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Abstract The shielded metal arc welding (SMAW) is one among the most common
welding processes that is generally used in the fabrication process in industries to
join components, as its operation is easy. Shielded metal arc welding is a prominent
process of metal fabrication which finds its best usage in shipbuilding operations,
construction, and metal structure industries. This paper investigates the descriptions
and findings of different researchers. Several researchers performed experiments on
SMAW and investigated the effect of rate of welding heat input on the structure and
properties of the materials. The heat rate is the function of welding speed, welding
current, and welding voltage. The properties of the materials are affected by welding
current, welding voltage, and welding speed. This review research paper includes
the selected important research papers which describe the effect of current, voltage,
and speed of welding on the effect of mechanical and microstructural properties.
The joints produced by shielded metal arc welding process have enough strength,
and when these joints are compared with any other joints, the cost is relatively low.

Keywords Shielded metal arc welding · Polarity ·Welding current ·Weld ·
Strength · Process · Heat rate

R. Pratap Singh · A. Mishra (B) · A. Chauhan · A. K. Verma
Department of Mechanical Engineering, GLA University, Mathura 281406, India
e-mail: abhishek.mishra_me17@gla.ac.in

R. Pratap Singh
e-mail: rudra.singh@gla.ac.in

A. Chauhan
e-mail: abhishek.chauhan_me17@gla.ac.in

A. K. Verma
e-mail: ashu.verma_me17@gla.ac.in

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
B. P. Sharma et al. (eds.), Advances in Engineering Materials, Lecture Notes
in Mechanical Engineering, https://doi.org/10.1007/978-981-33-6029-7_22

229

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-6029-7_22&domain=pdf
mailto:abhishek.mishra_me17@gla.ac.in
mailto:rudra.singh@gla.ac.in
mailto:abhishek.chauhan_me17@gla.ac.in
mailto:ashu.verma_me17@gla.ac.in
https://doi.org/10.1007/978-981-33-6029-7_22


230 R. Pratap Singh et al.

1 Introduction

Welding is a joining process in which two or more faying surfaces are joined together
permanently to form one surface. Welding is a very reliable, “high-tech,” and cost-
effective process for materials to be joined. Manufacturers prefer welding process
over any other technique to join the metals and their alloys efficiently. Welding
is used in several constructional applications like buildings, bridges, computers,
vehicles, etc., and some of these applications cannot be completed without applying
the welding process. Many varieties of materials and products are used in welding
process by using advanced developed technologies including laser and plasma arcs.
Shielded metal arc welding process is one such process that finds its usage in small-
scale industries; it is one of the most widely used welding processes in the world. It
requires a human welder to weld and is often termed as manual metal arc welding
process since it is not automated and is difficult to use in large-scale industries.
It is also known as flux shielded arc welding process or stick welding process. In
the process of shielded metal arc welding, a consumable electrode containing flux is
used. Themain advantage of the flux is to avoid the contact of atmospheric gases with
the weld zone by providing a layer of slag. An electric arc is generated in between the
work and the tip of the electrode using either the direct current or alternating current
from a power source. There are several important terms in shieldedmetal arc welding
process like arc voltage, welding current, welding speed, heat input, electrode, weld
heat-affected zone, power supply, and polarity.

2 Literature Review

Molleda et al., performed the experiment on the mild steel welding with SMAW
process and noticed spattering at the time of welding which was the result of the
liquid metal droplets that are thrown out from the weld pool due to the action of tiny
droplets from the electrode. They took the covered electrode and produced a resulting
weld on the base metal. They found that the spatter particle welds to the base material
and transfers heat very quickly to it and produces a very thin re-crystallized region
in the heat-affected zone [1].

Ravindra Kumar et al., examined a low carbon steel ASTM SA210 GrA1 weld
using shielded metal arc welding process. On HAZ, base metal, and the weld metal,
the oxidation studies were made after the plates were exposed to air under cyclic
conditions at 900 °C. Kinetics of oxidation was developed using the technique
called the thermo-gravimetric technique. The analysis on the oxidation products was
performed using scanning electron microscopy/energy dispersive and X-ray diffrac-
tion (XRD). The result made fromXRD analysis was that the high intensity of Fe2O3

was formed as the base metal oxidizes in air and when compared at 900 °C, thicker
oxide scale is formed on the base metal rather than the weld metal [2].
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Goyal et al., noticed that the initial heating by arc which is having double ellip-
soidal nature is the primary heat that is being transferred to the weld pool. They
developed an analytical model. They used the different analytical techniques and
considered two sources of heat which are not similar in nature and estimated the
distribution of temperature in the region of HAZ and the weld pool. They told that
the base metal which melts under the sway of two dissimilar heat sources can lead
to the estimation of the profile of weld pool by evaluating the weld isotherms [3].

