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Tab. 2 The tensile properties of alloys

<, GES G5 HURSREMPa JHRGRE/MPa K5 /%
i 1-1 298 187 9.6
®1 ICPUIRHE SRS ﬁjujifﬁ 2-1 298 186 8.8
Tab. 1 The composition of the alloy analyzed by ICP A REh 3-1 208 187 89
Wg /%
—— 1-2 220 165 6.5
Si Mg Cu Mn Ti Al R 2-2 248 176 5.6
8.5 0.38 1.2 0.15 0.12 S 3-2 235 171 7.9
F3 EFARER
Tab. 3 The fatigue test results
FEbh IR TP W2 BB
£ J1/MPa UEL I 55 TR IR 2 7 T L T L b 3
A 86 3.361 x 10° 2 X
B 82 >25x 10 75 KN 1120 MPa, W%, AR IRE326 4007
C 86 >2.5x 10 S RN 71120 MPa, %L, JRFRX %182 8001
D 90 >25x10' 7 BRI 71120 MPa, WL, EFRC$188 6007
E 94 6.681 x 10° B X
F 86 3.343 x 10° 2 x
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Fig. 2 Fatigue fracture surface of samples that did not reach an indefinite lifespan
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Fig. 3 The fatigue fracture images of samples that reached an indefinite lifespan
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Tab. 4 The size characteristics of shrinkage porosities of
crack sources

FEfGRS TR um® SRR AR m OGRS um

A 96 450 311 255
B 139 884 395 162
C 112 536 358 158
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E 287094 597 333
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J 214 260 469 186
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Tab. 5 The sizes, locations, K,and K, of fatigue fracture
crack source shrinkage porosities

G5 AR AYum®  WAHMERAIE VI K K,

A 96 450 12 (@) 065 174563 10.23
B 139 884 24 (M#B) 05 140505 753
C 112536 23 (M) 05 139559 7.48
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Tab. 6 The size characteristics of shrinkage porosities of the
verification sample crack sources
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Fig. 4 The value distribution diagrams of and within table 5

(a) lFfL

(b) i#r2

E5 EEAFRRESETORB A
Fig. 5 The fatigue fracture images of verificaction samples
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Research on the Mathematical Relationship Between Shrinkage Porosity,
Room-Temperature Yield Strength, and Tensile & Compression Fatigue
Limit of Al-Si Alloy

MAO Guo-ling, ZHOU Hai-tao, YANG Chen-fan, WANG Gen-quan, LI Yao-zong, QIANG Hui
(National Key Laboratory of Vehicle Power System, China North Engine Research Institute (Tianjin), Tianjin 300400, China)

Abstract:

In response to the problems of the high cost of test and the large calculation error for the fatigue limit of
aluminum-silicon alloy, a quantitative mathematical relationship between shrinkage porosity, yield strength,
and fatigue limit has been established by room temperature tensile tests, room temperature tensile and
compression fatigue tests, scanning electron microscopy (SEM), etc in this investigation. The results show that
the fatigue fracture of Al-8.5Si-1.2Cu-0.38Mg alloy is composed of fracture source zone, crack propagation
zone, and instantaneous fracture zone, and all fracture sources existing shrinkage porosities, which is the main
cause of fatigue fracture. The proposed mathematical relationship is validated through experiments, and the
results indicate that the prediction error is small.

Key words:
aluminum-silicon alloy; shrinkage porosity; yield strength; fatigue limit; fatigue fracture source
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