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Scanning Electron Microscopic Observation of Fish-eye on the
Fatigue Fracture Surface of Surface Hardened Steels

. = Synopsis: .

Kiyoshi K1TA, Masanori KIYOSHIGE,

Takas TAKASE, and Yasuhiko NAKAMURA

Fatigue fracture surface, including fish—eyes, of surface hardened steels has been observed with a scan—

ning electron microscope.

Near the center of fish-eye, one or more non—metallic inclusions have been

found. The results of X~ray micro analysis of the inclusions indicated that the inclusions near the center
of fish—eye consist of mainly alumina associating with manganese sulphide, but no silicatc was found in the

inclusions.

(Received Mar. 28, 1973)

1. 4

Bk, ERE(LDDVWIEELLEO X S5, EE» L
RABENETTRE 2 IENEA S TR L 2B o EiEEl
BECOWTERRBRE2TLSE, LELE7 4 v v
C T ALY 5 AL HEOBERYS L OBE _Eic #ig
IhaY. ZoX5KERIRAFELHCFEDODLIDT
Vs <, #ERO X S REEEMOESE LT Bb
NLZ BT TIHESINTWER™Y., ZhLOH|EI
BNT, 74 v - 7AORLKIEBESBENEDHE
ETHZE, THOWIEHBER TLIFR F4=%
R ERDDEBPELNITINTWB, ANEHD
S BRI T D 1&E R R AR T 2 720l X5
CAEDOELI OB EIRBCNED OB & T ORI
DWTHMLBEXLETHD.

RN, Bk, BRE{bR X CRECAm AT
o HREME X O Ni-Cr-Mo o #HEM s X OV FEESM
OEFWHHECBEIND 71 vy ¥ a - TARDWT, FE

il

ELTHERENEFEMEC X L, R (LA
DFEOEFHWREDORE L5V 5 2IEEBNEDORRE
FHLPCTHE LD LTDORECOVWTHEELIZDT
HET 5.

2. R B /&

SPLLLTCIET 4 v o - TADOREELDINEDD
IR REIE, <~ b Y v 7 A L DEBRER EREE LT
Table 1 R $ 4 EHOHWHE L OFLHEHE X HAX.
Fbb, SC 37 L8 Ni-Cr-Mo #5813, 3t =
—AREXPIC TIHEE L, Ferro-Mn, Ferro-Si 3 X 8
Ferro-Al ZFVCHE L, S HICESAATT Al-SI #£&
20T, NS Y 7 v o 2 IEFAAL. SI0C k&

* BHATEIORELSBERESITTEE
HEFN484E 3 B28E 14
O IEE L BR)ENRAR ITig

kK )| B D (BR) EI IR RN

ikl EAPE KT TIE
wRet BHPE K T E A




EHELLAAHOESBEEE TR 74 o Y2 7M1 OEERNBETHEHRBC XSHBERKRRITOWT

1551

Table 1. Chemical composition of steels (%).

Steel C Si Mn P S Ni Cr Mo
Carbon steel (S10C) 0-13 0-27 0-43 0-016 0-023 0-04 0-01 0-03
Cast carbon steel (SC37) 0-13 0-31 0-66 0-014 0-015 0-08 0-15 0-03
Ni-Cr-Mo cast steel 0-16 0-16 0-49 0-014 0-017 1-98 0-64 0-24
Ni-Cr-Mo steel (SNCM23) 0-17 0-26 0-49 0-020 0'010 1-78 0-56 0-1i6
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Fig. Z1.y DimensionTof fatigue test specimen (mm).
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Fig. 2. Schematic diagram of surface hardening
process.
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Applied stress : 47 2kg/mm?
Cycle to failure : 2°7x 106 cycle
Fatigue fracture surface of carburized

carbon steel. (S10C)

Photo. 1.

