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Chumpon Suawnarttong, Flying Officer 2011: Topology Optimization RTAF6 Main
Spar. Master of Engineering (Aerospace Engineering), Major Field: Aerospace
Engineering, Department of Aerospace Engineering. Thesis Advisor: Squadron Leader

Chamnan Pedchote, Ph.D. 75 pages.

One of many research and development project of RTAF was to design and build its
own training aircraft. The RTAF has assigned this work to Directorate of Aeronautics. The
project has been established and initially aimed to design and build a prototype in training

aircraft. The aircraft was named RTAF-6, which was built by Reverse Engineering technique.

Several modifications were made during the design process. The important change was
to increase the performance of the aircraft. This was achieved by installing a bigger-size engine.
However this has a drawback of a heavier load to the aircraft. One way overcome this problem
was to reduce the weight of other part of the aircraft structure, such that the total weight of the
aircraft remained the same as the original one. This research pays attention to reduce weight
from main spar of RTAF6. The web of main spar is plate-like. The target will be truss-like by
using Topology optimization method. SIMP (Solid Isotropic Material with Peralization) is
applied because this model want complicate mesh with a suitable volume fraction of void. This
method is a way to find appropriate configuration of wing spar subjected by transversal force.
The main wing spar RTAF6 was modeled by Solidworks and analyses with standard load for
aviation. Then the model was simulated by Advance Finite Element Analysis until the weight of
main wing spar is enough diminished but the strength remains as the original structure. Finally

the weight was reduce 10%
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Maximum Maximum Von Mises ~ Maximum Buckling

Optimum

Displacement (mm) (mm) mode (mm)

mass (Kg)
Constrain Final Constrain Final Constrain Final
Truss 5.23 1.5 1.5 300 130 1.00 10.20
Plate 4.42 1.5 1.5 300 62 1.00 13.70
Truss 3.38 2.0 2.0 300 171 1.00 5.26
Plate 2.93 2.0 2.0 300 94 1.00 5.77
Truss 2.00 3.0 3.0 300 270 1.00 2.15
Plate 1.97 3.0 3.0 300 150 1.00 1.22

Truss 1.57 4.0 4.0 300 300 1.00 1.36



33

M319N 3 (A0)

Optimum Maximum Maximum Von Mises ~ Maximum Buckling

mass (Kg)  Displacement (mm) (mm) mode (mm)
Constrain Final  Constrain Final Constrain Final
Truss 1.46 5.0 4.91 300 300 1.00 1.00
Plate 1.74 5.0 4.13 300 300 1.00 1.00

1311: Reducing Weight in Aircraft Structures (2007)
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DESIGN [11]
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Max = 5.62e+07
oy 8

<1

> 1.20e+08
< 1.20e+08
< 8.80e+07
< 5.83e+07
< 2.75e+07
<-3.22e+06
<-3.40e+07
<6.47e+07

Max = 1.50e+08
Min =8.47e+07
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> 1.04e+07
< 1.04e+07
<-3.65e+07
<-8.13e+07
<-1.27e+08
<-1.73e+08

> 1.3%e+08
< 1.39e+08
< 7.94e+07
< 2.00e+07
<-3.95e+07
<-9.90e+07

+08

>1.11e+08
<1.11e+08
< 6.53e+07
< 1.94e+07
<2 64e+07
<-7.23e+07
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SUB3 - nonl
Normal X Stress (Z1)

()

SUBZ - non1
Normal Y Stress (Z1)

SUB3 - noni

Shear XY Stress (Z1)
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Load factor +4g Max.stress(MPa) Min.stress(MPa)
Vonmises 296 0.354
P1-Major 251 -46.6
P2-Minor 56.2 -265
Normal X 198 -218
Normal Y 157 -164
Shear XY 150 -64.7
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Min =-2.

91e+08

(A1)

> 2.45e+08
< 2.45e+08
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< 1.05e+07
<-6.78e+07
<-1.46e+08
<-2.24e+08

Max = 3.24e+08
Min =2.24e+08
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Max =

2.18e+08

Min =2.54e+08

> 1.51e+08
< 1.51e+08
< 8.33e+07
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SUB1 - test
Normal Y Stress (Z1)

(@)

Max =1
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Shear XY Stress (Z1)
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MINTTU +4g 1A 1sunTN FEA

Load factor +4g Max.stress(MPa) Min.stress(MPa)
Vonmises 371 0.159
P1-Major 356 -47
P2-Minor 59.9 -291
Normal X 324 -224
Normal Y 218 -254
Shear XY 181 -205
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3123anay
Max.Vonmises (MPa) 233.5 296 371
Min.Vonmises (MPa) 0.621 0.354 0.159
P1 Max.Major (MPa) 209 251 356
P1 Min.Major (MPa) -208 -46.6 -47
P2 Max.Minor (MPa) 13.9 56.2 59.9

P2 Min.Minor (MPa) -221 -265 -291
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Max.Normal X (MPa) 183 198 324
Min.Normal X (MPa) -212 -218 -224
Max.Normal Y (MPa) 32.2 157 218
Min.Normal Y (MPa) -22.7 -164 -254
Max.Shear XY (MPa) 80 150 181
Min.Shear XY (MPa) -0.635 -64.7 -205
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Member Von mises P1 P2 NX NY S XY
MPa MPa MPa MPa MPa MPa

1 156.8 0.022 -155 -40.5 -111 37.8
2 137 0.71 -136 -35.7 -98 37.1
3 136 0.25 -133 -69.6 -64 41.3
4 89.7 -0.069 -88 -42.2 -43 27.1
5 153.8 0.25 -147.8 -80.6 -67 46.8
6 104 -0.9 -99 -53.5 -45.2 31.0
7 93.45 -0.0768 -90 -49.9 -38.8 28.9
8 45.3 0.0718 -43 -24.4 -18.6 13.1
9 52.12 -0.1788 -47 -29.7 -20.3 14.8
10 27.17 0.0142 -26 -16.2 -9.9 6.92
11 32.37 -0.219 -31 -20.4 -11.3 8.06
12 34.42 3.42 0.025 2.25 1.22 -0.07
13 25.06 2.4 0.017 1.65 0.7 -0.05
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Tasatoooil 1y (99¢1)
1 52.85
2 53.93
3 36.22
4 34.9
5 33.53
6 32.13
7 30.06
8 29.18
9 27.63
10 26.05
1 24.42
12 22.74
13 21.03
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o, o) T o o, T, = - Tension or
Member 01 01
MPa MPa  MPa MPa MPa  MPa (o) (%)  compression

1 -40.5 -111 37.8 -121.3  -29.47 233 243 19.2  Compressive
2 -35.7 98 37.1 -110 -21.8 18.4 19.8  16.72 Compressive
3 -69.6  -64 41.3 -107 -26.5 9.8 2476 9.16 Compressive
4 -422  -43 27.1 -67.96  -17.4  9.72 25.5 143  Compressive
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