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Fatigue properties of strengthened structures in steels
—Part 1 On strengthening methods and S-N curves in an Fe-Ni-Ti-C steel—

Yo Tomota, KixusiRo TaNABE and Kosuiro Kuroki

Abstract — Relations between static properties and fatigue ones can not be treated in a simple way,
especially in cases of high strength materials. Strengthening methods in static properties often reveal ineffec-
tive against improving fatigue strength. Because mechanical responses of strengthened structures of steels
under cyclic loading have not been clarified well, it must be of use to compare the fatigue strengths of
hardened materials by various treatments.

The purposes of this study are, then, to compare the fatigue strengths of various kinds of microstructures
at identical hardness levels and to discuss the reasons of the difference among them. An Fe-Ni-T-C steel used in
this experiment, is one of the convienient steels to prepare many types of strengthened microstructures. The
hardness range of Hv135-561 could be prepared by deviced heat and/or mechanical treatments using the
present steel, in actual. In this report, the basic data of these microstructures, i. e., hardness, tensile properties,
and S-N curves obtained by plane-bending are presented. Compared S-N curves of materials with almost the
same hardness prepared by different treatments, large differences among them were found. The microstructure
containing fine incoherent precipitates are suggested to show the prominent fatigue properties.
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Table 1 Chemical compositions of specimens (wt %)
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Fig. 1 Hardness changes of Fe-Ni-Ti-C austenite

with aging at various temperatures for 1h
and martensite produced by subzero-
cooling to liquid nitrogen after ausaging.



KHE, HZH, BA: SMOBAMEEYEEOMBEEICET ML $18, 149
Fe—Ni—Ti—CH#H Otk & LR SN o> T

600 b oTi 3, TOE(LIL, 7/ (Niz Ti) HOWH
CEBLDEELENEY ASHOBAIKE AN LD D
PERUABEH LTS, CORBIEDVTIE, 7/
DwNT VHA b ~DEEALLESOBRRBL VB
A7 FA PRI EICET BH LORHSETS D,
o BEROM TN, AMB Oy HAE=LF V94 i
ZATRE O IRG OBRIRIEE 3, BAE R TR ORE,

BEICE 2 3 BB O8, 5 bEEE L, KIZ, Fig.2
\\\ IS AMOBIT, WEDEmAME 450 CHBICE bh
%o JBIZ, Fig. 3 WEENIAE LICBEOETER
LES DB ERY (Fig. 30) ),

Lo & z0RRITEHE T, +aREBED/:
200 500 800 700 HITE, OFBLEBENRANKETSH S,
Aging temperature (°C) T, PPERNRBNE»SOREAZENET S @'C,
Fig. 2 Hardness change of Fe-Ni-Ti-C martensite = @%‘i%?ﬁ@ﬁ% EI B SMEDTTIERLDE

with aging at various temperatures for 1h. bOWFig.3THo5, CORKYO, A—Ex b
SBLEM OE ofc ( BB RABA B~ EAOCREE

n
o
=

B

o

o
T

o]

Vickers hardness number

w

o

(&)
T

600f (a) (b)
g 500
S L Hy 4 40—
2 400
-
(U]
U S
75 300 Hv 290 —— %
@ —
< 200 e
0 K
g ﬂ
£ 100 yolel

0 100 200 300 400 500 600 700 800 0 20 40 60 80
Aging temperature (°C) Reduction in thickness (%)

Fig. 3 Hardness changes of Fe-Ni-Ti-C steel by heat or mechanical treatments: (a) summary of
aging and subzero-cooling, and (b) rolling. The symbols show the specimens of tensile and
fatigue tests.
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Fig. 4 Shapes and dimensions of specimens:
(a) tensile test, and (b) fatigue test.
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Fig.5 A S-N curve of as-quenched austenite
(base material) obtained by bending.
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Fig. 6 S-N curves of materials strengthened up
to Hv 290 level by different four kinds of
treatments. Symbols refer to the speci-
mens shown in Fig. 3.

70

£y 0 =23
Q S o
7 7

Stress amplitude (Kg/mm?2)

w
j=]
T

20 L ; ’
10° 10° 107
Number of cycles to failure

Fig. 7 S-N curves of materials hardened to Hv
440 level by different five kinds of heat
treatments. Symbols refer to the materi-
als shown in Fig. 3.
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Fig. 8 Results of fatigue tests of SA470 and AS
710 (see Fig. 3).
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Fig.9 Comparison of fatigue strengths of all
materials examined in this experiments.
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Table 2 Hardness and tensile properties
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