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Abstract—Customary automated welding, basic in ventures, for 

example, car creation, gets unfeasible in enterprises that 
utilization unstructured assembling systems, for example, 
shipbuilding. This is expected to some extent to the size of the 
made frameworks and the size and areas of the weld. In these 
unstructured assembling conditions, the cutting edge for 
automated welding has generally comprised of a fixed-track 
framework with a mechanical welding carriage that works along 
the track. In any case, elective automated welding approaches that 
utilize advancements from the field of versatile mechanical 
autonomy are being sought after. One such model is the 
semiautonomous Versatile Robotic Welding System (MRWS). The 
MRWS is a lightweight versatile controller comprising of a 
two-degrees-of-opportunity portable stage and a 
threedegrees-of-opportunity burn controller. The MRWS is 
equipped for climbing ferrous surfaces by the utilization of 
changeless magnet tracks and situating the welding light along a 
weld joint. This framework is intended to automate the welding 
procedure for an assortment of weld joints with insignificant 
arrangement time. Arrangement comprises of putting the MRWS 
superficially to be welded and heading to the expected weld joint. 
So as to be used in a producing condition, such a framework must 
be confirmed for the welding procedure it is performing. This 
paper exhibits and confirms the MRWS as a legitimate other 
option for automated welding in unstructured situations. The 
confirmation procedure comprises of two parts: plan approval 
dependent on hypothetical investigation of the MRWS  

framework models to demonstrate the weld procedure 
necessities can be met, trailed by an exact confirmation dependent 
on AWS weld test particulars for a particular, normally utilized 
welding process. The plan approval centers around the two 
essential contrasts between the MRWS and demonstrated 
fixed-track motorized welding frameworks, burn movement 
control on a portable stage, and effect of the MRWS attractive feet 
on the weld process. The observational confirmation was 
performed on a vertical section weld on gentle steel with tough 
movement, 3G-PF. 

I. INTRODUCTION 

Growing the utilization of apply autonomy in enterprises 
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that assembling huge items, for example, shipbuilding, is a 
generally new undertaking. When all is said in done, each 
ship is interesting. Further, the size and size of a run of the 
mill transport joined with the significant expenses related 
with dry docks or land right away contiguous the dispatch 
area has driven toward a typical assembling method in which  
the auxiliary parts of the transport are gathered in numerous 
areas with just the last get together happening in the most 
costly area. A few perspectives of a typical sequential 
construction system strategy are utilized; be that as it may, 
because of the part/segment contrasts, the gathering 
procedure is continually changing from part to part. There 
are, notwithstanding, huge advantages that can be 
accomplished through expanding the level of mechanization 
inside the shipbuilding process in the United States (Ref. 1). 
The same dialog applies to the Electric Power Generation 
Industry (EPI), specifically, steam plants and wind-vitality 
creation. Various scientists are examining nontraditional 
automated assembling systems dependent on nonserial 
engineering, portable base mechanical controllers in the 
shipbuilding and comparable enterprises. These endeavors 
have come about in a few elective methodologies for 
robotizing producing forms in unstructured conditions. One 
methodology utilizes versatile, legged mechanical stages. A 
few instances of this methodology are the ROWER venture 
(Ref. 2), illustrating a huge legged robot intended to travel 
through the frame of a ship while performing welding 
undertakings and Robug (Ref. 3), a littler legged stage 
utilized for assessment and potential assembling purposes. 
Another methodology depends on a link driven framework 
with a multi-degreeof-opportunity end effector. RoboCrane 
(Ref. 4) created by NIST gives an case of this framework. A 
third approach utilizes huge wheeled ortable robots to cross 
the welding site. An enormous, wheeled stage that conveys a 
six-hub robot called Wanderer (Ref. 5) is planned for welding 
huge scale structures, for example, those found in 
earth-moving hardware and bridgefabrication ventures. A 
few gatherings have been seeking after littler, versatile 
climbing robots for welding. One such approach utilizes 
wheeled automated frameworks, for instance, the 
two-wheeled portable robot planned explicitly for filet welds 
in grid (Ref. 6). Another methodology uses ceaseless track 
mechanical frameworks, which for the most part utilize 
alluring components, for example, suction cups, magnets, 
and grasping feet, that enable these frameworks to climb 
(Refs. 7–10). 
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MRWS Overview 

The MRWS is a portable robot dependent on two 
persistent changeless magnet tracks. The robot can climb 
ferrous (steel) structures in any direction. The robot gauges 
around 60 lb and has a payload limit of 100 lb that comprises 
fundamentally of a business  
wire feeder, welding firearm, weapon controller, and sensor 
bundle. The robot has installed sensors, handling, 
furthermore, a control calculation that enables it to work in a 
semiautonomous design.  

