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Abstract: In MAG welding, quality of a welded joint is directly
influenced by the welding input. The lists of problem identified
during the process are: Poor weld quality, larger cycle time,
Continuous human body exposure to UV-radiation, Process not as
per welding procedure specification, Welding parameters decided on
the basis of welder’s experience, etc. Thus, a guiding mechanism
can be proposed to do MAG welding on a circular profile with
required parameters at lower cost compared to Industrial welding
robots. Hence, a generic design of welding robot arm with estimated
geometrical specifications is proposed in the research paper and
same are verified on the basis of strength criterion.
Keywords: Metal Active Gas Welding (MAG),
microcontroller, lead screw

Arduino

I. INTRODUCTION

Welding is one of the most common methods used for joining
metals. It is at the same time described as a dusty and
dangerous process. It involves such phenomena as: splinters,
slag, gases and radiation. Due to the fact that joint production
is time-consuming and it often requires the necessity to work
in a limited area, the welder’s body is exposed to long-term
harmful influence of UV radiation and toxic fumes. [1].

In order to reduce the hazardous effect of the above
mentioned factors along with the industrial development and
particularly with the implementation of advanced electronics
in machines, new welding technologies as well as devices
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fully or partially automating the welding process have been
developed. [1].

While welding of circular profile, it is not easy to maintain all
the required parameters. Also, the process is time consuming
and tedious. The weld bead is irregular and discontinuous.
Thus, it is not possible to control all the parameters manually.
Hence, this study incorporates the design of an Arduino
controlled manipulator that helps the welding of circular
profile.

II. MAG WELDING PROCESS

MAG welding process is based on the principle of developing
weld by melting faying surfaces of the base metal using heat
produced by a welding arc established between bases metal
and a consumable electrode.

Metal inert gas process uses the automatically fed consumable
electrode. Therefore it offers high deposition rate and so it
suits for good quality welded joints required for industrial
fabrication. Consumable electrode is fed automatically while
torch is controlled either manual or automatically.

Parameters affecting MAG Welding Process:

Current, Voltage, Travel Speed, Stick Out, Electrode
Extension, Electrode Inclination, Electrode Size, Shielding
Gas & Flow Rate, Welding position, etc. [2],[3],[4],[5].
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Fig. 1. MAG welding schematic

III. III DESIGN OF MECHANISM
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Fig.2. 3D Model of Mechanism.
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A generic design of mechanism for circular welding and
various parts involved in mechanism as shown in fig. 2 are:
*  Torch Holder Tube

« CClamp
+  Clamp
«  Slider
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Fig.3. Circular plate to be welded.

Various parts of the mechanism are designed keeping in mind
the Circular plate with annular holes as shown in fig. 3 as the
part to be welded.

The plate, on its outer periphery has to be welded with a base
plate and all the annular holes have to be welded with the
same baseplate on their inner peripheries.

Here, due to geometrical constraints, first we have selected
dimensions of various parts and then have checked for
strength.

Most of the parts are designed using simple strength
relationships such as shear, bending or tensile strength under
given load.

Design of some of the main parts of the mechanism is as
follows:

A. Design of torch holder tube:
From known properties of materials and geometrical data,

Material of tube be medium carbon steel with maximum shear
strength = 40 MPa

Based upon common information available from market,
weight of MAG Welding torch = 2.0 kg

And as shown in fig. 4:
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TORCH-HOLDER TUBE

Fig. 4. Design of torch holding tube.

Outer diameter of tube d, = 32 mm,
Inner diameter of tube d; = 26 mm, 1 =40 mm,
Diameter of hole dhiole=d = 6 mm
Shear stress f;= (2xP)/ ((do-d;) xd)
= (2x2.0x9.81)/ ((32-26) x6)
=1.09MPa <40 MPa

Thus, design is safe.

B. Design of horizontal link:

500
RS /

— 10

HORIZONTAL-LINK

Fig.5. Design of horizontal link.

From known properties of materials and geometrical data,
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Weight of the components supported by horizontal link as
shown in fig.2 is 7.324 kg.

Also, from fig. 6:

Length L = 500 mm, width b = 60 mm, thickness t = 30 mm,
Large hole diameter d/ = 40 mm,

Small hole diameter d2 =10 mm.

Load acting P = 7.324 kg = 7.324 x 9.81 =71.85 N.
Let, P=75N.

Moment at large hole:

Moment M =P x 1= 140 x 875

=122500 N-mm

Moment of inertia I = (60 x40%)/12 - (x x40%)/64
=194336.29 mm*

Section modulus z = I/'y = (194336.29)/20
=9716.82 mm3

Bending stress o, = M/z = 122500/ (9716.82)
=12.61 MPa < 80 MPa

Shear stress 6= P/ ((b-d2) xt) = 140/ (20 x 30)
=0.233 MPa < 40 MPa
Thus, design is safe.

C. Design of Pillar:

300

- o 40

Fig. 6. Design of Pillar.

From known properties of materials and geometrical data,
weight of the components supported by as shown in fig.2 is
8.5 kg.

Load acting P = 8.5 x 9.81 = 83.385 N

Here, as shown in fig. 7,

Outer diameter of pillar d, = 40 mm
Inner diameter of pillar d;= 30 mm
Height of pillar H =40 mm

Now, moment acting at pillar M =P x H
M =41692.5 N-mm

Section modulus z = ©/32 x ((d,* - d:*))/d,
=4295.15 mm3

Bending stress 6, = M/z = (41692.5)/ (4295.15 )
=9.71 MPa < 80 MPa

Compressive stress 6. = P/A.= P/ (n/4 x (d,? - d;?))
— 83.385/ (/4 x (407 - 30%)) = 0.1517 MPa

Total stress 6 =9.71 + 0.1517 = 9.862 MPa < 80 MPa.
Thus, design is safe.

