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Critical Review of the Inclusion Rating by JIS-G-0555 Method and
New Inclusion Rating Based on Statistics of Extreme and Its Applications

Yukitaka Murakavi and Toshiyuki Toriyama

Synopsis :

It is shown that conventional standards for inclusion rating such as ASTM method and Japanese Industrial Standard
(JIS method) are no longer useful for the evaluation of inclusions contained in recent clean steels. A new inclusion rating
method based on the statistics of extreme is proposed.

Inclusion ratings on two kind of super-clean bearing steels, SUJ2(N) and SUJ2(H) were done by JIS method and the
method based on the statistics of extreme and the results were compared. Total oxgen contained in SUJ2(N) was 8ppm
and that in SUJ2(H) was bppm. No clear difference was obtained by JIS method between the inclusion ratings of
SUJ2(N) and SUJ2(H). If we define the size of the maximum inclusion in a standard inspection area by the square root
of projection area, vareamax, the distribution of vareamax obeys the statistics of extreme.

The method based on statistics of extreme can distinctly discriminate even the slight difference in cleanliness
between SUJ2(N) and SUJ2(H). Moreover, the method of statistics of extreme enables one to predict the size of the
maximum inclusion which is expected to be contained in larger area or volume than inspected area.

The value of vareamax can be also used for the prediction of scatter band of fatigue strength of high strength steels.
The agreement of the prediction and experiments on the scatter band of fatigue strength of SUJ2(N) and SUJ2(H) is

shown.

Key words : fatigue strength ; bearing steel ; inclusion ; cleanliness ; inclusion rating ; JIS-G-0555 method ; square root of projection

area(varea) ; statistics of extreme values.
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Table 1. Chemical composition of bearing steels, SUJ2 (N) and SUJ2 (H).

JISHFIEDOMRE A L ARMEFEHEC & 2 AWkl & 2 DA

wt (%)
Materials C Si Mn P S Cu Ni Cr | Ti Al |N (ppm)|O (ppm)
Normal grade, SUJ2(N) | 0.99 | 0.23 | 0.34 | 0.014 | 0.014 | 0.01 | 0.02 | 1.45 | 0.001 | 0.025 | 45 8
High grade, SUJ2 (H) 0.98 | 0.23 | 0.37 | 0.010 | 0.005 | 0.01 | 0.02 | 1.43 | 0.002 | 0.021 | 55 5
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Fig. 1. S-N diagram (Normal grade, SUJ2(N) and
high grade, SUJ2(H)).
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(a)

Fish-eye mark

Hv=754, o =1029MPa, N,=6.85x107,

o : Nominal stress at surface

Distance from surface=250xm

J area=7.8um,

Inclusion observed at center of

fish-eye in (a)

Chemical composition of inclusion

Fig. 2. A typical example of fish-eye fracture and

: Ti-C

inclusion observed at the center of fish-eye

(High grade, SUJ2(H)).

Table 2. Fatigue test results, size, location and chemical composition of inclusions
and the fatigue limit estimated by Eq. ( 1).

(a) Normal grade specimen

EShape of

Specimen Hv | o | Nf farea | h Chemical Composition| o’ gy R) o /oy
l Inclusion |of Inclusion
NA 753 735 QIXlOE-‘ Al-Mn-S-0 702 938(-1.0) | 0.748 No-Frac
1029 | 1.15%107 983 1.047  Fracture
NB 745 931 | 5X107 = Al-Mn-S-0 893 922(-1.0) | 0.968 No-Frac.
11078 | 7.94x10° 1034 1.120  Fracture
NC 741 735 | 5x107 = Al-Mn-S-0 675 836(-1.0) | 0.807 No-Frac.
882 | 3.84x107 810 0.969 Fracture
ND 743 980 | 4.44x107
NF 760 784 | 5%107 =
980 | 5x107 =
1078 | 1.98x107
NG 745 | 1127 | 3.91x10° Al-Mn-S-0 1055 950(-1.0) | 1.111 Fracture
(b) High grade specimen
Specimen | Hv | o Nf farea | h |Shape of |Chemical Composition| o ow (R) g /oy
Inclusion |of Inclusion
HB 733 686 | 1x10%= 4.3 | 140 Al-0 686 1042(-1.0) | 0.658 No-Frac.
1127 | 5.50x10° . Fracture
B |7as [1127[3.700° | 109 | 35 | JBECl Fracture
HE 754 833 | 1x10%= 7.8 | 250 . No-Frac.
1029 | 6.85x10" /ﬂ . Fracture
HG 749 | 735 5x107= 20.1 | 590 5 Al-0 613 822(~-1.0) 0.746  No-Frac.
882 | 5x107 = . 736 0.895  No-Frac.
980 | 1.93x107 818 0.995 Fracture
Hv : Vickers hardness number (kgf/mm?), o : Nominal stress at surface (MPa)

Nf :

{ area:
h : Distance from surface (uu),
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Cycles to failure,
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Square root of projection area of inclusion (zm),

o' : Nominal stress at inclusion (MPa),
: Fatigue limit at inclusion predicted by Eq. (1) (MPa),

R : Stress ratio
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Fig. 3. Modified S-N diagram.