The robot stage comprises of two symmetric unending 
chain track units with appended attractive feet. The attractive 
track units give drive to the robot while holding fast to 
ferrous surfaces, taking into account welding in all positions. 
Likewise contained in each track unit is a suspension that 
guides in holding fast to a lopsided welding surface. Drive 
control is given by DC brushless engines, and the control is a 
joined arrangement of drivers and microcontroller to give a 
shut circle framework. Figure 1 shows the MRWS as a 
field-prepared framework. Robot route is characterized all 
inclusive by the administrator through remote control, while 
the robot locally utilizes administrator contributions to close 
the circle on weapon direction control. During activity, the 
welder watches the weld in situ and makes weapon tip 
position information and speed remedies as required. A 
diagram of the robot control graph is appeared in Fig. 2. The 
robot stage bolsters a fivedegree-of-opportunity weapon 
controller to give neighborhood control of the firearm. The 
weapon travel edge is balanced physically, while the weapon 
interpretation, opposite to the weld joint, is impelled with a 
brushless DC engine, the work edge is balanced by an 
outfitted servo engine, and the tallness of the contact tip is 
constrained by a direct actuator. Facilitated control of the 
robot stage movement and firearm controller is given by the 
installed processor, permitting the firearm movement to 
deliver an assortment of wanted weld designs. The weapon 
controller is freely suspended from the stage to disconnect it 
from any movement unsettling influences, just as keep the 
firearm alterations comparative with the surface nearby to the 
weld. The weld administrator cooperates with the robot 
through a robot-control pendant. The control pendant enables 
the administrator to drive the robot physically or to oversee 
its semiautonomous activity, and to characterize the weld 
movement attributes, for example, forward and transverse 
paces, abide times, weld designs, and so on., remotely. 
Hypothetical Validation of the MRWS for Welding 
Processes Hypothetical Validation Overview This segment 
shows a hypothetical reason for approving the MRWS for 
welding forms. When looking at the MRWS framework with 
existing fixed-track welding frameworks, two key contrasts 
emerge in their plan and activity that can possibly affect the 
welding forms: 1) kinematic contrasts in accomplishing 
wanted movements of the firearm, and 2) variety in how 
tractive powers are produced between the welding stage and 
the surface on which the weld is performed. These are tended 
to all together in the accompanying areas. 

 
 
 
 

II. THEORETICAL VALIDATION OF THE MRWS 
FOR WELDING PROCESSES 

Theoretical Validation Based on Motion Control 

The capacity of the MRWS to give vital movement control 
is straightforwardly impacted by its kinematic game plan. 
The firearm movement is portrayed by its position and time 
subsidiaries: weapon speed, increasing speed, etc. To play 
out an ideal weld, the firearm must pursue a predefined weld 
direction in a smooth way. This direction comprises of both 
the geometric portrayal of the weapon position alongside 
weapon speeds and increasing velocities along the way. A 
smooth direction requires, at a least, the capacity to determine 
both robot position and speed all through the way movement. 
The kinematic course of action of the MRWS characterizes 
the geometric position also, speed qualities, and this is 
approved by looking at these capacities in turn with an 
acknowledged reference framework. For this work, the 
reference framework is a fixed-base track framework with 
versatile carriage. These fixed-track frameworks are well 
acknowledged for motorized weld forms (for instance, 
Bug-O, Gullco, and Koike track frameworks) (Ref. 14). 

 
Fig. 1 — MRWS overall system. 

 

 
Fig. 2 — MRWS overall control block diagram. 
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Considerations for gun position: 

For hypothetical approval of firearm position control, the 
weapon controller on the MRWS must traverse the firearm 
position space gave by the reference framework while 
maintaining a strategic distance from inside singularities 
(positions on the inside of the workspace where the robot 
loses at least one degrees of opportunity (dof)). 

