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probabilistic design methodology

Alireza Saadat!, Ehsan Barati®"

1- Department of Aerospace Engineering, Malek-Ashtar University of Technology, Shahinshahr, Iran
2- Department of Mechanical Engineering, Malek-Ashtar University of Technology, Shahinshahr, Iran
* P.0.B. 8315734194, Shahin Shahr, Iran, e_barati@mut-es.ac.ir

ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper the methodology of reliability analysis in aerial structures has been developed. This
Received 21 July 2016 methodology has been carried out on a special specimen. The selected specimen is a cylinder strut of the
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© ! landing gear system of a training airplane. This specimen is one of the most important parts of the
Available Online 14 September 2016

landing gear system. Because of its special shape, no analytical solution exists for calculating the stress
in it. Therefore, by means of the surface response method and Box-Behnken tables, a deterministic

Keywords:

Reliability equation for calculating the stresses in critical points of the specimen has been produced. So, in order to
Monte Carlo simulation obtain the reliability of this part via probabilistic method, Monte Carlo simulation has been used. The
Response Surface method applied loads have been modeled with one pressure, one bending moment and one concentrated force.
Box-Behnken tables These loads have been assumed to be independent random variables. Also, the probability distribution

Cylinder strut function of the pressure and the bending moment have been assumed to be normal and the probability

distribution function of the concentrated force has been assumed to be lognormal. The dimensions of the
specimen are deterministic and the mechanical properties of the material are a normal distribution with
standard deviation equal to 10 percent of its mean value. The results showed that the minimum
reliability of this specimen is 99.9997 percent. So, the design of the cylinder strut is safe for aerial
applications from the point of reliability.
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® Out Board mode
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Rp of Bearings

Fig. 2 The applied forces to landing gear in Out Board mode
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Table 2 Values of problem parameters in deterministic method

b bl il J5ls Jsd oo 5 yoe S50
(MPa) (MPa) (Nm) )
447.85 2.35 6658 6945.48
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Table 6 Obtained results of problem simulation

Olimobl cullB s o clss Jloixl S ol digad Sl
100 0.00 0 50
100 0.00 0 107
100 0.000 0 10°
100 0.0000 0 10°*
100 0.00000 0 10°
100 0.00000 0 10°
99.9997 0.000003 3 10°
99.9999 0.000001 1 10°

* Landing and Take off
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Table 4 Three level combinations of stress influenced variables and
external values relation to each combination

Y M P F b
|zl
204.417 6658240 1.88 5556.384 1
204546 6658240 2.82 5556.384 2
218.956 6658240 1.88 8334.576 3
219.085 6658240 2.82 8334.576 4
169.465 5326592 2.35 5556.384 5
239.499 7989888 2.35 5556.384 6
184.004 5326592 2.35 8334.576 7
254.037 7989888 2.35 8334.576 8
176.67 5326592 1.88 6945.48 9
246.703 7989888 1.88 6945.48 10
176.799 5326592 2.82 6945.48 11
246.832 7989888 2.82 6945.48 12
211.751 6658240 2.35 6945.48 13
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Table 5 The values of linear regression coefficients

e O Sy oy e g Sy oy
-5.7x10* Ps -4.62x107 i
7.05%107 P 5.233x107 B
1.61x10™% Pa 1.399x10* Ps
-1.4x10™ Po 2.63x10° Ba
1.01x10™Y Po 6.48x10™ Ps
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Fig. 6 The alterations graph of Performance Function with 1000000
sample
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Fig. 4 The Performance Function histogram with 100000 sample
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Fig. 5 The Performance Function histogram with 1000000 sample
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