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Abstract 

This paper presents a study on the strength of weld joints of hybrid materials between alloy 

steel and mild steel by electric arc welding. The purpose is to analyze the effect of welding on 

dissimilar plates of alloy steel and mild steel. A finite element model for welding welded 

alloy steel to mild steel was built using structural 3D (3D) solid modeling elements. In this 

case, the intensity varies depending on the voltage change and the type of cooling. The 

strength characteristics of the hybrid parts were measured using impact testing using hammer 

excitation and accelerometer response measurement technology. 
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Introduction 

Research on vibration damping of manufactured structures can be traced back decades. 

Problems related to vibration damping and noise control of these structures have long been 

the subject of comprehensive interest by scientists and researchers. Engineering structures are 

typically manufactured using a variety of fasteners such as bolts, rivets, and welded joints. 

The joint is the most integral part of the actual structure. However, its behavior under 

dynamic conditions is not yet fully understood by researchers. This is an obstacle to accurate 

modeling. Joints are of great interest to many researchers because they have great potential to 

reduce the vibration level of structures[1]–[4].  

These connections are recognized as a good source of energy dissipation and greatly affect 

dynamic behavior in terms of natural frequency and damping.This structural damping, which 

offers an excellent possibility of large energy dissipation, is related to the interfacial shear at 

the joint. Therefore, it has been recognized that providing joints can effectively contribute to 

the damping of all manufactured structures. Damping and improving it in structural 

applications is the biggest challenge for engineers[5]–[7].  

Typically, such structures have low structure weight and damping. In this situation, additional 

measures must be used to improve the attenuation characteristics by dissipating more energy. 

However, increasing the damping capacity of a structure is not always easy and often results 
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in wasted energy under normal operating conditions. A monolithic structure can be used as an 

alternative, but unfortunately the inherent material damping is very low and not cost 

effective.In general, structural problems fall into two categories: linear systems and nonlinear 

systems. In linear systems, excitation and response are linearly related, and their relationship 

is given by a linear plot[8]–[10].  

In many cases, this assumption is valid for a specific operating range. Manipulating linear 

models is easy from both an analytical and experimental point of view. For linear systems, 

the superposition principle holds. In other words, doubling the excitation will double the level 

of response. For beams with small displacements, use linear beam theory to calculate the 

natural frequency, mode shape, and response to a specific excitation. Linear and nonlinear 

systems match well at small values of excitation, but deviate at higher levels[11]–[13]. 

There is an increasing demand for machine tools and fabricated structures with high stiffness, 

high damping capacity and light weight. Such requirements necessitated the use of layered 

and welded cantilever beams as structural members. Alternatively, cast cantilever beams can 

be used, but unfortunately, these are more expensive to manufacture. As a result, the 

deployment of welded layered beams is becoming increasingly common in the machine tool 

industry and fabricated construction[13], [14]. 

Results & Discussion  

Hardness is the resistance of a material to permanent indentation. It is not a material property 

but an empirical test. Vickers hardness test was developed in 1924 by Smith and Sand land at 

Vickers Ltd to measure hardness of the materials.  

Vickers Hardness=Constant x Test Force Surface area of the indentation. 

Tensile test is the most fundamental type of mechanical test. It can be either force controlled 

or displacement controlled experiments. In force controlled experiments, a material is being 

pulled and its behaviour to react to the forces applied in tension is determined, while in 

displacement controlled experiments a constant increasing displacement is applied as a load. 

The stress and strains are determined from the cross sectional area and length. 

Connecting parts within the thickness of the parent metal forms a full penetration butt weld. 

For thin parts, the weld can be completely melted. There are nine types of butt joints: square, 

single V, double V, single U, double U, single J, double J, single bevel, and double bevel. 
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They are shown in Figure 2. To qualify for full penetration welding, there are certain 

conditions that must be met when welding. 

