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Abstract: In order to study the feasibility of testing the high temperature mechanical properties of materials with
laser as heat source, a theoretical model and a numerical model were established to analyze the surface and
internal temperature rise of materials heated by double-sided uniform laser spot. The results show that the uniform
temperature field can be formed in the heating area of the specimen by using the double sided uniform laser
irradiation under the ideal condition. In order to verify the above conclusions, a thermo-mechanical test platform
of laser irradiation with spot uniformity of 92% is established, and the high temperature tensile strength of CFRP
laminates which are difficult to be heated quickly using traditional method is obtained based on the relevant test
methods. The results show that the temperature uniformity of the specimen in the test area of laser heating center
(10 mmx10 mm) is good. The specimen can be rapidly heated to 923 °C under uniform double-sided laser
irradiation, and the maximum temperature fluctuation in the test area is 6.8%. The thermo-mechanical test method

based on uniform laser double-sided irradiation has many advantages such as good generality, high temperature
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rise rate, high test temperature and high test efficiency. It provides a key technical support for further development

of a universal test system of material/structure with high temperature rise rate and high temperature mechanical

properties.
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Fig.1 Schematic diagram of uniform double-sided laser irradiation

heating specimen
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Fig.2 Finite element model of laser double-sided irradiation
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Fig.3 Typical temperature rise curves of CFRP under laser double-sided

irradiation
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Tab.1 Steady-state temperature results obtained by

numerical model calculation

The highest The lowest ~ Temperature

Thifrl::rlless'/ temperature of temperature of  difference/ (ﬁiliaaitti\(/;
surface/°C center/°C °C
0.5 702.5 683.0 19.5 2.8%
1 692.5 668.8 23.7 3.5%
2 671.8 638.7 33.1 52%
3 651.1 604.3 46.8 7.7%
4 627.7 561.9 65.8 11.7%
5 602.8 512.7 90.1 17.6%
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Fig.6 Experimental scene of double-sided laser irradiation heating
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Fig.7 Typical image recorded by a thermal imager
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Fig.8 Typical temperature distributions
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Fig.9 Temperature rise curves under laser irradiation
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Fig.10 Typical temperature rise curves of CFRP with different laser
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Fig.12 Fracture morphology of specimen

() 923 C

&l 13 Jy 343 °C F1 194 °C T ik £ e 11 4% 4 ir %
o MR R S, BRI B B A AR
TR, W R R 7R RO HAGR BE FARE,
TR A G, BT R SE . AT D RS RRRTE 3R, TG

P13 T R TE AR

Fig.13 Cross section morphology of specimen fracture
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