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5.Complex Variables Method (CVM)

1. Meta heuristic Optimization Method
2. Classical Optimization Method
3. Feasible Direction Method
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Table 1.Comparison of analysis results for cantilever beam
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Table 2. Changes in the displacement of the end of the beam
relative to the change in its length
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Sensitivity Log h
SAM FDM Present study

-0.69263583  -0.41821325 -0.417695581 -1
-0.43932132  -0.41795692 -0.417951744 -2
-0.42001759 -0.41795435 -0.417954306 -3
-0.41815991 -0.41795433 -0.417954332 -4
-0.41797488 -0.41795433 -0.417954332 -5
-0.41795637 -0.41795432  -0.417954332 -6
-0.41795452  -0.41795437 -0.417954332 -7
-0.41795473  -0.41795598 -0.417954332 -8
-0.41795100 -0.41796255 -0.417954332 -9
-0.41795900 -0.41768366 -0.417954332  -10
-0.41922021 -0.41122660 -0.417954332  -12
-0.62172489 -0.08881784 -0.417954332  -14

0.0 0.0 -0.417954332 20

T able 3. Changes in strain energy relative to change in internal
radius
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Sensitivity log h
CVM CVM Present study
1.021915465  1.05882479 1.058784 -1
1.047724898 1.058804725 1.058804 -2
1.057681095 1.058804524 1.058805 -3
1.058692041 1.058804522 1.058805 -4
1.058793271 1.058804521 1.058805 -5
1.058803389  1.058804528 1.058805 -6
1.058804386  1.05880452 1.058805 -7
1.058803978  1.058804866 1.058805 -8
1.058808152 1.058802823 1.058805 -09
1.058770849  1.058868548 1.058805 -10
1.055155963  1.044497822 1.058805 -12
0.976996262  0.976996262 1.058805 -14
0.0 0.0 1.058805 -15

Table 4 .Changes in strain energy relative to change in external
radius
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Present study Ex.a.Ct. (h and hy)  Calculated stress Exact stress X
sensitivity (mm) (MPa) (MPa) (mm)
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2321 58517 23515565; (2’:} 243291 243291 30
Z:ﬁzg 6713135833 (2’:} -23.4902 234901 40
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Table 5. Changes in beam stress relative to changes in height of both sides of the beam
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Sensitivity
CVM FDM Present work Logh

2.591234 2.582067613 2.593931 -01
2.588082 2.587991315 2.58811 -02
2.588051 2.588050039 2.588051 -03
2.588051 2.588050627 2.588051 -04
2.588051 2.588050574 2.588051 -05
2.58805  2.588050439 2.588051 -06
2.588049 2.588048886 2.588051 -07
2.588041 2.587970549 2.588051 -08
2.587571 2.588146586 2.588051 -09
2.585985 2.595950122 2.588051 -10
2.845724  2.794209308 2.588051 -12
3.907985 -54.88942634 2.588051 -14

0 0 2.588051 -16

Table 7. Stress changes in the beam relative to the change in
height of its end
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Abstract

On the mechanics of solids, in many cases, the body is affected by mechanical force and heat load
simultaneously. One of the most widely used and important parameters in the optimal design of engineering
problems is the utilization of the sensitivity numbers respect to the values of its design variables. Sensitivity
numbers or derivative of a function with respect to a design variable show how a dependent variable responds
to the design variables changes. The present paper analyzes sensitivity in thermomechanical problems using
the complex variables method (CVM). The most important drawback of past methods for the analysis of
sensitivity values such as finite difference method (FDM) and semi-analytical method (SAM) is the
dependence of the calculated values of sensitivity numbers on the step size, which leads to unreliable answers.
Complex variables method is a new robust approach that uses a Taylor series extension in a complex space
and which is not sensitive to step size, disturbance and given that during the computational process, subtraction
of two numbers is almost equally avoided, so does not influence from error caused by removing meaningful
figures that commonly occur in finite difference method due to subtracting of two near the number. As a result,
it is possible to achieve accurate answers by choosing a small step size. Also, it has some potential advantages
over other methods. At first order sensitivities using the complex variables method, the implementation is
straightforward, only requiring a perturbation of the finite element mesh along the imaginary axis.
Implementation of sensitivity using complex variables method requires complex variable finite element code
such that complex nodal coordinates can be used to implement a perturbation in the shape of interest in the
complex domain. All resulting finite element outputs such as temperature, displacements, strains, stresses, etc.
become complex and accurate derivatives of all finite element outputs to the shape parameter of interest are
available. So, unlike most methods, using the proposed method does not require calculations to select the
appropriate change in step size. However, the value of the change in step size is not known in advance and
changes from one problem to another. Therefore, it is necessary to repeat the simulation to ensure the results.
The study found that the source of the rounding error was due to the rotation of the element, this also makes it
difficult to use two methods, semi-analytical and finite difference. In this case, the use of CVM is not limited
and can be achieved by effective answers without worrying about the small step size. In the present study, to
examine how efficient and valid the proposed method is, how it works to solve several thermomechanical
problems is described. The methodologies are demonstrated using two-dimensional finite element models.
Obtained sensitivity derivatives are compared to the semi-analytical solution and also finite difference method
and it is shown that the proposed method is effective and can predict the stable and accurate sensitivity results.
The complex variable method presented in this study can be used to solve a wide range of engineering problems.

Keywords: Sensitivity analysis, Thermomechanical problems, Complex variables method, Finite element
method
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