Applied stress : 38°7kg/mm?
7°5x% 103 cycie

Cycle to failure :
Photo. 2. Fish-eye on the fatigue fracture surface
of carbonitrided cast carbon steel (SC37).
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(a) Applied stress : 48'9kg/mm2, 3-3X 106 cycle to failure
(b) Applied stress : 53" lkg/mm2, 2-0x 106 cycle to failure
Photo. 3. Fish-eyes on the fatigue fracture surface
of tufftrided Ni-Cr-Mo steel (SNCM
23).

Photo. 4. Non-metallic inclusion at the center of
fish-eye on the fatigue fracture surface
of carburized carbon steel.
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Non—metalhc inclusion at the
center of fish-eye on the fatigue
fracture surface of Ni-Cr-Mo cast
steel.

(b) : Same as(a) but at a higher magni-

fication.

Photo. 6. Micro-defect at the center of fish-eye
on the fatigue fracture of Ni-Cr-Mo
cast steel.
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(a) inside area of the fish ee
(b) outside area of the fish eye

Photo. 7. Scanning electron micrographs of the
fractured surface of carburized carbon
steel (S10C).
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Photo. 8. X-ray microanalysis of non-metallic inclusions near
the center of fish-eye appeared on the fracture surface
of carburized carbon steel.
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Fig. 3. Relationship between the hardness distribution and the position of the
center of fish-eyes for carburized steels.
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Fig. 4. Relationship between the hardness distri-

bution and the position of the center of
fish-eyes for carbonitrided cast carbon
steel and tufftrided Ni-Cr-Mo steel.

HiE, —RCTOEHRI D T 0EL 2L, TIRK

e

[EBS 7. K

R TCRBEEREISATWERV. 74 9o - TARE
THEEOWEORRIIAL LT VTR «
vV o - TADORLIALHAT S EXHEBIEOER
X oHlxh T w5, Fig. 5/t X5, EmEELL
R CTREROLILEFBRESMZLTWEHO
LEZ bR, WETRT XS LISHBER ShEE,
EF OMCARBIGNSEDOES OEY REY kiEs o &
5., ZDEZFCELDBE, GHASHEREFBO D'BO
i 27550 OKREEILHMOEFIRE VWS T LiTix
595 TheakoTHhdE Table 3 KWRT X S5CHEE
B (o0') BERE (cwr) XOPEDPSWEELES.
Tihbhb, EEEILHEZOELIES ORI LHEX
NB XD ECESRS LAz L5, COHE
VAT ST A8, REECAERIC § & 5 < FERE
BEISHOBEDS | DOBEREEZLNE 5.

S hayfihs DEFO k7a-o7-354, WiEE EBF [T

Photo. 9. X-ray microanalysis of non-metallic inclusion near
the center of fish-eye appeared on the fracture surface
of carburized Ni-Cr-Mo cast steel.
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Table 3. Fatigue strength of un-hardened steels and hardened steels.

Denth of Fatigue strength Estimated* Fatigue
Steel Surface harrc)le nin of unhardened |fatigue strength | strength of Jaw'
hardening g steel o4 of hardened steel| hardened steel| 7#/7w
mm
kg/mm gu' kg/mm? dwr kg/mm?

S10C carburizing ['5 21-0 280 42-0 15

SC37 carbonitriding 08 17-5 20-0 35:0 1-7

Ni-Cr-Mo cast steel | carburizing 1-8 22-5 32-1 36:0 1-1

SNCM23 tufftriding 09 35-0 38-9 46-5 1-2

* ,__d/2
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Fig. 5. Schematic diagram showing [relationship
between the stress distribution and fatigue
strength distribution of surface hardened
steel.
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t : depth of hardening,

oy’ : fatigue strength of unhardened steel
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Photo. 10. (a) : Gathering of non-metallic inclu-

sions near the center of fish-eye
appeared on the fracture surface
of carburized cast steel.

(b) : Same as(a)but at a higher mag-
nification.
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