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Axial Loading Endurance Limit Diagrams of Magnesium Alloy
Castings at High Temperatures

Shoji Hotta, Katsushi Saruki
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Abstract

To clarify the effect of the mean stress on the fatigue
strength of various magnesium alloy castings at room
temperature and high temperature, tension-compression
fatigue tests were carried out under various mean
stresses by using specimens cut from 6-20-mm-thick
castings. Consequently, a method of drawing endurance
limit diagrams has been developed. The main results
obtained are as follows.

The endurance limit, g,,,, under completely reversed
stress showed a good correlation with 0.2% proof stress,
Oy, Which can be expressed by the following equation.

Owo = 0.630,,.

In the case of room temperature, at which no creeps
occur, the endurance limit diagram can be estimated by

astraight line which passes the true fracture strength,
o7, on the horizontal axis and the endurance limit, g,
of the completely reversed stress on the vertical axis.

In the case of high temperature ( max. 423 K ), at
which creeps occur, the endurance limit decreases
abruptly on the region of high mean stress. The
endurance limit diagram can be estimated by the same
way as mentioned above, under the condition of o, (mean
stress) 0 0,5 ( 2.5% creep strain strength ).

However, under the condition of g;,, > 0,5, it can be
presented as a straight line which passes o, 5 ( horizontal
coordinate ) on the line estimated by the above
mentioned method and the creep rupture strength, o, on
the horizontal axis.
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Table 1 Castingstested.

Sample Al loy Casting method | Shape of Chemical compositions (wt%)
casting (mm) 7 T 7 TRE | Mo Zr Si Cu Ni Fe_| Mg

A AZ910° High pressure |Plate 9.0{ 0.68 - >0. 15 - <0. 10| <0.030] 0.002| 0.005} bal.
______________ | die casting jUSOx180x6) | | | ___ 4 ____{____\____l_____

B |azEM2130® [High Pressure [Plate 2.14| 1.05| 3.05| 0.3t =~ |<0.001|<0.001| 0.001| 0.004{ bal |
_______________ die casting | (150x180x6) | | 4 4 | 4 |

¢ |azem2230® [High Pressure |Plate 1.90] t.92] 2.55| o0.39] - - ~ - = eatl
_______________ die casting |(150x180x&) | | | | | | | ___

D laze223®  |High Pressure |Plate 1.99] 2,08 2.91] - - - - - - |bal. |
_______________ die casting |Q0150x180x6) | | | ___ | ____|____|____]

E  [ze41a® Low pressure |Plate 0.02] 4.52| 1.26|<0.005| 0.73]<0.005( <0.001[<0.001|>0.001| bat. |
_______________ casting ___|®oxisox15)” ) | 4 | | __ | ___

F |azem2130® [Gravity Y block 1.97] 1.03] 3.04] 0.32] - [<0.001]<0. 001| 0. 00t| ©.005| bal. |
__________________ casting _[(190x145x20) | | 4 | ___|___ | ____ | ___|

G |zear1a® Low pressure |Die casting 0.002| 4.3 1.45| 0.008] 0.78 0.002] 0.002| 0.003| 0.006| bal

casting parts”

a) : ASTM standard alloy
b) : Toyota development alloy

c) : T5treatment ( 603K x 2hrA.C.
d) : TS treatment ( 603K x 2hrA.C.
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Table 2 Hardness, tensile strength and endurance limit.

Sample Room temperature 353K 393K 423K
by |0,,| 0|0 | 0| WV |04, 0y|ar|oy|v]oy,| 0,00, lv]o,, o]0, 0,

A 73| 137| 252{ 280] 78| 64| 130 233| 265 72| 54| 113| 215| 248 64| 46/ 98 172| 198 49
B 695 120] 240| 299 73} 52 45| 90| 163 200 63| 42{ 85 137{ 205/ 50
C 58| 116| 241( 296! 70| 48| 104] 203 298 70 43| 94| 168 281 68] 39| 84| 140 232| 58
D 69 115} 240| 291] 72 42 35 29] 79 121] 180, 44
B 63| 138| 223 238[ 91| 51| 135 209| 233 91 45 124| 182| 228] 81| 41| 118 165 209 69]
F 49| 53| 172] 190] 42| 42 35 - 29( 49| 133] 166 35
G T1| 128] 228| 246] - 116 177} 213| 78| - - -
Hv : Vickers hardness (kgf/mm?) o : True fracture strength (MPa)

o,, - Proof stress (MPa) 0, Endurance limit under completely reversed stress (MPa)

o . Tensile strength (MPa)

500 500 500
~ : O omn=0MPa A om=98MPa 1 0 om=0MPa O om=100MPa : 0 omOWPa O om=98HPa
é' [ed om=49MPa ® om=118MPa
-~ | D omteWPa ¢ omei2iPa O ofrdiPa 4 owEliGHPa | O omTeMPa A om=118KPa
]
5 100 100 100 ?\O\O‘M—m
o o M -
e - N -
3
H - UO‘*———————Q - Mﬁ?’ o
: h\% : S s
o I o - oo
H L \ h
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@ @ () ©
10 R ETIT AR AT SRS S I0Y BN A WA TIT 10 s v oad sl o 10 cranmd vl w0l
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Number of cycies to failure , Nf  (cycles)

Fig. 2 SN relations.
(a) Casting A, 393K
(b) Casting C, 393K
(c) Casting E, 423K
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Fig. 3 Relation between endurance limit under completely reversed and mechanical properties.
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Fig. 4 Relation between endurance limit and mean stress.
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Nf=6.9 X 10 ®cycles)
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Fig. 9 Effects of the specimen shape on the creep properties.
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