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chosen face:

8-1

existing possible points:
a3

ideal point possible:
yes

chosen point:
3

active nodes:
32654768

active faces:

3-2 2-5 6-4 4-T 7-6 8-8 8-3
passive nodes:

passive faces:
1-3 8-1

npoin: 8 nonr: 7
nelem: 1 nonf: 7
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ﬁh?qaen face:
existing possible points:

i
ideal point possible:
yes

chosen point:
i)

active nodes:
32B7865

active faces:

3-2 2-5 8-3 7-8 6-8 5-7
passive nodes:

14

passive faces:

1-3 5-4 4-7T 8-1

npoin: 8 nonrt 8
nelem: 2 nonf: 8
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chosen face:
6-8
existing possible points:

T
ideal point possible:
yes

chosen point:
7

active nodes:
32867

active faces:

3-2 2-5 8-3 5-7 7-8
passive nodes:

148
passive faces:

1-3 5-4 4-7 7-6 6-8 8-1

npoint 8 nonr: §
nelem: 3 mnonf: &

chosen face:
2-5
existing possible points:

H
ideal point possible:
yes

chosen point:
3

active nodes:

7853

active faces:

7-8 8-3 5-7 3-6

passive nodes:

1246

passive faces:

1-3 3-2 2-5 5-4 4-7 7-6 6-8 8-1

npoin: 8 nonr: 4
nelem: 4 nonf: 4
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l:h?sen face:
E;iating possible pointa:

ideal point possible:
yes

chosen point:
ideal point

active nodes:

78639

active faces:

7-8 8-3 3-5 5-9 -7

passive nodes:

1244

passive faces:

g—? 3-2 2-b 6-4 4-7 7-8 6-8 8-1

npoin: 9 nonr: §
nelem: 5 nonf: 5

iy Olell adgs < AF oy, VP-F JSCs

ch;sen face:
P-
existing possible points:

ideal point possible:
no

chosen point:

8

active nodes:
8359

active faces:
8-3 3-5 5-0 9-8
passive nodes:

124867
passive faces:

%:g %:g 5:; b-4 4-7 7-6 6-8 8-1

npolnt ®  none: 4
nelem: 8 nonf: 4
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chosen face:
-8
existing possible points:

3
ideal point possible:
no

chosen point:
3

active nodes:
]

active faces:
3-5 5-9 9-3
passive nodes:

1248678
passive faces:

1393 38 g 43 o o8 o

npoin: ® nonr: 3
nelem: 7 nonf: 3

oiin sl odgs  AF ng, 0 VA-F IS

i

R T

chosen face:
2-3
existing possible points:

b
ideal point possible:
no

chosen point:
5

active nodes:
0

active faces:

0

passive nodes:
1234656789
passive faces:
1-3322554477-
5-7 7-8 8-7 B-8 8-3 3-
npoint 8  ponr: 0
nelem: 8 nonf: 0

4 6-8 8-1
b 5-8 8-3
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Approximation Approach <
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Objective Objective Objective
Iteration function Iteration function Iteration function
kg.cm kg.cm kg.cm

