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1 Introduction 

High-strength w r o ~ ~ g h t  magnesium alloys are considered as potential candidates for application 
as suspension parts in future automobiles due to their high strength to weight ratio 11-31, For 
this application, good HCF performance of notched components is one of the most demanding 
requirements. While previous work on magnesium alloys has demonstrated to what extent me- 
chanical surface treatments such as shot peening and roller-burnishing can increase the HCF 
strength of smooth specimens compared to an electropolishecl reference [4-7 1 ,  corresponding re- 
sults on notched specimens are not available yet. From earlier work on  titanium and a l ~ ~ m i n u n ~  
alloys 18- 101, it is known that particularly notched components beneficially react to mechanical 
surface trcatments such as shot peening or deep rolling. This result was explained by the in- 
teraction of the notch root stress field with the process-induced resitlual conlpressive stresses af- 
fecting nxiinly microcrack growth. In addition, the triaxial stress statc at the notch roo1 was 
thought to result in resitlual stresses bcing more stable during cyclic loading co~nparecl to those 
in the surface layer of smooth specimens. 

2 Experimental 

The wrought magnesium alloy AZXO (nominal conqmsilion in weight percent: 8A1, OSZn, 
0.2Mn, balance: Mg) was received as an extrusion f r o n ~  Otto Fuchs Metallwcrke, Meinerzha- 
gen, Germany. The rectangular bar had a cross section of 110 x 70 111111 (extrusion ratio: 9). The 
alloy was tested in the as-fabricated condition. Specimens were machined with the load axis 
parallel to the extrusion direction (L). Tensile tests were performed on threaded cylindrical spe- 
cimens having gage lengths of 20 mm. The initial strain rate was 8.3 x 104s?. Tensile test re- 
sults are listed in Table 1. 

Table 1: Tens~le test results on AZ80 (L-d~t ectmn) 

E (GPa) 00 2 (MPd) UTS (MPa) El (%) RA (%) 

44 245 340 12 14 

For fatigue testtng, circumferenttally notched cylmd~cal specimens havnig a 60" V-notch 
were rnach~ned After machmng, about 50 pm were removed from the notch root surface by 



electropol~shing (EP) to ensure that any inachmmg effect that could mask the results was ab- 
sent T h ~ s  electropolished condit~on was taken to serve as reference Specnnens wele tested In 
rotatmg beam loadmg (R = 1 )  at frequencies of about 60 Hz 

Shot peening (SP) was performed with an ~njectol type machine usmg sphe~ically condit~o- 
ned cut wile SCCW 14 (0 36 mm average shot s ~ z e )  Du~lng  the peemng treatment, the speci- 
mens rotated at Is ' The distance between nozzle tip and specimen surface was 70 mm To 
deternme opt i~ni~ni  plocess parameters w ~ t h  regard to HCF hfe, the Almen lntens~ty was varied 
In a wide range 

Deep rolling (DR) was performed by a hydraul~cally dr~ven three-roll devlce by means of a 
convent~onal lathe The d~ameter of the hardmetal rolls was 30 rnm The rolls had a 55" c ~ o s s  
sect~on and a t ~ p  rad~us of 0 3 mm Durlng deep rollmg, the number of revolut~ons was kept 
constant at 45 To dete~nime optlmuni process parameters in deep ~olllng, the rollmg force was 
var~ed In a w ~ d e  range In order to keep the geometrical notch factor (I e , the notch root rad~us) 
constant for the varlous surface treated condlt~ons, the speclmens to serve as reference as well 
as those to be shot peened were machined with a notch root radius of 0 3 mm while specmens 
to be deep rolled had a startmg notch root rad~us of 0 43 inin Durmg deep rollmg, this rad~us 
was also reduced to 0 3 nun As a result, all specimens had a notch factor of about 2 7 The exa- 
ct value for each ~ndiv~dual  specmlen was calculated by measuring the net diameter (d,,), notch 
depth (t) and notch root rad~us (p) ~ ~ s n i g  the formula ( I )  for bendmg [I I ]  

After shot peenlng and deep rollmg, the change 111 surface layer propestles was evaluated by 
roughness measurements taken circumferent~ally at the notch root and by measurements of the 
depth profiles of m~crohardness. 

3 Results and Discussion 

The S-N curves of the electropol~shed reference cond~t~ons  of AZ80 are plotted in Fig 1 compa- 
ring the performance of smooth (kt = I 0) speclmens [12] and notched (kt = 2 7) specmens As 
expected, mtroducmg a notch clearly deterlorates the fatigue performance in terms of n o n ~ ~ n a l  
stresses (Fig la) To what extent thls notch factor of 2 7 reduces the HCF strength can be seen 
In Fig I b where the data of Fig la  are replotted in terms of maximum (ax~al) notch root stres- 
ses (o, kt)  Smce notched and smooth speclmens have the same run-out stress a~npl~ tude  of 100 
MPa, it can be derlved that AZ80 IS 100 % notch s e n s ~ t ~ v e  in fatigue, a result also found on tita- 
nium alloys [13] Obv~ously, fat~gue crack nucleat~on determnes the HCF strength W~thin the 
finite 11fe regme,  notched speclmens have an apparent h~glier life smce m~crocrack growth now 
determmes hfe The marked stress gradlent below the notch root reduces the d r ~ v ~ n g  force for 
crack growth compared to the smooth specimens thus, lncreasmg fat~gue hfe (Fig lb)  