D. Design of Lead screw:
The crucial part of the mechanism is Lead Screw.
Various loads acting on different parts of the mechanism are
taken by estimating some initial data such as weight of
welding torch, length of the lead screw and horizontal link,
etc. as shown in fig. 2.

Let, material of lead screw and nut be medium carbon steel as
generally available combination in market.

From known properties of materials and geometrical data,
Weight of the components supported by horizontal link as
shown in fig.2 is:

W =5kgx9.81 m/s>=49.05 N
By assuming factor of safety = 2

Hence, load F =49.05 x 2=98.1 =100 N

The load acting on the lead screw can be assumed as point
load since it acts through nut only and hence, loading of lead
screw can be analogous to simply supported beam with point
load as shown in fig. 8.

As we know that in case of simply supported beam with point
load, maximum deflection and bending moment occurs at the
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Centre, the shear force and bending moment with point load
at the Centre are shown in fig. 8.

Thus, taking moments about A and equating the same:

Rpx 0.3 =100%0.15

~Rp=50N

Also, R4+ Rz =100.

~R4y=50N

From Bending Moment Diagram:

M,=0,Mz=0and

Mc= F/2 x 1/2 = (F x 1)/4 = (100 x 300)/4 = 7500 N-mm
(Plus due to sagging).

Now, for screw material:

Let, permissible stress in tension 6;= 70 MPa,

Permissible stress in compression 6.= 70 MPa,

Permissible stress in shear T = 50 MPa

Here, due to geometrical constraints, first we have selected
dimensions of wvarious parts and then have checked for
strength as follows:
We have,
Length of lead screw 1 = 300 mm
Core diameter of screw = d. = 10.67 mm
Outer diameter of screw = d =12.7 mm = 0.5 inch
Pitch of lead screw p =4 mm
= Core area of screw Ac = /4 x (d?)
= 89.42 mm?.
Now, tana=p/(nxd)=4/(mx12.7)=0.1

= Helix angle of screw thread o = tan™! (0.1) = 5.73°

Now, Shear stress produced in screw:
t=F/ (w/4) x d.2) =50/ ((/4) x 10.67%)
=1.12 MPa < 50 MPa
Now, shear modulus = z = I/'y = n/32 x d.?
& z=119.26 mm?
Thus, Bending stress 6, = M/Z = 7500/119.26
= 62.89 MPa < 70 MPa.
Using maximum shear stress theory,
Maximum shear stress in the screw
1=1/2 x N ((6,* + 4 x 1))
=1/2 x V ((62.89% + 4 x 1.12%))
=31.46 MPa < 50 MPa
Thus, design is safe.
Using maximum principal stress theory,
Maximum principal stress in the screw
6 =02+ % x\ (02 +4 % 1%))
=62.89/2+1/2 x \ ((62.89% + 4x 1.122))
=62.9 MPa <70 MPa
Thus, design is safe.

E. Automation of mechanism

As per the requirement of welding procedure, Servo or
Stepper motors can be employed at various stages of
mechanism. [1]. the selection of the motor can be done by
measuring the torque required at various stages or parts of the
mechanism experimentally and then, controlling them using
a microcontroller such as Arduino. Thus, welding parameters
like welding speed, welding position, electrode inclination,
etc. can be controlled. [4].

W=100N
L c
A\
Simply supported beam with Ax " B
point load at centre T
| =300 mm
Shear Force Diagram
0.5W=50N + C
~. B
A -
0.5W=50N
e
Bending Moment Diagram ! (Wl}ff-l - 7500 N-mm
A - B
&

Fig. 7.

Simply supported beam with point load at Centre.
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IV. CONCLUSION

The aim of the study was to design a manipulator that can
simplify the task of circular welding. A generic mechanism
was proposed in this study to fulfil the foretold aim. An
Arduino controlled guiding mechanism for circular welding
may be suggested to improve quality of weld, eliminate need
of proficient welder, reduction in cycle time and increase in
productivity. It is a low cost solution and can be affordable to
small scale industry also.

REFERENCES

[1] Arkadiusz Trabka, Daniel Bies, Automation of shielding gases welding
process —welding robot versus human, MECHANIKA. 2013 Volume
19(6): 694-701

[2] B. Mvola, P. Kah, J. Martikainen, E. Hiltunen, Applications and benefits of
adaptive pulsed GMAW , 12th International Research/Expert Conference
“Trends in the Development of Machinery and Associated Technology”
TMT 2008, Istanbul, Turkey, 26-30 August, 2008

[3] Mr.sc. Stefanija Klari¢, Prof.dr.sc. Ivan Samardzi¢, EWE Doc.dr.sc. Ivica
Kladari¢, MAG welding process — analysis of welding parameter influence
on joint geometry, International Journal of Emerging Technologies
5(1): 146-152(2014), ISSN No. (Online): 2249-3255

[4] S.R.Patil,C. A. Waghmare, Optimization of MIG welding parameters for
improving strength of welded joints, International Journal of Advanced
Engineering Research and Studies E-ISSN2249-8974

[5] Sheikh Irfan and Prof. Vishal Achwal, An Experimental Study on the
Effect of MIG Welding Parameters on the Weldability of Galvanize Steel,
al, International Journal of Advanced Engineering Research and Studies E-
ISSN2249-8974Int. J. Adv. Engg. Res. Studies / II/ IV/July-Sept.,
2013/14-16.

Akshar Publication © 2016 http://www.ijftet.wix.com/research
60



