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Research of materials matching in optical remote sensor based
on weight coefficient analysis method
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Abstract: A new theory for choosing the materials was put forward for the first time based on matching
factors, providing a theory for choosing the materials in the process of structure designing in aeronautics
and astronautics. The importance of materials choosing and material matching in the structure designing
was recommended in brief. The general method of materials selected at present was recited, and the
limitation of this method was indicated. The guiding principle of the matching calculating method and the
standard establishment of matching formulation were put forward. The performance parameters of optical
reflector material in common use of space remote sensing camera and structure material were analyzed.
The weight coefficient was assigned according to the Delphi method and the hierarchical method, then the
matching factor was computed depend on different weight coefficents. The material selected by the
matching factor method is the same with a running space remote sensing camera. The results indicate the
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correctness of selection and the feasibility of the matching calculation.

Key words: material matching;
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weight coefficient analysis;

matching factor
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Tab.1 Signification of comparison scale a;

ajj Signification

Xi and x; get the same impact on overall goal
X; gets slightly larger impact than X;
Xi gets larger impact than x;
Xi gets significantly larger impact than x;
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Xi gets extremely larger impact than x;
2,4,6,8
1,1/2,---1/9 The impact between x; and x; is the reciprocal of a;

The impact is between the adjacent level
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Tab.2 Comparison matrix of materials properties
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Tab.3 Properties of optical materials

Heat Thermal

Densit; Elastic conduction expansion Thermal
No. Material y mod L P . diffusivity
/kg-m= /GPa coefficient coefficient 107/me-s
/W-m*K? 10°°/K
1 SiC 3140 420 180 2.4 843.1
o Fused oam 1.13 3.25 6.7
silica
3 Al 2710 69 167 22.5 687.7
4 Zerodur 2530 92.9 1.64 0.05 7.9
5 ULE 2200 67 1.3 0.03 7.6
6 Be 1840 303 216 115 609.8
7 Si 2330 131 137 2.6 828.1
x4 BT RIERESE R
Tab.4 Properties of structural materials
Densit Elastic con:ﬁi:ion elh:::izln Thermal
No. Material >_/3 modulus - P . diffusivity
/kg-m /GPa coefficient coefficient 107Ime-s1
/W-m2K?* 107K
1 Al 2710 69 167 22.5 687.7
2 45 7810 200 48 11.6 133.6
3 TC4 4440 114 7.4 9.1 27.3
4 4J32 8100 141 13.7 2.4 30.2
Low
volume
5 fraction 2940 100 155 16 572.4
Al/SiC
(LVF)
High
volume
6 fraction 3000 180 225 8 1048.9
Al/SiC
(HVF)
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Tab.5 Matching factors of optical and structural
materials according to the first team

Al 45  TC4 432 LVF  HVF
SIC 0418 0447 0394 0.661 0.469  0.624
Z:’ITE: 0.464 0.386 00557 0.644 0.451  0.487

Al 1.000 0566 0.551 0.334 0.858  0.625
Zerodur 0.326  0.238  0.390 0.336  0.354  0.277
ULE 0.355 0.194 0332 0.278 0.303 0.231
Be 0.647 0.769 0.618 0.383 0.749 0.801
Si 0.531 0.497 0534 0.762 0.604 0.681

* 6 RE_HAMENFMEEH R LB EFR
Tab.6 Matching factors of optical and structural

materials according to the second team

Al 45  TC4 432 LVF  HVF
SIC 0586 0.440 0294 0459 0.605 0.715
Z:’ITE: 0.368 0.289 0494 0503 0342 0.335

Al 1.000 0.503 0.415 0.297 0.883 0.691
Zerodur  0.283 0.229  0.447 0.369 0.310 0.236
ULE 0.311 0.187 0.384 0.313 0.264 0.196
Be 0.707 0.630 0.427 0.316 0.772 0.822

Si 0.678 0.500 0.424 0.567  0.729 0.743
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Tab.7 Performance parameters of mirror materials

Thermal

Deformation .
deformation

Correlation ~ Frequency Quality

Scale factor  (E/p)*? plE olE (p)lE)*?  a/lA /D

SiC 11.6 0.74  0.73 2.71 0.13 2.85
Fused silica 5.24 3.61 197 4.44 28.7 485
Al 5.05 3.92 2.88 5.37 1.35 327
Zerodur 6.06 272 174 417 0.31 6.33
ULE 5.52 3.28 1.59 3.98 0.23 3.95
Be 12.8 0.61 0.21 1.43 0.53 18.9

Si 7.50 1.77  0.96 3.11 0.19 3.14

Expectation High Low Low Low Low  Low
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Tab.8 Matching factors of structural materials

according to the first team

Al 45 TC4 4332 LVF HVF

Al 1.000 0.566 0.551 0.334 0.858 0.625
45 0.566 1.000 0.719 0.545 0.691 0.732
TC4 0.551 0.719 1.000 0.648 0.673 0.721
4J32 0.334  0.545 0.648 1.000 0.417 0.514
LVF 0.858 0.691 0.673 0.417 1.000 0.726
HVF 0.625 0.732 0.721 0.514  0.726 1.000
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Tab.9 Matching factors of structural materials
according to the second team

Al 45 TC4 4J32 LVF HVF

Al 1.000 0.503 0.415 0.297 0.883  0.690
45 0.503 1.000 0577 0.534 0.600 0.606
TC4 0.415  0.577 1.000 0.726  0.504  0.503
4J32 0.297  0.534  0.726 1.000 0.365  0.408
LVF 0.883 0.600 0.504  0.365 1.000 0.743
HVF 0.690 0.606 0.503 0.408  0.743 1.000
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