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Optimization of the cross-section of hollow bars under torsion using the method
of fundamental solutions
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ARTICLE INFORMATION ABSTRACT

Original Research Paper The method of fundamental solutions is a boundary-type mesh-free method, which is very suitable for
Received 13 August 2017 problems with unknown or moving boundaries. In this paper, the method of fundamental solutions is
Accepted 18 October 2017 employed for shape optimization in torsion problems. The objective of this work has been to find

Available Online 18 November 2017 ) .. N . L . .
optimum corners radii of hollow cross-sections under torsion for minimizing the maximum stress. First,

it is shown that for the optimum value of the corner radius, the maximum shearing stress on the outer

Keywords: - . - . .

Mg;hod of fundamental solutions boundary should be equal to the shearing stress at internal corner. Considering this fact, a suitable
Torsion objective function is defined and then it is minimized using the Levenberg-Marquardt method, which is
Hollow member a gradient-based optimization method. The configuration of collocation and source points has a very

Two-constraint method

important effect on the accuracy of the solution in the method of fundamental solutions. Here, a two-
Levenberg-Marquardt method

constraint method is used for proper configuration of source and collocation points. To verify the
accuracy of the developed code for torsion analysis of hollow members using the method of
fundamental solutions, an example with a hollow elliptical domain is presented. The obtained numerical
results are compared with the results of exact solution, which show a very good agreement. The
optimum values of corners radii for members with square, rectangle and trapezoid cross-sections and
different thicknesses have been successfully found. Then, using the obtained results, a formula for the
optimum value of the radius of internal corners of hollow rectangle cross sections is constructed.
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Fig. 6 Hollow square cross section
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Table 3 Parameters used in Levenberg-Marquardt algorithm
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Table 4 The optimal corner radius with respect to thickness for the
hollow square under torsion
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0.133 0.02
0.136 0.04
0.139 0.06
0.141 0.08
0.143 0.10
0.144 0.12
0.145 0.14
0.146 0.16
0.147 0.18
0.148 0.20
0.151 0.22
0.153 0.24
0.156 0.26
0.159 0.28
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Table 1 The relative error of the solution for the hollow elliptical cross-
section under torsion
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2.40 x 103 1.50 x 101 1.06 x 1072 48
3.20 x103 1.60 x 102 1.00 x 108 70
5.30 x103 9.06 x 1073 2.40 x 10+ 122
9.30 x10° 6.07 x 1073 7.60 x 10° 222
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Table 2 Experimental and numerical values of the angle of twisting at
the yield point for several hollow rectangles based on reference 1
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197.5x99.5%x7.79x8.85 S275J2H 1.6 21 214 162
149 x 149 x 6.09 x 8 S275J2H  1.35 1.8 183 140
199 x 100 x 7.93 x 8.75  S335J2H 1.8 225 226 170
1495 x 1495x579x 8  S335J2H 1.9 2.2 220 171
! Finite element

2 Thick wall theory
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Fig. 8 Hollow trapezoidal section
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Table 6 The optimum corner radii with respect to thickness for the
hollow trapezoidal section under torsion
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0.156 0.155 0.02
0.158 0.158 0.04
0.161 0.160 0.06
0.164 0.160 0.08
0.167 0.159 0.10
0.170 0.157 0.12
0.174 0.155 0.14
0.174 0.153 0.16
0.177 0.151 0.18
0.179 0.149 0.20
0.180 0.150 0.22
0.182 0.150 0.24
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Fig. 7 Hollow rectangle cross section
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Table 5 The optimal corner radius with respect to thickness for the
hollow rectangle under torsion
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0.178 0.02
0.179 0.04
0.181 0.06
0.184 0.08
0.186 0.10
0.187 0.12
0.188 0.14
0.188 0.16
0.188 0.18
0.189 0.20
0.189 0.22
0.189 0.24
0.190 0.26
0.191 0.28
0.192 0.30
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Table 7 Comparison of the maximum shear stresses of the sections of

table 2 with the maximum shear stresses of the sections with optimum
curvature radius
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