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A Study on the Effect of Stress Concentration Factor Determined
by 3D-ESPI System on the Fatigue Life
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KEY WORDS: 3D-ESPI System 3x}9] Ax}Asf sl 7+4d A 28, Fatigue Life ¥ =<1, Stress Concentration Factor -2-2 =] 57|
4, Semi-circular Edge Notch E@F¢l %], Strain Distribution HE & &3

ABSTRACT: Fatigue life estimation by the theoretical stress concentration factors are, in general, considerably different from test results. And
in calculating stress concentration factor, it is very difficult to consider actual geometry and material property which are the iotch shapes,
imperfections or defects of materials such as povosities inclusions and casting defects, etc. Therefore, the paper deals with the experimental
method tfo find out the more exact stress concentration factors by weasuring 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 fatique test results.
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2. 3D-ESPI System
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Table 1 Mechanical properties of specimens
E (MPa) v S,MPa) S, MPa)
202,000 03 382 621

Table 2 Geometries of Type 1, II specimens

Test Section
Type Width Thickness  Radius of Notch
(mm) (mm) (mm)
1 15 15 25
i H 15 40

Fig. 2 Type I,
semi-circular edge notch (unit: mm)

Configuration of

O Specimen with



48 AA% - A3

3.2 QIZIA|H 4 5, 2001; Peterson, 1974)
VRAHE 829 d7] FollA 500kN Hjstes zte
Mol whEAF o] vo]AZAFHE AMEE AojAlA  Table 3 Smooth specimen tensile strain data of Type 1, 1
dg FAEkm, £FTAT) RFHIAE 03%/min olae]  using strain gauge
£ aAlolE olgalel stk 48

o NGRS golyFoznl AEHES AU Type  Load Strain

ABR B WFE FHS  2EHAACIAS Left Center Right
3D-ESPl System$ ©]&3 27bA] Wyeg 25 A S8t 0kN  1.760x107"  1.467x107"  1.760x 107
SEHAANAE 01 scan/sec HEE HlofE $7FA0 7 I 0N 237Tx107 2.054x107¢ 2.200x 1074
Zatgch. Aol 3D-ESPI Systeme ©)&ste] EREFA
2 s)o] BAE o] WEES A=Ak Type 1, T A 1504V 1.172x107°  1.013x107°  1.187x10
Bl thate] Q1dats 20kN, 30kN z2]1r 150kN ol 4 LA 0kN  L1TAX107Y L027x107 1amx 107

she #7el 9322 SR I 30AN  2.933x107!  2.787x107¢  2.347x107*

3.3 T2A|™ 150 &N 1.245x107%  1.041x107%  1.084x107°
HZAEE Type [, O A thated AGAIZAM ARE

g 5 A|xElo g FFA|oE olgste] FeEl. AlHo|

= 3Hz 9 Fulee} KN o BHiEE 1ela 75kN 9o 3 e (109

A7 Ze dANEINESES A5t HEAY S

Y F9o EHHA e gZeatol oet Bk |
B w3lE 3D-ESPI Systema o]&3ho] Z43shck e

4- Al_éjéﬂl. 2.78 0084

222 -4 NJ

4.1 Type 1, 1l OIZIA| A A0} 1.67 .

-13534

ot AFIGE FA 15mm o £ S mm & zron =X 528 e S0 Ak T8 ke sk 1k 7e e
AL 27} 25 mm, 40 mm o)tk W E Alo]XE o] &3l Position (mm)
A o oA HAHolxl MEHES Table 3 7} Zth  Fig. 3 Strain Distribution of Type 1 under 150kN
Type 1, I A8l 315 150kN o} 28 wj A oFd A1
@ ol 3D-ESPI System & o]-&st] FAHold MEPE £
¥+= Fig 3, Fig. 5 & #Zok

Fig. 4, Fig. 6] Bolx& 441.& 3D-ESPI System of 2]3)

A S HYE TERHH LA A9 TS B

For Type-l under 20kN, 30kN, 150kN Strain Profile
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Fig. 5 Strain distribution of Type I under 150kN

For Type-il under 20kN, 30kN, 150kN Strain Profile
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Fig. 6 Strain profile of Type I under 20kN, 30kN, 150kN
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Fig. 8 Comparison with fatigue lives under mean load, 90kN
and load amplitude, 75kN

Table 4 Comparison of fatigue life under cyclic constant
amplitude loading

SCF Fatigue Life (cycles) .
- Ratio(%)
Type Model Using  Calculated Test N/ Ny
3D-ESPI Ny, Ny

F-25-1 1.560 161.539 148,975 108
1 F252 1675 142,799 136,633 104
F-25-3 1.866 121,538 122,854 99
F40-1 1785 98,758 97,134 102
o F402 1737 102,359 114,033 90
F403 1773 99,621 107,960 2

Where N, is calculated fatigue life using 3D-ESPI System. N, is
a fatigue test result.
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Fig. 9 Change of strain distribution of Type [ specimen

according to accumulated damage: (a) at 98,872 cycles, (b) at
104,472 cycles, (c) crack initiation at 109,247 cycles

e (107%
[
8.11
5.00
saa 9]
spe 17
3.33 460
278 0.15+
2.22 -4.36
1.67 483
111 3364
0.56  7g14
0.00

L‘_lql—_ T T T
-2312 -186.63 -1230 -23.Z -1863 -12.90 -2312 -1§683 -12.90

Position (mm)

(@) (b) ©

Fig. 10 Change of strain distribution of Type Tl specimen
according to accumulated damage: (a) at 77,787 cycles, (b) at
90,852 cycles, (c) crack initiation at 97,467 cycles
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