
In the case of LCF large number of slip bands in solid 

solution areas was observed. Fatigue cracks initiated 

on the created slip bands. Multiple fatigue crack 

initiation was characteristic for the LCF region. Some 

broken Mg17Al12 particles were also observed on        

the surface of tested specimens. 

 

 

 

 

Slip band formation in the HCF region was also 

observed in the solid solution areas. Slip bands length 

and their count decreases with decreasing stress 

amplitude. Few broken Mg17Al12 particles were 

observed too.  

 

 

 

 

No slip bands were observed in the UHCF region       

on the specimen gauge lengths. Only broken primary 

Mg17Al12 particles initiating cracks were found              

on the specimen surface.  

 

Low cycle and high cycle fatigue (LCF and HCF) testing 

was performed in the Institute of Physics of Materials, AS CR 

in Brno. For the fatigue testing the load-controlled cycling       

in symmetrical tension-compression (load ratio R = -1) was 

used. LCF testing was performed on the Shimadzu EHF-F1 

servohydraulic system. The testing frequency was in the range 

from 0.1 to 10 Hz. When the specimen life exceeded        

1×106 cycles, the specimen was moved to the Amsler HFP 

5100 resonant fatigue machine and the testing was continued 

iwith the frequency of about 60 Hz. Tests were performed at 

room temperature in laboratory air. 

Ultra-high cycle fatigue (UHCF) testing was performed         

at the Department of Materials Engineering, University             

of Žilina. The specimen geometry (length of the heads) was 

adjusted according to the resonance frequency                      

of the specimen in such a way that it was in harmony with      

the resonance frequency of the used ultrasonic horn.            

For the fatigue tests in the UHCF region the KAUP (complex 

acoustic fatigue toughness) ultrasonic device operating           

at frequency f ≈ 20 kHz was used. The loading was performed 

at load ratio R = -1. 

FATIGUE LIFE AND CRACK INITIATION MECHANISMS IN AZ91 

CAST MAGNESIUM ALLOY 

Microstructure of the examined AZ91 cast magnesium 

alloy consists of solid solution of alloying elements      

in magnesium, eutectic (solid solution of alloying 

elements in magnesium + Mg17Al12 particles), 

discontinuous precipitates and intermetallic particles.  

The solid solution consists of grains with the average 

grain size of 185 ± 70 µm.  
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Due to their low density, good heat dissipation, good 

damping capability and good electro-magnetic shielding 

magnesium alloys are widely used for many engineering 

applications. They have been recently developed also 

as biodegradable implant materials.  

Knowledge on fatigue properties and crack initiation 

mechanism is an important prerequisite for the safe 

usage of these alloys in real applications.  
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Conclusions 

Two different mechanisms of the fatigue crack initiation were 

observed in the AZ91 cast magnesium alloy. Initiation on the slip 

bands and initiation on the broken primary Mg17Al12 particles. 

Slip band formation decreases with decreasing stress amplitude.  

In the LCF and HCF region cracks initiated mainly on the slip 

bands. In the UHCF region no slip bands were observed. Cracks 

initiated on broken Mg17Al12 particles. 

The fatigue limit based on the 1×107 cycles was found to be 80 

MPa. In the UHCF region the fatigue limit of AZ91 cast 

magnesium alloy decreased to the value of 60 MPa.  
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