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ABSTRACT : Fatigue life estimation by the theoretical stress concentration Jactors are,
in general, considerably different from test results. And in calculating stress concentration
Jactor, it is very difficult to consider actual geometry and material property which are the
notch shapes, imperfections or defects of materials such as porosities inclusions and
casting defects, etc. Therefore, the paper deals with the experimental method to Sind out the
more exact stress concentration factors by measuring the strain distributions on each
specimen by 3D-ESPI(Electronic Speckle Pattern Interferometry) System. Then the fatigue
lives are compared between theoretical calculations using stress concentration factors
determined by 3D-ESPI system and fatigue test results.
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Tabie 1 Mechanical properties of specimens

E(MPa) v S (MPa) S:(MPa)
202,000 0.3 382 621

Table 2 Geometries of Type [, [

specimens
Test Section
Type Width | Thickness | Radius of Notch
(mm) (mm) (mm)
[ 45 15 2.5
I 45 15 4.0
R=360 R=360
— 7 “5\\
) 2y
Sl Sl
Type 1 Type 11

Fig. 2 Configuration of Type I, I
Specimen with semi-circular edge
notch (unit: mm)
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Table 3 Smooth Specimen Tensile Strain
Data of Type I, 1 using Strain
Gauge

Strain
Load

Type

Left Center Right

20 kN |1.760 X 10*|1.467 x 107 (1.760 x 10*
I 30 AN |2.347x10%|2.054 x 10 |2.200 X 10+
150 &V 11.172x 107 (1.013 X 10° |1.187 x 10°

204N (1.174 X10%11.027 X 10" |1.174 X 10*
I | 30kNV |2.933x10%|2.787 x 10*12.347 x 10*

150 &V |1.245 X 10°]1.041 X 10*|1.084 x 10°
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Fig. 3 Strain Distribution of Type 1 under
150kN
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Fig. 5 Strain Distribution of Type I under
150kN

For Typs-H under 20kN, 30kN, 150kN Strain Profila
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Fig. 4 Strain Profile of Type | under
20kN, 30kN, 150kN

4.2 128 AN

Zt NHe AAA A 3D-ESPI System
& olg3lo S HYE E¥2REH F
A8 $HAFATY 38 WS o83
o AYAZNNE3FS ¥ e Type [, 1
Z} AJHe U3 H 24 g Zo] ALl

40

3
275 30-E6PI-20kN :
25 [ Strain Gauge-20kN
2.25 Strain Gauge-30kN 4
2 3D-EBPI-150kN :
¥ T Btrain Gauge-150N ]
£1.755% E
=4 %
s 15X 2
N f
N -
t y
0.75
05 Ex
azs = e
0 i1 2 € Il i L L |‘ L1 ) §
20 -6 -10 -5 0 10 15 20

Position {(mm)

Fig. 6 Strain Profile of Type I under
20kN, 30kN, 150kN
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Modified Goodman
Formula
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Fatigue Life

Fig. 7 Stepwise procedure for fatigue life calculation
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Comparison with Fatigue Life
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Fig. 8 Comparison with faéigue lives under
mean load, 90kN an

T5kN

load amplitude,

Table 4 Comparison of fatigue life under
cyclic constant amplitude loading

SCF Fatigue Life
(cycles) Ratio
Type| Model | Using | Calcul- Test | %
3D- ated N Nr:/ Np

ESPI | Ne 4
F-25-1| 1.560 | 161.539| 148,975 108
T [F-25-2| 1.675 | 142,799|136,633| 104
F-25-3| 1.866 |121,538(122,854] 99
F-40-1| 1.785 | 98,758} 97,134; 102
I |F-40-2| 1.737 | 102,359| 114,033| 90
F-40-3| 1.773 | 99,621(107,960| 92

Where Nfe is calculated fatigue life using 3D-
ESPI System. Ny is a fatigue test result.
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Fig. 9 Change of strain distribution of Type
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