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High Shape Stability Insulation Plate with Invar Made by 3D Printer
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In recent years, the demand for satellite structures with high dimensional stability is becoming severer as space mission becomes
more advanced. For example, the telescope is one of the structures that require the highest dimensional stability. To prevent
deterioration of observation performance caused by thermal deformation, low thermal expansion materials such as CFRP, glass,
and low thermal expansion metals are applied. Especially for the interface parts of such structures, low thermal expansion
metals are applied for their strength and machinability. However, there is a problem that these metals such as Invar alloys have
high specific gravity. In addition, these interface parts often require thermal insulation as well. Therefore, in this study, we
design and develop an interface plate made of Invar, which is light, and has both low thermal expansion and low thermal
conductivity. To achieve this goal, we focused on the lattice structure, which can be manufactured by making use of metal
additive manufacturing technology. We manufactured 4 types of lattice specimens with Invar, and examined their weight,
thermal conductivity, and compression stiffness. It was confirmed that the lattice structure reduced the weight by 70 % or more,
and the thermal conductivity by 90 % or more compared to solid member. However, it was identified that there is room for

more improvement in compressive stiffness.
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Fig. 1 3D-CAD models

Table 1 Dimensions of each unit cell

Symbol a [mm] b [mm)] h [mm] d [mm]
Lattice 1 5 5 5 1
Lattice 2 10 10 5 1
Lattice 3 5 5 10 1
Lattice 4 10 10 10 1
Lattice 1 Lattice 2 Lattice 3 Lattice 4

Fig. 2 Manufactured specimens

Table 2 Physical property of LEX-ZERO®

Average thermal expansion coefficient | Young’s modulus | Thermal conductivity Specific
[ppm/K] [GPa] [W/(m: K)] gravity
0.00+0.19 131 13.9 8.10
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Table 3 Mass and apparent specific gravity of each specimen

Symbol Mass [g] | Apparent specific gravity
Lattice 1 46.6 243
Lattice 2 345 1.80
Lattice 3 39.8 2.07
Lattice 4 30.7 1.60
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Fig.3 Experimental apparatus for measuring thermal conductivity
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Fig.4 Analysis model of thermal conductivity

Table 4 Experimental and analysis result of thermal conductivity

Symbol | Analysis value [W/(m' K)] | Experimental value [W/(m' K)] | Relative error [%]
Lattice 1 1.22 1.3 +6.6
Lattice 2 0.204 - -

Lattice 3 1.15 - -

Lattice 4 0.283 0.37 +31
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Fig.5 Experimental apparatus for measuring compression stiffness
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Fig.6  Analysis model of compression stiffness
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Fig.7 Displacement distribution of top surface
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Table 5 Analysis and experimental result of compression stiffness

Symbol Analysis value [MPa] Experimental value [MPa] | Relative error [%]
Lattice 1 5629 4915 -12.7
Lattice 2 120 129 +7.50
Lattice 3 9047 8484 -6.22
Lattice 4 852 753 -11.6
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