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HARDOX 450 – ATTACHMENT ASSESSMENT OF WELDABILITY
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, Nenad Bukejlović

Summary: HARDOX 450 - steel extremely high strength, increased hardness on the surface and good toughness in the core. Because of the different chemical composition and mechanical properties of various materials per section, this material is specific to welding. The analysis of received additional materials and processes for welding of steel, used in the environment, there is a different application of additional materials, procedures and techniques zavarvianja. Through the work we analyze the weldability of steel HARDOX 450 using the MAG welding procedure with the use of filler metal label EC-SG2 and the shielding gas Ar / CO2 as 82/18.
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1. INTRODUCTION 
Development of weldable structural steels begins at the end of the 20s of the last century. In the beginning of production of such steel main goal was to increase the strength and yield strength. However, starting from all the more distinct need for saving materials and energy lately increasing importance oriented towards toughness, weldability and formability.

Microalloying is used primarily in structural steels of which demands a high yield strength, satisfactory plasticity, slight tendency to brittle fracture, and good weldability.

Although microalloyed steels high strength-HSLA (high-strength low-alloy) has long been in the application and further exploring the possibility of increasing the toughness and optimization of welding parameters. The development includes processes of controlled cooling with optimization of chemical composition and mechanical deformation. 
In recent years, appears a number of subspecies of HSLA steel bainitni, ferrite, forged or cold drawn microalloyed, multiphase (Mn-Nb-V or Mn-Nb-Ti-Mo-V), where these steels their properties provide increased structural safety and the safety of users [1].
Hardox steels are newer types of steel produced metallurgical production process with controlled thermomechanics processing. Hardox steels are suitable for heavy duty wear which allows them high hardness, high strength and excellent toughness. They are used for equipment that is exposed to various stresses to wear - skating and impact load, often combined with large deformation (Figure 1). 
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Fig. 1 The principle of the procedure for processing of micro alloyed steel [2] 

W.C.- water cooling; A.C.- air-cooled; AR1-temperature eutectic transformation;

AC3, AR3 temperature of austenite transformation during heating and cooling
With regard to the production of economic activity that are present in our country (energy, mining and industry), there is a need for the application of special steel, including Hardox steel.

In welding these steels various processes are used and the quality of welding filler material. Through this operation did the assessment of weldability of steel Hardox 450 for testing the appearance of hot cracks in welding MAG welding with the use of additional materials available on the BiH market.

2. THE BASIC MATERIAL – HARDOX 450
HARDOX 450 is abrasion resistant steel with a nominal hardness of 450 HB. His The most common application is the machine parts which are prone to spending. 

Table 1 Mechanical properties of steel HARDOX 450 [3]
	Hardness

HB
	Toughness

KV, -40ºC
	Yield strength

Re
	Tensile strehgth

Rm
	Cekv
	Tickness

mm

	
	
	
	
	CEV
	CET
	

	425-475
	40 J
	1200 MPa
	1400 MPa
	0,48
	0,35
	3,2-80


Table 2 The chemical composition of steel HARDOX 450, depending on the thickness
	Thickness

mm
	maximum contents,%

	
	C
	Si
	Mn
	P
	S
	Cr
	Ni
	Mo
	B

	3 - 8
	0,19
	0,7
	1,6
	0,025
	0,01
	0,25
	0,25
	0,25
	0,004

	8 - 20
	0,21
	0,7
	1,6
	0,025
	0,01
	0,5
	0,25
	0,25
	0,004

	20 - 40
	0,23
	0,7
	1,6
	0,025
	0,01
	1
	0,25
	0,25
	0,004

	40 - 50
	0,23
	0,7
	1,6
	0,025
	0,01
	1,4
	0,25
	0,6
	0,004

	50 - 80
	0,26
	0,7
	1,6
	0,025
	0,01
	1,4
	1
	0,6
	0,004


High hardness combined with high toughness is the main feature of HARDOX 450 steel. Hardness is high and uniform. Parts made from HARDOX 450 steel have a longer service life and are easily replaceable. 

Minimum recommended preheating temperatures and interpass temperatures for different thicknesses of steel HARDOX 450 are given in Table 3. Maximum recommended interpass temperature is 225 °C.
Table 3 Recommended temperature overheating and interpass 
	Thickness mm
	3 - 20
	20 - 40
	40 - 80

	Temperature °C
	20
	125
	150


3. HOT CRACKS
Throughout the experimental part of the work was done by analyzing ratings weldability preferences steel HARDOX 450 to the emergence of hot cracks which are of separation that can occur during the shrinkage of the weld metal and fusion zone, the solidus line or slightly below, but may occur in the weld metal and HAZ. Depending on the conditions of formation, hot cracks are divided into crystallization and podsolidusne. The characteristic of the hot crack their intergranular character, meaning that breakage goes along grain boundaries. In relation to the axis of the weld hot cracks can be parallel, transverse and combined, can emerge or be hidden in the weld metal.
The primary cause of the occurrence of hot cracks is loss of ability deformation at high temperatures [5]. The mechanism of education of hot cracks can be described by the following scheme [6] in the process of cooling the metal is collected in proportion to the temperature, ie, heat shrinkage is proportionate to the size ((. The actual deformation of the weld metal is different from the size (( because the seam is surrounded by a metal whose temperature is variable depending on the welding process. This difference in cooling causes conductor tensions. If at that point in the seam components are low-flowing, whose deformation capacity is less than the actual deformation will occur cracks.
When developing a welding technology should be taken to ensure that the resistance of the weld metal to occur hot cracks depends on the [6]: the size and the rate of increase in operating voltage during crystallization; the chemical composition of the weld metal, which he defines properties during crystallization and during reduced plasticity; a form of molten metal, which determines the direction of the growth of columnar crystals; the size of the primary crystals.

