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Abstract 

We studied the acoustic emission (AE) response to AZ31B alloy during cyclic and 

creep tests. The peak total AE event count appeared at the 400th cycle before material 

fracture during the compressive–tensile (C–T) cyclic test at a strain amplitude of 0.4%. 

In the case of 0.75% strain amplitude, the peak AE event count during compressive 

unloading occurred at approximately the 100th cycle before fracture. In creep tests at 423 

and 523 K, the AE event count in the tertiary creep stage involved increased activations 

of slips and cracks. The AE responses indicated the transition of the deformation 

mechanism. The results suggest that the fracture of magnesium alloys can be predicted 

on the basis of in situ AE measurements. 
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1. Introduction 

Magnesium alloys are highly useful structural materials because of their physical 

properties such as low density (approximately 1.8 gm/cm3), high strength/weight ratio, 

high damping capacity, and good creep resistance. Mg alloys have a hexagonal 

close-packed (hcp) crystallographic structure with a primarily basal, prismatic, and 

pyramidal (basal and nonbasal) slip system. A twinning system in the hcp 

crystallographic structure deforms preferentially via dislocation glide on the basal plane 

and twinning in the pyramidal planes. The slip and twinning–detwinning system in Mg 

alloys during mechanical tests have been studied for the development of 

high-performance Mg alloys [1-12]. 

Recently, acoustic emission (AE) measurements have been used to investigate slip and 

twinning systems in the microstructures of structural materials. The AE method is 

suitable because the source of acoustic signals is the slip, twinning, and 

movement/annihilation of a dislocation and crack [13-18]. Investigations of AE signals 

of Mg alloys during cyclic tests and creep deformation are important for further 

development of alloys. Behavior of the AE event count during cyclic tests have not yet 

been investigated [7-10, 18], and the mechanism during creep deformation has been 

discussed in terms of activations of slip, cracking, and grain-boundary slide (GBS) [11, 
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12]. In this study, we focused on AE response during cyclic and creep tests of AZ31B 

alloy by in situ measurements, which provide information regarding the alloy’s response 

to fracture. Furthermore, material fracture was successfully predicted on the basis of 

cyclic and creep tests by in situ AE measurements.  

 

2. Experimental procedure 

We prepared wrought AZ31B alloy with a grain size of 5–30 μm (Figure S1) and the 

following chemical composition: 

Mg-2.7Al-0.79Zn-0.44Mn-0.001Fe-0.004Si-0.001Cu-0.001Ni (wt.%). The dimensions 

of the cyclic test samples were a total length of 95 mm, a gage length of 10 mm, and a 

diameter of 6 mm. The dimensions of the creep test sample were a total length of 70 

mm, a gage length of 22 mm, a width of 4 mm, and a thickness of 3 mm. Before the 

stress tests, the crystal orientations in the three planes of the longitudinal direction (LD), 

the short transverse direction (SD), and the transverse direction (TD) were examined 

using X-ray diffraction (XRD; 30 kV, 15 mA, Cu-Kα, λ = 0.1542 nm), as shown in 

Figure S2. The samples were annealed for 1 h at 573 K before the mechanical tests. 

 Before the cyclic tests, tensile and compression tests were performed along the LD, 

SD, and TD at room temperature via an in situ AE measurement (Figure S3). The AE 
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event count was measured during the mechanical tests using an AE monitoring system. 

The AE signal sensor was capable of detecting frequencies ranging from 100 kHz to 1.5 

MHz and had a total gain of 80 dB. The discrimination level, VHigh/VLow, was 24/20 mV. 

The in situ AE measurements during compression–tensile (C–T; compression loading 

start) cyclic tests (as shown in Figure S4) were performed at strain amplitudes of ε/2 = 

0.4%, 0.75%, and 1.0%. 