DERTHIDTH L, ZNERL L, FEDLFHKDITE
WD b DN TEFEERZEL (P T 2@
AL v, TIRMEDE, TAE - 12K (Fig. 2 (b)) 12
EERT AN EFTOFES 6, MOMNED I L~ THET
EPETE® %,1L 5 Monnot b1 ODERHH 5 23, Fig.
S(AFMMEVENIZHLTIRZD L HERIZA LN L,
CHERBERERRTTEHNORICOOTELHRE LT
% . Monnot & 10D FEEH LT L b EERRE R DIE Y 72 5@ 2
BEoSOTw 3 b0TRZ G BN EOEHL T 5. X
MR AMEMORR - & 2R HEFDRECDBEII DO T
N TBOIREDDH- 120, WHERRBILERE
PRETAHRBEERFTIIR 0200, 206 DIMROANEIL,
WHMEIXSHU»REL, ZOREZBLIRETHRES T
WA ZEIERL T 1))

5. JISmEECRIERET C K DITEMHE
DLLE

5.1 JISEEXRCEEMIEICIIATHRE XS

BIFW, EEFROWE L LM EWERD TH3 D
LT, EMETEE LR TRESPHM T L
G ZDEIIBRBEJISHEETHETS2LESILRBTD
A3 h,

Table 3 X ORIEERGORE) 2 LD LDTH
2, Table 3DF—22URT L5142, 2Dk 5 RHMEDIIS
BEEREFERRAEDI S B 2 E¥BONG, 10K
(_EZEI, BRELIZ60EFDIZITI0ONH FRE 0 L 7
STVBEIETHH, INTRJISHERIE L BREEED
HHFBEFE L RALZE LG, THREHLT, 2D LEFE
T SR D EIFRE # RAEREETC & A AAEEREE % F W Tl
ETHLEI A RLTERT,

Fig. 4 1, 2 8T LI2FIEIZfE - TRO I BRM D
FiEVarea max P RMEEERK I ry P LICVDTH 2, B
BERTFBNIEN=40TDH 3, JareamxPofhiid, 1ZIFTELR

JISHEE OB L ARMEHEHEC X 2 EWFE L 20im 1383 0

Table 3. Detailed results of cleanliness levels of
SUJ2 (N) and SUJ2 (H) evaluated by JIS

method.
Normal grade, SUJ2 (N)| High grade, SUJ2 (H)
Nth test Nth test
1 2 3 1 2 3
I 5 8 7 5 5 4
n 5 8 7 5 5 4
d 0.021 0.033 0.029 | 0.021 0.021 0.017
p 400
f 60

I =Total number of inspection fields in which lattice points

occupied by inclusions can be counted.

n =Total number of lattice points occupied by inclusions.

d =Index of cleanliness [d=n/ (pXf) X100%].

P =Number of lattice points on the eyeglass in one inspection

field.

f =Total number of inspection fields.

The standard value of f is 60.

(Note 1) It should be noted that (f-I) inspection fields have zero
lattice point occupied by inclusions. For example, in
case of I=5, only 5 of 60 inspection fields have lattice
points occupied by inclusions.

(Note 2) Usually I=n. But in case of I=n, only one lattice point is
occupied by an inclusion in one inspection field.
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Fig. 4. Cumulative frequency of the extreme values
of inclusions (Comparison of normal grade,
SUJ2(N) with high grade, SUJ2(H)).
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Table 4. Relationship between number of speci-
mens and the expected maximum size of
inclusions (v areamax) .

Materials Te\;;t volu;ne N um!)er of Re_turn v areamax
(mm?®) | specimens | period T (xem)
N 1 d 1 7.14 %10 20.1
S{’Jr}ga(N%ra S 2745 10 7.14X10° 22.8
100 7.14 X107 25.5
. 1 1.37X10° 17.5
IS{[‘Jng fﬁ*;de’ 274.5 10 1.37x10" | 20.0
100 1.37x108 22.5
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Fig. 5. Comparison of the predicted lower bound of
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