Tabatabaeipour et al., compared two different arc welding processes, the first
one shielded metal arc welding process, and the second as gas tungsten arc welding
processes. They performed the ultrasonic testing of these two welding processes and
used the technique of time-of-flight diffraction (ToFD). B-scan images that were
collected by using ToFD technique revealed that the specimen that was made from
SMAW is much easier as compared to that of the specimen prepared by GTAW
process, because waves are scattered to a greater extent in the latter case [4].

Gurpreet Singh Sidhuet al., studied the effect of consumable electrodes on the
properties of a weld due to the intermixing of the weld metal from consumable
electrode used in shielded metal arc welding process. They found that to attain the
high productivity, highweld quality, economy, and strongweld, the flux is intermixed,
and the chemical compositions of the electrode is changed to obtain the required
cost-effective process and robust product structures [5].

Izzatul Aini Ibrahim et al., measured the hardness and microstructural changes
as a consequence of using different process parameters of welding for mild steel
with a thickness of 6 mm. They used welding speed, welding current, and voltage
as the variables, performed hardness test, and studied the microstructure. They used
current from 90 to 210 A and concluded that on increasing the current the depth of
penetration increases. They also told that the depth of penetration is a function of arc
voltage [6].

Pravinkumar et al., examined a material to find out the tensile strength using the
vibration concept. They used stirring of the molten metal before its solidification.
The conclusion that was derived reveals that as themoltenmetal is stirred, it increases
the material strength [7].

Maridurai et al., investigated the tensile properties of carbon steel P91. They
welded the root pass by three different processes namely tungsten inert gas welding
process, submerged arc welding process, and shielded metal arc welding process.
They studied the characteristics of fracture, impact strength, and tensile strength of
the weld and the base metal in the three processes. They used crack tip opening
displacement for their study [8].

Olawale et al., established correlation between heat treatment and some mechan-
ical properties in shielded metal arc welding process. They selected carbon steel as
the material and the AWS E6013 as electrode for their investigations. They kept the
voltage as constant and the current as varying and subjected the heat treatment to
work piece at different temperatures. They concluded that the hardness and ultimate
tensile strength both increase with the increase of current before heat treatment, but
after heat treatment these values decrease if current is increased [9].
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PraveenKumar et al., selected welding voltage, welding current, welding speed,
and electrode angle as welding parameters for shielded metal arc welding process.
They used ANOVA and conducted the experiments to analyze with orthogonal array
[10].

Rohitjha et al., investigated twodifferentweld designs.Vgrooved andflat surface
welding joints were obtained with the help of SMAW process. They evaluated the
mechanical properties like tensile strength, yield strength, and percentage elongation
of weld metal for different welding current and welding speeds. They found that V
joint has maximum ultimate tensile and yield strengths [11].

Rajeev Ranjan et al., tested the optimization of different welding process param-
eters which include the welding current, voltage, welding speed by evolving amathe-
matical model for a mild steel specimen for a sound weld deposit. They used various
process parameters and the factorial design to disclose that there is a direct varia-
tion in the weld deposited area with the welding current and the welding voltage.
Their study also revealed that the welding speed and the weld deposited area have
an inverse relationship [12].

Rohitjha et al., investigated the effect of welding parameter, welding current,
voltage, and heat input on mechanical properties like UTS of mild steel in SMAW
process and evaluated the optimum welding current. The UTS of weld metal is to
be investigated by using tensile testing machine, and the welding current is varying.
They found that at 120A, the tensile strength ofweldmetal is high, and after optimum
value, if the current is increased, the value of UTS decreases [13].

Kchaou et al., used shielded metal arc welding process for two stainless steel
plates and investigated the microstructure and mechanical properties of the weld.
They found that the ductility decreases in weld metal in comparison with the base
metal. They told that due to the rapid cooling of weld metal the microhardness of
weld metal increases [14].

Olga Liskevych et al., measured the thermal efficiency and the heat input and
developed a method which can be used for the determination of the metallurgical
aspects using shielded metal arc welding process. They found that the results depend
on the welding parameters, environmental conditions, the dimensions of the sample
work, and the base metal. They used these parameters for the estimation of amount
of heat loss from the surface of the welded plates [15].