 The position kinematics of the MRWS framework are 
contrasted with that of the reference framework. Note that for 
this correlation, the components to control the work point, 
travel edge, and firearm plunge (tip profundity) are thought 
about regular to the two frameworks, and are excluded from 
this examination. The MRWS is a portable controller 
framework comprising of a 2-deg-of-opportunity followed 
portable stage associated in arrangement with a 
3-deg-of-opportunity Prismatic Revolute-Prismatic (P-R-P) 
sequential firearm controller. Kaleidoscopic and revolute 
allude to the sort of single-level of-opportunity joints used to 
frame the firearm controller. It is accepted that the versatile 
stage is on a planar surface. The MRWS with weapon 
controller. Edges {I}, {R}, and {T} indicate the inertial, 
robot suspension centroid, and weapon tip outlines, 
separately, and θ speaks to the turn of {R} as for {I}. The left 

and right tracks are activated with inputs θl and θr, while d2, 

θw, d3 are the contributions to the P-R-P firearm controller. 
The length of the track is given by l while the separation 
between the centerline of the tracks is given by 2b. To think 
about the position kinematics, expect that the robot outline 
deciphers along the weld hub (x) by a separation d1,MRWS, 
while the weapon controller deciphers toward a path 
transverse to the weld hub in the plane of the surface. At that 
point, a kinematic portrayal of weapon movement with the 
work edge and travel edge expelled is given as 

 
Figure 3 presents a kinematic diagram of a fixed-base track 

system for mechanized welding. This kinematic description 
of the gun motion from the reference system is given as 

 
Fig. 3 — Fixed track frame orientation and degrees of 

freedom 

Considerations for gun velocity: 

To give smooth directions offered by the reference 
framework, the MRWS must match the speed capacities of 
the reference framework. While approval of the MRWS 
firearm situating ability was instinctive furthermore, included 
an immediate correlation of the geometric situating conduct 
of the MRWS with the reference framework, thought of the 
speed conduct is less natural. Be that as it may, the procedure 
will continue along these lines by looking at the 
manipulability ellipsoids (Ref. 15) of the MRWS to the 
reference framework. The manipulability ellipsoid is a 
geometric portrayal of the speed qualities of a controller 
dependent on a solitary worth deterioration of the Jacobian 
network of the controller where the solitary vectors 
characterize the bearing, and the particular values 
characterize the extent of the tomahawks of  the 
manipulability oval (Refs. 15, 16). At the point when put in 
setting with the welding process, a manipulability oval 
characterized in the plane of the welding surface gives a 
proportion of the most extreme end-effector speed that can be 
accomplished dependent on a unit set of information joint 
speeds. Movement in any wanted heading inside the welding 
plane can be found as the length of a line parallel to that 
course that goes through the focal point of the circle and is 
limited by its edges (Ref. 16). For reasons for approval, the 
MRWS framework is said to be approved for movement 
control if its manipulability oval traverses a dominant part 
(75% or a greater amount of) the relating manipulability 
circle for the reference track-based framework. The 
correlations are performed in the accompanying way. In light 
of the kinematic course of action of the MRWS and reference 
framework (appeared in Fig. 3), the kinematic connections 
between joint level and weapon speed are portrayed as the 
controller Jacobian (see reference section for subtleties). A 
solitary worth deterioration of the framework Jacobians is 
then done to characterize the manipulability circle of each 
individual controller. The outcomes are appeared for the 
yield tomahawks lying in the plane of the welding. From the 
kinematic arrangement, it is noted that in a fixed-base track 
framework, the manipulability surface  appeared oval is a 
unit circle and invariant concerning real mounting position of 
the weapon while on the MRWS, the weapon mounting area 
plays a job in deciding the manipulability of the weapon., 
where the manipulability circle of the MRWS (strong lines) 
and the fixed track framework (ran lines) are thought about at 
different areas comparative with the MRWS stage. In this 
figure, an diagram of the MRWS is appeared for scale 
purposes .The manipulability of the MRWS supposedly is 
symmetric about the nearby casing {R} x and y tomahawks 
of the MRWS stage. Three areas are recognized on which to 
consider weapon position in detail: point A (main edge of 
MRWS stage), point B (corner of MRWS stage), and point C 
(side of MRWS stage). Each weapon area is appeared in 
detail.  it tends to be seen that in every one of the three 
positions, the manipulability oval of the MRWS with weapon 
controller to a great extent traverses that manipulability of the 
fixed-track framework 
kinematics.  
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The least inclusion happens at area A, where the MRWS 
manipulability oval crosses 79% of the fixed track 
manipulability oval. This suggests, in light of the proposed 
criteria of 75% least inclusion, that the MRWS gives 
adequate movement control for all weld applications in 
which fixed-track motorization is utilized. Notwithstanding 
firearm mounting area, the MRWS kinematics exhibits 
reliance on the direction between the stage longitudinal hub 
and weld hub (θ, Fig. 3). The manipulability oval of the 

