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Probabilistic Structure Design of Automatic Salt Collector
Using Reliability Based Robust Optimization

AKX 1™
SNokS)

Chang Yong Song"

{Abstract)

This paper deals with identification of probabilistic design using reliability based
robust optimization in structure design of automatic salt collector. The thickness sizing
variables of main structure member in the automatic salt collector were considered
the random design variables including the uncertainty of corrosion that would be an
inevitable hazardousness in the saltern work environment. The probabilistic constraint
functions were selected from the strength performances of the automatic salt collector.
The reliability based robust optimum design problem was formulated such that the
random design variables were determined by minimizing the weight of the automatic
salt collector subject to the probabilistic strength performance constraints evaluating
from reliability analysis. Mean value reliability method and adaptive importance
sampling method were applied to the reliability evaluation in the reliability based
robust optimization. The three sigma level quality was considered robustness in side
constraints. The probabilistic optimum design results according to the reliability analysis
methods were compared to deterministic optimum design results. The reliability based
robust optimization using the mean value reliability method showed the most rational
results for the probabilistic optimum structure design of the automatic salt collector.

Keywords : Reliability Based Robust Optimization, Probabilistic Structure Design,
Mean Value Reliability Method, Adaptive Importance Sampling
Method, Automatic Salt Collector
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Fig. 1 System configuration and FEA model
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Table 1. Design load cases

Load cases

Design loads Loading Operating Braking

[LC1] [LC2] [LC3]

Salt collector
weight (0.2 ton) v v

Drive & power part
weight (0.23 ton)

Towing part weight
(0.07 ton)

Wheel part weight
(0.03 ton)

Inertial load (1.0 G)

Max. salt collecting
capacity (0.7 ton)

S O NN
S U U

Max. towing
capacity (490 N)

Acceleration at
operating (1.25 G)

S N N N N N

Acceleration at
- v

braking (-1.25 G)

TR e Ak 2=l Abaqus/
Implicit[81& ©l8ste] staxd ¥ g2 (Max.
von-Mises stress)e ARESIRAL, Alm PE-5HS
7Eos FRRMHEE BRIt FRE

7152 derd E Aol ARdEdEl
85%%1 183 MPa ©oJsfel g0 A&t Zow

WHSHATHO). FEA 7|9 Brids B7HEve &

20] Zgesto] LER L.

Table 2. Strength performance results

Structure  Max. von-Mises stress [MPa] Safety
part LC1 1C2 LC3 check
Overall - 0cr 1492 1738 OK
structure
Main frame  166.2 142.0 164.2 OK
Rail frame 151.7 149.2 155.5 OK
Collector 51 5554 541 oK
frame
Bracket 159.9 139.7 173.8 OK
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Fig. 2 Stress contour results of LC3 [unit: MPa]
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Table 3. Definition of random variables

vaible ™ ope  varaie e
X 10 % Normal 4 5.0 mm
X 10 % Normal 5} 1.5 mm
X; 10 % Normal ) 2.5 mm
X 10 % Normal 4 0.8 mm
X; 10 % Normal t 3.7 mm
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Table 4. Comparison of design optimum [unit: mm]

4 f ] 4 5
(o (@ (@ (@ (9
RBRO with 45 1.4 20 08 36

MVRM GDh GO GO G0 ‘o6
RBRO with 45 14 25 1.0 3.0
AISM GDh GO 66 3 6D

Deterministic -1 6 53 g6 20
optimization

Method

Table 5. Comparison of objective and constraint

functions
Constraints [MPal  Obj. # of
Method ’
Ic1 12 1c3 kg FEY
RBRO with
MVRM 172.40 14749 169.85 169.25 1,213
RBRO with
AISM 165.85 144.13 168.82 170.05 7,502
Deterministic
optimization 182.73 16690 160.11 136.26 74
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Fig. 4 Convergence results of objective function
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