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Characteristics of Fatigue Behavior and Fracture Surfaces by
Rotary Bending Test in SM45C Welding Zone

Yong-Bok Lee*

| Abstract B

SM45C steel rods using generally for machine components were selected and welded by butt-GMA welding method
for this study. And then they were studied about characteristics of fatigue behavior and fracture surfaces by rotary
bending test. Fatigue strength in weld zone present highly in order of the boundary between deposited metal zone
and heat affected zone, deposited metal zone, heat affected zone. The region of infinite life by Haigh diagram present
highly in order of the boundary between deposited metal zone and heat affected zone, deposited metal zone, heat
affected zone. Fatigue cracks in unnotched specimens of base metal and weld zone introduce simultaneously from
extensive out-side of circumferential cross-section and propagate to the other side indicating beach markings and
dimples according to consolidation of fatigue cracks. Fatigue cracks in all of notched specimens introduce
simultaneously in out-side of circumferential cross-section by high stresses and propagate to center of it indicating

beach markings.
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Fig. 1 The schematics of specimens for rotating bending
fatigue test
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Table 1 Mechanical properties of base metal

Mechanical properties
Material Yield Ultimate | Hardness Elonga-tion
strength | strength | nurmber %)
8
(MPa) | (MPa) Hy)
SM45C 666 721 205 18

Table 2 Chemical compositions of base metal

) Chemical compositions{wt.%)
Material -
C Si Mn P S
SM45C | 043 0.27 0.44 0.03 | 0.035

Table 3 Welding conditions by GMAW

Number of| Cuwrrent | Voltage ]z?r;]zzr Gas flow
ass A I/m
p @ | m | | e
1 200 24 12 14
2 220 26 12 14
260 26 1.2 14
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Fig. 4 S-N curve for notched material and un-notched
material in base metal
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Fig. 5 S-N curves predicted by Peterson and Neuber

in notched base metal
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Fig. 7 Haigh diagram considered fatigue notch factor,
K, for notched materials

o}7) 4 AMEE LA A5 (modifying factors) gt the}
it

C(load type factor) = 1(bending)
C,(size factor) 0.9593(d=11mm)
Cs(surface finish factor) = 0.7885(machined or cold-drawn)

{

i

7t2E0| B3 E YA 0,2 AN ZBEHE o
& Y- UFEE AxdM 9 AW E 0,8 7SR 3
A, HESEHY £ G 0, & YEhE Al2S0lE 10%K0]
FolA9 7 $4EH W2, o(fatigue limit) S 1
T3HE, o,(endurance limit) Gr& 7€ 2 YERJITH o
7IA d2 84 74 99 Y24 g2 27A, sk
a9 BU7by &vke] 24A5E e gojgth v



0|85

geiyl $HAEE Aot
ool 713 WA ehti
Qe Aol a3

o] Anz
F2ES
QTR

i
i

3.3 mROHEH

Fig 8~ Fig. 15% 323k 8 AGHY s §
2 A9 B3 A AP AFig 8 U Fig. 9), £23F&
He A ABAFg 10 % Fig 1), 2AR9] 7] 4|
(Fig. 12), 99%79) =3 ABB(Fig 13), $8T43}
A AARY w3 NGAFig 14), SHFER =
YH(Fig 1592 b glch 190 Fig. 162 §3
3 XA siee) oy F sk
o 54 Y AEAPeIN BE AZRge 9 ¢
o4 WA AR 2] Bl YrEy
2 o 2R P Ig YS(dimple)FAT} 9
2 m2gd 14 Golelx A% ohE] o3 HY @
Q. 22 Y oz wes Begde) Adsh
Fpeo) Fu7hx) Aseto)oo) Hstriation) H]HvtaL
(beach mark)E Kol ek, BA) %] AGHE] 39 vfet
Wl 43 AL M85 236MPag /|202 4§57
o £24E F Urhhe] B2 Foozyy B3
wjof ebtth, 291 4% w3 AGH] F9oHE 2
£380] 245 HFuuo] Z4F Atolo] At
A% tehoich Led P59 @7o] ot A2 ol 7]
E} o2 o] A W 1 X2 RE 2Go] WAl
5|2 =g A5tA7IE 49lo] 91 9w, 3§84 3
< ol 3t Aol Yol WAISHD o5 Zio] FYO 2R
9y Zo] YHVHE s)zFYo] AH WA
2 37 AL A Bl o drk )2k 2L @
23E 2 ATATONE UBHOE 455 B 9%
& ekl ASZ Mo} §Ho] F o]Fo1W AL

A}

(e
H
H
3
=1

> o2 8 e o

L

g H W2 AGelA FAlo LAt 23T
=3 o 95 ohE KA HF wt "ot 285
=& A NETEL I 959 ol A FAlf 2
Hgstel 1520 o FHSE WA JAHIL F
oA #F shd =& Aol vehdth 221 kA A
W] A e §8 159 9FE ot #2ol 59
Yol SR ie FdstA FAlo WAsta waA
HEol Huta o2 HestA e o gk es §

(RN |

o]
&
3
h=1

30

i
r

]
ol o olo
e
o
ok
Hx
rir
>
u

WL T o

-~
H

g i
=2
T
iul
ri
A
=

(m

4 Helo)
o 5oz 145l gick 28 ofF 39
oleAA, B 7, o9 27, §4S] o}

s

=
Ir

tot
of
rr ©or

o ok flo m& Jb

Nopx e 4ol oald X
o
i

S of oo J& N

w7} th27] 2o ola) 74 WeEao] ekt

Fig. 8 Fracture surface of unnotched BMZ(276MPa,
70,730cycles)
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Fig. 9 Fracture surface of unnotched BMZ(393MPa,
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Fig. 10 Fracture surface of unnotched DMZ(248MPa,
67,900cycles)



1o

ZTRI|H SR Vol.19 No.1 2010. 2.

Fig. 11 Fracture surface of unnotched DMZ(279MPa, Fig. 15 Fracture surface of notched DMZ(217MPa,
25,400cycles) 16,690cycles)
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Fig. 12 Fracture surface of notched BMZ(276MPa, e, 16 C istics of wrf hed
30,600cycles) Fig. 16 Characteristics of fracture surface(notche

DMZ, 186MPa, 21,8%0cycles)
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