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Abstract

Optimization has been developed to minimize the cost function while satisfying constraints.
Nonlinear Programming method is used as a tool for the optimization. Usually, cost and con-
straint function calculations are required in the engineering applications, but those calculations
are extremely expensive. Especially, the function and sensitivity analyses cause a bottleneck in
structural optimization which utilizes the Finite Element Method. Also, when the functions are
quite noisy, the informations do not carry out proper role in the optimization process. An
algorithm called “Second-order Approximation Method” has been proposed to overcome the
difficulties recently. The cost and constraint functions are approximated by the second-order
Taylor series expansion on a nominal points in the algorithm. An optimal design problem is
defined with the approximated functions and the approximated problem is solved by a nonlinear
programming numerical algorithm. The solution is included in a candidate point set which is
evaluated for a new nominal point. Since the functions are approximated only by the function
values, sensitivity informations are not needed. One-dimensional line search is unnecessary due to
the fact that the nonlinear algorithm handles the approximated functions. In this research, the
method is analyzed and the performance is evaluated. Several mathmatical problems are created
and some standard engineering problems are selected for the evaluation. Through numerical
results, applicabilities of the algorithm to large scale and complex problems are presented.

-~ R f(x) DA g
Xi : A A 4= (design variables) hi(x) [ SAdRAZS
i : Y E‘}‘ -\1“42-7\_{!;:}/-
A4, gdstm et s A4 A s 8:(x) _ ;: *LL B—;
=384, dudsta ATLH Vi) o EAEEIAe] 2
A3, Fdsta Z)A A = Vhi(x) @ SAG2ATSF1A0]E4E



HAQAA ol ATAY £A4F Bhel BE AT

Ve(x) I FSAT2ATS1IA LY EH

[F] D EA S| B

(H] sAdzAds2xmEg3

(G] CRsARA g2t g E

S . H x}(deviation) & A} Fo

o* R BEARA AR AR

Syt kA UFAWAY Fhgiel A

SPT L2713k

XOV D E Ak

FOV D E AR

ITR Db Y

FEV g Fz2ad 554

GEV IR =AA ¥22a9 54

RQP . "lE-o] 2} A] 8 ¥ (recursive quadratic pro-
gramming)

CFB D B2 gk4-od o A kY (cost function boun-
ding method)

MFD A= 7243k 3y (modified fea-
sible direction method)

SAM . o] 2} &+ A} H (second-order approxima-

tion method)
1. M B

Vel AHAA FAL

Minimize f(x) (1)
Subject to :(x) =0 i=1, (2)
g&i(x}=0 i=m’'+1,,m (3)
xt<x<x® =1, (4)

22 Ao o714 xv AAMSHE, f(x)
t 484, e FAdzAYgs o=
FeAgEAGFo ok, dubEg] L wA 27
Ag AAskr Taylor F54AMKE of&3le] A4Y
: = WEe] Fojvrted

T

2

7= (sensitivity) & Al Absl okdl o},
Bue HHHes 7% 4 glAov B
TR ol §3kod AlAbsla glen] AA w3k
A4slzl Al 1A ®=A1-
dimensional search)-& 4#3le AlAbstz gle},
Aol AxE Fdhed AAR AAPEFZRA A
437 AR E Aade dAEE AAsa

=

N

Y
2

(stepsize) &

237

Design Data
Definition

l

User Supplied

Objective and Definition of
Constraint < Optimization Problem |<
Functions I

Design Change
Calculation

Print Results

Fig. 1 Conventional program organization
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ANALYSIS THE RESULTS
:  Convergence ?

PRINT RESULTS

Fig. 2 Second-order approximation program orga-
nization
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Table 1 Results of problem 3.1