To determine the conditions of the creep tests for in situ AE measurements, we 

performed the tensile tests at temperatures between 293 and 523 K before the creep tests 

(Figure S5). We determined the tensile stress, elongation, and 0.2% proof stress on the 

basis of the tensile tests and performed the creep tests under an applied stress ranging 

from 85 to 150 MPa (Figure S6). The AE event count during creep tests were measured 

at 423 and 523 K using an AE monitoring system. 

 

3. Results and discussion 

3.1. In situ AE measurement during tensile and compression tests 

 Figure S2 shows XRD profiles of AZ31B Mg alloy of (a) LD, (b) SD, and (c) TD. The 

pyramidal (10-11) plane was mainly the plane normal to the LD, as shown in Fig. S2(a). 

The main peak of the XRD pattern for the SD appeared at approximately 35.0°, which is 
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the basal (0001) plane, as shown in Fig. S2(b). In Fig. S2(c), two peaks originating from 

the basal and pyramidal planes on the TD are observed.  

As shown in Fig. S3, we investigated the AE responses for tensile and compression 

tests along the LD, SD, and TD at room temperature. Figures S3(a) and S3(b) show 

stress–strain (S–S) curves of tensile and compression in the LD. In the tensile tests, the 

AE signal initially increased to 104 at the yield point (Fig. S3(a)) because of activation 

of twinning and slip and thereafter decreased gradually. The AE event count became 

unstable before material fracture. By contrast, two peaks appeared during the 

compression tests, as shown in Fig. S3(b). The first peak appeared at the yield point, 

and the second peak occurred at strain between 10% and 15% in plastic deformation. 

These results suggest that, in the compression tests, material fracture can be predicted 

by the appearance of the second peak. Figures S3(c)–(f) show S–S curves of tensile and 

compression tests in the SD and TD, respectively. The AE signals during the tensile 

loading were increased and decreased in a manner similar to that in the LD.  

 Figure 1 shows the power spectrum as a function of frequency during (a) tensile and 

(b) compression tests. Figure 1(a) shows the power spectrum for strains of 0.64%, 4%, 

and 10% in Fig. S3(c). The frequency peak of twin activity (near 550 kHz) was mainly 

at the yield point of 0.64% [17]. The intensity of frequency peaks gradually decreased at 



6 

 

4% and 10% strain. Figure 1(b) shows the power spectrum for strains of 1%, 5%, and 

10% in Fig. S3(d). Only a peak near 250 kHz was observed in the yield point (1%), 

which means that the deformation mechanism is dominated by basal slip activity. Under 

5% strain, although the power spectrum consisted of the responses of the slip, twin, and 

crack system, the deformation in the compression tests was dominated by the active 

twin before the second peak. After the second peak (10%), the frequency peak was 

shifted into active slip with twinning and crack formation. We considered that the 

transition of the deformation mechanism was indicated by a larger peak of an AE event 

count with decreasing twin activity because the frequency peak of slip activity increased 

with increasing activation of dislocation [16, 17]. 

 

3.2. In situ AE measurements during cyclic tests 

To investigate the AE behavior of cycle fatigue, we performed the C–T cyclic tests as a 

function of strain amplitude at ε/2 = 0.4%, 0.75%, and 1.0%. Figure S4 shows S–S 

hysteresis loops for tensile–compression (T–C; tensile loading start) and C–T cyclic 

tests. Figure S4(a) shows the hysteresis loop obtained from the T–C cyclic test at ε/2 = 

0.75%. The red- and blue-dotted lines indicated the first cycle and half-cycle, 

respectively. The initial tensile yield and maximum tensile stress after 159 half-cycles 
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were 250 and 262 MPa, respectively. The increase from 250 to 262 MPa is due to 

work-hardening [10]. The initial compressive yield stress was observed at 

approximately −100 MPa, and the maximum compressive stress was −154 MPa. The 

maximum compressive/maximum tensile stresses were −126/197 MPa after a half-cycle 

for ε/2 = 0.4% in Fig. 1(b), −155/262 MPa after a half-cycle for ε/2 = 0.75% in Fig. 

