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Optimization of Dredging Plate for Dredging Robot
Based on Static and Dynamic Characteristics

LUO Jiman ,LIU Siyuan ,GUO Songtao ,DAI Lulu

(School of Mechanical Engineering, Shenyang Jianzhu University , Shenyang,China,110168)

Abstract ; In order to realize the light weight of the dredging device and improve its working relia-
bility ,and the static and dynamic characteristics of the disk was studied by the combination of pa-
rameter optimization and topology optimization. Firstly, the optimization objective and sequence
optimization method were determined by finite element analysis before optimization. The mathe-
matical model of parameter optimization was established to optimize the basic disk by taking the
minimization of quality as the optimization goal and using the stress and flexibility as the con-
straints to establish the parameter optimization mathematical model. A topology optimization model
is established to optimize the topology of the dredger by taking the minimum flexibility as the opti-
mization objective and the volume default ratio and stress as the constraints. Finally, the static and
dynamic finite element comparison and analysis of the optimized dredging disc was carried out.
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The quality of the structure is reduced by 37. 94% ,the area of water intake is greatly reduced, The

maximum deformation changes were 3. 04% and 11. 07% respectively,and the structural stress de-

creased by 55.24% and 87.97% respectively. The optimization of dredging plate has achieved the

goal of lightening and reducing the water intake rate. The stiffness and strength of the structure

meet the design requirements and the dynamic performance has been improved.

Key words: pipeline dredging robot; dredging plate; static and dynamic performance ; parametric

optimization ; topology optimization
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Fig.3 Force diagram of dredging plate

15 XOY T ¥ J4 £ 3E47 52 J1 73 W 15 1)
A (1) K (2):

F. =0,
2F (1)
F, —F, +F, =0.
F, =0,
2 F (2)

F, —Fy +G =0.
Xt O.C PR AT AR AR 2I(3) |
X (4):

ZMO :0,
F, XAz, —Fy XAz, +F. xAz,, =0,

F,, xAz, —Fy xAzpy +F, xAz,, =0.

2 M, =0,
F, XAz, —F, %Az, +F, xAz, =0,
Fy x Az, —Fy, xAzye +F, x Az, =0.
(4)

RS PR AT B KA L K AE AR )
v, Hor Fo F 005 A RARTE X R Y
JrTa A2 T35 F, b 045 0 0 1) 2 £ 5
F, A IR PET AR 1) 20007 5 G MV TR A1
H B EH1;AZAO FoR A M O S7E Z Jr1H)
M ELIE B M, M 53 R RTE O S C
S A

i 1& 3 s (1) ~ 3 (4) el o.C
PIALZ SR 3 A8 AE A T8 8 45 1 7 e R Ak
fE O JF1 C 5.
2.2 MRALBIBRITENFEST

TETH RS 7 ) A ) 08 T R v R )
R T 7 25 M AR R TR fa RS
GRS WP IR AN A B R SRV E
e TR A AR SR A& B T 00, SR BR oG #
FIEOT BT 1 RS BEA T 1 08T, LA
RN AR A AR B R R 1 = ], Her S
FRI) ] 356 B ) SRR ) 56 48 R T 4% 358 X
BB A RTRL, MBHE L2 1.



1102 ThoBH A KW (H KRB 534 5

Fz1 MEEN
Table 1 Material properties
THIRE PR i/ —_— R/
K 10~ °pa (kg-m™?)
ES NI 0.21 0.31 7 850
ENCP 2 7.10 0.33 2770
XTI AL BEAT R T Ak, 25 3 — 2L 41
ZINFFAIE XS 45 46 B R 1) P RE 2 AR/, AR TR 3% 0100 200mm
2 P D B 00 SR PR AR AR AN B A SRt 4 AR TR
AT 735 5 1 i Ak ) H X 45 K6y 32 47 B Ak Ak Fig.4 Finite element model
B, p 7S TR AR OO A% R L I T A 1) A BT W B A5 T ol kT [ S 2R, 7

b BRI T iR 25 G T LA i v 19 T I3 ER R F. =500 N Al F, =200 N ]
454, B M HEX Dominant 7S KR BICHEAT  BIRH 7, s S4TSR A , 50 7 5K e 1 A8 T i
Rk 153, 15351 53 670 ASHITH 162 893 4 Jy = KU 5 iR, 4 RIS 5 03 2.
TR A ROTR R LI 4.

W /mm i 71/MPa
0.216 96 max 21.318 max.
0.19497 18.9%¢
0.17298 16522
1151 -
0.12901 1872
0.10702 Sl
0.085037 Vs
0.063 05 -787
0.041 064 24255
0019077 min 0.063 921 min
-’ \ ' K “,/
0 100 200 mm 0 100 200 mm
—
()EMTRE (b)EEALAERN F1
A /mm RJ1/MPa
0.018 316 max 18.775 max
0.01628 16.689
0.014245 14.603
0.01221 12517
0.010175 1043
0.008 1402 8.3444
0.006 1052 62583
0.004 0701 41722
0.002 0351 2.086 1
0'min 2.4267x 10 min
0 100 200 mm 0 100 200 mm
—_— —_—
()ERAETEHE ()EMEHN S E
A mm

0.310 71 max
0.289 61
0.268 51
0.24741
0.22631
0.20522
0.18412
0.163 02
0.141 92
0.120 82 min

0 150 300mm 0 150 300mm
(OHBRZTE (OR BB I



%5 6 1 B ok 2 55 ST sl AR R B TR TS LA A TR S i AL o 1103
E’ﬁ'ﬂ;& ol BEAIMPa
g max 21.061 max

dlsels i%z:zsg

0.170 62 14.058

0.15785 11.724

0.14509 9.3997

0.13233 7.0555

0.11956 4.7213

8:‘1’82%35 min %Z(B)g; ;48 min ‘!
0 100 200mm 0 100 200mm
| =eeee| | =]
()FEINEFE (h)F) 7D 435 R A
B 5 ERECHEEAERIT AT
Fig. 5 Finite element analysis of key parts of dredging plate
Fz2 ARTESIIEER
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Table 4 Comparative analysis of statics before and after optimization
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Table 5 Mode frequencies comparison before

and after sequential optimization
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