MRWS with weapon situated at point A is contrasted and the 
fixed track framework for expanding estimations of θ from 5 
to 35 deg, and the zone of convergence is steady at 79%. 
From, it can be seen that the impact of MRWS direction is a 
turn of the manipulability circle and doesn't change the 
territory of crossing point with the manipulability oval of the 
fixed-track framework. In this manner, this shows that the 
MRWS gives adequate movement to all weld applications 
also, is invariant to the arrangement between the MRWS 
stage and the weld joint. 

III. TRACTIVE MAGNET INTERACTION WITH 
THE WELDING PROCESS 

The MRWS creates tractive powers with the welding 
surface through a track comprising of a progression of 
changeless magnets. The number and thickness of these 
tractive magnets are a lot more noteworthy than that 
ordinarily found on fixed-track welding frameworks. The 
acquaintance of an attractive field with the welding 
procedure can meddle with the welding procedure through 
attractive curve blow and should be explored to decide 
positions where the attractive transition won't meddle with 
the welding bend. The MRWS track is structured to contain 
the attractive field created by the attractive feet to a little 
district incorporating the tracks, and to position the welding 
process outside of this area. To assess the track plan, a limited 
component examination (FEA) model of the 
MRWSgenerated attractive field is contemplated, approved 
with exact information, and used to characterize satisfactory 
areas for the welding weapon. The worthy districts are 
characterized as those that show an attractive field less than 
the permissible field as distinguished for common welding 
forms. These qualities are appeared for an assortment of 
welding forms in Table 1, which is adjusted from Ref. 17. An 
examination of the attractive field related with the tracks of 
the MRWS sticking to ¾-in.- thick steel is displayed in Fig. 9. 
The plot shading scale for FEA results are characterized with 
the goal that the dim area is a normal attractive transition 
more noteworthy than 10 gauss while the blue areas are under 
10 gauss. Accordingly, the weapon ought not be situated in 
dark locales because of potential attractive circular segment 
connection (an attractive motion higher than 10 gauss). Every 
single blue region around the tracks are reasonable districts 
for any of the welding forms recorded in Table 1. The 
numerical examination is fortified with physical testing of the 
MRWS in the same course of action. The MRWS was put on 
an enormous (accepted semiinfinite, given robot size to sheet 
proportion) ¾-in.- thick sheet of steel and an AlphaLab, Inc., 
DC Gaussmeter M1HS was utilized to gauge the typical 
segment of attractive motion around the portable stage. The 
meter readings were contrasted and the numerical 
examination and exhibited solid concurrence with the FEA 

results. Moreover, in-administration welding has been done 
in an assortment of weapon positions in the blue locale 
appeared in the FEA plots. During these welds, no 
unmistakable attractive bend blow was seen, and no 
deformities regular of attractive impedance were found. The 
consequences of this investigation and physical testing 
exhibit that the MRWS offers appropriate areas for weapon 
situating that will fulfill the points of confinement of all 
welds illustrated in Table 1. Specifically, the engaged 
applications for the MRWS are the short-circular segment 
GMAW process (second line) and heartbeat bend GMAW 
process (comparative necessities to gas tungsten circular 
segment welding (GTAW), first line, Table 1). In this 
manner, these examinations show that the MRWS meets the 
weld process necessities for GMAW and GTAW applications 
that are utilized on other automated stages. 

