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Effect of Microstructure on Fatigue Crack Growth
Rate in a High Carbon Steel

Yoshio KITSUNATI*

It is known that fatigue crack growth rate is related to the range of stress intensity, 4K, by an

equation of the form -
dljldn=C(4K)™

where C and m are constants.

Values of the exponent ‘m’ have been found to lie mainly in the range 2~3, but values as high as
10 are obtained, particularly in high strength steels with low fractui"e toughness.  Variation of
values of exponent ‘m’ may be associated with micromechanisms depending on microstructures of
the material during fatigue crack growth. The fatigue fracture surface appearances of metals and
alloys are important in determining fatigue crack growth mechanisms and post failure analysis. In
this study, the influence of micromechanisms on fatigue crack propagation in a high carbon steel is
investigated in conjunction with changes of metallurgical structures.

The material used during this study is an equtectoid steel with prior austenite grain size of 32.6
#m. The composition is given in Table 1. The roughly shaped specimens were cut from the as-received
plate with 7 mm thick and these specimens were heat treated to give different microstructures. The
hgat treatments and static properties are summérized in Table 2.

A centrally slotted 4 mm thick sheet specimens were machined with the direction of loading parallel
to the rolling direction. One side of specimen’s surfaces is polished and lines scribed 0.5 mm apart
to aid observation of the growing cracks.

Fatigue tests were performed using a Vibrophore test machine at a frequency about 148 Hz. The
crack length was measured using a traveling microscope with 50 magnification and stroboscopic illu-
mination. The crack growth rates were determined graphically by taking the 'slopes of the crack
growth curves at various crack length. The results were expressed in terms of stress intensity
factor range, 4K. Two stage chromium shadowed carbon replicas were obtained from the fatigue
fracture surfaces, and examined using a transmission electron microscope to charactrize the fracture
morphology. A scanning electron microscope was partially used too.

Considerably higher growth rates are obtained for lamellae pearlitic structure annealed at 850°C, as

compared with mixed lamellae and spheroidized structure annealed at 700°C. Presence of micro—
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cleavage in addition to striations is observed on the fatigue fracture surfaces of the both structures.
In this case, area percentage of micro-cleavage facets -in the lamellae pearlitic is correlated with
Komex, and the percentage' in the mixed structure is dependent on A4K. These relationships may be
useful for the failure analysis, when striations can not be observed. From above the result, the
higher rates in the lamellae pearlitic are achieved by occurrence of micro-cleavage dependent on K,
during striation growth. As revealed by precision matching, no lamellae or spheroidized cementite is
found on the facets of micro-cleavage. Therefore, micro-cleavage is not produced by fracturing
between cementite and ferrite but occurred by separation of ferrite in the micro range.

Changing of lamellae cementite spacings obtained by varying the cooling rates from 850°C is little
influenced on the fatigue crack growth rates with the ranges from 4K=40 to 150 kgmm™3/2. This result
may be explained by the fact that fatigue crack growth in the 1ame11ae cementite tends to propagate
along the pearlite colonies, as shown in Fig. 7. No systematic change in the fatigue crack growth rates
above the  value of 4K=40kgmm 3% is also observed with changes of spheroidised cementite
spacings obtained by isothermal heating for 5 to 110 hours at 700°C. The growth rates in the lamellae
cementite, however, are considerably higher than those of spheroidised cementite on account of the
different fatigue crack growth mechanisms. In the spheroidised structure, subgrain crackings con-
nected with fine cementite perticles appear at values of 4K below 46 kgmm™%2, The area percentage
of the subgrain facets are increased with decreasing 4K. The transition from structure sensitive
to structure insensitive fatigue crack propagation in the spheroidised structure occurs when the ratio
of cyclic plastic zone size to the subgrain size is approximately 10.

