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The Effect of Tempering Temperature on Ultrasonic Velocity
Property at the Quenched SCM 440 Steel
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ABSTRACT

The effect of tempering temperature on the ultrasonic propagation velocity at SCM 440 steel quenched
from 870°C and 1000°C has been studied by metallurgical and crystallographical observation. The
measurements of ultrasonic velocity were made on the specimen by appling an immersion ultrasonic pulse
-echo technique with a constant frequency of 10 MHz. The quenched microstructure of this steel was a lath
martensite, As the tempering temperature was increased, the martensite was transformed into the tempered
martensite composed of cementite and carbide. The ultrasonic velocity inereased with increasing the
tempering temperature. It was thought that these were resulted from the microstructural transformation,
The change of ultrasonic propagation \}elocity with quenching and tempering heat treatment was resulted
from microstrain due to the change of internal stress. Considering these results concerning to the change of
ultrasonic propagation velocity, the phenomena of microstructural transformation were estimated.
Consequently, it was thought that the degree of quenching and tempered heat treatment of steel could be
nondestructively evaluated with the change of ultrasonic propagation velocity.
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Table 1. Chemical Composition of SCM 440 Speci-

men. (wt%)
C Si Mn Cr Mo S P Fe
0.391]0.273|0.822 | 1.050 { 0.197 | 0.003 { 0.017 | bal,
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Fig.1. Schematic diagram of heat treatment cycle,
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Fig 2. Block diagram of ultrasonic velocity mea-
surement system using pulse-echo method,
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Table 2. The XRD Experimental Conditions,

Generator setting 40 KV, 30 mA
Cu alpha 1,2 wave lengths| 1.54060, 1.54439 A
0.010deg. 0.50s,

Step size, Sample time

50.00 s/deg.
Monochromator used Yes
Divergence slit Fixed(] deg.)

Peak angle range 40.000-120.000 deg.
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Photo 1. Optical micrographs of the 870°C
quenched specimen with various
tempering temperature (X 1, 000)

(g) at 650C.
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{(a) as-quenched(1000C) (b) at 150°C tempering temp.

@ at 350C

(e) at 450C (f) -at 550C

Photo 2. Optical micrographs of the 1000C
quenched specimen with various
tempering temperature(x 1, 000)

(g) at 650C
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Photo 3. SEM micrographs of the 1000C
quenched specimen with (A)250°C,
(B)450°C, and (C)650°C tempering
tempetature,
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Fig.3. EDS result of the specimen tempered at
450°C.
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Fig.4. The distribution of hardness with tempering
temperature,
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Fig.5. Longitudinal wave velocity versus tempering
temperature of the specimen quenched from
870°C and 1000C .
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Fig 6. The effect of tempering temperature on the
specific volume,

Table 3. The Variation of Lattice Parameter with
Tempering Heat Treatment at the 870C
Quenced Specimen,
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Tempering Temp.
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')
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Lattice Parameter |2.8839 2.8326 2.8765
c-axis (107’m) {at bct) - - - -
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Fig.7. The relationship between lattice parameter
and specific volume with tempering tempera-
ture at 870°C quenched specimen,
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Fig.8. The variation of half-width as a function of
tempering temperature (A)as quenched, (B)
250°C and (C)450C.
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