In real conditions of welding it is impossible to completely eliminate the influence of tensile stress in the metal during welding that crystallizes. It is possible to decrease the voltage circuit rational construction and technological improvements such as: pre-heating the workpiece, rational order and selection of the optimum welding process and the welding process.

For practical evaluation of the sensitivity of steel to create a hot crack there are a number of methods and technology tests, of which the most used it over the chemical composition (1). Steels having Rm  > 700 MPa tend towards the creation of hot cracks if the value HCS > 2 [23].
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At the same time examining all the factors that cause the formation of hot cracks is not feasible, so that there is no universal method that would be uniquely able to determine the propensity of steel or welded joints on the occurrence of hot cracks. That is why today developed many methods which examine some impact. After character assessment, methods can be direct or indirect.

The experimental work for the evaluation of weldability used Fisco method. Terms of deformation seam at Fisco methods depend on the form of preparation of the pieces to be welded, the width of the play of the welding process and filler material. The test probe is made of two sheet length 200 mm width 100, which is set in the butt and reinforcement tool in the horizontal and vertical directions. Welding is performed in one direction discontinuous seam. The length of one seam is 40-50 mm.

Due to the metallurgical and mechanical impact, the beginnings and ends of welds are the most likely places initiation of cracks. After cooling, the welded test is removed from the tool and leave a few hours or days, after which follows the visual inspection occurred cracks. The criterion of resistance to crack the percentage share of the total length of cracks in the weld.
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Fig. 2  Test scheme to Fisco method [5]
4. EXPERIMENTAL WORK
To perform the welding was chosen Elekrolučne manual welding process full elekrodnom wire Active gas shielded - (MAG) process, as the most productive manual welding process.

The experimental work was chosen basic material HARDOX 450 a 12 mm thick. This thickness is, according to EN ISO 15614, comprise a thickness from 3 to 24 mm. Chemically composition used in the batch is given in Table 4, and the mechanical characteristics and values of CE and HCS in Table 5. Plates are prepared for V compound, the width of gap varies from 2 - 3 mm.
Table 4 The chemical composition of steel HARDOX 450 batch 107390
	Batch
	The chemical composition  %

	
	C
	Si
	Mn
	P
	S
	Cr
	Ni
	B
	Mo

	107390
	0,19
	0,32
	1,1
	0,009
	0,001
	0,21
	0,06
	0,002
	0,147


Table 5 Data on mechanical characteristics and values CE i HCS
	Batch
	Thickness
	Re

MPa
	Rm

MPa
	CET
	CEV
	HCS

	107390
	12
	1200
	1400
	0,33
	0,45
	6,45


For additional material selected is available on the BiH market, full of electrode wire marking EZ - SG2 diameter of 1.2 mm. Characteristics of solid wires are given in Table 6.
Table 6 Characteristics of full wire
	Batch
	The chemical composition  %
	Mechanical characteristics

	
	C
	Si
	Mn
	Re

( N/mm2 )
	Rm

( N/mm2 )
	A5
%
	KV(J)

-40°C

	232449
	0,08
	0,9
	1,4
	>430
	510-590
	>22
	>60


 As a protective gas used is a mixture of Ar / CO2 - 82/18%.  Tool for making welded FISCO tests and sample are shown in Figures 3 and 4.
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    Fig. 3  Tool for FISCO test
          Fig. 4  Welded sample to FISCO

 
       test method
 Testing is used to determine the influence of the type and diameter of filler material, size and shape of the groove, properties and thickness of the base material and technological parameters of the welding process (welding current, welding speed, etc.) On the occurrence of hot cracks. During experiments in the range of 2 to 3 mm was varied gap between the plates, while all other parameters were constant (welding current 120 A, welding voltage 20 V).

After welding the samples are cooled, with the help of a magnifying glass, visually observed and analyzed: the appearance, position and size of each registered hot cracks. Calculates the percentage share of the cracks in the total length of the test welds(2). Where 
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Table 7 FISCO test results

	backlash (mm)
	sample
	Dimensions of hot cracks (mm)
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	weld 1
	weld 2
	weld 3
	ΣlP
	ΣlZ
	

	2
	1.1-1.2
	2
	3
	1
	6
	150
	4

	2,5
	1.3-1.4
	3
	2,5
	2,5
	8
	150
	5,3

	3
	1.5-1.6
	0,5
	3
	1,5
	5
	150
	3,3


5. CONCLUSION (10 PT BOLD)

Results of the experiment are presented in Table 7 show that the steel HARDOX 450, welded the given parameters and tested method FISCO test, resistant to occurrence of hot cracks.
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