SPT XOov FOV ITR FEV SPT Xov FOV ITR FEV
RQP 1.052 | 1.4472 } 0.9990 3 40 1.059 | 1.5509 | 0.9937 4 36
CFB — 1.5432 § 0.9937 5 43 — 1,1719 | 0.9974 6 46
MFD - 1.0487 § 0.9990 3 11 — 1.7080 | 0.9934 3 11
SAM — 1.5202 | 0.9941 31 32 — 1.5131 | 0.9940 35 36
RQP 1.085 | 1.0757 | 0.9985 3 36 1.06 | 1.5443 | 0.9937 3 39
CFB - 1.5426 | 0.9937 5 43 — 1,6939 | 0.9933 1 63
MFD — 1.0851 | 0.9987 3 11 — 1.6413 | 0.9928 4 17
SAM — 1.6262 | 0.9932 31 32 - 1.6401 | 0.9928 6 7
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Table 2 Results of problem 3.2
SPT X0V FOV ITR FEV SPT X0V FOV ITR FEV
RQP 0.1 1.49 2.875 Oscillate 1.9 1.984 | 3.000 8 59
CFB — 1.50 2.877 Oscillate — 1,894 | 3.000 10 54
MFD — 1.15 2.936 5 21 — 1.901 | 3.011 12 31
SAM — 0.82 3.106 36 37 — 0.961 | 3.016 70 72
Table 3 Results of rosen-suzuky problem
FOV ITR FEV SPT XOV (RQP/SAM)
RQP 56.0 15 85 0.0 0.0299 —0.01
CFB 56.0 26 142 0.0 0.9977 0.9736
MFD 55.88 6 74 0.0 1.9978 2.0178
SAM 56.01 54 57 0.0 —1.0023 —1.0750
Table 4 Results of shell (colville) primal problem
FOV ITR FEV SPT XOV (RQP/SAM)
RQP —32.355 7 63 0.0 0.3 0.3
0.0 0.32 0.3220
CFB —32.352 9 77 0.0 0.4012 0.4008
0.0 0.4201 0.4110
MFD —32.359 8 74 0.0 0.2220 0.2110
SAM —32.362 16 19
Table 5 Results of spring problem
FOV ITR FEV SPT XOV (RQP/SAND)
RQP 0.0127 19 93 0.2 0.053 0.065
1.3 0.389 0.794
CFB 0.0127 34 153 2.0 9.580 2.975
MFD 0.0134 5 59
SAM 0.0156 19 22
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Fig. 7 10-bar truss problem
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Table 6 Constrains condition of problem 3.4
Case No. of Loads Constraints Considered
1 Stress
2 Stress, Displacement
3 Stress, Displacement & Frequency
Table 7 Results of case 1 of problem 3.4
FOV ITR FEV GEV SPT X0V (RQP/SAM)
RQP Analy. | 1664.53 10 10 10 1.0 5.9477 (7).0974
1.0 0.1 1
FDM. | 1664.53 10 150 0 1.0 10.0521 8.9129
1.0 3.9477 4.3876
CFB Analy. 1664.53 14 14 14 1.0 0.1 1.2275
1.0 2.05 2.0264
FDM. | 1664.52 L 1 194 0 1.0 8.599 7.0053
— 1.0 2.574 7.9930
MFD Analy. | 1664.53 14 109 12 1.0 5.5829 5.6178
1.0 0.1 0.1
FD.M. | 1664.52 11 214 0
SAM 1910.07 86 89 0
Table 8 Results of case 2 of problem 3.4
FOV ITR FEV GEV SPT XOV (RQP/SAM)
RQP Analy. | 5060.85 25 28 28 1.0 30.5218 25.5704
1.0 0.1 2.1208
F.D.M. | 5060.85 18 594 0 1.0 23.1988 26.4499
1.0 15.2229 16.5966
CFB Analy. | 5060.85 39 46 46 1.0 0.1 0.1
1.0 0.5513 1.2331
F.DM. | 5060.85 50 594 0 1.0 7.4572 10.2523
1.0 21.0364 20.8250
MFD Analy. | 5059.65 19 236 19 1.0 21.5284 21.2858
1.0 0.1 3.4553
F.DM. | 5074.89 14 300 0
SAM 5435.91 74 77 0
Table 9 Results of case 3 of problem 3.4
FOV ITR FEV GEV SPT XOV (RQP/SAM)
RQP Analy. | 4783.17 19 o2 22 1.0 25.1408 23.3964
1.0 1.0753 3.1820
F.D.M. | 4783.18 19 252 0 1.0 26.1280 23.1589
1.0 12.9947 13.1966
CFB Analy. | 4783.17 3 35 35 1.0 0.1 0.1
1.0 1.9647 1,9697
F.D.M. 4783.18 34 426 0 1.0 13.2473 14.8943
1.0 15.6580 19.6040
MFD Analy. | 4764.27 18 483 0 1.0 1(7) .2832 107 .15748
1.0 1 .
FD.M. | 7278.85 12 103 0
SAM 4974 .54 71 74 0
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Table 10 Constrains condition of problem 3.5

Case No. of Loads Constraints Considered
4 Stress
4 Stress, Displacement
4 Stress, Displacement & Frequency
Table 11 Results of case 1 of problem 3.5
FOV ITR FEV GEV SPT XOV (RQP/SAM)
RQP Analy. | 91.2337 30 47 46 1.0 0.1 0.1002
1.0 0.3763 0.3774
FD.M. | 91.2345 25 239 0 1.0 0.4707 0.4749
1.0 0.1 0.1
CFB Analy. | 91.2319 44 53 44 1.0 0.1 0.1
1.0 0.2772 0.2794
FD.M. | 91.2314 15 148 0 1.0 0.3821 0.3847
MFD Analy. 91.2345 13 71 13
F.D.M. | 91.2341 8 110 0
SAM 91.7891 63 66 0
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Table 12 Results of case 2 of problem 3.5

FOV ITR FEV GEV SPT XOV (RQP/SAM)
RQP Analy. | 545.036 19 86 16 1.0 0.01 0.3508
1.0 2.0426 2.7757
FDM. | 545.036 18 174 0 1.0 3.0025 2.4615
1.0 0.01 1.6347
CFB Analy. | 545.036 50 61 61 1.0 0.6834 0.9559
1.0 1.6232 1.4693
FDM. | 545.036 15 473 0 1.0 2.6178 2.5890
MFD Analy. | 544.901 13 123 13
FDM. | 544.903 13 216 0
SAM 615.663 42 45 0
Table 13 Results of case 3 of problem 3.5
FOV ITR FEV GEV SPT XOV (RQP/SAM)
RQP Analy. | 590.694 26 87 16 1.0 0.01 0.6594
1.0 2.1156 2,0689
FD.M. | 690.695 15 162 0 1.0 2.3977 2.4116
1.0 0.0711 1.0775
CFB Analy. | 590.694 23 28 28 1.0 1.110 2.9636
1.0 1.9812 1.9870
FDM. | 590.694 23 219 0 1.0 2.8551 2.5758
MFD Analy. | 589.565 12 60 12
F.D.M. | 589.937 10 114 0
SAM 744 .511 47 50 0
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