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Effect of Flaws on Fatigue Strength of Cast or Forged Materials (Part 3)
——clustered small flaws——

by Koji Morita, Member Katsuya Kajimoto, Member
Ryosuke Murai, Mewmber

Summary

As material flaws have great influence on fatigue strength of cast or forged components, it is
important to establish evaluation method of fatigue strength for a material with flaws. In the previous
studiesV?, fracture mechanics approach using “intrinsic crack model” was made to estimate fatigue
strength of material with a round-shaped flaw and with a small flaw.

In this paper, evaluation method of fatigue strength was discussed for a material with clustered small
flaws, and following results were obtained.

(1) Evaluation method of the fatigue strength for a material with clustered small flaws is
proposed. This method is based on the fracture mechanics approach using “intrinsic crack
model” and equivalent correction factor of nearness of flaws.

(2) Estimated fatigue limit by the proposed method agreed with fatigue test results on nodular
graphite cast iron (JIS FCD 600) which have many micro-shrinkage cavities.

(3) Equivalent correction factor of nearness of the clustered small flaws can be obtained by brittle
fracture test on a material which has similar clustered small flaws at an extremely low
temperature.
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Fig.1 Ruling factors of fatigue strength of clustered
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Fig.3 Cutting location of specimen from cast compo-
nent
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Table 1 Chemical composition (wt%)

TC | Si

Mn P

S Ni

Cr | others

3.51 1 2.38

0.61 {0.03

0.011} 0.07

0.09 {Cu, Mg

Table 2 Mechanical properties

0.2% proof | Tensile Elongation | Hardness
stress| strength N
(kgt/mm2) | (kgt/mm?) (%) (HB)
39.6 63.7 2.0 231
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Fig.4 An example of dye-penetrant test result
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Fig.5 Micro structures of tested part in material
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(c) fatigue and brittle fracture specimen with clustered small flaws
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specimen with no flaw specimen with clustered small flaws
XL Count SUN. Ratig ML Tount SGM, *Ratio
] -2 x) x3 9.0 22.2 21 W
= i P T )
1641 19 8,09 8.0% 0.6 166 .
%_ 5.634 9 11.91  2.83 i e :
6.628 15 18.30 6.32 [T .
O] 7560 24 2805 0l 1,982 37 33.83 1.
A=) alels 11 3319 4.68 20086 23 .
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12.543 19 g3 2,00 1003 7ogis M ke
13,582 11 791 4. 1308 2 9486 0.
2} il 6 24.47  2.55 1812 s 96.71 1.75 s
| 1seses 26 sies 0.2t 3216 § 93.63 i.37 ie
= | 16.563 s 23,08 3.40 5820 > 9846  0.14
= | arssr s 80,21 3.13 6013 T se.ss Q.22
16.550 i si81 170 5129 2 e9.12 0.3 I
'06 19,844 4 :: 61 §.zg 6.333 ‘1) g: ;i : 00 !
20.337 4 32 3.7 P
21.331 0 95.32 0.00 7642 o 99.33 0.00
L f 2251 3 96.60 1.28 iee 2.046 1 99.3 9.2 ¢ .
%5 | 23.318 i 98120 1.30 tess Nipimum » 36,472 E- 3 P i99.38 .22 Ainiava o« 36.472 E-
[e) X ETRTT ¢ 98.30 0.00 ! Naximum » 28,485 E- 2 8,833 0 99.73  0.00 ! Haximus = 1047
& | 2s.508 1 sa.t2 0.43 Average +  11.088 E- 2 9,232 o 93.78 600 ! Aversge » 1
26,498 1 99.15  0.43 ! S.D. = 43.988 E- 3 9.663 0 9938 ©0.00 5.0, =  12.921 -
D} irlin 1 99,57  0.43 10.068 o 39.78  0.00
e 28,485 1100.00 0.43 1} , 10,172 1 i¢o.00  0.22 ‘ R
Vemmmsomaneoccennan L B e -
0.0 22.2 0.0 0.9

