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Effect of Strengthening Mechanism on Fatigue Properties of Dual Phase Sheet Steel

Masato Kurrta, Kazuo Tovama, Shigeki Nomura and Kazutoshi KunNisuice

Synopsis

: This study is made to clarify the effect of strengthening mechanism of dual phase (ferrite plus martensite phase ; DP)

steels on the fatigue properties in comparison with ferrite pearlite steels. Several DP steels were obtained to change the
kind of strengthening mechanism by adding various alloying elements to the low C-Mn-Cr-Mo DP steel. The strain
—controlled and load-controlled fatigue tests were performed. Main results were as follows :

(1) Solid solution strengthening elements, such as silicon and phosphorus, and precipitation strengthening elements,
such as niobium and titanium, exhibited a significant increase in fatigue limit. Increasing the carbon content, however,

contributed to the fatigue limit to a very small extent.

(2) Considering the fact that the fatigue cracks initiated at the ferrite matrix, not in the second hard phase
martensite, the experimental results are explained by strengthening of ferrite matrix being more effective to obtain a
high fatigue limit than that of hard phase as well as in ferrite pearlite steels.
Key words : dual phase sheet steel ; alloying element ; strengthening mechanism ; fatigue limit ; endurance ratio ; ferrite matrix ;

volume fraction of martensite ; fatigue crack.
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Table 1. Chemical compositions of steels tested.

(mass%)

Steel C Si Mn P S Cr Mo Others
Af(the base) {0.05 051 155 0.021 0.001 0.70 0.26
B(carbon) 0.10 0.50 1.51 0.020 0.001 0.69 0.25
C(silicon) 0.05 1.50 152 0.019 0.001 0.71 0.26
D (phosphorus) | 0.05 0.51 1.54 0.077 0.001 0.72 0.26

E(niobium) |0.05 0.49 1.46 0.019 0.002 0.70 0.25 Nb:0.024

F (titanium) 0.05 0.51 1.47 0.018 0.001 0.69 0.25 Ti:0.050
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Fig. 1. Shape and size of fatigue test specimen.
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Table 2. Mechanical properties of steels tested.

Fig. 2. Microstructure of steels tested.
(1)A(base) (2)B(carbon) (3)C(silicon)
(4)D(phosphorus)(5)E(niobium)(6)F (titanium)

Table 3. Microstructual characteristics of steels tested.

Steel Grain Volume
size fraction of
martensite
(pem) (%)
S—
A 5.6 17
B 6.5 34
C 6.3 13
D 6.1 16
E 5.8 14
F 6.3 9
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Fig. 3. Relationship between stress amplitude and

number of cycles to failure.

Table 4. Fatigue limit of steels tested.

Steel Yield Tensile Elongation Steel Fatigue Ow
strength strength limit P
oy (MPa) os (MPa) (%) ow (MPa)

A 297 581 28.3 A 289 0.50
B 379 736 22.2 B 304 0.41
C 338 647 27.3 C 378 0.58
D 302 603 27.8 D 323 0.54
E 410 652 26.9 E 358 0.55
F 427 649 25.0 F 387 0.60
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Fig. 4. Variation of stress range (Ae =0.6%).
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Fig. 5. SEM micrographs of surfaces of test steels
after fatigue test.
(1)B(carbon, ca=333MPa, Nf=8.2X10%)
(2)E(niobium, Ae=0.6%, Nf=1.1X10%)

rfE-Z tithbbeTELB L, =T ¥4 bAKEE

;5ﬁ%%§ﬁEWM%%u¢é<,ﬁ%mﬁ%iuim”
LT 3RFRF+PEOEA LT =54 MU T O

SPREIITH 2 LHW SN 5,

4.2 #ELERICL 2 FHMEMOETIL

WE LB L 5 7294 b FEBAERO ZAIZREY = 84
DRELMELTHY, FTHEELEBCL VBRSAS
IEOTHE S XS ASHE L BT H 219, 2 2 TR U AR0.6
% DK L %17 - 72 5Bk O F b4l 2 TEMBLEE L 1o Bl
I T, REBRATATEY O AR ZE b L, e
B RSt R — B B KA 1 C BT % 17« B e Rkt
L LT

Fig. 6 (- #al L0 Pk % R+, A, B, CT
WPAR 2 cellds & CEEfIwallTER S LT 5, 2L L
LR FC I3 B 7 cel KA B EE 8 Ll -, Fig. 6 Ot
HRMDT i cell S BEE S N3 HMERMETIABE S Wity
D& S N—2DH 5 REIEBLIOEA, 7

212,

Fig. 6. TEM micrographs of the steels after fatigue test(Ae =0.6%).
(L)A(base, Nf=8.5X10°%) (2)B(carbon, Nf=2.1 X 10¢)
(3)C(silicon, Nf=3.4X10%) (4) F(titanium, Nf=1.4X10%)

63

1093 W



B 1094 &% = $@Vol. 81 (1995)No.l |

F..I-r:rluw-||

© A(base)
B ® B(carbon) B
QO Csilicon)

Vv D(phosphorus)
O E(niobium)

& F(iitanium)

700 200
A g (MPa)

(@]

Fig. 7. Relationship between increase in tensile
strength and that in fatigue limit.
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Table 5. Decomposition of effects of strengthening
factors on tensile strength and fatigue lim-

it.
Steel Aog.m Aods.F Acw.m Aow.r Aocw.r
(MPa) (MPa) (MPa) (MPa) Acs.r
B 155.0 0.0 15.0 0.0 -
C —33.9 99.9 —3.3 92.3 0.92
D —5.3 27.3 —-0.5 345 1.26
E —29.4 100.4 —2.8 71.8 0.72
F —70.4 138.4 —6.8 104.8 0.76
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