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Technology of Evaluating Maximum Inclusion Size in Solid-type Crankshaft
with High Cleanliness Specifications
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Abstract

There is a demand for crankshafts with higher fatigue strength. In response to this demand, Kobe Steel
is manufacturing crankshafts with high cleanliness specifications. The conventional method of cleanliness
evaluation using an optical microscope does not allow obtaining sufficient dimensional information on the
maximum size of inclusions that have a significant effect on the fatigue strength of crankshafts. Hence, the
company has developed a technique for evaluating the size of the largest inclusions using extreme value
statistical analysis. The newly developed technology has been found to enable the evaluation of the dimensions
of the largest inclusions in a crankshaft by using the dimensional distribution data on inclusions obtained by the
ultrasonic flaw detection of its surplus material. The validity of this evaluation method has been confirmed by
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using the actual distribution of inclusion sizes.
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Table 1 Condition of ultrasonic test

Scan type C-scan ultrasonic test machine
Probe . 50 MHz / 0.125 in/F0.5 in
(frequency / caliber /
focus point in water)

Scan mode X-Y mode

Scan pitch 0.04x0.04 mm
Focus point 1.3 mm (in steel)
Scan speed 100 mm/s

%* 2 KA 4 Cr-Mo sl ikER i DAL= 5
Table 2 Chemical composition of specimen of low alloy Cr-Mo

steel
(mass%)

C Si Mn P S Cr Mo
0.39 0.25 1.11 0.006 <0.0005 2.00 0.30
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Fig.1 Relationship between echo height and diameter of FBH
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Fig.2 Inspection results of inclusion dimensions in actual steel by
ultrasonic testing

hizza—ms LR (7) £, FBHREELE L
THRMM L 720
2.2 ER|MMONEDTER R

R RATEW L ORI U CHRRABRERTHEAT %38 F 7T
HEDZWRETS 2720, Fib B & v Tl Sk id g
MRAT 2 L7z, B2 IR K EZRT, BoN5
TEM A R U CHREGBAIE Tl L, Bl 2 52
MCHKIL L7,

AT PR\ TR L 72 SIS0 458 3.04 X 10" mm®Hr,
AR RMEE FBHIREZE T4l um Th o 72,
B30 um L N OFHEONTEWII L S HFET S L E 2
SNBDS, BEBREBERAICTHREBTE Thiv, Wil
EHENT 2 92569 5 LT, i OMKENED 7T — %
BHWE72®, 30 um LT ONEY T3 TF— 7 2 ST
ETCWAR TORMEBEEHRICKRE S BEL G525 D
DTHRVWEEZ HbNA,

F72, MW T— 5 2RBOATEMLAZE A
WERENT094 %20, FBGMATIERBIhLZ L
DD 726
2.3 HBEHRETRETIC K& 2 ZMM OR KN EY AT

FA BRI O — 55 % e GATRE IR X o T
EWERAEL, FoNHEGA T — 5 % v TR
FHENT 24T 9 o Z OIRNTREE % H W CEMM R O
WARIAETET 2 I RATEW T 141 wm A4 58 W] RE A

Number of occurrences

120 125 130 135 140 145 150

Diameter of maximum inclusion (pm)

3 RN O S

Fig.3 Frequency of occurrence of maximum inclusion size

7% 5 L 720

TG X o THAS L 72 40583.04 X 10" mm®% 5,
150 mm® O R 2 A 9 5 S & 5212 20 f4 T 1S
L, BSEFEFPORRMEY LRI Lz, &
NoORRMNMEWT 2 AT HZ, —log(—log
(i/n+1)) Zy#ic7ay b5 &, RRMEYTEX
EMECHAL, X (4) 261, uZBEETHI LN
T&5b, 22T, EHEMEMY,, iRV, ZzZhEh
150 mm®, 304 x 10" mm*& L, X (6) 2 S®AMNMEY
SEOWEE EFEN L 7o F 2B KRATEW L OHE B
i, BEREEEZ EOWMASHBT AN TR S
2 RS o AME TIZZEHRAM 2 A5 2 (08 2 JE 2
(AL S, 100 0] o WAl EHEAT %2 FEhtE L 720 B 312
ML EHENTIC & 0 HE2 L 722 e KA AEW T o F8 A 4
BE & R § o HEE S M7 AR T e KAE O 351X
134 um, BEHERAE1Z436 umE o720 F72, BB
fiw g 5 &, HaESINIMEY DR KMEIZ5%E
JEIX T 130~138 um OFEFAIC 2 2 Z L AFIHR & L b,
FEM R O E R TR & o i KA AR~
2141 pm 20 LT, BB RN IC & B e KA TE T
I RERER R IR SINZ, ZORELS, —H50
DN TET — 5 & F o CRIERFHEITIC £ > TR
DERNTED T EIHEE S NED Z L2909 72,

