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The Fatigue Fracture Behaviours and Metallurgical
Factors of Alloyed High Strength Steels

University of Tokyo
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1. Introduction

fatigue fracture behaviour of a very high strength steel is
rsenerally obseved to have more complexity than that of the mild
steel or a little higher tensile steels narticularly in enhanced
censitivity to the heterogeneity of the steel, e.g. nonmetallic
inclusions.“) 2.) 3.)

Concerning the heattreated condition of the high strength
steel, it has recently been revorted by the authorsB')h'%hat the
crack pnropagation behaviours by fatigue, both in terms of the
microfractopgranhy and the rate analysis, are closely related to
the microstructures, accordingly the fracturing modes of the
specimen,

As to other metallurgical factors of alloyed high strength
steels such as alloying elements and rrain size of nrior
austenite, there have been very few vublished in resnect with
the nucleation and nronagation of fatigue fracture; the effect
of austenitic grain size seems yet obscure so far as the quan-
titative fracture behaviours of the heattrenated alloy steel are
concerned,

The nresent naver deals with exneriments and observations
on the influence of alloying elements, Cr, Ni and Mo as well as
the prior austenitic prain size on the fatirue nronerties of me-
dium carbon low alloysteels quench-and-tennered at various tem-
veratures, viz. giving a variety of hirh strength level,

?. Exverimentals

The materials used was JIS (Japanese standard) SCrh4, SCMy
and SAE3140, the chemical composition being siven in Tablel.
;amples were treated by various heattreatment as indicated in
"apnle2, where a resulted austenitic grain size number of each
specimen is also shown,

TABLE 1. Chemical comnosition of materials (%)

steel  C Si HMn P S NP Cr Mo Cu
SCrh  0.40 0.27 0.71 0,015 0,010 0,04 1.03 0,03 0,12
SCML 0,39 0,28 0.72 0,014 0,017 0,08 1,08 0.18 0,16
5403140 C.43 0,79 0,7% 0,021 €,003 1,27 0.632 0,05 0.14




TABLE 2, 1ileat treatment of svecimens Grain size lo,
A Series: 850° ¢ 0il Quenching, (9)
B Series: 1150°C 30min, air cooling to 850" C 0.q. (8)
G Series: 1250°C  2hr, air cooling to 850°C 0.3, (6)
H Series: 1300°C  2hr. air cooling to 850°C 0.q, (1)
L Series: 1250°C 10hr., air cooling to 850°C o0,q, (3)

The fatigue test was conducted by Schenck type machine in
unidirectional bending with a frequency of 3,000cycles/min.,

The applied stress amplitude was 80-120kg/mrf with minimum stress
level being set at 10kg/mm{ The surface of specimen was mechan-
ically polished to a mirror finish and fatigue cracks were ob-
served with optical and also electron microscove by replication
(two-step plastic carbon technique). Crack lengths were read at
XLO0O magnification with a travelling microscope,
3. Results and Discussion

(A) Although the fatigue lives of svecimens were scattered, the
SAE314V specimens with coarser prior austenitic grain and tem-
pered at low temperatures showed appreciably shorter lives than
the specimen of SCrf4 and SCM4 steels. Initiation of fatgue
crack was observed that the initiating attitude in each steel
was quite similar when heat treated in the same condition, while
the microcracks on the specimen with larger vrior austenite
grain initiated earlier than that with small grain size, All
specimens tempered at 650° C and 550" C showed well defined macro-
scopic slip bands while the surface of the specimen temnered at
lower temperatures revealed no slip band.

The endurance limit or fatigue life was reduced with in-
creasing grain size as revresentatively exhibited in Fig, 1.
Increasing prior austenitic grain size resulted in reduction of
fatigue strength or life without significant change in the out-
lined form of S5-N curves. The surface asvects of fatigue crack
propagation showed quite a difference between A-series and I~
series treatments, L-specimens with the larrest nrior austenite
grain showed a wide plastic zone at the main crack tip, while A-
specimens had a narrow and indistinct olastic zone, In the case
of A-series specimens temvered at 200'C, 300" C and asquenched
:pecimen, a characteristic alternating dimple and quasi-cleavarge
fractures')dominated, whereas in the same snecimens temnered at
higher temperatures other tynical fatigue fracture and ductile
striations were observed,
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As to the B-G-H- and L-series specimens, there were no
dimple fracture on both tempered at high and low temnerature
but some different asvect was observed including some inter-
granular fracture, the latter being sometimes also seen in A-
specimen tempered at lower temperature,

(B) Analysis of crack provagation rates: The fatigue crack
provagation rates of the A-series svecimens were exhibited as
functions of stress intensity factor range, AK, representatively
in Fig. 2, namely it can be exvnressed in a form:3'

d(2L)/dN= (A K)"/um (1)

Yhere L is half length of main crack, n is a variant expo-
nent denendent on metallurgical structure and M a material con-
stant., As summarized in Fig.3 obtained exponents n-values are
olotted against tempering temperatuers together with hardness
and also AKX values corresponding to a provagation rate of 16&57
cycle, When tempered at higher temperatures than BOO'C, the n-
value decreased with decreasing tempering temverature obeying a
theoretical consideration*’which has been confirmed in the case
of low strength steels, meanwhile at very high strength level,
tempered at lower temperature, the trend became reverse,

The fatigue crack provagation rates are thought to be ac-
celerated when the strength or hardness of the steel exceeds
some threshold value and there seems to be a transition to a
different mode of fracture as mentioned above,

Comparing the results on carbon steels of the previous
paper”‘‘with alloy steels of this work, it is to say that the
tempering temperature to obtain the minimum n-value is about
100°C lower in the latter case, and by temvering at 200°C the
n-values of carbon steel are much higher than that of alloy
steels., The fatigue fracture behaviours of high strength steels
are very sensitive to the metallurgical factors.

The three kinds of Alu-
minum killed steels studied had similar cleanliness level(around

(C) Factors of chemical composition:

0.12~0.15 JIS-cleanliness value/area percentage) and no particu-
lar relation was observed between the nonmetallic inclusion and
fatigue properties, but some hicher value of vphosphorus in the
SAE steel may be a cause for the trend of short fatigue lives
by coarse austenite grain size,

Concerning the metallic alloying elements, molybdenum seems
to have a favourable effect on the resistance to fatigue crack

propagation when the microstructure is as auenched or temnered
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