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Quantitative Evaluation of Effects of Defects and Non-metallic Inclusions |

on Fatigue Strength of Metals
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Fig. 4. Effect of an artificial hole on fatigue
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Table 1 &, ¥HEOHMICBITA [, DEXRLEHD
ThHD, — W EmE UTiE, B5RET 3R
BT E [, DBERBYTA. COZLERREMD S
WIETE ST [ AN SV T/HhEWRIER
ATEME CHESRECHET AL ERLTBY, &
FER T IR L T RDICK o TAELBTRDFER

Table 1. The length (/;) of the maximum non-
propagating crack observed at the fatigue limit
an unnotched specimen.

. o, %90 w0
Materials folum) | ( Dioﬁ) - o
S10C : Annealed ~100 18.5 0.51 0.88
S45C : Annealed ~ 50 25.0 0.45 0.86
WT80C ~ 60 44.0 0.54 0.59
S45C : Quenched & Tempered ~ 20 80 — —
S45C : Quenched ~ 20 90 — —

D : Diameter of specimen
0,0 : Fatigue limit

o, : Yield stress

og : Ultimate tensile strength

vy

Axial directiomn
A

GE) Crack tip

The diameter of the hole = 100 um and the depth = 100 pm
Applied stress : g, = 211 MPa
Material : SAE10L 45

Photo. 2. Nonpropagating cracks emanated from
an artificial defect.
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Material : SAE10L.45
HV : 540
o: 588 MPa

Photo. 3. A fisheye observed on fatigue fracture
surface.
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Fig. 6. Various artificial small defects and cracks introduced to simu-

late natural small defects.
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various defects and cracks. Letters correspond to
the materials given in Table 2.

Table 2. -The letters indicating the materials in
Fig. 7, the Vickers hardness and the shape of de-
fects.

Material HV

Defect

A : S10C (Annealed) 120 Notch
Hole

B : S30C (Annealed) 153 Notch

C : S35C (Annealed) 160 Notch
Hole

D-1 : S45C (Annealed) 180 Notch
D-2 : S45C (Annealed) 170 Hole

E : S50C (Annealed) 177 Notch

F : S45C (Queched) Crack
G : S45C (Queched and tempered) 650 Hole
H : S50C (Queched and tempered) 520 Hole

I-1 : S50C (Queched and tempered) 319 Notch

I-2 : 850C (Queched and tempered) 378 Notch

J : 70/30 brass 375 Notch

70  Notch
K : Aluminum alloy (2017-T4) 114 Hole
L : Stainless steel (SUS 603) 355 Hole
M : Stainless steel (YUS 170) 244 Hole
N : Maraging steel 720 Hole

Vickers hardness indenta-
tion, hole and notch

nTBY, LIy h— @S HV & M E .
%>, Table 2 ® HV & Fig. 7 O % FEM1ICHRET
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Table 3. The nonmetallic inclusions found at the fatigue fracture surface of bearing steels and the com-
parison between the applied stress ¢’ at inclusion and the calculated fatigue limit o,

Nominal . Distance Nominal Fatigue
Materials stress at Cycles to Ipc]usmn from Sh f stress at Timit
failure size ape 0 . : : Vg
& surface surface inclusions inclusion gremct?g) o'/ow
Hv 2 y Eq.
o(MPa) Ne area(um®) h(um) o' (MPa) ob(MPa)
A4
981 254.36™10 962 316 ) 907 752 1.21
981 120.05 1343 370 ‘W 895 731 1.22
932 429.54 1154 390 % 846 740 1.14
Stee] 883 1280.50 962 120 ¥/ 858 752 1.14
N A .
981 192.51 1343 38 J%’ 971 731 1.33
Hv 2 734
932 296.64 1501 420 % 839 724 1.16
912 134.21 808 63 @~ 898 763 1.18
883 277.34 416 14 > 879 806 1.09
883 729.50 857 295 %\ 821 759 1.08
1030 125.25 577 310 B 954 806 1.18
1030 556.77 254 140 %{ 995 863 1.15
981 422.95 231 28 A 973 870 1.12
981 898.01 99 74 D 963 934 1.03
Steel
S
981 175.51 156 10 A 978 899 1.09
Hv 2, 758
1030 224.64 346 74 é/‘ 1011 841 1.20
1030 30.52 491 24 @L 1023 817 1.25
1030 26.48 804 110 2 1003 784 1.28
971 735.45 836 350 %\ 960 782 1.14
981 50.11 1409 80 ;2/27* 961 686 1.40
981 39.21 858 170 /% 941 715 1.32
932 683.38 1056 570 /@ 807 703 1.15
Steel 883 138.24 2859 200 ~p 841 647 1.30
e v
981 75.06 962 350 v/ 8 900 708 1.27
Hv n, 685
932 160.35 654 . 240 @ 878 732 1.20
932 1.12 2206 100 &7 909 661 1.38
932 23.40 10147 1030 @ 706 582 1.21
834 420.00 4882 600 %_— 715 619 1.16
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Fig. 10. Cumulative frequency of the values of
+/area of inclusions found at the center of fisheye.
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Fig. 11. Comparison between the experimental re-

sults and the lower limit of the scatter of fatigue
strength which was predicted using Eq. (6) and the
expected maximum size of inclusion. The constant
1.43 in Eq. (6) is modified to 1.40, considering
that the effect of the maximum inclusion becomes
maximum when it exists just below surface and
therefore, the effective value of y/area should be
modified.
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