3. —HEY S JEONTEYTEFHE

3.1 71 Ly MEBONTEYTEFES &

IV OB, 75 7ENIE T4 Ly FEBICEK
KOWHDBFET Do D20, 75 ¥ 7 EiONEI5RE
ZEMET 59 2I2BWT, 74 Ly MROBKAAEDT
BRI A LN EELE 2D,

—H Yy 5 TR, Vy—FNVEE OB E
e LC—E0MmEEEE2AHTL7 4 Ly MHEE
ML ENTW5S, 74 Ly bipEmiEhm (M)
Td 5 72 ORI~ O I HEI 7 185 D88 5 R R A 1
Wit TH b, 72, 714 Ly ML SAAEW A RER
Frog)y U idnigmd s 5,

ZFZTAKENTIR, 79 v Z7BETRICBVWTY F
v EARRD S )1 HES B EE R O R AU
W HERRET 5. R4 BRI E2RT . il

58 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 70 No. 2 (Dec. 2020)



il [H0
]]/‘

Prolongation

R BN

Edge material Taking specimen  Inspection

4 TNERTEA S R T ERI

Fig.4 Collection of specimens from shaft prolongations

Prolongation

IERE 5 0 M L 73R 13 & M SE o Sl 2
MEL72%%, 7 v TWEEZERT S, 2OWT, F1ITiH
WL 7SR TRE R 2 R L, RS
7 —5 WIS %o BEMRREMA % Fh L 7o 3%
BEEART 3 L, AN OANAEY T ik K% H v
TRAERER TR 2 4T\, 27 5 ¥ 7 Sl e KATEW ~F ik
ZHEET Do

3.2 74Uy MNEBELHERE TONEDTE?

74 Ly MEBEORRNMEY LA E T 5 O 0%
&R DA EGAT A B 72002, AR TR
W ORBR 200 ML, BEREERE L EiiL 72

F72, 74 Ly MEBORRKNEYTEERLTZD
12, RSICRTIHIICT A Ly MEEDSRET %1
DL, SRR Z EM L 72 MESRMIERL &
MLTHb, MEERBIO7 4 Ly MNEFEOBE R
Bk A % g L 72 IR E I3 F M2 265 x 10" mm®, 6.73 X
10'mm’* THh - 72,

DX, WIEEIB LT 1 Ly MEBEONTEY T
G3A & RS A 72002, HERFBOMA SIS A 5 1.00 X
10'mm’ OB %2, 7274 Ly MEEOMAHEED
5100 x 10'mm* DREFF 2 0 L, FREND 520
G338 U 72 AR 500 mm® T o f RAFER ~Fidi % il L
720 WRNIEW O BBESAT R 6 1”3 M ()
D7y MIMEER, AL (O) oFay ME74 Ly
N EBEORANTE TG A TH B0 KB DOERIZ, 7
4 Ly MEBEOMTEW A LT (3) 1ORT
ZHBHOA R OB E R L TV b, F oA Z
DU D 95% FEHEIX E o R E FIRZRLTW5,
NS OEHIX HNICHE RO N TEW | 5 77— %
ETHETFROMICMELTWAZ LS, WIERELTE
74 Ly MEBEORE S IE R R EN RN
LW D Thbh, LLOREBMGREREENS, WiE
IO 0 7 — % % B RIS AT % 92
MissZEED, 74 Ly MEEOMEWFEE 5
M LA B Z Do T
3.3 71 Ly MNEBEOHERANEDTE

il 4iE % 5 oD B8 D PRAG AR AS A T2t L 7 AR A 2.65 X
10" mm® %5, 341 mm® O EHEERE 2 AT 5 HIEE 2064
FRZEeE L, &#irh o e~ o R K E z sl L
74 Ly MO RE BRI A % I L 72 K8 6.73 X
10" mm® OAFEY T 1 D Fe KAl 2 AR EHANTIC X > T
WELZ FOMBEZRT7IIRT, 74 Ly MEEDRN
5HEERBEGRAIC X o THRIN S N2 EW O oK il
875 umZxt LC, MAEAEEIENT CTlx 105 um o FFAlliks

5 74 Ly MEEDSOREBH IR

Fig.5 Collection of specimens from vicinity of fillet
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Fig.6 Inspection results of inclusion dimensions in shaft
prolongations and vicinities of fillets by ultrasonic testing
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