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Interaction between Carbon Fiber Composites and Polar Environmental Factors
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ABSTRACT: The work aims to reveal the effects of low-temperature environments on the static mechanica properties of car-
bon fiber composites and to explore the interplay of polar environmental factors and their sensitivity to material performance.
Using an orthogonal experimental design, extreme value and variance analyses were employed to determine the significance and
hierarchy of each factor's impact on material properties. A quadratic regression model was developed through response surface
methodol ogy to capture the relationships between mechanical performance indicators and environmental variables, so asto have
an in-depth analysis of factor interactions. The hardness, tensile strength, and elastic modulus of carbon fiber composites exhib-
ited varying sensitivities to environmental factors. Hardness and tensile strength were primarily affected by radiation, followed
by temperature and ice thickness; while elastic modulus was particularly sensitive to temperature.The response surface analysis
revealed significant interaction effects among temperature, ice thickness, and radiation, notably influencing tensile strength and
elastic modulus, with a weak effect on hardness. Overall, carbon fiber composites demonstrate strong stability and environ-
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mental adaptability in polar conditions, providing essential data and theoretical support for their application in these extreme

environments.
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sis;interactive relationship; static mechanical properties
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Tab.1 Orthogonal test scheme

KIS RIGIEEIC EUKIERE lom 58 IR S 1E(W-m2,d)

1 -20 15 10, 3
2 -20 3 40,7
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4 -35 15 40,7
5 -35 3 70, 10
6 -35 45 10, 3
7 -50 15 70, 10
8 -50 3 10,5
9 -50 4.5 40,5
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Fig.3 Low temperature and radiation tests: a) low temperature environmental test; b) low temperature test curve;
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Tab.2 Mechanical properties test results

WIS AREIC BEKEE/cm C 48 G /(W-m 2, d) fEfE(HD)  PiffsmfE/MPa 3L /GPa
1 —-20 15 10, 3 a1 719 58.32
2 20 3 40,7 91.75 819 63.81
3 -20 45 70, 10 91.5 734 58.24
4 -35 15 40,7 91.5 815 64.4
5 -35 3 70, 10 91.25 789 65.83
6 -35 45 10, 3 91 795 66.1
7 -50 15 70, 10 91.75 818 55.86
8 50 3 10, 3 90.5 763 55.38
9 50 45 40,7 91 795 56.15
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®4 HACRERESH

Tab.4 Extreme value analysis of tensile strength
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Tab.3 Extreme value analysis of hardness

AGREE) B( VKR JE) C(%m i)

kq 91.417 91.417 90.833

ko 91.250 91.167 91.417

ks 91.083 91.167 91.167

R 0.344 0.250 0.417

HEWK C>A>B

A(RE) B(7 VKIS ) C(4w 1®)

ke 757.333 784.000 759.000

ko 799.667 790.333 809.667

ks 792.000 774.667 780.333

R 42.334 15.666 50.667
HZE FER C>A>B
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Tab.5 Extreme value analysis of elastic modulus Tab.8 Varianceanalysis of elastic modulus
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Ky 60.123 59.527 59.933 A 140.081 2 3449 3110 *
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Tab.6 Variance analysis of hardness
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b) temperature and radiation intensity; c) ice thickness
and radiation intensity
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