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Abstract

The elastic constants and internal friction of induction hardened and unhardened SAE 1050 plain-carbon steel at ambient temperatures were
determined by resonant ultrasonic spectroscopy. The hardened specimen contained only martensite and the unhardened specimen was ferrite-
pearlite. Using an inverse Ritz algorithm with assumed orthorhombic symmetry, all nine independent elastic-stiffness coefficients were determined,
and, from the resonance peak widths, all nine components of the internal-friction tensor were determined. Similar measurements and analysis
on monocrystalline a-iron were performed. The steel has slight elastic anisotropy, and the isotropically approximated elastic moduli were lower
in the martensite than in ferrite-pearlite: shear modulus by 3.6%, bulk modulus by 1.2%, Young modulus by 3.2%, and Poisson ratio by 1.5%.
Isotropically approximated elastic moduli of a-iron were 0.6—1.3% higher than ferrite-pearlite. All components of the internal-friction in martensite
were higher than those of ferrite-pearlite, but lower than those of a-iron.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The elastic moduli of martensitic and ferritic-pearlitic plain
carbon steel play a central role in determining the other mechan-
ical properties of induction-hardened parts, including crack
resistance arising from compressive residual stress at hardened
surfaces. Nevertheless, published experimental measurements
of moduli rarely have included both martensitic and ferritic-
pearlitic states of a single alloy. Variations in reported values
for alloys with similar composition also are significant. In this
report, we present resonant ultrasonic measurements of the com-
plete elastic-constant and internal-friction tensors of martensitic
and a ferritic-pearlitic plain carbon steel, SAE 1050, which
has a medium carbon content of ~0.5 wt.%. To interpret the
results, we also present measurements on monocrystalline body-
centered-cubic iron.
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2. Specimens

We extracted two steel specimens from commercially fabri-
cated automotive drive shafts that were induction heated, water
quenched to intermediate temperatures, and, then, slowly cooled
to ambient temperatures. The material was hot-rolled SAE 1050
steel with composition, in weight percent, of 0.48-0.55 C,
0.9-1.1 Mn, 0.15-0.30 Si, 0.3 Al, <0.05 S, <0.04 P, <0.10
Ni, <0.12 Cr, <0.05 Mo, and <0.18 Cu. The shafts had several
grooves and splines machined in the surface, as described else-
where [1], but the regions from which specimens were taken
had a uniform diameter of 23.8 mm. Fig. 1 shows the hard-
ness through surface depths of the two shafts, which are labeled
B564 and C322. The Rockwell-C hardness (Rc) values were
derived from microficial hardness data that were provided by
the manufacturer.

Specimen B564 showed 58 Rc hardness extending to a
depth of 3.2mm from the surface. From this fully hardened
region, a rectangular-parallelepiped specimen was made. The
dimensions of this specimen were 3.1 mm x 2.8 mm x 2.9 mm,
corresponding to the radial, azimuthal, and axial directions,
respectively, of the cylinder. A second specimen, taken from
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Fig. 1. Hardness vs. depth in induction-hardened shafts. Specimens were taken
from regions of nearly constant hardness.

the unhardened center of the shaft C322, had dimensions
of 10.7mm x 9.32mm x 12.1 mm and an average hardness
of 20 Rc. A third specimen was a-Fe with dimensions
of 4.3 mm x 5.2mm x 4.6 mm and crystallographic directions
[100], [010], and [00 1] aligned perpendicular to the rectan-
gular faces. Opposite surfaces of the specimens were parallel
within 8 wm.

We determined mass densities by Archimedes’ method
using distilled water as a standard. The densities of marten-
site, ferrite-pearlite, and «-iron were 7.709 4 0.002 g/cm3,
7.83540.001 g/cm?, and 7.851 4 0.011 g/cm?, respectively.

3. Methods

To study elastic stiffness and internal friction of these mate-
rials, we used resonant ultrasonic spectroscopy, which has been
described in detail elsewhere [2]. Briefly, a piezoelectric trans-
ducer produces a sinusoidal vibration at one point on a specimen,
and another piezoelectric transducer detects the response of the
specimen at a different point. One implementation employs a
tripod arrangement, as shown in Fig. 2(a), with the third ele-
ment acting only to support the specimen. This arrangement
was used on the ferrite-pearlite specimen (C322), which had a
mass that was large enough to produce sufficient acoustic cou-
pling between the specimen and transducers. For the two smaller
specimens, the arrangement shown in Fig. 2(b) was used. The
transducers held the specimen by diagonal corners with spring
forces that are set low to minimize damping from the mechanical
contact. Resonant ultrasonic spectroscopy typically introduces
only slight perturbations to the resonance by mechanical contact.
In contrast, the more commonly employed method of pulse-echo
superposition requires measurements using bonded transducers
with more than one orientation and/or polarization, and more
than one specimen often is needed to obtain the complete set of
elastic constants.

We determined elastic stiffness coefficients Cj; using an
inverse Ritz analysis [2—4], which requires measured resonant
frequencies, specimen shape, mass density, dimensions, and ini-
tial realistic guesses for the Cj;. The elastic symmetries of the
specimens were assumed to be orthorhombic for both hardened
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Fig.2. (a) Tripod specimen holder. One transducer sends a continuous sinusoidal
signal with varying frequency, one transducer detects macroscopic resonant fre-
quencies, and the third transducer supports the specimen. Semispherical buffer
rods provide a point contact with the specimen. (b) Spring-loaded specimen
holder. The fixture holds the specimen at opposite corners to minimize the contact
loss.

and unhardened specimens. For each resonance frequency f;,, an
internal friction g, ! also was determined from the full width of
the peak df at 1/+/2 of maximum: q;l = 5f/fu.

The elastic stiffness and internal friction can be considered
to be the real and imaginary parts of a complex elastic stiffness
tensor C‘,-j: C',-j = C;;(1+ iQ;l). The gy, for a given resonance is
a function of several components of the internal friction tensor
Qi;l . Following successful convergence of the inverse Ritz anal-

ysis, the Qi;l were determined by solving a set of simultaneous
equations,

— —1 _
ijialc. = (i Tni)” Tijar ey

where Jy,;; = 2(Cyjlfy)(3fn/0Cyj), J,gij is the transpose of J,;;, and
dfy/0C;; denotes the variation of resonance frequency with
respect to the elastic stiffness. Ql-;l is assumed to have no sig-
nificant dependence on frequency over the measured range. The
validity of this assumption is considered below.

In order to compare the elastic stiffnesses of orthorhombic
(nine C ;j) martensitic and ferrite-pearlite steels with those of
a-Fe (three Cjj), all Cj; were converted into sets of isotropic
elastic moduli (two C; /). The orthorhombic elastic coefficients
were converted to shear modulus G and bulk modulus B using
the Voigt-Reuss-Hill model [5]. For the cubic elastic stiffness
coefficients, the corresponding isotropic shear modulus was cal-



Download English Version:

https://daneshyari.com/en/article/1584148

Download Persian Version:

https://daneshyari.com/article/1584148

Daneshyari.com


https://daneshyari.com/en/article/1584148
https://daneshyari.com/article/1584148
https://daneshyari.com/