 

IV. MRWS EMPIRICAL VERIFICATION - 
EMPIRICAL VERIFICATION OVERVIEW 

This segment displays an experimental reason for 
confirming the MRWS for a particular welding process. The 
procedure picked was a GMAW vertical notch weld on 
mellow steel with tough movement, 3G-PF. This weld 
procedure was seen as a typical weld joint acted in an 
ordinary shipyard. The observational test depends on the 
American Welding Society (AWS) strategy capability for a 
vertical groove weld. The test strategies required for a 
depression weld are visual assessment, pressure test, and 
guided curve test (root twist) (Ref. 11). All tests performed 
agree to the American National Standards Institute (ANSI) – 
AWS D1.1/D1.1M:2002 benchmarks (Ref. 12). The trial 
arrangement and hardware are illustrated trailed by the trial 
results. In like manner, a nitty gritty exchange of how the 
examples contrasted with the AWS determinations are 
exhibited. 

V. EXPERIMENTAL SETUP AND PROCEDURE 

The test tests were manufactured utilizing the MRWS with 
a Lincoln Electric Power Wave® 455 welding machine, and 
Power Feed® 10 wire feeder, set up for beat shower gas 
metal curve welding. The weld was performed on 0.5-in.- 
thick ASTM A36 auxiliary steel utilizing a B-U2a-GF groove 
type with 0.125-in. steel backing. The weld groove had a 
45-deg point and a root opening of ¼ in. The anode utilized 
was 0.045-in.- breadth ER70S-6E, and the gas blend was 
95% argon 5% oxygen at a stream pace of 35 ft3 /h. Three 
weld passes were finished, each utilizing a trapezoidal weave 
design. The welding machine was used in beat program mode 
with settings of 17.5 V, 110 A, 120 in./min wire speed, and 
0.97 trim setting. The MRWS settings utilized were 2–4 
in./min travel speed, 0.5-in. contact tip-to-work separation 
(CTWD), and 12 deg of forward weapon edge. 
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 Weave speed and stay times were fluctuated during the 
procedure to make a uniform dab. Once welded, a visual 
examination was performed, and metallurgical examples 
were evacuated. The steel backing was expelled, and the plate 
was machined level (killing the ebb and flow because of 
welding twisting). Elastic and root twist test examples were 
then cut from the welded plate as per the AWS detail.  

Decreased area tractable examples were stacked utilizing a 
MTS 810 servohydraulic load outline. All examples were 
stacked until disappointment at a steady relocation pace of 
0.200 in./min. Base metal diminished area elastic examples 
were too arranged to get an increasingly precise estimation of 
the elasticity of the A36 steel whose distributed elasticity has 
a wide scope of 58,000–79,800 lb/in.2 of conceivable values. 
Root twist test tests were moreover arranged from a similar 
weld test. The twist tests were bowed in a water driven 
manage twist test apparatus with a principle bite the dust 
distance across of 1.50 in. what's more, distorted to an 
included point of 80 deg. The arched surface was then 
reviewed for incorporations and discontinuities as called for 
in the AWS detail. 

VI. TEST DATA 

Visual examination of the as-kept welds was finished 
utilizing naturally visible what's more, minuscule gadgets. 
The microstructure of the weld cross segment was 
contemplated to research the weld chunk and infiltration 
profundity. The power removal tractable test information 
were changed over to stressdisplacement by utilizing the 
underlying beginning cross-sectional territory from each 
example. Matlab programming was utilized for information 
handling and to extricate the most extreme elasticity 
estimation of each example informational collection.  
frameworks the greatest pliable qualities of the examples. 
The welded pliable examples broke in the weld territory and 
were in this way assessed for any inadequate combination or 
incorporations that would have gone about as a 
disappointment commencement site. The tests were found to 
have total combination and no incorporations were obvious 
on the naturally visible scale. The root twist test tests were 
examined for any discontinuities or voids on the raised 
surface of the example. The delegate void estimations on 
arched surface for the twist test tests; just a little number of 
voids are unmistakable and all voids were estimated utilizing 
computerized calipers. 

VII. TEST RESULTS AND DISCUSSION 

Here, every individual zone of the AWS detail is tended to 
with its proper test information. The acknowledgment criteria 
is given pursued by how the MRWS test met the prerequisites 
for capability.  

