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Relation between Fracture Behavior of Ferritic Pearlitic Steels and
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Acoustic Emission
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- Synopsis :
Four kinds of ferrite-pearlite steels (JIS S10C, S20C, S40C and S55C steel) have been fractured by

static tension in the temperature range from 77K to 300K.

The evaluation of fracture behavior has been made by fracture toughness K¢, critical crack opening
displacement (COD) @, electron fractographic and metallographic observations. They have had good
correlation with acoustic emission (AE) characteristics such as total count, root mean square (RMS)
volt and waveforms. The load for calculating fracture toughness was determined from the condition
of AE where the count rate was close to zero and the occurence of large RMS volt was ceased. K¢
and @ values were monotonically decreased with the lowering of testing temperatures; the values in
S10C steels were the highest, followed by those of S40C steels, S20C steels and S55C steels in order.
i The generation characteristics in AE agreed with the transitional fracture behavior under the changes

of testing temperature and were classified into three groups; I) cleavage crack type, II) stable crack
growth type, and III) mixed type of I) and II). The AE total count remained constant to Kic up to
40MPa-m'2, independent of carbon content, and they turned to linear relationship to Kc.
- AE characteristics were dependent on the volume fraction ratio of ferrite and pearlite, and reached
to maximum when the ratio was close to I.
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Table 1. Chemical composition of materials.

C Si {Mn | P S Cu | Ni Cr
S10C|0.11 |0.27 | 0.44 [0004/0010 | 0.01 |0.007(0.012
$20C10.21 |0.280.50 |0004]00090.01 {0.006|0.012
S40Cj0.39 1036 {0.51 [0.004]|0.009{001 [0.007;0.012
S55C10.56 10.36 | 0.52 |0.004[0.011{0.01 {0.007)0.012
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Fig. 1. Geometry and dimension of the specimens

(in mm).
(a) Fracture toughness test specimen.
(b) Tensile test specimen.
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Fig. 2. Block diagram of AE measurement system.
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Table 2. Mean diameters of ferrite grain and

pearlite colony, and pearlite volume
fraction.

Steel S10C| S20C| S40C| S55C

Ferrite Grain
Size (um)
Pearlite Colony
Size (um)
Pearlite Volume
Fraction (%)

238 19.6 18.6 8.6

8.8 16.7 197 2486
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» | > o o —f

100 200 300
’ Temperature ( K)

Fig. 3. Temperature dependence of fracture tough-

ness K,.
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Fig. 4. Temperature dependence of (a) critical
COD @, and (b) displacement up to frac-
ture V.. O : S10C steel, @ : S20C steel,
A : S40C steel and A : S55C steel.
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Fig. 5. Variation of load, displacement up to
fracture V,, RMS volt Vs and total
count in AE on the precracked specimen
with time from loading to fracture. (S20C.
steel, 133K) '
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Fig. 6. Variation of load, displacement up to frac-
ture Vg, RMS volt Vypys, and total count in
AE on the precracked specimen with time
from loading to fracture. (S55C steel, 300K)

Table 3. Classification of AE characteristics (total
count, RMS volt and waveform) on SI10C
steel, S20C steel, S40C steel and S55C
steel for testing temperatures. I is cleavage
crack type, II is stable crack growth type,
14+ (11) and (I)+II are mixed type of I
and II, in which the parenthesis means
incidental.
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Fig. 7. Temperature dependence of total count in
AE on the precracked specimen.
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Fig. 8. Temperature dependence of AE generation
energy E g defined to square of RMS volt
on the precracked specimen.
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Fig. 9. Relasion between generation energy Eag,
total count in AE and pearlite volume frac-
tion on the precracked specimen for four
testing temperatures.
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Photo. 1. Scanning electron microphotographs of fracture surface at the tip of fatigue crack.
(a) S10C steel, 77K, (b) S55C steel, 77K.

Photo. 2. Optical micrographs near edge of fatigue crack. (a) S10C steel, 195K (b) S55C steel, 300K.
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Fig. 10. Relation between RMS volt V.., load
and (a) displacement up to fracture Vy,,
(b) total count. (S55C steel, 195K) Point
A is the load to proportional limit and
point B is the place where the load shows
the inflected point for total count.
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Fig. 13. Relation between (a) effective mean grain
diameter ¢, (b) fracture toughness K, (c)
displacement up to fracture and pearlite
volume fraction. O : S10C steel, @ : S20C
steel, A : S40C steel, A : S55C steel.
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Fig. 14. Relation between fracture strength on the
round bar specimen and pearlite volume
fraction for four testing temperatures.
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