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Effects of Strengthening Mechanisms on Fatigue Properties
of Ferrite-Pearlite Hot-Rolled Sheet Steel

Masato Kurrra and Kazuo Tovama

Synopsis : In order to develop hot-rolled sheet steel with excellent formability and fatigue properties, the effects of strengthening
mechanisms on the fatigue properties of ferrite-pearlite hot-rolled sheet steels were studied. Tests were conducted on
the hot-rolled steels having tensile strength 500 to 600 MPa which were strengthened by solid solution, precipitation,
increasing dislocation density and pearlite volume fraction and grain-refining. The following results are obtained :

(1)Fatigue limit and endurance ratio depend on strengthening mechanism. Endurance ratio is increased by solid-
solution and precipitation strengthening, while not by increasing dislocation density and increasing pearlite volume

fraction.

(2)Fatigue limit of the strengthened material can be related with the fatigue limit of base material, strengthening
mechanism, and the increment of tensile strength by each strengthening mechanism.

(8)Though the stress amplitude at strain-controlled fatigue test, that is the resistance of material against cyclic
deformation, is dependent on strengthening mechanisms, it is linearly related with fatigue limit independent of

strengthening mechanisms.

(4)This fact suggests that the resistance of ferrite phase against crack initiation is proportional to its resistance against
cyclic movement of dislocation, and that, therefore it is more effective to use the strengthening mechanisms which
prevent the dislocation movement in ferrite phase under cyclic deformation for improving fatigue strength.
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Table 1. Chemical composition of steels used. (mass%)

Steel Cooling Condition C Si Mn P S Al N
Base P B¢ CL 1 o1a | 005 | 129 | 002 | 0002 | 0.04 | 0.003
0.5%Si . 015 | 054 | 122 | 002 | 0002 | 0.04 | 0.002
' Solid 1.0%Si }1%33 AC CL | 014 | 093 | 120 | 002 | 0.002 | 0.04 | 0.002
Solution P 0.14 | 005 | 119 | 007 | 0.002 | 0.03 | 0.003
N Pas AC  CL | o1s | 005 | 123 | 002 | 0002 | 003 | 0.027
Precipi- VN FT Ac  cr | 015 | 005 | 122 | 002 | 0.002 | 003 | 0.019 |V:00
tation Nb(CN) | id AC S 01a | 005 | 120 | 002 | 0002 | 004 | 0.004 | Nb:0.040
TiC 015 | 005 | 117 | 002 | 0002 | 0.03 | 0.002 | Ti:0.049
Dis P, A CL | 014 | 005 | 119 | 002 | 0.002 | 004 | 0.003
. FT WS CT
Grain Fine Py WS €Ll o1a | 005 | 119 | 002 | 0.002 | 0.04 | 0.003
Size Coarse | 1193 ¢ g7z | 014 | 005 | 119 | 002 | 0.002 | 0.04 | 0.003
Pearlit Hig'C |} BT AC T | 025 | 005 | 120 | 002 [ 0.002 | 003 | 0003
eariite Low:C |f 1093 — 873 | 0.05 | 005 | 121 | 002 | 0.002 | 0.03 | 0.003
FT :Final rolling temperature (K) AC:Air cooling
CT :Coiling temperature (K) WS :Water spray
2. REBRGE
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M I FEMES 6 mmDBKET7 =54 b—2¥—F 4 |
BIEHIRT H 5, BIIEEER450MPa®D0.15C%-1.2%Mn
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FROFETHAL L C12EHOMAM P HE L 12, BliEH
bt LTiSi(0.5%K%T1.0%), P(0.04%), N(270ppm)
DEFC L bfb L e, Fridigfb s L TIXVN, Nb(CN),
TICOMHIZ & biafb L7z, ik E L TIZARRETO
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Ltc, fRiss it & U CTI8E D I8 2 T/k% Lk &
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Fig. 1. Microstructure of test steels.
(a)Base (b)Si solid solution (c)Ti precipitation (d)Dis-

Table 2. Mechanical properties and grain size of location (e)Grain size (fine) (f)Grain size (coarse)
steels used. (g)Pearlite (high C) (h)Pearlite (low C)
Steel o | o | EL |RW.| d BB LI, 89— 4 bofbt L CRCRY B —54 M &
Base 304 | 444 | 393 | 307 | 138 PHMSEILLDLE,CEZ T S —54 VB2 LLLLE
(1)-5%§i igg ggi g(l)-g gg-g H; bOFPHBOLOHAB LI, DLERTTEBREL: 2O
Solid 0%Si ) : . - . N
Solution P 320 | 476 | 342 | 267 | 157 774 M-¥=F 4 MRTH 2, ,
N 413 | 549 | 277 | 251 | 1S B DAL ST R W HI 4t % Table 1 (2, BbiRiie g
.. VN 474 601 | 252 | 237 9.6 S b G E - o s e
Precibi- | Np(CN) | 416 | 543 | 271 | 179 | 79 &U_T‘ﬂ”f “ﬁ*ﬁé €Table2 =¥, ZHRW.IIMER Y T
TiC 440 | 543 | 293 | 203 8.8 b BIRIGDWARTH 5, e FFMSHMEL ¥ Fig. 1 R T,
lréis;;\tion 363 509 | 259 | 187 9.7 EARILM, TSR AT I & 2 1. 0% ST st B S Tigs ikt
- D FFAMSEMME P AR E L TR LI fhoFinkt b BT
Grain Fine 306 | 460 | 331 | 29.3 7.6 K o X )
Size Coarse | 287 | 441 | 37.1 | 304 | 239 H B MHTHEEAIZ TR S RFRIZ NS L 10mELFTH 5,
. High-C | 335 | 511 | 330 | 267 | 152 22 FEHEERA
Pearlite | [ 0.C | 279 | 402 | 399 | 347 | 136 . . A 3
ov . i i Fig. 2 R TR 2, RF ' EE i &£ PITC R 3
oy (MPa) :yield strength ElL.(%) elongation = 1 - - - .
os (MPa) :tensile strength R.W.(%) ‘reduction of width $OMIL 120 BBUIER L TIXPATEZ #7000 = 2 Y 4K T
d(¢m) ‘average diameter of ferrite grain BOHENCRFBE L, BEROBEPRELI.
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Fig. 2. Shape and size of fatigue test specimen.
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Fig. 3. Relationship between stress amplitude o,
and number of cycles to failure Nf.

Table 3. Result of fatigue test.

oy' ow ow/ Oy ow/ On
Base 282 198 0.65 0.45
0.5%Si 364 285 0.78 0.54
Solid_ 1.0%Si 424 314 0.78 0.56
Solution P 328 235 0.73 0.49
N 395 288 0.70 0.53
Precipi. VN 441 340 0.72 0.57
tation Nb(CN) 411 304 0.73 | 056
TiC 407 296 0.67 0.55
Dis- .
location 287 219 0.60 0.43
Grain Fine 290 211 0.70 0.45
Size Coarse 280 202 0.70 0.46
. High-C 340 225 0.67 0.44
Pearlite Low -C 282 | 204 | o073 | 051

oy'(MPa) cyclic yield strength
ow (MPa) :fatigue limit

oy (MPa) :yield strength

oz (MPa) ‘tensile strength
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Fig. 4. Relationship between tensile strength oy and
fatigue limit o,.
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