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A Study on the Fatigue Behavior and Mechanism
of High Hardened Steel
Sam Hong Song

Abstract

On the basis of optical microscopz and electro microscope obsarvation for the fatigue fra-
cture process of medium carbon martensitic structure produced by rapid heat treatment,
mainly, the abstracts of the studied results for the morphology of fatigue crack initiation
process of high hardened steel are summarized as follows. Fatigue crack initiated from
inclusion on the surface or subsurface. Above all the crack which initiated from inclusion
exposed on the surface is as follows.

(1) fatigue crack initiated from the boundary of the matrix and inclusion.

(2) fatigue crack initiated at surrounding of small pit by drop out of inclusion.
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Table 2. Chemical composition
c , s Mn | P | S
0.36 | 0.2 0.53 0.010 | 0.011
v =
. &2 - B} 8 .
a)
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P

(b)
Fig. 1. Specimen geometry
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Fig. 2. Distribution of micro vickers hardness
23 skl 2ok ad BER TR EARIS
ageh mol= ?r)if{ +e Abgeie EEEFHB
oo i LoEHIA NEES WED BRE
Fig. 290 #4181

WRemEE Hitd Hshe] = fike] Nital$4
W oul FHEaReOE Ahgslgl o] & #oe o sH

ol B fEahiuStel Haiiel foiAls #Ee FHke s
At A71A FEehEel e A g3l e Hiy
Foll ARTiH St Az BB Bk A4
4 2 EES A 283 2. 5
REAE FT3e EAS fH4A |



118 PR

PGl EHSEE v A=
of $giES Y E, 1 EANAY stz FEAsNHEE
o] 29 el EfiEe SRS MRARN
ol BT shizAd ooz el EELNAY M
Mk mRdd s =gegda & 2 —BEER R
Fe] HEA 2T A Y HeorE o] ERERIRS
K2 METE% w9 olel g EAEZ fEiEEn ARk
24 o] Y @R 8T E Jﬁnﬂz&;&
Wit 23 Ak ekl Agsk Y4 E%F

47e] BHEd RS FAE AL A rxm
A Ztsstm P gap AT REEFAS. 2dx
e kRS BAL Ramias #Edezd
ERFFPL ohlel, b, BRERMA Hstdx Ho
2aF ol EEESRRS Bt FHestd e HT
Bagel oate] K@ tletgAel Aemz AYHsH
AT B%el sivtz 44dch Fn2 Rl
ol AHgg s} g 24 —AE BE Gt

e s T LE

2k,

Az a4 | w23
A |danaEd | =S 2
B | 2l 4sAlL 207 % 5gr& 100ccEel g
C | 7F & Al v A &5 el 10% 8-
D |qdskA2d L Ad el 10% T8
E | 341%) | d 2Hz AR

SM35C | o197 P [ 3~5

el Abzl Zelsted Fulgl HEpHol wESHE g
Z RBAEmY gl BT WA she =
o] BAWES SBEENEE, 28 Replicaik o Scan-
ningik-& AL-8-81= ETEMNSS o) &shd s 3
st ob. WEEEE 10kg-m Ono type (@833 745
AEH 9 4 kg-m Yz type R SYUEHHBEE A
L3l o HEHEELS 25 3000 rpme] v},

3. KBRR U 2R

3.1, ®XE Y XEAETL NENE EFE si=

EEIUEE)

i R e R e e B
e Aol A EETY ESHE

HRBAE AHSE N 5y
of 22t el EARE
Tue=37kg/mm?s] § =},

%54 3% Fig. 4

S 120y ‘}

—g’ 20 i

CRihle 6o ‘

® . e

S0k ©e®

= o

= .-

g ant ]

7 S0 .

4] | ®*—

2 1 f

E (.\/i

no 3
75t . e ! L ! 1 ‘?

