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Abstract

Fatigue behavior and mechanisms of AISI 1015 steel with and
without carbonitriding have been studied. The results showed that
the carbonitride phases formed around the surface of
carbonitrided specimen, and decreased with the increasing depth
from surface. The hardness was high at the surface, decreased
with the increasing depth from surface, and became stable at
approximately 1 mm depth. Under monotonic loading, significant
plastic deformation could be observed for AISI 1015 steel (ductile
behavior), while only marginal plastic deformation was observed
(brittle behavior) for carbonitrided AISI 1015 steel. Fatigue
resistance of carbonitrided AISI 1015 steel was better than that of
AISI 1015 steel, i.e. the fatigue lives were higher for about an
order of magnitude and the fatigue limit was 40 MPa higher.
Typical fatigue failure for ductile material was observed on the
fracture surface of AISI 1015 steel, while a combination of
fracture mode, (a) intergranular fracture with secondary cracks in
case material, and (b) ductile fracture with elongated dimples and
equiaxed dimples in the core material, were observed on fracture

surface of carbonitrided AISI 1015 steel.

Keywords: Low carbon steel, AISI 1015 steel, Carbonitriding,

Fatigue behavior, Fatigue mechanism
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i'mqﬂizmﬁmaamuﬁﬁ'ﬂﬁﬁaﬁﬂmu,azv‘hmmLﬁwlawqaﬂiiumi
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Spectovac 2000 Arc/Spark) L&adbua13197 1 lasaddlsznauuad

a ¢ 3 Y 4' a &
WANIIILAINCH ﬂdﬂﬂizﬂa‘uﬂ?ULﬂﬁadﬁLﬂﬂI@]i&lL@]aﬁ

wsnasuaudflfrenadasiuasisznauvesman AlSI 1015
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Ni Al Sn Ti Cu Fe

0.152 0.221 0.392 0.008 0.011

0.030.

0.029 0.009 0.001 0.007 0.045 Bal.
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Mechanical properties Without carbonitriding With carbonitriding

Young'’s modulus (GPa) 204 230
Yielding strength (MPa) 370 550
Tensile strength (MPa) 460 590
Elongation in 50 mm (%) 277 4.5
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ANURUNUTTEAITIANULAY (stress range) Wazanyy
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AN AISI 1015:

Ao =-29log N, +500 (1)
&N AISI 1015 Aikunszuaumsanilyluaneda:

Ao =-30log N, +549 2

A A s Y A o ' .

a Ao #a T9enuidn usz N, Aa 01gn13dn lawe fatigue
ductility exponent 2adtan AISI 1015 AeuuazlirunszIn
msasluluanedslamalndidssin (30 uar —29 enwdaw)

uae fatigue ductility coefficient 2a41%an AISI 1015 Ariuaslsl
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=
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10 um

(b)
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&
B 833U 6(b), uaz (c) Wi C vay31 6(b)
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a . & A A a A
US1ok shear lip (Wufl A) FalluanuFsmsuuumionluszuy
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& o v =2 & A ~ . o
IR INAUANUAUAIFIFA (WUl B) 59 plastic zone Manpvas
LﬁuLﬁaugaqﬂ (45 29ANUNANITBINTS) ‘luu‘%nmmaosgwaaﬁa
sagF sl uRInsuaninanwae liiSuy Wavesin ey
e X X do & & .
MU AUNTUUTIAAM UATAMULAUYDITUNAFBUFIUUI U
4NN tensile strength 18979 JamIUANNgaNL(RKN C)

L .
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§9g@ (45 IFNUNANIITEILTI)
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minsluluameis (Eﬂﬁ 7b) "L&iﬂiwngmmﬂawaoﬁuﬁmﬁwﬁﬂ
viamsasuuasmnauuunansdnfildusa  AuAansuanyin
wseanilln 3 dm Ao maAauszvesIvassasilusuanly

& A @ ) & o o A& d
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uaEMILANANFAYINY (#uit C) 3’1ua:lﬁmlumia:ﬁvuﬁmeﬁagﬂ
8a-c UWANA A (Eﬂ‘?i 8a) ﬂﬁngmwmﬁmmmﬁl,ﬁﬂilxummmau
In3u (intergranular fracture) fusasfiinduluszmuasainiy
Aamsuanin (secondary crack) sfiamm@mﬁ‘ﬂﬁﬁmﬁummau
nsu aansaifialdnwaneaung 1 msfanseufivauinsn
maiaudalwal (precipitation) fiwauinsu mMatinsnzilyzan
lalasian (hydrogen embrittlement) [16]

wdnuaspitleanszyinmele mimugmm's:u’ma‘”amm:

Ml uanmnﬁﬂ'svlams'mgj]msLﬁmé”an%m’f%’uuuﬁ’m’ml,mﬂﬁn
vasEunamauiniunszuInmsan Sy luaneds seiumstanian
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nnuanluiile (NHy) dhananuzauiniy snansauia laluszndng
nazuammsansTuluasis Fodanalivaninswdnzuazifia
AnuEsEseTaLIN TN wasansasrutuenlyluane
ﬁawmaé’hL’J‘Tflvlﬂnm‘lmffamaai'a@mé'n (Eﬂﬁ 8b) Mldifianu
Wemouunnilonludnusmizngandd (elongated dimples) Faifia
PNMITIVAIVBITOUIIURZTDII1 (crack-void interaction) o
AuflwassofnAindn Aufluesmsiuusianas usstiansiie
mﬂqﬂﬁwﬁiru Adumisiiinnsuaninazysznaudgenuie
vnmjaﬁaqmﬁm‘luﬁnwm:m}uaumm (equiaxed dimple) 9
WamIunuaadtasinamel (coalesced void) W3Imanma

ud dauanslugui sc
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Wisuifisuanuudausinsan  (fatigue  strength) sewinawnan
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v
v A

17 nalnnsuaniin mmﬁ%ﬂmminagﬂ%mu
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AAIEHRNUBNINTIUANANLND
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