Brajesh Kumar Singh et al., studied how the weldment properties are affected
with the variations in the design of joints. They used samples for the study on IS
2062:E250 plates of mild steel with the help of shielded metal arc welding process.
They used the variation in the geometry of the joint and studied and compared the
effects of these variables on the properties of the plates of mild steel for different
geometries. They concluded that double ‘V’ joint is more effective and superior to
other joints in terms of the mechanical properties [16].

Abhishek et al., used FEM and ANSYS software to investigate the effect of
temperature distribution in weld joint on residual stresses and distortion. They found
that the distortion and residual stresses can be minimized by optimizing current,
voltage, and speed of welding in shielded metal arc welding process [17].
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Dutta et al., used optical and scanning electron micrograph to investigate the
different regions of the weld and found that the peak temperature in the case of
shielded metal arc welding process is lower than that in gas tungsten arc welding
process by about 75 °C, and the duration of peak temperature is also less in the case
of SMAW process [18].

Bbodule et al., compared shielded metal arc welding process with oxy-acetylene
welding process using low carbon steel as the base material. They found that if heat
input is increased, the yield strength, ultimate tensile strength, and hardness values
decrease, and the ‘V’ grooved weld has better mechanical properties in comparison
with that of the straight edged surface welds. They told that if toughness is increased,
the hardness and tensile strength values decrease [19].

Deogade et al., performed thermal analysis of the heat-affected and weld zones of
ferrite stainless plates welded by shielded metal arc welding process. The simulation
was done by using ANSYS and three-dimensional finite element analyses. They
analyzed the residual stress distribution with the temperature and warned that the
higher heat input rates become dangerous for residual stresses in thin plates [20].

RaffiMohammad et al., tried to matchup the mechanical and the microstructural
changes of high stainless steel, which is free of nickel, by using different welding
processes such as shielded metal arc welding, gas tungsten arc welding, and electron
beam welding. They found that the weld obtained by shielded metal arc welding
process is the cheapest of all but beneficial for general joining work [21].

Pengfei Baia et al., developed a sensing method, completely based on the arc
voltage to sense the depth of penetration. In their method to imitate the beginning
of the process, the work piece was made to act upon by a stationary arc for about
2 s. They used peak current and fluctuating voltage to describe the penetration status
[22].

Vijayesh Rathi et al., used shielded metal arc welding process to establish
relationship between microhardness and input welding parameters like heat input,
voltage, current, and welding speed for weld and heat-affected zones. They found
that at low heat input, the microhardness of weld metal decreases, but it increases
for the heat-affected zone. They also concluded that in shielded metal arc welding
process at lower heat input, better impact strength and hardness values are obtained.
They told that at higher heat input, the cooling rate becomes higher; and hence, the
cracks are developed in heat-affected zone and weld metal [23].

Shukla et al., analyzed the effect of different input welding parameters on depth
of penetration for shielded metal arc welding process. They used AISI 1020 plates
for welding and applied surface response method and concluded that welding current
is the main input parameter which has very large effect on depth of penetration [24].

Chen et al., used S 690 Q grade steel to form butt weld and studied the effect of
this steel on tensile strength of the weld. They found that S 690 Q grade increases
tensile strength of the welded joint, but the relation in between these two cannot be
established easily written with any equation but can be approximated by using some
other tools [25].

Zhang et al., studied the weld of 12 Cr2Mo1R heat-resistant steel. They formed
butt joint using arc welding process. They added different amount of phosphorous in
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differentwelds and analyzed thevariationofmicrostructure and impact strengthof the
weld with phosphorous and found that phosphorous makes the size of microstructure
small which increases the impact strength of the weld. They found phosphorus to
be highly depleted in the δ phase, which inhibits δ-phase precipitation by reducing
δ-phase nucleation and growth in the weld [26].

Kumar et al., had experiments for performance of electrodes with arc welding
process. They utilized probability density distribution and signal-processing tech-
nique in their work. They concluded that probability density distribution is a very
good method to obtain almost actual value of the output for the given input values.
They also found that different electrodes provide the property of their constituents,
and also if current is constant, then smaller diameter electrode has greater energy
density and larger depth of penetration [27].

Sumardiyanto and Sushilowati experimented low carbon steel, API5L using
shieldedmetal arc welding process. They analyzed the effect of input welding param-
eters on mechanical properties of the weld. They used three different electrodes E
6010, E 7016, and E 7018 and two values of current as 90 and 100 A and concluded
that depth of penetration increases with current and electrodes also have effect on
mechanical properties of weld [28].

