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Determination of Polynomial Depending Between Hardness and
Cooling Time At8/5 of Steel Nionicral 70 Heat affected Zone

Bojana Aleksic?, Vujadin Aleksic® , Ljubica Milovic®, Abubkr Hemer®, Ana

Prodanovic?
“Innovation Centre of Faculty of Technology and Metallurgy, Karnegijeva 4, 11120 Belgrade, Serbia
bInstitute for testing of materials- IMS Institute, Bulevar vojvode Misi¢a 43, 11000 Belgrade, Serbia
“University of Belgrade, Faculty of Technology and Metallurgy, Karnegijeva 4, 11120 Belgrade, Serbia

E-mail address: baleksic@tmf.bg.ac.rs

Abstract Because of the high heating and cooling velocity values, welding procedure is an unstable process. During
welding, changes in microstructure are occurring under overheating and/or cooling conditions. In comparing to the
parent steel (PM), throughout welding of steel alloys, a whole series of complex processes are performed which
influence to the appearance of different weldments microstructure and at the level of stresses in the weld metal
(WM) and the heat-affected zone (HAZ). In present paper, the analytic dependence between Vickers hardness (HV)
values and cooling time in temperature interval from 800 °C to 500 °C (At8/5) will be determined using the test
results of experimental investigation of NIONICRAL 70 (NN-70) steel.

Keywords: HSLA steel, HAZ, hardness, cooling time At8/5

1. Introduction

Due to the high values of heating and cooling speed, welding is a non-equilibrium process, and all
changes in microstructure that occur during welding, develop in overheating or undercooling conditions.
At the locations of the joint formation during welding of steel by melting, a whole series of simple and
complex processes develop, causing the appearance of differences in the microstructure and the level of
stresses in the welded joint (WJ) constituents, weld metal (WM) and heat-affected zone (HAZ),
comparing to the parent material (PM) [1]. The mechanical properties of the overall WJ depend on the
properties of PM, WM and HAZ. These properties depend on the microstructure of certain parts of the WJ
determined by the chemical composition, the thermal cycle of welding and the previous, or subsequent
thermal treatment. The chemical composition of WM depends on the share of the parent and filler metal in
the WM and the interaction of metals, slag and gases. Depending on the interaction of these relevant
factors, the WM strength may be at the level of the strength of the PM (mismatching), higher
(overmatching) or bellow (undermatching) the level of the strength of the PM. [2-4]. The welding
procedure significantly affects the WM properties since the WM microstructure and chemical composition
as well depend on them. The share of PM in the WM depends on the welding procedure specification
(WPS), and this ratio may vary from 15 to 80% [5]. The thermal welding cycle represented by a
continuous cooling transformation (CCT) diagram, Figure 1, is the basic criterion for estimation of the
influence of parameters of the welding procedure on the modification of the microstructure in the PM,
Fig. 2, subjected to the thermal effect during welding, and therefore to the variation of hardness in the
HAZ.
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Figure 1: CCT diagram of steel NN-70 [6]
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Figure 2: Heterogeneity of structures in heat-affected zone for single-pass welding [7,8], A — Coarse grain HAZ (CGHAZ), B —
Fine grain HAZ (FGHAZ), C — Intercritical HAZ (ICHAZ), D — Subcritical HAZ (SCHAZ)

Regarding the properties of the WJ, one of the biggest problems is the variation in the metallurgical and
mechanical properties in the HAZ, that is, the drop-in plasticity in the HAZ, which is directly related to
the increase of hardness or decrease of cooling time At8/5.

2. Materials and methods

2.1. HAZ Thermal Simulation of Samples

For the simulation of the HAZ, steel NN-70, the Yugoslav version of the American steel HY-100, was
used. The chemical composition and mechanical properties of the steel NN-70 are given in Tables 1 and

2.
Table 1: Chemical composition of as-rolled NN-70 steel, wt %
C Si Mn P S Cr Ni Mo \4 Al
0.106 0.209 0.220 0.005 | 0.0172 1.2575 2.361 0.305 0.052 0.007
Cu Ti Nb As Sn W Sb Ta Co N
0.246 0.002 0.007 0.017 0.014 0.0109 0.007 ] 0.0009 | 0.0189 0.0096
Table 2: Mechanical properties of NN-70 steel
Material | E, GPa | Ru, MPa | Ry02, MPa | As, % HV30 Eior, I E;, ] E,]
PM 209 860 809 28.6 245-269 96.83 39.6 57.23

Standard Charpy specimens (11x11x 60 mm) and fatigue specimens (11x11x90 mm) [9], were
simulated on thermal cycle simulator Smitweld 1405 Fig. 3a. Thermal cycles were achieved by electro-
resistant heating according to a given timing plan, controlled using a photocell by monitoring of the given
cooling curve, Fig. 3b. Through the specimen, predetermined and adjusted heating current was passed
until the specimen was heated up to the maximum temperature. The jaws in which the sample was held
were cooled with water, and the sample itself was cooled with an inert gas stream.

a. Thermal cycle simulator Smitweld 1405
Figure 3. Thermal simulation of HAZ on samples of NN-70 steel [2, 9]
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Samples were exposed for 0.5 s to the austenitization temperature of 1300 °C for different cooling
times (At8/5 = 8, 10, 20 and 40 s), in order to obtain the microstructure and properties of the materials
that approximately correspond to those of HAZ of NN-70 steel, formed in conditions of different welding
regimes [5, 10].