X¢G Count NCG Count SUN. Ratlo
b -2

-~ E 22.2 E %) x) 0.0 10.0
3.111 1] . 8,145 2 0.84 0.84
9.360 21 . 9.319 4 2.53 1.69
10.610 23 .92 10.492 2 2.38 Q.84
11.839 18 . 11,665 9 7.17 .80
13.109 22 . 12,839 11 11.81 4.84
1:.338 26 . 14,012 21 20.88 8.46
15.608 27 .3 15.185 18 28.27 7.59
16.837 23 .F 16.289 17 35.44 7.17
18. 196 24 . 17.532 13 40.93 $.49
o 19,336 6 89 TR YY 13.705% 25 51.48 10.53
20.605 7 . 19,079 19 39.49 8.02
21.855 15 7. 21.082 21 $38.35 .86
O 23.104 6 . 23.22% 19 76.37 8.902
24.334 17 . 23.399 4 82.28 $.91
25.603 5 96.50 24.872 & 85.85 3.38
25.853 ) . 25.746 7 88.6) 2.95
Z 28.102 4 . 26.919 § 90.72 2.3
29.282 0 25,092 3 9i.98 1.27
30.601 b 29.266 5 94.09 2.1
31,830 N 99.6% H 30,429 § 986.20 2.11
33,100 D 99.68 . Ninimum s . 68,614 E- 3 31,812 2 $7.06 0.34 Ninimum = 69,718 £~ 2
34.349 o 3 Naximum = 38.098 E- 2 32,706 3 9831 1.27 Maximga » 36,306 E- 2
35.399 e Average =" 16.273 E- 2 331,989 198.73  0.42 Average =  18.927 E- 2
25.518 o $.D. 49,390 E- 3 35.132 1 99.16  0.42 s S.D. » 55.811 E- 3
38.10%8 H 36.306 2 100.00 ' 0.84 lews
jummebmm-- PP lusambnmme {ommetmnon EETT RS leevesnans fo==seocas jem=cscnce fmeeuses—e tommse
0.0 22.2 0.0 10.v
* 1 : distance to center of gravity of the nearest flaw
Fig.8 Flaw characteristics analyzed by image
processing {example)
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4.4 SHHEERERS F & K UREHBRET I
Table 3127 L7 SMHMRE & BT as & Fig. 9 H i
R BEM ORRBEARAREES ¢ 2AVT, Q1) ol
R LV EMEEESERE F 2EE LR % Table
41TRT . specimen | © T < 5 6 7 & 9 1o 2
Bgb 5, AEERM OSMIEERERKE, =198 ,
specimen brittle tracture specimen with fatigue specimen with clustered

TE(D YOYARY] E bﬂ[ﬁ_%ﬁ\“ﬁ_ ZE i)§§}73> 5, C 0)1@ bi, ¥#§Bﬂ with no flaw clustered small flaws small flaws
{Zk @ﬁ%‘?‘ 295 03% f%i%@%”ﬁ = gg E .-]—: = ﬁ’ %1 . distance to center of gravity of the nearest flaw
Bl by, FEE A= (2RLR/SELRER >0.9 Fig.9 Flaw characteristics of specimen
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T T TFT TT7T
[ ]

QO : vacuum annealing

Stress range Ao (kgf/mm?)

10 oo raaald 1 it esial [T B W

2x10% 1x10° 1x108 1x107
Number of cycles N

Fig.10 Fatigue test results of round bar specimen with
no flaw
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Fig.11 Fatigue crack growth rates as a function of
stress intensity factor 4K

¥ F 2 ERABRKRRBEES g 2, (3)RRARLEE
& ZE TV OBES W E DV THERIES O AT TR TR
dow 3EET 5 &, BIRKFT L 51T, Jow=10 kgf/mm?®
(=98MPa) &% 3, 861, ZOHFEMEL, Fig. 9 RL
TRMEOES L URIENELORERE 4~12 2BV TE
BL -8 FREPERER (A IS IERR) BHEELT
Fig. 12 wR¥., A & % &, BINESKRRHICE T DK
FROWEMEIEZAMEOIZIZTREYEL T3 KT 2
ZEWNTES, Zhid, FHER, BLELOEEEHT
HLRUBFRRIER S L BRRRERED 5B 5N S
EBEREREFR 2HuTwahorEzohdd, £
AR ToRBE LI NG T b b, BUOMNE
ERMEHICOWT, BIEROBEER 21T, 2L VES
N2EMIBERERE F L RURARBEZ 2BV

Table 3 Equivalent semi-circular surface crack

length dse
) Gi * Kic *2 ase
Specimen No. (kgtfm?) { kglimn?2) (mm)
1 345 1.84
2 37.2 58.7 1.57
3 36.8 1.61

*1 . bending fracture strength at -196C
%2 . specimen with no flaw at-196°C

Table 4 Equivalent correction factor of nearness of
flaws 7 and estimated fatigue limit dow

Specimen ase * as *2 Fi Acth
No. (mm) (mm) (—) (kglimm?)

1 1.84 0.50 1.2 9.8

2 1.57 0.39 2.00 10.0

3 1.61 0.45 1.89 10.2

*1 . equivalent semi-circular surface crack length
%2 half length of measured max. flaw

50 r~
- L
E
£ .

"~
2 ~~9 by crack growth analysis
~\\ .
© r o~
< ~<.. e
\‘
~o_
g - ®
g 8-~
10 estimated fatigue (imit ~~ _
[}
¢ [
= O—
@« ~
L
5 Ll gl 2o el b1 3 e aaned

sx10®  1xt0? 1x10% x10° x107
Number of cycles N

Fig.12 TFatigue test results of 4 point bending speci-

men with clustered small flaw and estimated
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