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FEATURE : Steel Wire Rod and Bar
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Effect of Microstructures on the Fatigue Behavior of V-added
Ferrite-pearlite Type Microalloyed Steels
Dr. Hiroshi Yaguchil Takehiro Tsuchidall Yoshitake Matsushimal Satoshi Abe[] Katsuhiro Iwasakil] Atsushi Inada

The effect of microstructures on the fatigue behavior of V-added ferrite-pearlite type microalloyed steels
was studied. It was found that fatigue cracks initiated from ferrite, and that crack initiation life had a great
influence on fatigue limit. These results have indicated that the fatigue limit ratio could be improved by
maximizing ferrite strength and optimizing ferrite volume fraction.
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Table 1 Chemical compositions of steel for investigating fatigue
behavior massO]

C Si Mn S Cr \%

Steel-1 0.33 0.26 1.18 0.023 0.38 0.296
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Table 2 Forging and heat treatment conditions of steels for
investigating the effect of microstructures

Heat Treatment

Steel-A Forged to @ 50mm and Air Cooled
Steel-B Forged to @ 25mm and Air Cooled
Steel-C Annealed at 7000 for 15min
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Table 3 Chemical compositions of steels for investigating the effect

of additive elements massC]

C Si Mn S Cr V
0.2 0.25 0.0
005 030 1.20 0.02 0.35 0o4
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Photo 1 Microstructure of Steel-1
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Table 4 Mechanical properties of Steel-1

i Fatigue Limit Fatigue Limit
Tensile Strength
) O NotchedO O FlatO
N/mm ) )
N/mm N/mm
Steel-1 922 227 441
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Fig. 1 SN-curve and fracture surface of notched Steel 1

450[F LI T T T
Limit of Macro-crack Initiation ® Frocturedh
200 . ractured(] |
R N N O Stopped
£ (072) (0/22)* (1/60
E 3500 ~g 0 O e\(%/62) LimitofO h
z S o AN P Fracture
B 300 ~. N o 1
i (0/0) (0/6) " (0/24)
250 D.fqu‘ulﬁf@gwm ’
a Limit of Micro-crack Initiation e P
200H (0/0)
150 1 1 1 1 1
10? 10° 10* 10° 10° 107 10°

Number of Cycles
(y/x)0 (Number of Cracks over 150p m / Number of Cracks Observed)

020 stelll000O0D0SNOOOOOODOOODOOOO
Fig. 2 SN-curve and critical stress for crack initiation in
notched Steel-1
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Photo 2 SEM photograph on surface of fatigued Steel-1
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Photo 3 SEM photograph showing crack propagation of fatigued
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Fig. 4 Relations between C, Si, and V contents and Vickers
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N/mm? N/mm? HV2g HV2g ]
Steel-A 922 227 0.244 225 395 1.756 447
Steel-B 1067 274 0.257 290 373 1.286 24.7
Steel-C 766 225 0.290 253 340 1.344 4.7
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Fig. 3 Relations between microstructural parameters and mechanical properties for steels-A, -B, and -C
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Fig. 5 Relations between C, Si, and V contents and fatigue limit

ratio
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Table 6 Chemical compositions of developed and conventional

steels

VO O massO O

mass[]

Steel

Si Mn

S

Cr \Y%

D

0.21

0.70 1.49

0.052

0.50 0.40

E

0.26

131 1.53

0.053

0.50 0.41

KNF33M

0.32

0.22 117

0.059

0.38 0.21

Conventional
Microalloyed
Steel

0.44

0.22 0.82

0.021

0.094

JIS S55C

0.56

0.25 0.74

0.019
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Table 7 Mechanical properties of developed and conventional steels

Steel

Proof
Strength
N/mm?

Tensile
Strength
N/mm?

Fatigue
Limifl Notched
N/mm?

Fatigue
Limit Ratio

D

636

872

245

0.281

E

738

991

274

0.276

KNF33M

676

911

236

0.259

Conventional
Microalloyed

554

847

201

0.237

Steel
JIS S55C 465 818 202

0.247
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