Visual investigation of the as-kept weld: AWS states the 
weld ought to be liberated from breaks, all cavities will be 
filled to full cross segment of the weld, the essence of the 
weld ought to be flush with the outside of the base metal and 
consolidation easily with the base metal, no undercut ought to 
surpass 0.031 in., what's more, at long last, the root will be 
examined and there ought to be no proof of splits, fragmented 
combination, or lacking joint entrance. Figure 4 shows a 
naturally visible image of an as-kept weld and the cleaned 

and scratched cross segment of a weld performed with the 
MRWS. The naturally visible photo shows sufficient weld 
support and no visual splits, undermines, or voids. The cross 
area of the weld piece, as-stored (carved with Nital 
arrangement), has satisfactory entrance of all three passes and 
there are no voids or inadequate combination of the weld.  

 
Fig 4. Macroscopic picture of the as-deposited weld bead 

 
Diminished area malleable examples: AWS states that the 

tractable examples can break in the welded territory as long 
as elasticity is no not exactly the distributed least rigidity of 
the base material, in this case A36 auxiliary steel whose 
distributed elasticity is 58,000–79,800 lb/in.2 . This 
distributed range is enormous and, accordingly, base metal 
malleable examples are included to show signs of 
improvement comprehension of the rigidity of the base metal. 
The pressure versus dislodging overlay plot of seven 
decreased segment malleable examples, five welded and two 
base metal examples. It is indicated that the welded tests 
arrived at a higher anxiety than the base metal examples, the 
red even line of the diagram speaks to the most extreme 
esteem for the base metal examples. It ought to be noticed 
that the welded tests did break in the welded region; 
nonetheless, postfailure examination didn't uncover any 
incorporations or territories with deficient combination.  

Root twist tests: AWS states that the arched surface of the 
twisted example ought to be inspected for surface 
discontinuities, all discontinuities will not surpass the 
accompanying measurements: 0.125 in. measure in any 
course superficially, 0.375 in. — the whole of the best 
component of all discontinuities surpassing 0.031 in. in any 
case, less than or equivalent to 0.125 in., 0.250 in. greatest 
corner split length. The tried examples show almost no 
discontinuities on the arched surface and had no corner 
breaking. Figure 5 shows a perceptible perspective on the 
curved surface with the significant discontinuities featured; 
the vertical lines are situated only outside of the base of the 
weld to base metal interface, which is scarcely unmistakable.  

 
 
 

https://www.openaccess.nl/en/open-publications


A Mobile Robotic Welding Robot will be Verified both Theoretically and Empirically using AWS and ASTM 
Standards 

 

5251 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: E3202018520/2020©BEIESP 
DOI:10.35940/ijrte.E3202.018520 
Journal Website: www.ijrte.org 
 

No edge splitting was seen, furthermore, this is an 
unmistakable sign of the infiltration profundity of the root 
pass accomplished utilizing the MRWS. 

 
Figure 5 Macroscopic surface of the root bend test 

sample. 

VIII. CONCLUSIONS 

The MRWS is a portable welding mechanical stage 
intended to play out the equivalent sorts of welds presently 
motorized utilizing fixed-track frameworks. The benefit of 
the MRWS is that it takes out most of arrangement time 
related with fixed-track frameworks. The MRWS can take 
out a huge part of the nonvalue-included time in setting up for 
an automated weld. This paper shows the legitimacy of the 
MRWS in performing GMAW-type welds on plate steel. 
This approval procedure comprised of two sections: 
hypothetical approval considering kinematic game plan, 
movement control ability, and attractive cooperation, also, 
observational confirmation dependent on the AWS capability 
guidelines for a 3G-PF vertical notch weld. For hypothetical 
approval, kinematic game plan and attractive field 
collaboration are recognized as the essential contrasts 
between the MRWS also, customary, track-based automated 
weld apparatuses. The movement control capacity (which 
comes from the kinematic game plan) of the MRWS was 
approved by contrasting the capacity with track smooth 
directions as characterized by the reference framework 
through correlation of the situating also, speed qualities. 
When looking at the situating capacity, it was shown that the 
MRWS can meet the situating necessities at the structure 
arrange through scope of movement of the transverse and 
plunge tomahawks. When looking at the speed capacity, it 
was noted that the MRWS met the forced necessities with a 
manipulability circle that spread over 75% or a greater 
amount of the reference manipulability circle for all firearm 
areas furthermore, direction of the MRWS to the weld joint. 
This is regarded as an adequate (approved) standard. The 
attractive field association was tried by again looking at 

conceivable firearm areas with a reasonable attractive field 
prompted by the attractive tracks. This examination 
demonstrated the MRWS was well inside the cutoff points for 
all welding types characterized. At long last, an exact weld 
test was performed to AWS and ASME details. All tests 
called for by the AWS capability were met or surpassed by 
the weld performed by the MRWS showing a checked 
framework for this weld arrangement. This is a significant 
advance forward for the presentation of portable automated 
creation in unstructured conditions. The capacity for portable 
welding robots to perform welds that can be ensured and pass 
stringent capabilities is a fundamental advance in expanding 
the degree of robotization in unstructured assembling 
situations. 

