FE Nb-V ifiic £ 2 BUESMR O RE L oM E 517

B Nb-V RN & A ZIESARK O
% 57 PR b o ) b

A FEET - kI EWT - R

© 1989 ISLJ
11111110110111111

so
afl I
HINII1101111

S

Improvement of the Ratio of Fatigue Limit to Tensile Strength
in Hot Rolled Steel Sheets by the Surface Strengthening

Yoshio HAsHIMOTO, Masaya Mizul and Tomoo SEKINE

Synopsis :

Plain bending fatigue strength has been investigated about the surface layer strengthened hot rolled steel
sheets produced by intercritical rolling of cast composite ingot which in the surface layers, about

0.01%Nb-0.1%V are added on the 0.14%C-0.5%Mn base composition.

Following results are obtained.

(1) The ratio of fatigue limit to tensile strength becomes as high as about 0.67 in the polished specimens

of 20% surface fraction.
steel sheets.

This value is very high compared with that of conventional uniform hot rolled

(2) Fatigue limit of the 8% prestrained specimen is 4 kgf/mm?® lower than that of the non-strained at the

20% surface fraction.
stress in the surface layers.

This decrease is caused by very low work-hardening property and residual tension

(3) It is thought that fatigue limit of surface layer strengthened hot rolled steel sheets is determined by
that of surface or inner layer at large or small surface fraction each. At this transient region of surface
fraction (10~20%), the ratio of fatigue limit to tensile strength becomes maximum.

Key words : fatigue ; fatigue limit; plain bending; surface strengthened ; niobium ; vanadium ; intercritical

rolling ; precipitation ; dislocation ; residual stress.
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Table 1. Chemical composition of surface layer strengthened hot rolled steel sheet (Ingot analysis).
(wt%)
Layer C CSi Mn P S Al Nb \% REM
Surface 0.16 0.02 0.52 0.004 0.002 0.035 0.009 0.097 0.004
Inner 0.12 0.01 0.46 0.004 0.014 0.026 0.001 0.008 0.001

[Cast composite ingot

Alloying in surface layer
Ingot size
150t x 150% x 300¢(mm)

Fig. 1.
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Table 2. Fatigue strength of surface layer strengthened and conventional hot rolled steel sheets.

Hot-rolled 8% prestrained (tension)
. . . Fatigue strength at . )
Steel Tensile Fa{tlgue .Fatlgue- 5% 105 eycles Fatigue Fatigue
strength limit limit ratio limit limit ratio
oB ow ow/op Iw ow/98
2 2 o w Twy /9B 2
(kgf/mm®) (kgf/mm®) (kef/mm?) (kgf/ mm®)
Surface layer
stengthened 46.5 31 0.67 32.5 0.70 27 0.58
(Surface : 20%)
Conventional 48.5 25 0.51 —
(SAPH 45) (22) (0.45) (33.5) (0.69) (24) (0.49)
() : As hot rolled, the others were polished
® SAPH 45 a20%
A 0% 025%
A 10% W30%

Sur-

—ofe

| nner

— :Surface-inner boundary

Photo. 1.

0Y , O (kgf/mm?)

Microstructure of surface layer streng-
thened hot rolled steel sheet.
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Fig. 2. Relation between tensile properties and
fraction of surface layer.
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Fig. 3. Fatigue test results of surface layer
strengthened hot rolled steel sheets (Fully re-
versed plain bending).
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Fig. 4. Relation between fatigue limit ratio and
fraction of surface layer of surface layer streng-
thened hot rolled steel sheets (Polished).
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Photo. 2. Optical microstructure after fatigue
test in the hot rolled stainless clad steel sheet
(Plain bending).
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Surface
200
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T
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140 -
1 | | 1
0 4 8 12 16
Nominal strain (%)
Fig. 5. Work hardening of surface layer streng-

thened hot rolled steel sheets.
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L2 L, UTFTORFIEMRZEHCL0IT). £EH
L D FKE O EBRIC I 25 1EBED 1.5~2.0 %

a) Surface layer b) Inner layer

Photo. 3. Transmission electron microstructure

of surface layer strengthened hot rolled steel sheet
(Parallel to rolling plane).
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Fig. 6. Change of hardness with thickness direc-
tion distance from boundary ( After fatigue test).
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Fig. 7. Residual stress of surface layer after fati-

gue test (8% prestrained).
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Fig. 8. Fatigue limit diagram.
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