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Fig.1 Finite element model of the specimen
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Tab.1 304SS material parameters

K28 Material parameter {H Value
2 [ Density/(kg/m®) 7930
FL L Elastic modulus/MPa 183 500
JAFA L Poisson ratio 03
S ZEL Thermal conductivity/[W/(m*K)] 16.2
HE AR Specific heat/[J/(kg - K)] 500
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Tab.2 Mixed hardening parameters

G G, G Y1 Y2 Y3

165 362 60 140 43222 7937 280 2.5

T AR E LS 5L 0= 75 MPa, b=449.
Note: isotropic hardening parameter 0=75 MPa, 5=449.
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Fig.2 Load and displacement curves under different strain
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Fig.3 Simulated temperature time curve
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Fig.4 Temperature rise nephogram at different thermal convection
coefficients
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under adiabatic conditions
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Tab.3 Energy dissipation calculation results

hJt 5/270 10/160 15/120 20/100
d./(mW/mm®) 03175 0.2236 0.1814 0.149 0
d /(mW/mm®)  0.696 6 0.5314 0.450 4 0.424 4
Pl% 54.42 57.92 59.72 64.89
TE < R 53 RO G 3 BRI RN 18] 5 o L d 23 030 A 25 B3N

TR S A5 T A I S BE AR FR ORI 26 AR R 19 B REREFE AL P
Oh A i FIRRAR S RETRE 5 L

Note: h, and ¢ respectively represent the thermal convection
coefficient and loading time; d . and d denote the conduction energy
dissipation considering thermal convection and radiation and the total
energy dissipation considering adiabatic conditions, respectively; P is the

proportion of heat convection and heat radiation dissipation energy.
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Fig. 8 Temperature rise curves along the x-path direction at

different loading frequencies
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Tab.4 Calculation values of dissipated energy at different loading

frequencies
AEFERLIE Ji% Frequency/Hz
Energy dissipation
value 0.07 0.1 0.3 0.5
d, 0.028 84  0.040824  0.122 15 0.203 79
d, 0.411 94 0.408 24 0.407 16 0.407 59
REFETHUE S Frequency/Hz
Energy dissipation
value 0.6 0.7 0.9 1.0
d, 0.24300  0.278 64 0.340 20 0.372 60
d; 0.40500  0.398 06 0.378 00 0.372 60
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A< (0. 1~0. 5 Hz) B, #E HUAE A4 I/ R 4L 13-4 kg 228
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Physical

Solution of dissipated energy and influence of loading frequency on evaluation

results in the rapid evaluation process of fatigue performance

LUO Jiayuan' WANG Jialin' GAO Cong’
(1. School of Mechatronics and Vehicle Engineering, Chongqing Jiaotong University, Chongqing 400074, China)

(2. Chang’an Research Institute, Chongqing Chang’an Automobile Co., Ltd., Chongqing 400023, China)

Abstract: The rapid assessment method for metal fatigue performance based on the infrared thermography presents
advantages such as short testing cycles, low costs, and high efficiency. However, accurately quantifying factors influencing the
dissipation of energy, such as convective heat transfer and thermal radiation, proves challenging. The difficulty leads to
complications in achieving the precision necessary to meet test standards in the final assessment results. A mixed-hardening
constitutive model for 304 stainless steel was established and coupled with the low-cycle fatigue thermomechanical
mechanism, to analyze the evolution pattern of dissipated energy caused by convective heat transfer and thermal radiation
during the loading process. Furthermore, the impact of low-cycle fatigue loading frequency on the rapid assessment results of
fatigue performance was explored based on the critical threshold of dissipated energy. The research indicates that during the
low-cycle fatigue process of 304 stainless steel, the dissipated energy from convective heat transfer and thermal radiation
constitutes over 54% of the total dissipated energy. Moreover, this proportion continuously increases with the augmentation of
the convective heat transfer coefficient. Therefore, it is crucial not to neglect these factors in dissipated energy assessment
calculations. With an increase in loading frequency, the peak load narrows within the region of action time. Consequently, the
dissipated energy of each load cycle decreases, leading to a rapid assessment result of fatigue performance that tends to be
larger than the test value.

Key words: Mixed hardening model; Dissipated energy; Thermal convection; Heat radiation; Loading frequency
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