0 4 57E-02 36 3.75E-02 72 2.94E-02
1 9.72E-02 37 3.73E-02 73 2.93E-02
2 4.96E-02 38 3.74E-02 74 2.93E-02
3 4.73E-02 39 3.74E-02 75 2.93E-02
4 4.65E-02 40 3.74E-02 76 3.34E-02
5 4.65E-02 41 3.59E-02 77 2.84E-02
6 4.61E-02 42 6.26E-02 78 3.87E-02
7 4.60E-02 43 5.07E-02 79 3.29E-02
8 4 55E-02 44 3.69E-02 80 3.09E-02
9 4 .56E-02 45 3.54E-02 81 2.87E-02
10 4 55E-02 46 3.36E-02 82 2.66E-02
11 4.55E-02 47 3.35E-02 83 3.84E-02
12 4.54E-02 48 3.15E-02 84 2.81E-02
13 4 55E-02 49 3.35E-02 85 2.65E-02
14 4 55E-02 50 3.12E-02 86 2.69E-02
15 4.54E-02 51 3.11E-02 87 2.70E-02
16 4 55E-02 52 3.56E-02 88 2.62E-02
17 6.95E-02 53 3.23E-02 89 2.60E-02
18 4.61E-02 54 3.18E-02 90 2.56E-02
19 4.24E-02 55 3.13E-02 91 2.60E-02
20 4.11E-02 56 2.99E-02 92 2.56E-02
21 4.01E-02 57 2.98E-02 93 2.54E-02
22 4.00E-02 58 3.02E-02 94 2.54E-02
23 3.96E-02 59 2.96E-02 95 2.54E-02
24 3.95E-02 60 2.95E-02 96 2.53E-02
25 3.93E-02 61 2.94E-02 97 2.54E-02
26 3.89E-02 62 2.96E-02 98 2.55E-02
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28 3.86E-02 64 2.94E-02 100 2.53E-02
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31 3.80E-02 67 2.93E-02 103 2.51E-02
32 3.77E-02 68 2.93E-02 104 2.51E-02
33 3.74E-02 69 2.93E-02
34 3.76E-02 70 2.93E-02
35 3.76E-02 71 2.92E-02
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Iteration

Objective
function

Iteration

Objective
function
kg.cm

0 1.15E+00 | 9.46E-01 41
1 1.25E+00 | 9.57E-01 42
2 1.14E+00 | 9.45E-01 43
3 1.15E+00 | 9.51E-01 44
4 1.11E+00 | 9.43E-01 45
5 1.12E+00 | 9.44E-01 46
6 1.12E+00 | 9.40E-01 47
7 1.11E+00 | 9.42E-01 48
8 1.11E+00 | 9.36E-01 49
9 1.11E+00 | 9.37E-O1 50
10 1.11E+00 | 9.32E-01 51
11 1.11E+00 | 9.35E-01 52
12 1.11E+00 | 9.34E-01 53
13 1.25E+00 | 9.29E-01 54
14 1.01E+00 | 9.29E-01 55
15 9.69E-01 9.38E-01 56
16 9.57E-01 9.31E-01 57
17 9.56E-01 9.30E-01 58
18 9.56E-01 9.29E-01 59
19 9.84E-01 9.28E-01 60
20 9.56E-01 9.40E-01 61
21 9.83E-01 9.96E-01 62
22 9.81E-01 9.45E-01 63
23 9.84E-01 9.32E-01 64
24 9.56E-01 9.17E-01 65
25 9.55E-01 9.16E-01 66
26 9.54E-01 9.11E-01 67
27 9.83E-01 8.97E-01 68
28 9.83E-01 8.93E-01 69
29 9.76E-01 8.98E-01 70
30 9.53E-01 9.26E-01 71
31 9.52E-01 9.22E-01 72
32 9.52E-01 9.14E-01 73
33 9.52E-01 9.18E-01 74
34 9.70E-01 9.19E-01 75
35 1.16E+00 | 9.15E-01 76
36 1.11E+00 | 9.13E-01 77
37 1.05E+00 | 9.10E-O1 78
38 1.01E+00 | 9.12E-01 79
39 9.74E-01 9.08E-01 80
40 9.65E-01
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Topology optimization of 2D problems by using Boundary
Variation Method

Abstract:

Optimization is used in a wide spectrum of industries, including aerospace, automotive,
chemical, electrical and manufacturing industries. In Structural and Mechanical
Engineering, optimization is important to design and produce structures both
economically and efficiently. This thesis addresses "Topology optimization of 2D

problems by using Boundary Variation Method".

One of the research traits, is modeling the structure by NURBS because of its power
and flexibility in producing various curves and surfaces. The curves were produced
using a FORTRAN code made by the author specifically for this study. The control
points of inner and outer boundaries are also selected as the design variables. After
modeling, Finite element analysis and then optimization process is carried out. During
optimization process with changing the position of control points and in turn moving the
boundaries, shape and topology optimization of structures are changed. This method has
the advantage of different objective functions while the application of displacement and

stress constraints are also possible.

The results show that, using NURBS technique in structural modeling, decrease the
number of design variables and is saving the time and cost. In this method convergence
speed is improved and solution accuracy is increased. Finally several examples are

presented to show the method efficiency.



