JMatPro for HSLA Steels

Technical Background and Validation

The basis for the HSLA calculations lies in the calculation of the various critical
temperatures, such as the Ae3 and the pearlite transformation temperature. The method
used here is based on the well established CALPHAD approach (Saunders & Miodownik
1998) and utilises a thermodynamic database that has been well tested for steels
(Saunders 2000). The martensite and bainite temperatures are after Stevens and Haynes
(1956) and Kirkaldy & Venugopolan (1984)

For the case of transformation diagrams in HSLA steels, we have adopted a slightly
modified approach following Kirkaldy and co-workers (Kirkaldy et al. 1978, Kirkaldy &
Venugopolan 1984). This has proved a reliable method for calculating TTT and CCT
diagrams for such alloys and the Figures below show calculated TTT and CCT diagrams
for US4140 as examples. Use of the Materials Browser will allow TTT and CCT diagrams
for a variety of other alloys to be accessed.
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The hardenability of an HSLA steel can be calculated from the CCT curve for a Jominy
bar. Firstly, cooling rates as a function of temperature and Jominy bar depth are
calculated and the main equation is (Kirkaldy & Venugopolan 1984):
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n is the thermal diffusivity at distance x (in cm) along the Jominy bar, T is the temperature
and T, is the austenisation temperature. The next step is to calculate the inflection point



from the corresponding TTT and CCT curves, which is associated with the Jominy bar
depth Xo. The Vickers Pyramid Number (VPN) is given by:

VPN:Yl-wxz; X< Xo (3)
3X,
2 Xo.
VPN=Y2+Z(Y1-Y2)~ 8 x>= Xo ()
X

Where Y1 and Y2 are the hardness values of martensite and pearlite in the alloy of
interest, which can be calculated by formulae proposed by Honeycombe (1980) and
Kirkaldy and Venugopolan (1984).

Based on the above equations, the Jominy hardenability curves of different types HSLA
steels have been calculated and the Figures below show comparisons between
experiment (ASM 1977, Kirkaldy et al. 1976, Kirkaldy & Venugopalan 1984) and
calculations.
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Once the hardness is obtained, both the 0.2% proof and ultimate tensile stress (UTS) can
be calculated using a well tested approach (X. Li et al. 2000). Quantitative relationships
between hardness and tensile properties were developed by Tabor (1956) based on the
relationship between stress, o, and the (true) strain, €, by Ludwig’s Law

o=Ag" ...(1)
Where n is the work-hardening coefficient A is a constant. By determining the pressure

under a hardness indentor of a given geometry, it is possible to derive equations for the
relation between the hardness, proof stress (ops) and the ultimate tensile strength (UTS).
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C, is a materials constant, €; is the average strain under the indentor, and €, is the strain
chosen for the Proof Stress. The Figure below shows a comparison between experimental
values of 0.2% ops and UTS and those calculated from hardness values.

2000 OA
= 18(1)-5 O 0% proof stress alloy steels A 5
o r O
S 1600+ A\ UTSalloy steels A
2 F+ o02% proof stress carbon steels A A A
‘é_ 1400

I ™ UTScarbon steels

g 100f @ 00
) C
@ 1000 o
2 800 -
g -
5 600t
= 400f
O C

200+

G-III:III:IIl:lll:lll:lll:lll:lll:lll:lll

0O 200 400 600 800 1000 1200 1400 1600 1800 2000

Experimentd tensile property (MPa)

Comparison between experimental values of 0.2% a,s and UTS and those calculated from hardness values



Refer ences

ASM (1977) Atlas of Isothermal Transformation and Cooling Transformation Diagrams, (ASM:
Metals Park, Ohio)

Honeycombe, R. W. K. (1980) Steels: Microstructure and Properties, (Edward Arnold: London)
p.99

Kirkaldy, J. S., Pazionis, G. O. and Feldman, S. E. (1976) Proc. Conf. The 16" International Heat
Treatment Conference, (The Metal Society: London) p.169

Kirkaldy, J. S., Thomson, B. A. and Baganis, E. A. (1978) Hardenability Concepts with
Applicationsto Seel, eds. J. S. Kirkaldy and D. V. Doane, (AIME: Warrendale) p.82

Kirkaldy, J. S. and Venugopolan, D. (1984) Phase Transformationsin Ferrous Alloys, eds. A. R.
Marder and J. I. Goldstein, (AIME: Warrendale) p.125

X. Li, A. P. Miodownik and N. Saunders (2001) S multaneous Calcuation of Mechanical Properties
and Phase Equilibria, to be published in J.Phase Equilibria

Saunders, N. (2000) Fe-DATA ver.3 — a thermodynamic database for cal culation of phase
equilibriain Fe-based alloys, Thermotech Ltd., Surrey Technology Centre, The Surrey Research
Park, Guildford GU2 7Y G, U K.

Saunders, N. and Miodownik, A. P. (1998) CALPHAD — Calculation of Phase Diagrams,
Pergamon Materials Seriesvol.1, ed. R. W. Cahn, (Elsevier Science: Oxford)

Stevens, W. and Haynes, A. G. (1956) J.Iron & Steel Inst., 183, p.349

Tabor, D. (1951) The Hardness of Metals, eds Jackson, W., Frohlich, H. and Mott, N. F. (Oxford
University Press: Oxford), p.67



	JMatPro for HSLA Steels
	Technical Background and Validation
	References