3 Conclusion

Ongoing through the investigations done by the selected researchers, some conclu-
sions can be derived for input–output process parameters for the structure and prop-
erties of the weld obtained through shielded metal arc welding process. These can
be summarized as below:

1. The mechanical properties of the weld have strong relation with the macro and
microstructure of the weld obtained by shielded metal arc welding process.

2. If number of passes of weld is more, then complete transformation of delta
ferrite to austenite is not possible due to the existence of differential heating
and cooling rates in passes. This develops superior quality of weld having more
tensile strength and hardness.

3. If arc voltage or welding current is increased, the hardness increases, but tensile
and impact strength values decrease.

4. If voltage is increased, the weld width increases.
5. The microstructures of weld zone and heat-affected zone are entirely different.
6. Manganese, silicon, sulfur, etc., are alloyed to increase some specific properties

of the weld.
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4 Scope for Further Work

1. Little work is reported on metal transfer influencing chemical composition, bead
geometry, strength, and metallurgy of weld in submerged arc welding process.

2. Transient study of current voltage in shielded metal arc welding requires more
work, as it is the least searched area.

3. The optimum values of input output welding variables are not searched yet; it
should be tried by utilizing MATLAB and ANN, etc., to simulate properly.

4. Application of magnetic field can be utilized properly to distribute the input heat
of welding on the weld surface, so serious work over this area is needed.

5. The process is slow as after electrode consumption, new electrode rod requires
some time in adjusting it with the electrode holder. Methods should be searched
to have continuous feeding of electrode rod to work.

6. The process can be made semi-automatic by using some other arrangements like
lathe machine in which lead of screw of lathe machine can be utilized to provide
speed of welding as automatic.

References

1. Molleda, F., Mora, J., Molleda, J. R., Mora, E., & Mellor, B. G. (2007). The importance of
spatter formed in shielded metal arc welding. Materials Characterization, 58, 936–940.

2. RavindraKumar, V. K., & Tewari, S. P: (2009). Oxidation behavior of base metal, weld metal
and HAZ regions of SMAW weldment in ASTM SA210 GrA1 steel. Journal of Alloys and
Compounds, 479, 432–435.

3. Goyal, V. K., Ghosh, P. K., & Saini, J. S. (2009). Analytical studies on thermal behaviour and
geometry of weld pool in pulsed current gasmetal arc welding. Journal ofMaterials Processing
Technology, 209, 1318–1336.

4. Tabatabaeipour, S.M., &Honarvar, F. (2010). A comparative evaluation of ultrasonic testing of
AISI 316L welds made by shielded metal arc welding and gas tungsten arc welding processes.
Materials Processing Technology, 210, 1043–1050.

5. Sidhu, G. S., & Chatha, S. S. (2012). Role of shielded metal arc welding consumables on pipe
weld joint. International Journal of Emerging Technology and Advanced Engineering, 2(12),
746–750.

6. Ibrahim, I. A., Mohamat, S. A., Amir, A., & Ghalib, A. (2012). The effect of gas metal arc
welding (GMAW)processes on different welding parameters.Procedia Engineering, 41, 1502–
1506.

7. Praveen Kumar, B. S., & Vijaykumar, Y. (2012, May). Optimization of shielded metal arc
welding parameters for welding of pipes by using Taguchi approach, 4(5). ISSN 0975-5462.

8. Thirupathy, M., Rai, S., Sharma, S., & Palanisamy P. (2012, May–August). Analysis of tensile
strength and fracture toughness using root pass of tig welding and subsequent passes of SMAW
and sawofP91material for boiler application. International Journal ofMechanicalEngineering
and Technology (IJMET), 3(2), 594–603. ISSN 0976-6359.

9. Olawale, J. O., Ibitoye, S. A., Oluwasegun, K. M., Shittu,M. D., & Ofoezie, R. C. (2012).
Correlation between process variables in shielded metal-arc welding (SMAW) process and
post weld heat treatment (PWHT) on some mechanical properties of low carbon steel welds.
Journal of Minerals and Materials Characterization and Engineering, 11, 891–895. Published
Online September 2012.



236 R. Pratap Singh et al.

10. Praveen Kumar, B. S., & Vijayakumar, Y. (2012, September–October). Selection of optimum
process parameters of shielded metal arc welding (SMAW) to weld steel pipes by design of
experiments. International Journal Of Engineering Research And Applications (IJERA), 2(5),
377–381. ISSN: 2248-9622.

11. Rohit Jha, A. K. J. (2014, April). Investigating the effect of welding current on the tensile
properties of SMAW welded mild steel joints. International Journal of Engineering Research
& Technology (IJERT), 3(4). ISSN: 2278-0181.