104 10 102 107

Nummber of stress cydes: N

Fig. 8. S-N Curve(Rotating bending test)

Stress ampiitude 7 kg/mm2
~
(=]
|
Q

. L i ! 1 !
4 10° 100 107
Number of stress cvcles @ N

Fig. 4. S-N Curve{Reverced torsion test)
S PSRES 120%) M Pete METYURE B
HeE BE RBAFERAAN 228 B2y —fE
Photo. 2¢fl EA1 g}k, Abal o] —Z a2 EAHE H4
o] _:_H 7(+4"r’ai‘1 EHaYe 454 BENE 5
:ﬁ%ﬁ“ﬁﬁ# AL BRSO E BEMENE

5 ﬁﬁ‘iﬁ 1 B
Wel ghmiel = Iyl W
w9 10~20% ZFFeE oln
Bado du, He4 BEER LAl 28gd 3
AAE vEo ¥ FFH B =iz &
el o 80~90%F E7t EH I EEselvte
el o Ad vt

g, wastA B kel BAaR =] FFE A

] 4he] £ o]

- 28 —



R

(
e B2 QAR G

StEhT ALY

3 ;} o} 4

SEEEICEE LS Tk

Photo. ©. A characteristic feature of crack init-
iation at the inclusion. 3.2 Al BAe £
s=110kg/mm? N=25x[0' 70% of
the fatigue life has been expended. pifie] mRERY ANme

(a) The crack appeared to be initiated indepsndently from the inclusion. No appreciable deformation

are observed nezar the crack path. o=110kg/mm?, N=2.5x10*
(b) A surface elimination about 5x¢ of the same place as in the (a) reveals the existence of inclusion

at the origion of the cracl,
(c) A further elimination of the surface layer about 10z reveals more clear evidence of inclusion at

the origin of the crack.
Photo. 3. A characteristic feature of the crack initiation at the inclusion under surface.



120 £ # A

Bibel Bl Fpad B2 9& AHPo
U oo) EAe w1t e BRE =01 HMA
NEDS E£RHE D Mgl BAA REWEA
sy o Fo] mAst: HEHR 2 KHIER
310 A S HYslA gL et gzt wEA K6
AL HMEHS BEe R dx WgEadd Wi BF
BuSEse e, NEpIae EREE g
Aeo] bl dhueel e uaste) AAE EHES
ok, 2@ Eimel ElElel Yot 4 Ak
HREEY EadBee K

(1) Eipel Hicste] BRE Y F9e] FASIE

(a) Optical micrograph
6=0, N=0

3%

(2) AEp B dste] g4 P T
A o] H4d A 2Pz £RE T A o)
#E ol (DY e ARR 3+ 2~3i4
E gasz e ()9 st f2Eg s wE
A AEE 014 EBWHE Thste AL FTE
(2)9] FEEEY S Egtch. hgeo ol MRS BHEI
B EE gl uistel FAE3 kAl o

3.2.1. &mol AP HRZLFE Y0 B
&g FR

(b) Scanning electron micrograph
6=0, N=0

(a) Optical micrograph fatigue crack
from inclusion, o=115kg/mm?,
N=1l.1x10*

(B)

(b) Scanning electron micrograph

Photo. 4. Existence of a space between the inclusion and matrix should be noticed
(a) and (b) are same place
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(a) Fatigue crack from inclusion
o=115kg/mm? N=1.1x10*
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Photo. 5. Characteristic X-ray image of inclusion. (a), (b), (c) and (d) is same plsce.
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(a) o=110kgllokg/mm?, N=8x1¢

crack length : 5004

(b} c=110kg/mm?, N=7,7x10*
crack length : 300p

Photo. 6. Fatigue crack initiation at the surface periphery of pit by the dropping out of

non-metallic inclusion (scanning).
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(a) Optical micrograph
(6=0,N=0)

(b) Scanning electron micrograph
(6=0, N=0)

Photo. 7. Mofphology of pit by the dropping out of non-metallic inclusion,

(a) and (b) is same place.
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