #0BE W 5 HEJE B A
PR T AR 2SR 5 R RO 2L, A
I IS I PN O 3 7 A R T 1% e 3 S A X, 4 [
FEP™ HOWE W 7E W 1 A A7 AE /N B A AR X

Bl ) R R AR T EME 2 Oy R B, MR A 8
JUT 4 Tl s oAy 50 3 AR Al A A — B, i U UL
IA) il ) 32 RS O PR IR K e v fR TS



166 & ok L

Moo 2026 4

SRR 32 B R T S B R T 5% AR HE T B
W 2% DX 0] A 3 o W S I, DN i e R RR . S
O Al HETE T B W AR AR R T Tz
o DX, A Bl T PR AT 0 S L A
R, 23 5 B st e k5 WU PR R HETE 97 e I O
PLIEFE

100

80

60

TP/ -7

40

20

0
{3 & /mm
B9 AS[E]mg g 17 Ak i) R A A

Fig.9  Velocity distribution at different nozzle outlets

25 TR HETE B o E A R 0 B G
¥, AT R TR )Y 04 e DX A B R )l e 3 R A
RS sh 68, S v e O S, 53 A TR R ke
BN TR ARE G B R, P S BRI B
W% IS | oy ik L B T B, 7 X A TR A I 4 ) B 8
kB AT,
3.3 HRTHBEEMSEEERRKIZIT SN
303,10 W IR AR X SR O AR A R

Shy N 5ER A T RS W 1) S A AR B o BRI RCR T
Jr Wt 555 11 6T B I 00 5 ) ) PR PR 2R 0

MAHEARD W4 mm A HEBEKEL N3 mm,
AR o B 13.5° MEAE AR d O 2 mm MEGE K
L,y 4 mm WG BEKBE L, 5 mm B, BE5S 1 o, 53
HHL 60°.50°.40° 30 °F 17 M 1 51 3 R A LAY
HR A 45 40 2 BCHE ST RS R SHE AT 4 A 5] W5 5 A1 oo, XoF
W 55 S5 S R0 1 05 L A0 T

AN TR 5 R 2500 T, O EUREHLAS 21 (4 HE R 3L
WS I DA O 37 0 B 2 Rl e A T R Aan BT 10 (11 B
TNo TEHA A, W AR G B0 T, & 10a ~
10d WEME A 1T BE 2 1 26 AR L, 2% B o A8 Wt 55 X
S A 1B B R M BN o O B S R B s TR
R X5 ) 3 BBl — B, 2 R 00 AR Ak X 4 7 I 4
Fab , NGH B = B R 85T A R 50° B X5
M) 91 P T, 6 AR 7 i A I S B . WS R Ol 60°
T v 38 DX 1) 91 L B /1N, S SR £ Ry 40° 55 300 i R
DX 5% W) 91 Pl R A — 3, Mot S o e T DX 5% el 3 BT pR K
/MK IR R 50° 30° 40° 60°,

il Lla AT, 40 [R) 25 (0, oo 25 5 5 ff |, 58
SF el ) 90 A b AR [ A B e A Ak 3

=

(a) @, =60°

v/(m-s)

50.0 50.0

375 e _ 375 I
250 I ——s | | —
s

0

(e) @, =40° ) &, =30°
10 A [a) W 55F o W3 5 O 3 32 S == [
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in nozzles with different spray angles
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Tab.3 Content of marine mud particles in different

throat pipe lengths

USRS T e UKL & 4t/ %

BE/mm K5 1 Rk 2 5 3 e 4 5 5
3 32.18 32.74 32.38 32.63 31.98
4 32.96 32.43 33.11 32.7 32.86
5 33.03 32.83 32.76 32.47 32.51
6 32.94 32.82 32.58 32.78 32.45

x4 BEKEFESH
Tab.4 Analysis of variance for throat pipe length

7 2% A 77 Al i 77 F
I % 0.534 3 0.178 2.74
W 1.035 16 0. 065
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Tab.5 Content of sea mud particles with different

compression ratios

i Yo UK i/ %
g 1 g2 lE3 ke RS
2.03 32.99 33.37 33.52 33.04 33.53
2.28 32.61 32.97 33.44 33.35 32.69
2.53 33.09 33.11 32.75 32.75 32.48
2.78 32.87 32.84 32.78 32.89 32.84
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Tab.6 Analysis of variance for compression ratio

7 2% A 77 Al i %77 F
5ES 0. 677 3 0.226 3.22
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Tab.7 Orthogonal experiment factors and levels
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Tab.8 Orthogonal experiment design and results
TS A B (AxB), (AxB), c (AxC), (AxC), (BxC), (BxC), FH/%
1 1 1 1 1 1 1 1 1 1 22
2 1 1 1 1 2 2 2 2 2 42
3 1 1 1 1 3 3 3 3 3 35
4 1 2 2 2 1 1 1 2 2 29
5 1 2 2 2 2 2 2 3 3 33
6 1 2 2 2 3 3 3 1 1 38
7 1 3 3 3 1 1 1 3 3 37
8 1 3 3 3 2 2 2 1 1 58
9 1 3 3 3 3 3 3 2 2 44
10 2 1 2 3 1 2 3 1 2 28
11 2 1 2 3 2 3 1 2 3 35
12 2 1 2 3 3 1 2 3 1 32
13 2 2 3 1 1 2 3 2 3 37
14 2 2 3 1 2 3 1 3 1 39
15 2 2 3 1 3 1 2 1 2 43
16 2 3 1 2 1 2 3 3 1 42
17 2 3 1 2 2 3 1 1 2 26
18 2 3 1 2 3 1 2 2 3 36
19 3 1 3 2 1 3 2 1 3 29
20 3 1 3 2 2 1 3 2 1 34
21 3 1 3 2 3 2 1 3 2 33
22 3 2 1 3 1 3 2 2 1 32
23 3 2 1 3 2 1 3 3 2 35
24 3 2 1 3 3 2 1 1 3 30
25 3 3 2 1 1 3 2 3 2 42
26 3 3 2 1 2 1 3 1 3 38
27 3 3 2 1 3 2 1 2 1 57
K 114 244 84 100 53992.74 126 025 88 804 93 636 94 864 97 344 104 329 986
K3 101 124 99 856 110 224 90 000 115 600 129 600 120 409 119716 117 649
K§ 108 900 144 400 125 316 109 561 121 104 102 400 109 561 107 584 102 400
Q 36029.78 36484.00 36171.11 36176.22  36167.56 36181.78 36092.67 36071.56 36 042.00
S 22.52 476. 74 332.81 160. 3 259.93 99. 04

xR EXRBHAENN

Tab.9 Orthogonal experiment variance analysis

JrERIE BREFIIA HME By F P

A 22.52 2 11.26 0.27 0.7714
B 476.74 2 238.37  5.65  0.0267°
c 160. 30 2 80. 15 1.90 0.2153
AB 359. 11 4 89.78 2.13 0.173 6
AC 246. 22 4 61.56 1.46 0.3019
BC 123.11 4 30.78 0.73 0.594 6
W 337.77 8 42.22

Wox FREWEE(0.01<P<0.05),
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Fig. 12 Sea mud content at different rotational speeds
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Fig. 17  Curves changes in feeding speed and feeding distance

under different concentrations of bait mixture solutions
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