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Fig.1 The probe structure model
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Tab.1 Performance indicators of commonly used materials

MEL AR o/MPa o /MPa E/GPa plg-cm?
AN 316L 175 480 205 7.98
AW 321 206 520 206 7.93
AN 304 205 520 205 7.93

RN 454 335 590 206 7.75
PN 404 314 549 206 7.70

AE4 Lyl2 255 412 70 2.78

HBESE Led 402 530 71 2.80
RERFRTE T1230 60 91 22 122
RERFRER Tx1005 58 90 21 1.20
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Fig.4 Probe material distribution
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Tab.2 The influence of each weighting factor on

system optimization

2R R C, .
1:1:1:1 +
1:0.8:1.2:1 ++ +
1.1:0.6:1.2:1.1 ++ ++

e P X Sk A O IR, PR B8 AT 20 A
7B TN LR B iR O B2 PR, TR
Bt B EER AT 3 R PR 7 56 Sk
AL AN IE] 8 FTs o

BKMETX1005 REKEREET1230

REBENASH  2aeLc12
/

B8 IRAMERLEH

Fig.8 Basic structure of the probe
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Tab.3 Force simulation results of different heads at different

angles of attack

&7
FE FREI(°)

X/N Y/N ZIN
[ I 750 Sk 0 0.01 1.53 0.01
2 [ Y S 0 0.00 1.72 0.00
B T Sk 0 0.00 1.45 0.00
[ P TS 15 1.91 2.13 0.00
2[5 Al Sk 15 1.95 2.17 0.01
R4 TE K& 15 1.96 2.01 0.00
[5] 2 50 3k 3 30 3.33 3.54 0.05
HFALTE 30 3.37 3.56 0.02
9] SS 30 3.35 3.39 0.02
BUFRFILER 45 3.72 4.93 0.15
HFASLE 45 3.75 4.89 0.05
R LB 45 3.71 472 0.06
[ 1 70 3L 3 60 3.35 6.43 0.26
HFEBLE 60 3.49 6.18 0.00
R TE K& 60 3.39 6.01 0.06
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Fig.12 Force analysis of the probe during sinking
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Fig.13  Decomposition of the resultant force of the probe
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Tab.4 Data processing results when the angle of attack is 0°

WE S FABEI(°) A1 YIN
[ S 7 Sk 0 1.53
2[R AU LS 0 1.72
[B3]  74 S 0 1.45

] FIAET A Ry 0°Ht, 2R BRI S Y Total Force
Y BoR, iz stk i o B
R5 WAMHA 15°,30°,45°,60° R HIEIBALIBLE R

Tab.5 Data processing results when the angle of attack is 15°,

30°, 45°, 60°
VES ol G2 F/N
1(°) X/N Y/IN ZIN

BIFRALSES 15 1.91 2.13 2.86 2.39
LRI 15 1.95 2.17 2.91 2.44
BIHERSLTS 15 1.96 2.01 2.81 2.42
BIPAALAES 30 3.33 3.54 4.86 4.65
PR 30 3.37 3.56 4.90 4.69
FIHERLES 30 3.35 3.39 471 4.60
[EIFRALES 45 3.72 4.93 6.17 6.12
R 45 3.75 4.89 6.16 6.11
FIHERISGES 45 3.71 472 6.00 5.96
BIPAHLEE 60 3.35 6.43 7.24 7.24
HEAEELEE 60 3.49 6.18 7.10 7.10
BIHERLSES 60 3.39 6.01 6.90 6.90
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Tab.6 Ranking and W values of different heads at

different angles

0° 15 30° 45°  60° 14
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Optimized Design of the Profile Probe Structure Based on Concurrent Subspace
Optimization (CSSO)

SONG Hai—run,CHEN Zhen—tao, WANG Xiao—lei, YANG Hui-bing
College of Meteorology and Oceanography, National University of Defense Technology, Nanjing 210000, Jiangsu Province, China

Abstract: In marine hydrological detection systems, the profile probe is the core of the entire detection system
and the performer of the detection work. In order to obtain accurate and effective detection data, it is necessary to
further optimize the design of the disposable probe. The profile probe is designed to use the concurrent subspace
optimization (CSSO) in multi—disciplinary design optimization (MDO). Firstly, the system is analyzed, with the
approximate model of the system analysis obtained. Secondly, the parallel sub—disciplines are optimized, and the
system analysis model is updated again, before finally verifying the convergence of the optimization model.
Combined with the structure of the profile probe, the head is optimized and three design methods of ring,
semicircle and cone are given in this paper. The CAD software is used to draw the 3D simulation model, and
then the CFD software is used to simulate the fluid working environment, and finally the semicircular head probe
is optimized to design the probe.

Key words: expendable probe ; multi—disciplinary design optimization; concurrent subspace optimization (CSSO);

convergence test





