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Thermal and Creep Analysis of an Exhaust Duct of
Smart UAV with FGM

Jong-Bin Im*, Dong-Young Yoon*, Jung-Jin Lee** and Jung-Sun Park***

ABSTRACT

The high temperature occurs due to the combustion gas from engine in unmanned

aerial vehicles (UAV).

The high temperature may cause serious damages in UAV

structure. The Functionally Graded Material (FGM) is chosen as a candidate material

of the engine duct structure.

A functionally graded material (FGM) is a two-

component mixture composed by compositional gradient materials from one material
to the other. In contrast, traditional composite materials are homogeneous mixtures,
and involve compositions between the desirable properties of the component materials.
Since significant proportions of an FGM contain the pure form of each material, the
need for compromise is eliminated. The properties of both components can be fully
utilized. Thermal stress analysis of FGM layers (20, 40, 60, 80 and 100) is performed
in this paper. In addition, the creep behavior of FGM applied in duct structure of an
engine is analyzed for better understanding of FGM characteristics.
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Table 2. Total strain at inner duct

0° (109 [45° (109 | 90° (109
titanium 7.5510 58172 7.5514
20 layers 58713 5.8200 58713
40 layers 5.8289 5.8724 5.8289
60 layers 5.8231 5.8713 5.8231
80 layers 5.8228 5.8228 5.8228
100 layers | 5.7858 5.8231 5.7858
Zirconium 5.7000 5.1021 5.6987

Table 3. Total str.

ain at outer duct

0° (109 |45° (10°)|90° (109
titanium 6.3185 5.1698 6.3184
20 layers 48165 47470 48165
40 layers | 4.7737 4.3449 4.7734
60 layers 47723 4.7261 47723
80 layers 4.7492 4.2852 47492
100 layers | 4.7192 4.2751 4.7191
zirconium 5.1401 4.7700 5.1406

Table 4. Thermal stress at inner duct

0° (kPa) [45° (kPa)[90° (kPa)
titanium 602.37 595.51 602.37
20 layers | 2041.10 2028.80 2041.10
40 layers | 2025.00 | 2015.80 | 2025.00
60 layers | 2055.00 | 2046.40 | 2055.00
80 layers | 2038.10 | 2029.90 | 2038.10
100 layers | 2038.00 | 2030.00 | 2038.00
zirconium | 1809.30 1778.40 1809.30

Table 5. Thermal stress at outer duct

0° (kPa) |45° (kPa)|90° (kPa)
titanium 581.43 542.36 581.43
20 layers 522.42 520.22 522.42
40 layers 529.82 528.12 529.82
60 layers 525.49 517.92 525.49
80 layers 524.95 516.64 524.89
100 layers | 521.88 515.93 521.54
zirconium | 1653.98 1602.70 1653.78
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Table 6. The creep constants for creep

analysis
C; Cs Cuo
ZiO» 3.3512 10.200 87202
Ti 4.2590 14.760 82955
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Table 7. Creep strain at inner duct

0 (hrs) | 100 (hrs) | 200 (hrs)
20 layers 0.00 8.75x10™% | 1.45x107
40 layers 0.00 9.04x10% | 1.32x107
60 layers 0.00 1.72x10% | 1.21x107
80 layers 0.00 2.13x10% | 7.77x10°®
100 layers 0.00 2.50x10% | 7.23x10°®

Table 8. Creep strain at outer duct

0 (hrs) | 100 (hrs) | 200 (hrs)
20 layers 0.00 0.00 4.73x107"
40 layers 0.00 0.00 4.64x107
60 layers 0.00 0.00 1.60x107
80 layers 0.00 0.00 1.37x107
100 layers 0.00 0.00 4.43x107

—mu— 20 layers
—e— 40 layers
— 460 layers
—v— 80 layers
100 layers

Equivalent stress ( kPa )

T T
0 50 100 150 200

. . Time (hrs) .
Fig. 14. Variation of the stress at inner duct
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