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A Study on the Static Sensitivity Analysis Algorithm
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Abstract : To design a structural or a mechanical system with the best performance, the main
procedure of a typical design usually consists of repeated modifications of design parameters and the
investigation of the system response for each set of these parameters. But this procedure requires
much time, effort and experience. Sensitivity analysis can provide systematic information for
improving performance of a system. The author has studied on the development of the structural
analysis algorithm and suggested recently the transfer stiffness coefficient method(TSCM). This
method is very suitable algorithm to a personal computer because the concept of the TSCM is
based on the transfer of the nodal stiffness coefficients which are related to force and displacement
vectors at each node. In this paper, a new sensitivity analysis algorithm using the concept of the
TSCM is formulated for the computation of state variable sensitivity in static problems. The trust of
the proposed algorithm is confirmed through the comparison with the computation results using
existent sensitivity analysis algorithm and reanalysis for computation models.
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Table 1 Comparison of displacements for com-
putation model I [m]
Method
) FEM TSCM
Node (i)
1 9.7087e-4 9.7087e-4
2 2.1845e-3 2.1845e~3
3 3.6408e-3 3.6408e-3
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Table 2 Sensitivities of displacements for com-
putation model 1

Sensitivity| ox; dx; 0x;
Node (1) A, 0A; dA;
1 -3.2362 0 0
2 -3.2362 | -6.0680 0
3 -3.2362 | -6.0680 | -14.5631
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Table 3 Comparison of reanalysis results and
estimated results for model 1

(a) A, = 33x10* m’®

Node %, [m] 2 [ml] percentage
(1) ' error [%]
1 8.8261e-4 8.737% -4 99.0
2 2.0962e-3 2.0874e-3 996
3 3.5525e-3 3.5437e-3 99.8

(h) A, = 36x10* m’

Node %, [m] = [m] percentage
(i) ! error [%)]
1 8.0906e-4 | 7.7670e-4 96.0
2 2.0227e-3 1.9903e-3 98.4
3 3.479%0e-3 | 3.4466e-3 99.1
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Table 4 Comparison of displacements for com-—
putation model O [m]

Method

Node (1) FEM TSeM

1 5.4369¢~3 5.4369e-3

2 2.0194e-2 2.0194e-2

3 4.1942e-2 4.1942e-2

4 6.8350e-2 6.8350e-2

5 9.7087e-2 9.7087e-2
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Table 5 Sensitivities of displacement for com-
putation model T [x10%

Node | dy; ay; ay; Ay, ay;
§8) al ol, ol al, als

1 |-0.4078 0 0 0 0

2 1-1.19421-0.3204| O 0 0

3 1-1.9806|-0.9320|-0.2330| O 0

4 -2.76701~1.5437 | -0.6699| -0.1456 0

5 {-3.5534|-2.1553]~1.1068|-0.4078|-0.0533
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Table 6 Comparison of reanalysis results and
estimated results for model O

(@ I, = 1.4667x10° m*

Node -~ percentage
() i [m] yi lml error [%]
1 4.9426e-3 4.8932e-3 99.0
2 1.8358e-2 1.8602e-2 101.3
3 3.8129¢-2 3.9301e-2 103.1
4 6.2136e-2 6.4660e-2 104.1
5 8.8261e-2 9.2350e-2 104.6

(b) I; = 1.6000x10°® m*

Node ~ percentage
(0 i ml yvilml o or o)
1 4.5307e-3 4.3495e-3 96.0
2 1.6828e-2 1.7010e-2 101.1
3 3.4951e~2 3.6660e-2 104.9
4 5.6958e-2 6.0971e-2 107.0
5 8.0906e-2 8.7612e-2 108.3
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