S4(c), and −183/276 MPa after a half-cycle for ε/2 = 1.0% in Fig. S4(d). As shown in 

Figs. S4(a) and S4(c), the hysteresis loops agree well with the results of the cyclic tests 

[8, 10].  

Figure 2(a) shows the total AE event count during C–T cyclic tests at ε/2 = 0.4%, 

0.75%, and 1.0%. In the ε/2 = 0.4%, the trends of the AE event count changed at the 

20th cycle and again at the 100th cycle. The AE signal decreased with each additional 

cycle up to the 60th cycle, and then the total AE event count exhibited a broad peak at 

the 400th cycle before material fracture.  

By contrast, evaluating fracture was difficult because the samples used in the tests at 

ε/2 = 0.75% and 1.0% failed, without the appearance of the broad peak. Figure 

2(b)–(d) shows the detail of AE event counts as a function of strain for the first and 

second cycles of the C–T cyclic tests at ε = 0.4%, 0.75%, and 1.0%.  

Figure 2(b) shows the AE event count for ε/2 = 0.4%. The AE signal was increased to 
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2 × 104 because of active slips and twins during the first compressive loading, decreased 

sharply to 0 after the first compressive loading, and then increased from 2 × 102 to 2 × 

104. We attributed the increasing AE behavior to basal slip and detwinning during the 

first compressive unloading. Then, the AE event count during the first tensile loading 

was between 103 and 104, which means that the deformation implies active slip and 

twinning. After the tensile loading, the AE event count decreased to approximately 102 

(basal slip activity) before rising to 104 (slip and low twinning/detwinning) during the 

first tensile unloading and second compressive loading; the AE event count then 

remained at 104. During the second compressive unloading, the AE event count was less 

than that during the first tensile unloading and only a single narrow peak was observed 

at lower strain amplitude (0.4%). Presumably, the narrow peak includes cracks without 

detwinning. Figure 2(c) shows the details of the AE event count for the T–C (blue 

dotted line) and C–T (red solid line) cyclic tests at ε/2 = 0.75%. The AE event count 

during a cyclic test at the onset of compressive loading was in good agreement with that 

for the tensile start. However, it was not in agreement during the initial behavior of the 

first tensile loading. After the tensile loading, the AE event count decreased to 

approximately 102 (basal slip activity) before rising to 2 × 104 (slip and active 

twinning/detwinning) during the first tensile unloading and second compressive loading. 
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The broad (between 102 and 103) and narrow (6 × 103) peaks were observed during the 

second compressive unloading and the second tensile loading because the amount of 

detwinning was greater than 0.4% [19, 20]. In the cyclic test at ε/2 = 1.0%, a clear 

difference in the AE behavior was observed; this difference was the same as that 

observed for ε/2 = 0.75% in Figs. 2(b) and 2(c).  

Figure 3 shows the AE event count during the tensile unloading and compressive 

unloading in (a) T–C and (b) C–T cyclic tests at ε/2 = 0.75%. The AE event count 

during compressive unloading was increased (103 to 104) between the first and third 

cycles. We considered that the deformation involves not only a slip but also 

twinning/detwinning. The AE event count then decreased to 5 × 102 or 6 × 102 until the 

10th cycle. After approximately the 10th cycle, the AE event count gradually increased, 

and a peak was observed (3 × 103); in contrast, the AE event count during tensile 

unloading was constant (104). The AE responses are interpreted as the deformation 

consisting of active slip and cracking before fracture. These results suggest that, in the 

case of lower strain amplitude (0.4%), material fracture can be predicted on the basis of 

the total AE event count and that, in the case of larger strain amplitude (0.75% and 

1.0%), the AE event count during compressive unloading is important for the prediction. 
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3.3. In situ AE measurements during creep tests 

We measured the AE signals to characterize the material fracture during creep tests. 

