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Effects of Nonmetallic Inclusions and Small Surface Pits on the Fatigue
Strength of a High Strength Steel at Two Hardness Levels

Yoshihiro OHKOMORI, Tkujirou KITAGAWA, Keigo SHINOZUKA,
Toshiyuki TORIYAMA, Kenji MATSUDA and Yukitaka MURAKAMI

Synopsis :

The effects of nonmetallic inclusions and artificial corrosion pits on the fatigue strength of backup roll
steel at two hardness levels are investigated. The crucial factors which control the fatigue strength of
hard steels are the Vickers hardness (HV) and the square root of the projection area of inclusions or pits
(4/area ). The fatigue strength prediction equation was proposed using HV and 4/ area. The lower limit
of large scatter in the fatigue strength was predicted by this equation using the maximum inclusion size,
which is determined by the statistics of extreme values, and HV. The quantitative perspective to the
reduction of maximum inclusion size in the steel making process was suggested on the basis of the predic-
tion equation and the extreme value data. The proposed method was applied to a new backup roll steel
with high fatigue resistance.

Key words : steel ; backup roll ; nonmetallic inclusion ; corrosion pit; projection area of inclusion; Vickers

hardness ; fatigue ; strength ; statistics of extreme values.
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Fig. 1. Shape and dimensions of specimen.

Table 1.

Chemical composition (wt% ).

C Si Mn P S Ni Cr Mo
0.60 0.60 0.92 0.008 0.002 0.33 5.22 0.43

Table 2. Mechanical properties.

0.2% yield Tensile : Reduction
Hardness strength strength Elo(n%a)t ton of area
(MPa) (MPa) (%)
HV370 948 1161 19.7 56.0
HV560 1605 1868 6.6 12.3

-=»Axial direction

Diameter : 59 um Depth : 18 pm

Photo. 1. An example of artificial surface pits.

Table 3. Final surface finish of each specimen.

Hardness

Final surface finish

Remarks

® | HV370

Emery paper ( #2000)
Emery paper and electro
polishing

@ | HV560

Emery paper
Emery paper

Artificial corrosion pit

Emery paper and electro

polishing Artificial corrosion pit
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@ 400 - @ fish-eye fracture
2 300 A broken from a corrosion pit
+ V¥ broken from a corrosion pit
£ 200+ (electro polished spec.)

loo O+ A 7+ not broken

0 ol Lo Ll Lol
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10 10 Ng 10 10
HV ranges from 554 to 567
Fig. 2. S-N curve (Rotating bending fatigue).

varea=16.7um, Distance from surface h=212um
(b) Magnification of the center of fisheye

Photo. 2. A typical example of fisheye.

(a) Yarea=17.8um

Distance from surface h=2lum

o

(b) /area 31.5um

Distance from surface h=68um

Photo. 3. Fatigue fracture appearance of plain specimens.
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(a) Hv=565,

Depth of corrosion pit t=18um
Photo. 4.
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Photo. 5.
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o : Applied stress at inclusion

o, : Predicted fatigue limit at inclusion or pit
Nf: Cycles to failure
Fig. 3.

Modified S-N diagram.

(b) Hv=556, 0=588MPa, Nf=6.778x107 /area=50.1lum
Depth of corrosion pit t=31.1um

Fatigue fracture appearance from surface corrosion pit.

specimen surface

(b) Hv=371, o=666MPa, Nf=9.510x106

Fatigue fracture appearance of plain specimens.
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Table 4. Fatigue test results, size and location of inclusions and corrosion pits, and fatigue limit
predicted by eqs. (2), (3).

(a) Plain specimen

Specimen | Hv o N¢ Jarea | h ?22?35?;1 o' o,, (R) o'/ a)
AdJd 561 | 764 107= 1 16.7 | 212 7 701 | 664(-1.0) | 1.05
843 |1.030x107 772 1.16
_________________________________ | SRR S VRO Sy SRS U
AJ 2 564 | 549 107-=—| 17.8 21 @2 539 || 660(-1.0) | 0.816
647 107 = 635 0.962
745 107-m , 731 1.1
823 107 808 1.22
1.34

902 |7.302x10° 885

_________________ _ S R -

AJd 3 565 | 823 {1.996x107| 27.2 44

740 | 616(-1.0) | 1.20

————— e s o o e e - o o - ——— e

—————f e e e ————————

AJ 4 567 | 706 |4.046x107| 31.5 68 % 669 || 603(-1.0) | 1.11

[ PP USSR SN —" RS, A — K | it bttt

AJ 6 554 | 627 108 | 16.3 39 @ 616 || 660(-1.0) | 0.933
725 108-m 712 1.08
804 |2.223x108 789 1.20

Hv : Vickers hardness number, 0 : Nominal stress at surface (MPa),
N¢ : Cycles to failure,

Jarea: Square root of projection area of inclusion or pit (um),
h : Distance from surface (um), ¢’ : Nominal stress at inclusion (MPa),

0y : Fatigue limit predicted by Eq. (3) (MPa), R : Stress ratio

(b) Specimen with corrosion pit

Shape of

Specimen | Hv o Ne area t pit

AJ 8 566 | 627 |4.099x105| 123 40 ([TRZZZZZ 0 || 460(-1.0) 1.43

e e o e et o o et e o o e o A e o i e o2t oo 2 e e e A o o o - e o o e o e e o e o e o e e o e i s i o o e e o o

AJ1io 565 | 588 107 | 27.2 18 | —=— | -247|1647(-2.23)| 0.909

666 107-= 1.03

745 13.829x107 1.15
__________________________________________ (SRR FUSR SRV | R I

AJd S 556 431 2x107-= | 50.2 3N | T 0 |l 503(-1.0) 0.857

(Electro- 510 | 2x107-= 1.01

polished) 588 |6.778x107 1.17

t : Depth of corrosion pit (um)
or: Residual stress at the location of center of corrosion pit (MPa)

’

c=a, g, : Fatigue limit predicted by Eq.(2)
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Fig. 5. Cumulative frequency of the extreme
values (the maximum size 4/ area ,,.,) of inclusions.
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