Table 3: The results of hardness measurement of simulated HAZ and real HAZ of NN-70 steel and their polynomial dependence

450 — 450
7 “*-“e,,/’“' _\‘\ka"i‘o 400 Af8:3944]
350 + A == : )
e S 350 A [sHAZ)
Fao ol | RO o
1 S5 y=-0.0816x% - 0,245x + 384,03 — ] *n
150 4 R2 = 0.9561 ==
10 0 ; 2 3 :‘1 5 g 200 5 10 15 20 25 a0 35 40 45
measuring point At8/5, sec
Measuring
point 1 2 3 4 5 Average mm
Atys, s 1.5 3.5 5.5 75 9.5 value
8 401 387 407 384 393 394.4 HV10
10 338 359 362 366 347 354.4 HV10
20 352 362 364 359 360 359.4 HV10
40 275 275 280 270 271 274.2 HV10
Measured in previous studies [5, 10]
18 [5] 360 HV30
30 321 HV30
4 2 HV1
0 [10] 76 0
42 265 HV10

The samples of the simulated HAZ were tested for hardness, HV 10. The results of the measured
hardness on the samples of the simulated HAZ were compared with the results of the hardness of the real
HAZ measured in previous studies [5, 10], that have been taken in this paper. On the basis of the
measured and taken data [5, 10], Tab. 3, the polynomial dependence of the variation in hardness HV10,
and cooling time At8/5 was determined and shown in the diagram in Tab. 3.

3. Conclusions

Based on the selection of hardness in HAZ of the NN-70 welded joint, the diagram of the polynomial
dependence of the variation of hardness HV10 and cooling time Atgs, allows us to choose the appropriate
HAZ plasticity, which requires a corresponding welded microstructure with a controlled cooling time.
The samples of simulated HAZ with cooling time of Atg s =40 s have the highest value of impact energy,
and therefore this regime was selected for the thermal simulation of all experimental samples used in this
study [12-15].

Acknowledgements

This work is a contribution to the Ministry of Education and Science of the Republic of Serbia funded
Project TR 35011.

References

[1] Vidojevi¢ N.: Strukturne promene uz metal Sava pri zavarivanju Celika topljenjem, Zavarivanje i
zavarene konstrukcije, vol.45, br.3, 2000, str. 115-118.

89



Aleksic et al. / New trends in fatigue and fracture - NT2F 18, Lisbon — Portugal

[2] Milovi¢ Lj. Analiza integriteta zavarenih komponenata procesne opreme za povisene radne
temperature, doktorska disertacija, MaSinski fakultet Univerziteta u Beogradu, 2008.

[3] Schwalbe K.H, Zerbst U, Brocks W, Cornec A, Heerens J, Amstutz H. The ETM method for
assessing the significance of crack-like defects in engineering structures. Fatigue&Fracture of
Engineering Materials&Structures 1998; 21: 1215-1231.

[4] Aleksi¢ B., Aleksi¢ V., Milovi¢ Lj.: Analysis of the effects of butt welded joints on a carrying
capacity of a structure tank, journal Materials Protection 58 (4), 462 - 468 (2017).

[5] Grabulov V.: Prilog definisanju uticaja hemijskog sastava i debljine lima na pojavu prskotina u
zavarenim spojevima Celika Nionikral-70, magistarski rad, Tehnolosko — metalurski fakulktet
Univerziteta u Beogradu, 1986.

[6] Odanovi¢ Z.: Numericko modeliranje toplotnog rezima procesa elektrolu¢nog zavarivanja Celika i
predvidjanje mogucih efekata na zonu uticaja toplote, Doktorska disertacija, Tehnolosko-metalurski
fakultet, Beograd,1993.

[7] Akselsen O.M.: Transformation Behaviour, NTNU, Trondheim, Norway, 2012, p. 15.1-15.19.

[8] Stridsklev C.A.: Sulfide Stress Corrosion Cracking Resistance of Modified ASTM A694 F60 Low
Alloy Steel for Subsea Application, Master thesis, Norvegian University of Science and Technology,
Department of Materials Science and Engineering, Trondheim, Norway, 2013.

