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Numerical study of Thermomechanical Property of Reusable
Non-Ablative Lightweight Thermal Protection System
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Non-Ablative Lightweight Thermal protection system; NALT is proposed for future missions using aerocapture
technology. NALT consists of C/C composite skins coated with oxidation resistant material, insulator tiles and
honeycomb sandwich panel. To prevent aeroshell from separating due to thermal expansion, C/C skin is linked to the
honeycomb panel with a metal pillar. To understand thermomechanical performances of NALT with the pillar,
thermomechanical coupled Finite Element; FE analysis were performed. For the aerocapture demonstrator, it was
found that mechanical load is not severe for small size Thermal Protection System; TPS. However, for large size TPS,
severe load is applied to a flat screw connecting the C/C skin with a pillar. To design the TPS with safety factor of 1.25,
it is suggested to partition the TPS into 350mm parts. The optimum partitioning size for other heat conditions was also
evaluated. The optimum size decreases when the maximum heat flux increases.
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Fig.3 Separation of NALT BBM between C/C skin and insulator in the
production process of NALT BBM
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Fig.4  Structure of the pillar connecting C/C skin with CFRP® .
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Fig.5 Example of TPS structure parts and location of the pillar.
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(b) Experimental Setup
Fig.6 Infrared lamp heating test®.
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Fig.7 FE model of NALT test piece.

Tablel Material Properties.

Specific Thermal Density Emissivity
Heat Conductivity | kg/m®
J (kg-K) W/ (m-K)
CIC 1394 09
Glafoam 1813 09
CFRP 1000 0.5814 550 09
MA-X 8220 03
Ti-6Al-4V 4430 04
NUSC-CMC 2196 09
SA201 1330 05
Poisson’s Thermal Expansion Young’s
Ratio Rate 10° /K Modulus GPa
C/IC 02 0.8
Glafoam 0.25 30 05
CFRP 03 20 100
MA-X 0.32
Ti-6Al-4V 03
NUSC-CMC 03 47 120
SA201 03 50
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Fig.8 Temperature dependent material properties.
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Fig. 10 Temperature distribution of the cross section at maximum
temperature of NALT.
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Fig. 11 Inside view of NALT test piece with the pillar in the production
process®?.
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Fig. 13  Comparison between measured and computed temperatures
with the pillar.

Fig. 14 Temperature distribution of the cross section at maximum
temperature of NALT with the pillar.
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Fig. 15 Plastic strain distribution for the 200mmx100mm model
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Fig.20  MS of the flat screw for the 500mmx500mm model
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Fig.21  Relationship between Length of the model and Maximum
Heat Flux for the 100s heating

Fig. 22 MS of the flat screw for the 600mmx600mm model
(600kW/m? peak heating during 100s)
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Fig. 23 MS of the lower part of the post (MA-X) for the
300mmx300mm model
(IMW/m? peak heating during 100s)
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(d) Temperature distribution of the cross section for the maximum
temperature of CFRP (350s)
Fig.24  Temperature distribution of the cross section at different times

Table2 Maximum temperature of each material.

CiC MA-X | Ti-6Al-4V | CFRP

Maimum Temperature K 2147 1187 753 458
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MS of the flat screw for the 200mmx200mm model
(700KW/m? peak heating during 200s)
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