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ACCURACY ASSESSMENT OF FORMULAS FOR COOLING TIME
(ts/5) CALCULATION DURING THE WELDING OF CARBON STEELS

Vukié¢ Lazi¢', Dusan Arsi¢?, Aleksandar Sedmak?, Ruzica Nikoli¢*, Mirjana Opacic®

Abstract

During the welding and weldability assessment of certain materials, the cooling time in
the temperature range 800 to 500°C is a very important parameter, based on which one
can predict characteristics of the welded joint. Today, for calculating the tss time there is
an increase of use of analytical and empirical formulas. The aim of this paper is to
compare results of those formulas to experimental results (measured by thermocouples).
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1 Introduction

Execution of the adequate welded joint is, in majority of cases, accompanied by
voluminous experimental or numerical investigations. However, today exist ways to
predict the weldability and expected properties of the welded joint by application of the
analytical and empirical expressions [1, 2]. If the satisfying results of those calculations
are obtained, the process can be significantly shortened by eliminating the expensive and
tedious experimental research. The objective of this paper is to point to possibilities to
predict weldability of material, as well as to accuracy of empirical formulas. Research
presented in this paper was conducted on examples of hard-facing of the carbon and
tempered steels, while the formulas of Rikalin, Ito and Bessyo and formula based on
limiting thickness [1, 2] were analyzed and their results were compared to experimental
ones. Samples for experiments (measurements of temperature) were actually the plates
made of carbon steels (one structural and four tempering steels): S355J2G3, C15, C35,
C45 and C45E, with various thicknesses (s = 7.4, 8, 10, 20 and 30 mm). The thermocouples
were placed and fixed in drilled holes of diameter 1.7 mm. For that purpose,
experiments were performed with various electrode diameters (©3.25 - PIVA 430 B (1SO,
E1-300), ©4.0 - PIVA 440 B (ISO, E1-400) and ©5.0 - PIVA 460 B (ISO, E2-60) [3].
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Table 1. Comparative values of the cooling time tgs (s = 10 mm)

Electrode | Hard-facing Preheating Cooling time tys, s
diameter |driving energy | temperature = = Base metal

de, mm qi. J/em TIEN e (tss) | (159%™ | (ts)™" (155)"
4.00 20082 20 19.6 57.7 20.5 31.0
4.00 17650 20 16.1 44.6 18.5 255 Cl5
5.00 29400 138 54.6 2454 445 79.0
5.00 24758 36 28.3 953 29.0 44.0
4.00 18200 20 16.9 474 15.5 26.8 CASE
4.00 19413 36 19.6 58.6 20.0 31ES
5.00 16736 96 19.7 61.1 20.5 34.0
5.00 40551 80 69.8 326.3 975 84.0 -
5.00 34087 62 503 | 2082 | 475 Y
5.00 34588 20 442 171.2 40.0 60.0
4.00 19809 20 7.6 14.0 8.5 10.0 C45
4.00 17975 50 7.3 13.5 TS 10.1 (=20m)
4.00 21101 20 84 15.9 95 12.1
5.00 28356 71 13.1 16.1 12.5 11.5
5.00 38667 97 23.0 364 19.0 16.2
5.00 34027 20 14.3 18.4 14.7 11.2 C35
5.00 34255 20 14.4 18.7 17.5 11.5
5.00 26863 20 10.0 1125 10.3 9.0

(ts:5)) — Ito-Bessyo formula; (ts5)%" —Limiting thickness formula; (s;5)"" - experiment; (ts5)X — Rikalin's formula.

2 Conclusion

In calculating the cooling time ts/s a dilemma arises which formula to choose. In other
words, until now it was not known which formula gives results that are the closest to the
experimental cycle, or the curve of temperature cycle obtained by other methods. By
analyzing results from table 1 one can notice the unacceptable differences between the
cooling time calculated from the formula ts;s= f(ser) and experimental results. The best
agreement with experimental results was obtained by the Ito-Bessyo formula. This
conclusion is valid for hard-facing of the flat plates, while results for hard-facing of
other surfaces were not considered.
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