[9] Aleksic V.: Niskocikli¢ni zamor niskolegiranih ¢elika povisene ¢vrstoce, radna verzija prijavljene
doktorske disertacije, Tehnolosko-metalurski fakultet Univerziteta u Beogradu, 2018.

[10]Bulatovic S.: Elasto-plasti¢no ponaSanje zavarenog spoja od niskolegiranog ¢elika poviSene ¢vrstoce
u uslovima niskocikli¢nog zamora, Doktorska disertacija, Masinski fakultet Univerziteta u Beogradu,
2014.

[11]Aleksic V., Doj¢inovi¢ M., Milovic Lj., Samardzi¢ I.: Cavitation damages morphology of high-
strength low-alloy steel, METALURGIJA, (2016), vol. 55 br. 3, 423-425.

[12] Aleksi¢ V., Aleksi¢ B., Milovi¢ Lj.: Methodology for determining the region of stabiliyation of low-
cycle fatigue, Book of Abstracts, 16th International Conference on New Trends in Fatigue and
Fracture (NT2F16), May 24-27, 2016, Dubrovnik, Croatia, 189 — 190.

[13]Aleksi¢ V., Milovi¢ Lj., Aleksi¢ B., Abubkr M. Hemer: Indicators of HSLA steel behavior under low
cycle fatigue loading, 21st European Conference on Fracture, ECF21, 20-24 June 2016, Catania,
Italy, Procedia Structural Integrity 2 (2016) 3313-3321.

[14] Aleksi¢ V., Milovi¢ Lj., Aleksi¢ B., Bulatovi¢ S., Burzi¢ Z., Hemer M. A.: Behaviour of Nionikral-
70 in low-cycle fatigue, journal Structural integrity and life, Vol.17, br. 1, 2017, 61-73.

[15]Aleksi¢ B., Aleksi¢ V., Hemer M. A., Milovi¢ Lj., Grbovi¢ A.: Determination of the region of
stabilization on low-cycle fatigue HSLA steel from test data, Proceedings of the 17th International
Conference on New, Trends in Fatigue and Fracture (NT2F17), October 25-27th, 2017, Cancun,
Mexico, 101-112.

90



Index of Authors

Abbadi, 279 Cintra, Filho, 317, 321
Adinoyi, 183 Conceigdo, 329
Akshay, 241 Correia, 267
Albinmousa, 183 Costa, 141, 171, 245, 309
Albuquerque, 71, 105
Alderliesten, 133 Deus, 275
Alegretti, 317, 321 Dias, 313
Aleksic, 87 Djeghlal, 109
Allaoui, 109 Doca, 19
Almaraz, 27 Dominguez, 175
Ambriz, 117 Dorduncu, 209
Anes, 7,91, 329, 337 Duarte, 27
Angelina, Stoyanova—Ivanova, 271 Dzindo, 333
Aratjo, 275 Dzioba, 125
Arbaoui, 297
Aribi, 297 Erena, 175
Arzour, 129, 185 Eslami, 113
Awiszus, 197 Evangelista, 317, 321
Azari, 279

Farahani, 113, 121
Bakicé, 167 Fernandez-Canteli, 267
Balhana, 337 Ferreira, 19, 35, 105, 161
Barrientos-Garcia, 325 Fonte, 221
Barut, 209 Freitas, 7, 47,97, 137, 141, 153, 171, 221, 309
Bastos, 97 Frutos, 117
Batista, 161 Fromel, 189
Baxter, 141
Bechouel, 305 Gadi, 301
Belinha, 121 Galkiewicz, 125
Benkhettab, 157 Gerstmann, 197
Blasén, 267 Ghidaglia, 237
Borrego, 245 Gilgert, 279
Boukortt, 185 Granados-Alejo, 325
Bouledroua, 129, 301 Gueguin, 237
Bozic¢, 265
Brynk, 101 Hafid, 237
Burzi¢, 179 Han, 15

Hassanirad, 39
Campilho, 67, 75 Hasse, 197, 225
Canut, 19, 97 He, 193
Capela, 161 Hemer, 87
Capelle, 279 Henriques, 91, 287
Carvalho, 47 Hocine, Guechichi, 157
Castro, 19, 35, 97, 153, 253 Hong, 83
Castro, Paulo, 1 Huh, 43, 83
Catarina, Vidal, 233
Chmelko, 229 Ishihara, 149

Cicero, 267 Ivanova, 201



Acknowledgements

The NT2F18 organizing committee wishes to acknowledge the support provided by FCT, through
IDMEC, under LAETA, project UID/EMS/50022/2013

The organizing committee



N Y
B s e 5

-
o .

et o o I 'ﬂ:;t'ﬁh'-ﬂ'.,;_'-"___.

Wl 1cEN O7£-080-20-8545-7 (S

789892085487

.




	1i3
	5
	13
	14
	18
	ostalo