Before the in situ AE measurements, the mechanical properties of AZ31B alloy were 

investigated to determine the appropriate conditions, as shown in Figs. S5(a) and S5(b). 

The tensile stress decreased with increasing temperature. The 0.2% proof stress 

decreased from 293 to 373 K, increased from 373 to 423 K, and then decreased again 

from 423 to 523 K. The critical point of the 0.2% proof stress was 423 K. By contrast, 

the elongation decreased from 293 to 423 K and then increased from 423 to 523 K. On 

the basis of these results, we determined creep temperatures of 423 and 523 K and 

applied stresses of 95 and 150 MPa.  

Figure S6 shows the creep curves collected under applied stresses of 145, 150, and 155 

MPa at 423 K and 85, 90, and 95 MPa at 523 K. The creep resistance was clearly 

dependent on the applied stress because the tensile stress decreased at high temperatures. 

Figure 4 shows the AE event count and creep curves for (a) 150 MPa/423 K and (b) 95 

MPa/523 K. As shown in Fig. 4(a), the AE event count indicated between 10 and 4 × 

105 (involved 103) in the transient creep stage. We supposed that the deformation 

consists of crack and slip activity. After 34.7 ks, the AE signal remained between 10 and 

102 with a constant strain rate in the steady creep stage. The deformation might be 
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dominated by basal slip activity. After 57.6 ks, the AE signal was between 1 and 1  105. 

The creep deformation shifted from a steady to a tertiary creep stage because of the 

transition of deformation mechanism with a combination of slip, cracking, and GBS in 

the tertiary stage [11, 12]. Figure 4(b) shows the AE event count and the corresponding 

creep curve for 523 K. The AE event count of the transient and tertiary creep stages also 

increased, whereas it decreased in the steady creep stage, as it did at 423 K and 150 

MPa. The transition of creep deformation to the steady creep stage occurred at 

approximately 6.0 ks. The creep deformation also shifted from the steady creep stage to 

the tertiary creep stage at 19 ks. In the transient creep stage, the AE event count was 

between 3 and 1 × 103. These results support the hypotheses that the deformation 

mechanism started from active cracks and GBS and that GBS dominated the steady 

creep stage; in the tertiary creep stage, the AE signal ranged from 3 to 105 because the 

slips and cracks were again detected with GBS [12].  

 

4. Conclusions  

 We demonstrated in situ AE measurements of T–C/C–T cyclic and creep tests on 

AZ31B alloy. The peak of the total AE event count appeared at the 400th cycle before 

material fracture during the cyclic test at a strain amplitude of 0.4%; in the case of 
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0.75% strain amplitude, the peak AE event count during compressive unloading 

occurred at approximately the 100th cycle before fracture. In addition, the AE event 

count during the creep testing also detected the transition of deformation mechanism 

before material fracture at 150 MPa/423 K and 95 MPa/523 K. The material fracture 

during cyclic and creep tests can be predicted on the basis of the responses. In situ AE 

measurements are useful for investigating defects during cyclic and creep tests and are 

effective for predicting Mg alloy fracture. 
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Figure captions 

 

Figure 1 Power spectra for (a) tensile at strains of 0.64%, 5%, and 10% and (b) compression 

tests at strains of 1%, 5%, and 10%. 

 

Figure 2 (a) Total AE event count during the cyclic tests at ε = 0.4%, 0.75%, and 1.0%. 

(b)–(d) AE event count of the first and second cycles of compression–tensile cyclic tests at (b) 

ε = 0.4%, (c) ε = 0.75%, and (d) ε = 1.0%. 

 

Figure 3 AE event count during (a) tensile unloading and (b) compressive unloading in 

tensile–compressive and compressive cyclic tests at ε = 0.75%. 

 

Figure 4 AE event count and creep curves at (b) 423 K under 150 MPa and (b) 523 K under 95 

MPa. 
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