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The Reliability-Based Design Optimization for the Military Communication
Equipment considering the Design Uncertainty
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ABSTRACT

The military communication equipment is required the high reliability for operating adequate
functions under severe conditions. This reliability is the essential element for the quality of the
product, for the uncontrolled factors, such as the clearance, damage of the material, the reduction of
stiffness, which are the designer is unable to handle. In this paper, the uncertainty for the design was
supposed to the probability model for the military communication equipment, and the average of the
objective function was minimized for reducing design uncertainty. The reliability-based design
optimization which was implemented the limit state function was formulated into the mathematical
model, so the reliable optimized structure was implemented than the base-line design.
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Table 1 Design Variable information for Optimization

o,

gj;iagii liES(Snir_n) Min | Max | Increment
Upper plate 2.5 1.0 5.0 0.5

Outer rib 13.5 3.0 | 15.0 0.5
Bottom rib 6.5 2.0 | 10.0 0.5
Back plate 2.5 1.0 ] 5.0 0.5

Bracket 2.5 1.0 | 5.0 0.5
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Table 2 The resonance frequency for base-line design

Mode (No.) Frequency (Hz)
1st 168
2nd 180
3rd 373
4th 489

3 Mode shape 4" Mode shape
Figure 3 The Mode shape for base-line design
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Figure 4 The Design variable history for optimization
procedure
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Table 3 The comparison of design variables between
base-line design and optimized design

Design variable Base-|ine Opt imi zed
design(mm) design(mm)
iy 2.5 2.0
(OF:JStHeErLLr igb) 13.5 1.5
(Pl 9) 6.5 3.0
E(gsgtlEﬂaé? 2.5 1.0
( PBSrHaECLkLe t1 ) 2.5 5.0
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Figure 5 The objective fuﬁg;ion history for optimization
procedure
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Table 4 The comparison of the total mass between base-
line design and optimized design

Total mass
for optimized design

Total mass
for base-line design

13.9 kg 11.8 kg
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Table 5 The resonance frequency for optimized design

-~

Mode (No.) Frequency (Hz)
st 179
2nd 192
3rd 278
4th 318

~ 1% Mode shape

Mode shape
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4" Mode shape

3" Mode shape
Figure 6 The Mode shape for optimized design
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Table 6 Design Variables for RBDO
Design Variable | Mean | Standard deviation

Upper plate 2.0 0.005
Outer rib 11.5 0.005
Bottom rib 3.0 0.005
Back plate 1.0 0.005
Bracket 5.0 0.005
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Figure 7 The random design variable distribution for
primary variables in 3D
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Figure 8 The random design variable distribution for
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