12. Rajjevranjan. (2014, September). Parametric optimization of shielded metal arc welding
processes by using factorial design approach. International Journal of Scientific and Research
Publications, 4(9). ISSN 2250-3153.

13. Rohit Jha, A. K. J. (2014, June). Influence of welding current and joint design on the tensile
properties of SMAW welded mild steel joints. International Journal of Engineering Research
and Applications, 4(6) (Version 4), 106–111. ISSN: 2248-9622.

14. Kachaou, Y., Haddar, N., Henaff, G., & Elleuch, K. (2014, November). Micro structural,
compositinal and mechanical investigation of shielded metal arc welding (SMAW) welded
super austenitic UNS N08028 (Alloy 28) stainless steel.Materials and Design. Impact Factor:
3.5. https://doi.org/10.1016/j.matdes.2014.06.014.

15. Liskevych, O., & Scotti, A. (2015). Determination of the gross heat input in arc welding.
Journal of Materials Processing Technology, 225, 139–150.

16. Singh, B. K., Jha, A. K., Singh, P. K. (2015). Effects of joint geometries on welding of mild
steel by shielded metal arc welding (SMAW). International Research Journal of Engineering
and Technology, 95–100.

17. Abhishek, B. P., Anil Kumar, G,. & Madhusudhan, T. (2015, May). Experimental and finite
element analysis of thermally induced residual stresses for stainless steel 303grade using
GMAW pocess. International Research Journal of Engineering and Technology (IRJET), 2(2).
ISSN: 2395-0056.

18. Dutta, J., Pranith Kumar Reddy, P. (2015). Thermo mechanical and metallurgical analysis
of SMA and GTA welded low carbon steel butt joints. World Academy of Science, Engi-
neering and Technology International Journal of Chemical, Molecular, Nuclear, Materials
and Metallurgical Engineering, 9(7).

19. Bodude, M. A., & Momohjimoh, I. (2015). Studies on effects of welding parameters on
the mechanical properties of welded low-carbon steel. Journal of Minerals and Materials
Characterization and Engineering, 3, 142–153. Published Online.

20. Deogade, S. R., Ambade, S. P., Patil, A. (2015, March–April). Finite element analysis of
residual stresses on ferritic stainless steel using shield metal arc welding. International Journal
of Engineering Research and General Science, 3(2). ISSN 2091-2730.

21. Raffimohammed, G., Reddy, M., & Srinivasa Rao, K. (2016). Welding of nickel free high
nitrogen stainless steel: Microstructure and mechanical properties. Received 29 April 2016;
revised 6 June 2016; accepted 7 June 2016.

22. Baia, P., Wanga, Z., Hua, S., Maa, S., & Liang, Y. (2017). Sensing of the weld penetration at
the beginning of pulsed gas metal arc welding. Manufacturing Processes, 28, 343–350.

23. Rathi,V.,&Hunny. (2018).Analyzing the effect of parameters onSMAWprocess. International
Journal of Emerging Research in Management &Technology, 4(6). ISSN: 2278-9359.

24. Shukla, A. A., Joshi, V. S., Chel, A., & Shukla, B. A. (2018). Analysis of Shielded metal
arc welding parameter on depth of penetration on aisi 1020 plates using response surface
methodology. ScienceDirect, 239–246.

25. Chen, C., Chiew, S.-P., Zhao, M.-S., Lee, C.-K., & Fung, T.-C. (2019). Welding effect on
tensile strength of grade S690Q steel butt joint. Journal of Constructional Steel Research, 153,
153–168.

26. Zhang, J., Chen, H., Fan, D., Huang, J., Yu, X., Feng, W., et al. (2019). Effects of phosphorus
impurity on the microstructure and impact toughness of weld joint for the 12Cr2Mo1R heat
resistant steel. Journal of Manufacturing Processes, 38, 453–461.

https://doi.org/10.1016/j.matdes.2014.06.014


A Review of Effect of Welding Parameters on the Structure … 237

27. Kumar, V., Albert, S. K., &Chandrasekhar, N. (2019). Signal processing approach onweld data
for evaluation of arc welding electrodes using probability density distributions.Measurement,
133, 23–32.

28. Sumardiyanto, D., & Susilowati, S. E. (2019). Effect of welding parameters on mechanical
properties of low carbon steel API5L shielded metal arc welds. American Journal of Materials
Science, 9(1), 15–21.


	 A Review of Effect of Welding Parameters on the Structure and Properties of the Weld in Shielded Metal Arc Welding Process
	1 Introduction
	2 Literature Review
	3 Conclusion
	4 Scope for Further Work
	References




