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Temperature Evolution and Fatigue Properties Prediction

for High Cycle Fatigue of Magnesium Alloy
Under Alternate LLoading
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Abstract: High-cycle fatigue damage process of AZ31B magnesium alloy at room temperature was
studied based on thermographic technology. An infrared-thermography camera was used to investigate
the temperature evolution on the surface of material during fatigue experiments. Results show that the
temperature evolution mainly undergoes five stages under fatigue loading: an initial increase, steep re-
duces, steady-state, an abrupt increase and final drop (stage V). Theoretical model combining the
thermoelastic, inelastic, and heat-transfer effects will be formulated to explain the temperature pro-
files observed during fatigue. The relative error of fatigue limits between the experimental result
(108MPa) and the predicted result (113MPa) is 4. 8%. AT...-N curve was proposed to predict the fa-
tigue life based on the temperature evolution during the fatigue experiments. The fatigue fracture and
the fatigue life will be predicted by maximum temperature rise of first stage.
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Fig.1 Fatigue sample dimension
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Fig. 2 Thermographic image on the surface of specimen (a) and temperature change curve (b) under loading of 130MPa



T8 P 380 1 T B8 45 <l 96 A B v A 9 9 4k A TR

87

55 BB A JE S0 ) 0% 55 A 4 T S B = A
SR T B B ORI S NN ) K T S AR BE
% 97 I A8 AR PR B AR A AT 3 Ol 5 AN REAE B A 1Y B
BCULIE 3) B Be I CAB )W) i I T+ B B, fin 287 A= 11
Jey FR B AR AL T IO ik 18 R I 1) 7 Gz R T A
FIHFE R X — B BOIE SRR RO R AR A B B
11 € BC )l B B B B, e B B 7 i 80t T i 48 b A
AR E B R T B B 1A S8 AR IR 3 k0 R A
A R A A 8 3 R AR L X — B B AR
FEFAE BB CCE D i B8 R By BE - g Bl 4 7 26
S PSS e 1k B P B BE IV C EF ) i 8 G E T By
B eI TR RSO AR T R L U i Ak SR T S
AR T LA % P T JEE 45 R 7 7 4 vh R R B By A AR A
i e v b R AR W R Y BV CFG ) i B
TEEG B BN S k. BE A S B BV IR
R AR T B 1A fr i B Xl TS & M e
FAE I SRS S R A AR AN BR T 2 2 i DA TR R AR A
B i TGO AEHT 4 A B B B R 3 A
PR A I U 8

B
M F
2 {
E ;
g £ D E/ i
a
S G
=
AStage 1} Stagell Stagelll Stage IV Stage V
0 N;
Nlcycle

B3 B e om 48 3 i i 3 AR A

Fig. 3 Temperature evolution on the surface of

magnesium alloy specimen
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Fig. 4 Temperature change curves on the surface of

specimen at different stresses
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Fatigue test results of AZ31B magnesium alloy

Loading stress higher than fatigue limit

Loading stress lower than fatigue limit

Maximum temperature rise

Maximum temperature rise

Omax/ MPa of phase [ N/cycle Fault position  omax/MPa of phase [ N/cycle Fault position
AT /K AT /K
150 49. 33 58761 In gauge 115 3.68 107 Unbroken
145 36. 39 90641 In gauge 110 3.50 107 Unbroken
140 28.55 85760 In gauge 100 2.20
135 26. 65 143828 In gauge 90 1. 31
130 23. 44 179939 In gauge 85 1. 14
125 17. 80 170159 In gauge 75 0. 80
120 13.94 993516 In gauge 70 0.70
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Fig. 7 The ATwmx-N curve of AZ31B magnesium alloy
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Table 2 The linear correlation of fitting curves
Type of curve n R Standard deviation P
ATmax-N 9 0.98 0.08 1.0X10~
S-N 9 0.92 0.02 4.9X10*
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