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Original Research Paper The semi-analytical method (SAM) is an approach that computationally efficient and easy to
Received 29 January 2018 implement. That's why this method often used for the sensitivity analysis of finite element models.
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. § ! However, SAM is not without defect especially in problems that rigid body motions are relatively large
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reveals severe inaccuracy. Such errors outcome from the pseudo load vector calculated by
differentiation using the finite difference method. In the present paper, a new semi-analytical approach

Keywords: ? : i g !

Di?:e)(re :ensilin'r)' analysis (DSA) basled on complex .varlab]es is proposeq to compute thc'a sensitivity of noni;n_e:?r finite el.emenl mf)dels.
complex variable method (CVM) This method combines the complex variable method with the discrete sensitivity analysis to obtain the
Semi-analytical method (SAM) response sensitivity accurately and efficiently. The current approach maintains the computational
Finite element method (FEM) efficiency of the semi-analytical method with higher accuracy. In addition, the current approach is

insensitive to the choice of step size, a feature that simplifies its use in practical problems. The method
can be used to nonlinear finite elements only requires minor modifications to existing finite element
codes. In this paper, the authors demonstrate that the discrete sensitivity analysis and the complex
variable method are equivalent and solve the same equation. Finally, the accuracy of the method is
investigated through the various numerical examples by comparing by other methods and will show that
this method is reliable and independent of step size.
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Abaqus software (for g=3)
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Table 3 The convergence of horizontal displacement # and its
derivation relative to L

e de2 33 KRS A= ‘

du Z(in-"m} u(in) Gole;  pledl olaws

— TR

dL T

- - -0.2108 -0.2070 0.2 10
43.6907 50.4711 -0.3743 -0.4180 0.6 40
15.6271 18.1459 -0.4436 -0.5106 2.6 160
4.3920 5.1186 -0.4640 -0.5382 10.5 640
0.5476 0.6401 -0.4666 -0.5417 17.4 1000
0.5980 0.6994 -0.4694 -0.5455 49.8 2560
0.2919 0.3425 -0.4707 -0.5473 306.3 10240
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(2560

Table 4 The results of sensitivity analysis du/dL in the beam problem
with ¢ = 3 (model with 2560 elements)

FDM TSAM eolpiin SAM A5 o3l
-1.4006 -3.8071 -1.4618 LE-02
-1.4006 -1.4732 -1.4012 1L.E-03
-1.4006 -1.4500 -1.4006 LE-04
-1.4006 -1.4498 -1.4006 1LE-05
-1.4006 -1.4498 -1.4006 LE-06
-1.4006 -1.4498 -1.4006 LE-07
-1.4006 -1.4498 -1.4006 1L.E-08
-1.4006 -1.4498 -1.4006 1.E-09
-1.4006 -1.4498 -1.4006 LE-10
-1.4007 -1.4497 -1.4006 LE-11
-1.4024 -1.4504 -1.4006 LE-12
-1.4122 -1.4434 -1.4006 LE-13
-1.2212 -1.4789 -1.4006 LE-14
-0.2220 -1.4748 -1.4006 LE-15

p5 slaghy, Gl e slaty, was e (LA 293 45 Ceul anie
5 L TSAM (o au 38 o5 Coje oad a1 3y 5 9w slan e
3 093 50 o8 Jobo 4 (Kol pas p ogdle
S 5o (SSIS Sjge 4 (s ik g s pA L 8 [ b
L0 1 TSN, S TR LY TN PR e e L |
Ot IS VL polie sl Ll ol J8 b LB (Jas 8 g e (23
U Wncgurlins pt bl i pledl B 5 ogboo siduy W)
X agpde o plraly > oo SIS Gl oS 5 ol IS8T gol;
ORI & S (St et g (a3 (53 L el (g alols 2l

o alis (sl giluand (oo o) avalie 5 Jour

Table 5§ Comparison of execution times in the beam problem
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Table 2 The convergence of vertical displacement v and its derivation
relative to L
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dv/dL v iy " Ocey el
- - L0038 25826 02 10
21.3725 22.5985 -1.2767 -3.3366 0.6 40
6.7357 7.4411 -1.3689 -3.6048 26 160
18077 20364 -13041 36797 105 640
02222 02523 -13972 36891 174 1000
0.2426 0.2763 -1.4006 -3.6993 498 2560
0.1183 0.1356 -1.4023 -3.7043 306.3 10240
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Fig. 4 Comparison of tip of the beam displacement with solving of
linear and nonlinear finite element for various loading
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Fig. 5 Comparison of tip of the beam displacement sensitivity with
respect to length with solving of linear and nonlinear finite element for
various loading
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Fig. 2 Graph of relative error percentage in terms of number of
elements for displacements and sensitivities
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Fig. 3 Fit graph of relative error percentage in terms of number of
elements for displacements and sensitivities
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Table 6 The convergence of temperature 7(r=r,) and its derivation relative

to r, and kg

S ;3

Sy

dr ar L2 = L r kel slows
EJ‘“"“ = POy O dky dr,

x x ~ 186.5094 -47.9582 463.3565 22
20,7518 64974 2.0497 235.3482 -51.2907 454.0498 72
1.5635 1.6911 0.1591 239.0864 -52.1730 453.3285 288
0.3423 03613  0.0351 239.9076 -52.3622 453.1693 840
0.0999  0.1015 0.0101 240.1476 -52.4154 453.1237 1869
0.0528  0.0531 0.0054 2402745 -52.4433 453.0994 4224
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Table 7 The results of sensitivity analysis dT/dkg in the heat problem

(model with 840 elements)

FDM TSAM ot SAM ‘pb‘ o3l
239.9076 240.5400 239.9076 1.E-02
239.9076 2399139 239.9076 1.E-03
239.9076 239.9077 239.9076 1.E-04
239.9076 239.9076 239.9076 1.E-05
239.9076 2399076 239.9076 1.E-06
239.9076 2399076 239.9076 1.E-07
239.9076 239.9075 239.9076 1.E-08
239.9068 239.9071 239.9076 1.E-09
239.9102 239.9014 239.9076 1L.E-10
239.9501 2398821 239.9076 1L.E-11
238.7522 239.5666 239.9076 1.E-12
235.9765 241.5845 239.9076 LE-13
209.3138 349.5870 239.9076 LE-14

-7.5815 -312.6388 239.9076 L.E-15
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Fig. 8 Fit graph of relative error percentage in terms of number of
elements for temperature and it's sensitivities
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