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Feasibility Study on Ultrasonic Velocity for Evaluation of Microstructure
and Quality of Cast Iron
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Abstract It was attempted to evaluate the microstructure and quality of various types of cast iron by ultrasonic
velocity measurement. Three types of commercial gray cast iron and ductile cast iron were used for this
investigation, respectively. One type of the ductile cast iron was heat-treated as a function of annealing time to
produce different microstructure. Ultrasonic velocity measurement, microstructural analysis (pearlite area fraction,
graphite length and nodularity), and hardness measurement were performed to find empirical correlations among
these parameters. Ultrasonic velocity of ductile cast iron was markedly faster than that of gray cast iron.
Ultrasonic velocity decreased with the decrease of fraction of pearlite structure. As a quality monitoring parameter
of cast iron, potential of ultrasonic velocity was suggested.
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4 w7l Aed & gler, ojd dvE F4 D3-3% %1333 th(Table 1).
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Table 1 Chemical compositions of the cast iron (wt%)
Type Designation Chemical compositions Manufacturer
(KS spec) C Si Mn P S Mg Cu
Gray C1(GC150) 3.31 198 076 012 0.5 - - A
cast C2(GC250) 320 260 070 020 020 - - B
iron C3(GC250) 353 269 053 016  0.07 - 0.17 C
DI(GCD450)  3.72 268 027 003 001  0.03 - A
Ductile
. D2(GCD500) 350 260 050 0.0 0.0  0.06 - B
o D3(GCD500)  3.52  2.84 238 003 001 004 0.0l C

* C and D stand for gray cast iron and ductile iron, respectively
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Fig. 1 Optical microstructure of the gray cast iron
and ductile cast iron: (@) C1, (b) C2, (c) C3,
(d) D1, (e) D2, and (f) D3
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Fig. 6 Optical microstructure of the heat treated gray
cast iron for various time: (a) D3 (as—cast), (b)
D3-1(5min), (c) D3-2(30min), and (d) D3-3(3hr)
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Table 2 Summarized results of the microstructural, ultrasonic and hardness measurement for various cast irons

Microstructure NDE Parameter Mechanical
Property
Type Graphite . . . . .
yp Graphite .. Pearlite area Ultrasonic ~ Attenuation  Brinell
area Nodularity . . .
fraction Length %) fraction velocity coefficient ~ Hardness
%) (m) (%) (m/s) (dB/mm) (HB)
0
Gray C1(GC150) 14.7 66.4 - - 4089(+19) 0.21 138(+3)
cast C2(GC250) 17.3 33.8 - - 4661(x14) 0.07 141(£3)
iron C3(GC250) 17.2 48.1 - - 4124(+24) 0.21 130(%3)
D1(GCD450) 11.9 - 74.2 - 5637(x9) 0.18 239(£6)
Ductile iron D2(GCD500) 13.3 - 78.3 - 5557(£34) 0.16 238(+4)
D3(GCD500) 19.7 - 71.9 36.7 5633(16) 0.20 230(+3)
Ductile i D3-1(GCD50) - - - 17.3 5607(%1) - 190(%3)
uctile 1ron
- - - - . + - +
(Heat-treated) D3-2(GCD50) 3.5 5602(£3) 179(%1)
D3-3(GCD50) - - - 0.1 5593(£1) - 170(%0)
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