REFERENCES 

1. Walk-through programmed robot for welding in shipyards. Industrial 
Robot, Vol. 26, No. 5, pp. 377–388. 

2. Gonzalez De Santos, P., Armada, M. A., and Jimenez, M. A. 2000. 
Shipbuilding with Rower. IEEE Robotics and Automation Magazine, 
Vol. 7, No. 4, pp. 35–43, Dec. 

3. Luk, B. L., Cooke, D. S., Galt, S., Collie, A. A., and Chen, S. 2005. 
Intelligent legged climbing service robot for remote maintenance 
applications in hazardous environments. Robotics and Autonomous 
Systems, Vol. 53, No. 2, pp. 142–152, Nov. 30. 

4. Albus, J., Bostelman, R., and Dagalakis, N. 1993. NIST RoboCrane. 
Journal of Robotic Systems, Vol. 10, No. 5, pp. 709–724, July.  

5. Mulligan, S., Melton, G., Lylynoja, A., and Herman, K. 2005. 
Autonomous welding of large steel fabrications. Industrial Robot: An 
International Journal, Vol. 32, No. 4, pp. 346–349.  

6. Kam, B. O., Jeon, Y. B., and Kim, S. B. 2001. Motion control of two 
wheeled welding mobile robot with seam tracking sensor. Proc. ISIE 
2001 IEEE Int. Symposium on Industrial Electronics, Vol. 2, pp. 
851–856.  

7. Pan, J., Yan, B., Gao, L., Zhang, H., Lu, Q., and Jin, K. 2005. Crawl 
type robot tackles difficult jobs. Welding Journal 85(1): 50.  

8. O’Toole, A., and Canfield, S. L. 2010. Developing a kinematic 

estimation model for a climbing mobile robotic welding system. Proc. 
of the 2010 ASME International Design Engineering Technical 
Conferences, Montreal, Que., Canada, Aug. 15–18, DETC2010-28878.  

9. Canfield, S. L., Beard J. W., and Munukutla, S. 2003. A mobile robot 
for automated boiler tube inspection. Thermal Power Generation Best 
Practices & Future Technologies International Conference, New Delhi, 
India, Oct. 10–13.  

10. Canfield, S. L., Beard, J. W., Coffey, M. R., and Halcomb, S. M. 2005. 
Robotic inspection in power plants. ISA 51st Annual Instrumentation 
Symposium, Knoxville, Tenn., May 10. 

11. AWS B2.1:2005, Specification for Welding Procedure and 
Performance Qualification. Miami, Fla.: American Welding Society. 

12. ANSI/AWS D1.1/D1.1M:2002, Structural Welding Code — Steel. 
Miami, Fla.: American Welding Society.  

13. M. Sandeep“Experimental Investigation of Welding Processes on 

Process Parameters” inInternational Journal of Research in Advent 
Technology, Special Issue, March 2019/E-ISSN: 2321-9637. 

14. Product Case Study File; Langfields Section Welds - Pipe KAT Orbital 
Welding System. 2011. 
www.gullco.com/weldingautomationspecialapplications.html.  

15. Spong, M. W., Hutchinson, S., and Vidyasagar, M. 2006. Robot 
Modeling and Control. Hoboken, N.J.: John Wiley and Sons, Inc.  

16. Gardner, J. F., and Velinsky, S. A. 2000. Kinematics of mobile 
manipulators and implications for design. Journal of Robotic Systems 
17(6), pp. 309–320, June. 

17. Blakeley, P. J. 1991. Magnetic arc blow — Causes and remedies. 
Welding & Metal Fabrication, Vol. 59, No. 7, pp. 401–404, Aug./Sept. 

18. Diverse Technologies. 2009. Magnetic effect on the welding process. 
home.btconnect.com/diversetech/layer2/zeropr.htm, Dec. 11. 