The design strength value is often the same as the strength of the parent metal. By design, the 

effective area of a butt weld connection is considered the effective length of welding time 

with voltage fluctuations. The effective length of butt welding is considered the length of a 

continuous full size weld. The electrode is specified by the effective weld strength. For full 

penetration butt welding, the throat dimensions are usually considered the thickness of the 

thinner part of the connection. Even if the butt weld is reinforced on both sides to ensure a 

full cross-sectional area, the effect is ignored when estimating the throat dimensions. If the 

stress is uniform throughout the weld thickness, the concept of average stress can be applied 

to determine its strength. 

Conclusion  

Describes the necessity and method of providing beam and column splices. The truss 

connection is displayed. Describes beam and beam and beam and column weld connection 

types. A practical way of providing welded connections is also presented. Actual examples 

are included for clarity. 

Reference  

[1] Y. Ustinovshikov, “A New Paradigm for Metallic Alloys in Materials Science,” Adv. 

Mater. Phys. Chem., vol. 05, no. 07, pp. 244–270, 2015. 

[2] “Engineering Physical Metallurgy : Y. Lakhtin : Free Download, Borrow, and 

Streaming : Internet Archive.” [Online]. Available: 

https://archive.org/details/LakhtinEngineeringPhysicalMetallurgy/page/n3. [Accessed: 

21-Aug-2019]. 

[3] “Introduction to Materials Science Physics 2800 (first part).” 

[4] L. Yang, “Countermeasures for Higher Engineering Education Reform under the Idea 

of Large-Scale Engineering,” Open J. Soc. Sci., vol. 03, no. 06, pp. 40–44, 2015. 

[5] M. O. H. Amuda and S. Mridha, “An Overview of Sensitization Dynamics in Ferritic 

Stainless Steel Welds,” Int. J. Corros., vol. 2011, pp. 1–9, Jul. 2011. 

[6] D. Liu, H. Li, and Y. Liu, “Numerical Simulation of Creep Damage and Life 

Prediction of Superalloy Turbine Blade,” Math. Probl. Eng., vol. 2015, pp. 1–10, May 

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 5, Issue 1, January 2018

ISSN NO: 0975-6876

http://cikitusi.com/134



2015. 

[7] S. R. Biswal, “FATIGUE BEHAVIOUR ANALYSIS OF DIFFERENTLY HEAT 

TREATED MEDIUM CARBON STEEL Master of Technology (Res.) in 

Metallurgical and Materials Engineering.” 

[8] M. Akita, Y. Uematsu, T. Kakiuchi, M. Nakajima, Y. Agata, and K. Takino, “Joint 

microstructures, mechanical properties and fatigue behaviour of ferritic stainless steel 

SUS 430 welds with different filler metals,” Weld. Int., vol. 32, no. 6, pp. 427–435, 

Jun. 2018. 

[9] A. Sahu, S. Mehta, and A. Kachawaha, “240 ANALYSIS OF WELDING 

STRENGTH BY VARIATION OF VOLTAGE &amp; CURRENT PARAMETER 

ON MILD STEEL MATERIAL 396-399, 1089.” 

[10] M. AKITA, M. NAKAJIMA, Y. UEMATSU, and K. TOKAJI, “Effects of annealing 

and quenching on fatigue behaviour in type 444 ferritic stainless steel,” Fatigue Fract. 

Eng. Mater. Struct., vol. 31, no. 11, pp. 959–966, Nov. 2008. 

[11] Y. Prawoto, Solid mechanics for materials engineers : principles and applications of 

mesomechanics. . 

[12] “World Academy of Science, Engineering and Technology.” [Online]. Available: 

https://waset.org/Publication/characterising-the-effects-of-heat-treatment-on-3cr12-

and-aisi-316-stainless-steels/9997362. [Accessed: 21-Aug-2019]. 

[13] S. K. Nath and U. K. Das, “EFFECT OF MICROSTRUCTURE AND NOTCHES ON 

THE FRACTURE TOUGHNESS OF MEDIUM CARBON STEEL,” 2006. 

[14] E. Erişir1 and O. Gürkan Bilir1, “A STUDY OF MICROSTRUCTURE AND PHASE 

TRANSFORMATIONS OF MEDIUM CARBON DUAL PHASE STEELS,” 2013. 

 

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 5, Issue 1, January 2018

ISSN NO: 0975-6876

http://cikitusi.com/135