The: fatigue crack propagation at 4K ranging from 50 to 150 kgmm™3/2 in the materials tempered at
250°C, 400°C and 600°C, respectively, is predominant in striation formation mechanism. In this case,
the area percentage of non-striation (micro-cleavage, intergranular, and void coalescence) is less than .
40 percent. Therefore, the growth rates of the materials tempered are a little inflenced by the

microstructures or strength of the materials.
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Table{ Chemical composition of material
used (wt. %)
MR O{LER S

C | S |Ma| P | S |Cu|Ni|Cr

0.82|0.27 | 0.33 | 0.013 0.010; 0.12 | 0.09 |0.15

Table 2 Heat treatment and mechanical propef-
ties of the high carbon steel

BREMOBMNE S L O BRI EE
Ulti- .
0.2% Vick-
Proo? mate Elon-| ers

tensile -
stress gation| Hard-
(kg/ (Tiar €0 (%) | mess
mm?) ) 4(500 )

Heat treatment

700°C (lh) in Vacuum | 39.7 83.3| 19.6 237
—F.C 1
850"C(1h) in Vacuum | 36.5| 86.3 | 12.3| 242
—F.C :
850°C (lh) in Vacuum | 29.2] 78.9| 12.2| 216
—F.C. 15°C/h

850°C(1h)in Vacuum | 29.6] 79.3| 13.6| 233
—F.C. 23°C/h

850°C(1h)in Vacuum | 33.9| 82.4| 12.4 243
ZF.C. 50°C/h

850°C(1h)in Vacuum | 34.2| 84.0| 14.4 247
—F.C. 145°C/h

830°C (1h) -W.Q.— | 67.2
700°C(5h holding)
in Vacuum—F, C.

830°C (1h) - W.Q.— | 62.20 72.0| 23.2| 207

700°C (25 h holding)
in Vacuum—F.C.

830°C(1h)—» W.Q.— | 55.2 67.3| 23.7 205
700°C (50 b holding)
in Vacuum—F.C.

830°C (1h)—> W.Q.— | 49.7| 53.7| 25.9 180
700°C(11h) holding)
in Vacuum—F.C.

830°C (1h) -W.Q.— | 135.0] 153.2 7.6, 607
250°C (1h)—Temper ,
830°C(1h)—»W.Q.— 95.6] 128.0 | 13.2| 434
400°C (1h)—Temper

830°C(1h)—W.Q.— 73.4 90.3| 15.7 299
600°C (1h)—Temper

76.7 | 25.5 250

F.C. Furnance cool
W.Q. Water quench
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Fig.1 Configuration of the fatigue specimen
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Fig.5 Matching fractographs of micro-cleavage
facets
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Fig.6 Etched profile of cracking along the
perlite colony (arrows)
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Table 3 Stress intensity factors at the onset
: of micro-cleavage facet.

HEANEFHORERIRRC BT 2 4K &

K max

R AK_ Koax

(kgmm~3/2) | (kgmm=%?)

Annealed 0 66.5 66.5
nneale .
at 7000C O. 3 67~ 0 95 {
0.5 63.8 127.6
A led 0 61.5 61.5

nneale

at 850°C 0.3 71.0 101.4
0.5 60.6 121.2
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Fig.11 Effect of lammellae cementite spacings,
Dy, on fatigue crack growth rates
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Fig.13 Relations between striation spacings,
Sm, crack growth rates, dl/dn, and
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Effect of Microstructure on Fatigue Crack Growth Rate in a High Carbon Steel
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The influence of micromechanisms on fatigue crack propagation in a high carbon
steel has been investigated in conjunction with changes of metalurgical structures.

It is found that higher growth rates are obtained for lamellae pearlitic as
compared with spheroidized structure on account of the presence of micro-cleavage
in addition to striations. The crack growth rates associated with striation forma-
tion are found to be insensitive to changes of microstructure. The transition
from structure sensitive to structure insensitive fatigue crack growth in the
spheroidised structure occurs when the ratio of cyclic plastic zone size to the

subgrain size is approximately ten.
(4 tables, 19 Figures, 25 References)



