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Dependence of Fatigue Crack Propagation Behavior
on the Microstructure in SM45C Steel

ABSTRACT

To determine the effects of microstructure on the fatigue crack propagation behavior in
SM45C steel, experimental investigations have been carried out with the specimens of different
grain sizes and different spacings between the FesC particles. Fatigue and tensile tests were
conducted and the quantitative analysis of the relations between the threshold stress intensity
range and grain size, interparticle spacing and yield stress were carried out. Some of the conclus-
ions obtained are as fallows; (1) AKth was observed to increase with grain size and the spacing
between the FeaC particles. (2) In both pearlite and spheroidite microstructures, AKtn was

increased when yield stress was decreased.
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Fig.1 Fatigue failure of automobile crankshaft.
A-start of frocture in fillet: B—“ beach
marks” typical of crock progress under

C-line of final

sudden failure. ( Courtesy Lessells and

Associates, Inc., Waltham, Mass.)
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Fig.2 Configuration of test specimens for
Fatigue (a) and Tensile Test (b)



Table 2 Heat treatment conditions for grain size control and mechanical properies
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Condi tio Heat treatment Microstructure Mech. Prop.
Austeni- | Holding | Trans— Grain d1e ASTM Descrip—
tizing Time |{formation |Dia.d (rm¥®) G.S. tionp o,(kg /mm®*)
Specimen | Temp.(C) (min) |Condition |(10™*mm Number
furnace coarse
A 1100 90 196 0. 14 8 1 |pearlite 30. 4
cooling
15°C
B 1100 90 |isothermal| 160 0.13 817 32.9
transf.
C As - hot —rolled 69 0. 08 111 37. 6
air
D 1100 90 52 0. 07 11. 9 fine 40. 1
cooling pearlite

Table 3 Heat treatment conditions for Fes C particle spacing control and mechanical properties

Condition Heat treatment Microstructure Mech. Prop.
Austeni - | Holding . _|Holding |Interparti - .
tizing Time Quzn:;:h— ’%Zmpergg% Time |ck spacing Des_cn (k;/Y 5
Specimen |Temp.(C)| (min) n mp- Chr) | (107 mm)| PMOR mm
E 900 40 700 60 254 coarse 359
sphero-
idite
F 300 40 700 15 213 42. 0
water ]
G 900 40 700 2 110 v 53. 1
fine
sphero -
H 800 30 630 1 82 iﬁ?te 62. 8
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Fig.3 Microstructure of each specimen obtained after heat treatment

(1) 1100 ‘T~ 90 min-—furnace cooling (X 300)

(2) 1100°C~— 90 min. —air cooling ( X 300D

(3) 700 °C— 60 hr. —tempered after quenching (X 1000)
{4) 630 C— 1 hr. —tempered after quenching (X 1000)
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Fig.5 da/dN vs. 4K for various interparti-
cle spacing specimens E~H
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Table 4 C,m and 4K, volues of each

specimen
Speimen c m 4Ky, MPavin
A |1 8X1078] 4.306 11.19
B [687x107%| 3.305 926
C  |643x107%| 2.850 7.66
D |463x107%| 2779 7.20
E 1 743x 107" 4.402 8. 39
FOiL70x1078 ] 4129 8 11
G [341x107®) 3782 7.8
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