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Measurement of cryogenic thermal expansion
coefficient and accuracy analysis
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Abstract: In order to realize the high-precision measurement of the thermal expansion coefficient of the infrared
material under the cryogenic vacuum environment, a measurement scheme of solid material is proposed. Based on
the self-collimation principle, this scheme designs a microstructure, establishes the relationship between structural
deformation and angle, and deduces the formula of thermal expansion coefficient measurement. Using the mea-
surement formula, this article analyzes the relationship between the measurement error transfer function of the
scheme, and also uses the error sensitivity function to analyze the design accuracy of cryogenic thermal expansion
coefficient measuring device for infrared materials, and finally the relative error of the scheme is calculated. The
thermal expansion coefficient of the scheme is measured to be only 0.76%, which satisfies the nanometer mea-
surement requirement.
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0 Fig. 1 Framework of thermal coefficient measuring system.
AL
L 2.2 {REAEKALKN SR
2
2)
4 b L
1K a, 0
L,—L AL 1
Q,=—2—"—="S— (,<t,), (2)
L(t,—t) L, At
@ AL = Lya(t, —t,) = LyaAt (4)
AL Ly a
3) At
2

1015



OEE | Advances

20175 , 55 44% , 551058

— 0 A
& o
AG 4 o
L, Ly o, AG
6
L3 L2 L1
B2 #EIKAZRNZREH.
Fig. 2 Measurement of thermal expansion coefficient.
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Fig. 4 Classification of error sources of thermal expansion coefficient.
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Table 3 Sensitivity of the secondary error e;.
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Fig. 10 The change of the mirror angle when the
sample column is tilted to the left.
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Table 4 Position deviation of reflector at different tolerance levels.
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Table 5 At different tolerance levels, the reflector deflects downward when the sample column is cooled.
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Table 6 The difference in the angle of the mirror when the Table 7 The difference in the angle of the mirror when the
sample column is deflected to the left. sample column is deflected to the right.
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