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Fig. 1 Cryogenic test system: (a) loading device and image acquisition device;
(b) cryogenic cooling device; (c¢) lighting device for single camera 3D DIC;

(d) configuration of aluminum alloy 2219 uniaxial tensile specimens(unit: mm)
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Fig. 2 Biprism single camera system: (a) system components; (b) optical path diagram of the imaging system-*% *'-
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Fig. 3 Defrosting scheme and effect at —100°C : (a) 13X molecular sieve; (b) without any drying measures;
(¢) place the whole bottle with 13X molecular sieve; (d) 13X molecular sieve

is put in the yarn bag and then placed in the test chamber
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Fig. 4 Status of transfer and etched scatter at low temperatures: (a) speckle state during loading at
room temperature; (b) the state of the speckle carrier without load at —40°C ;
(c~e) the state of the speckle carrier after loading to 25kN at —180°C ;

(f) cracking state of the speckle substrates after unloading and standing for 24 hours
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Fig.5 Verification of low temperature embrittlement effect by laser ablation scattering: (a) constitutive curve and
displacement field of uniaxial tensile test at room temperature and the state of the speckle carrier after fracture;
(b) constitutive curve and displacement field of uniaxial tensile test

at —180°C and the state of the speckle carrier after fracture
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Fig. 6 Speckle quality evaluation of four speckle making schemes
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Fig. 7 Two low temperature speckle fabrication schemes
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Fig.8 Comparison of two speckle fabrication schemes for low-temperature DIC testing:
(a) speckle state and constitutive curve of matte paint spray speckle under low temperature conditions;

(b) speckle state and constitutive curve of etch spraying speckle fabrication scheme at low temperature
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Fig. 11 Displacement and strain fields near the crack tip under different experimental conditions
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Fig. 12 (a) the calculation area of displacement field and the SIF calculation range obtained after cutting the plastic

zone of crack tip; (b) displacement field U before and after cutting (at room temperature, the load value is 3000N)
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Fig. 13 (a) the variation of SIF of weldment with temperature at room temperature;

(b) variation of SIF of weldment with temperature under low temperature of —180°C
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Techniques of speckle fabrication and its application
for low temperature digital image correlation

GENG Chuanging', LI Yangyang', LIU Han?, XIE Huimin'

(1. School of Aerospace Engineering, Tsinghua University, Beijing 100084 ;

2. Beijing Institute of Structure and Environment Engineering, Beijing 100076)

Abstract. Digital image correlation (DIC) is a full field deformation measurement technique based on
speckle carrier. The fabrication of speckle carrier is the key to realizing deformation measurement,
and there are a series of speckle fabrication methods such as spraying, etching, and transferring. The
low-temperature experimental tests show that the brittleness effect occurs at low temperature, which
leads to the carrier cracking and falling off easily when it is subjected to large deformation, resulting in
large errors in the deformation measurement. In addition, the measurement results are also affected
by frosting and airflow disturbance, so it is urgent to develop the low temperature speckle fabrication
process. Combined with relevant requirements, this paper has developed two low temperature speckle
making processes: the etching spraying method and the spraying method based on
polytetrafluoroethylene (PTFE) substrate. The obtained speckle has good stability under low
temperature conditions. In the low temperature verification experiment, the speckle carrier did not
crack and fall off until the specimen broke; The 13X molecular sieve drying method was used to solve
the problem of frost formation in low-temperature measurement and reduced the image noise caused by
frost formation. The developed low temperature speckle fabrication process has been successfully
applied to the low temperature mechanical property test and fracture mechanics parameter inversion of
weldments. The tensile test results at room temperature and —180°C show that the elastic modulus of
materials increased and the stress intensity factor (SIF) decreased at low temperatures.

Keywords: low temperature; digital image correlation; speckle fabrication; welding; parametric inver-

sion



