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Abstract
For open root pass girth welds, manual welding wéhulosic electrodes is still the most widely diggocess in
spite of its susceptibility to hydrogen-inducedeis$. Barring considerable losses due to productasays and
failures, the pipeline industry has learnt to lmdth these defects, as cellulosic electrodes apalla of
producing low cost, high penetration welds- a preisite for pipe welding. Nevertheless, attemptgehbeen
made by researchers to reduce hydrogen levelpe@lipe weldments either by altering the procedeotaniques
or by adopting different processes or by introdgcmew fabrication materials and methods. The Plasma
Enhanced Shielded Metal Arc Welding (PESMAW), a ified version of the conventional Shielded MetatAr
Welding (SMAW) is one among these attempts, aineednplify penetration levels in general-purposéieu
coated electrodes at comparatively lower currelitemploys gas carrying tubular covered electrodéh a
specially designed Universal Electrode Holder (UEM)ich has provisions for external gas supply ulgiothe
orifice of the electrodes. The gas introduced at tib of the electrode gets ionized in the arc mwluand
develops auxiliary plasma. This enhances the heatient of the weldment and yields high penetratiaid
beads at low currents. This paper presents antigaéien on the performance of PESMAW by applyittpithe
welding of mild steel sheet of thickness 5 mm. H®ifect of welding current on bead geometry & shape
relationships of welds, micro hardness analysis waltl microstructure were studied. Flat positioedd on
plate’ technique was used to deposit weld beads mechanized manner. g@as used as the orifice gas
through the general-purpose rutile coated tubukstmdes. It was observed that the flow of orifgaes during
welding resulted in the increase in weld penetratwhile the absence of plasma gas resulted itefland wider
weld beads.
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1 INTRODUCTION tungsten arc welding (GTAW) each of which has its
own advantages and disadvantages. The SMAW
Open root or stringer pass, one of the mosicatit process, is highly versatile, has low equipment bas
pipe welds in the “field welding” of cross countryrequires high hydrogen cellulosic electrodes (prilya
pipelines, is also considered as one of the mMO&WS EXX10-type), which are potentially susceptible
difficult to make in terms of proper fusion andamal to one of the most harmful weld defects, the cald o
bead profile [1]. The speed at which the root pafss delayed or under bead cracks [3]. The GMAW
each pipe is made determines the production time @focess, commonly referred as “MIG”, where the
the entire stretch and is solely dependant onype,t welds are made vertical down and therefore is ahmuc
and reliability of the adopted welding techniqug. [2 faster process, but heat input is difficult to cohtind
Thus far, three methods have been used extensorely hence 100% fusion may not always be possible. The
root welding viz. Shielded metal arc weldingGTAW process also known as “TIG” is capable of
(SMAW), Gas metal arc welding (GMAW) and Gasproducing high quality, defect free welds with



Malaysian Technical Universities International Gamehce on Engineering & Technology (MUICET 2011)

negligible hydrogen. However, a higher level oholder. The flow diagramof PESMAW process is
operator skill is required for this process. Thestds shown in Fig. 1.
are made in the “vertical up” position, not a predd

position for girth welds, where travel speed iswslo

and heat input is high.
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Despite advances made in mechanized welding
technology and the development of new consumables
for girth welds, manual welding with cellulosic
electrodes is still a preferred and the most wideslgd
process for pipelines. Cellulosic electrodes, iespf

its high hydrogen content generate a forceful arc,| rower . ELECTRODE Py
producing high penetration welds, a mandatory| °" g © | opmionay
requirement for pipe welding. This makes the indust

to cope with the kind of defects it potentially érhs {}

from using cellulosic electrodes, not with standihg

huge losses it incurs from production delays and WORK

sporadic fatal failures. However attempts have been

made by researchers to develop alternative mettoods
reduce the hydrogen levels in girth welds. Fig. 1 Flow diagram for PESMAW process [5]

The plasma enhanced shielded metal arc welding PESMAW process, welding begins when an arc is
(PESMAW), a variant of shielded metal arc weldingtruck between the tip of the electrode and thekwor
[4] is one among these attempts, aimed to amiiéy t The high intensity arc melts the tip of the tubular
penetration levels of general purpose rutile coategvered electrode as well as the surface of theék wor
electrodes at comparatively lower currents so as below. Tiny globules of molten metal start flowing
make it usable for making pipe welds. This papdfom the molten tip of the electrode due to the arc
discusses the working principle of PESMAW proces®rce. The orifice gas when introduced at the nedufl

and presents an investigation made on weldmethie arc gets ionized instantaneously due to thie &ig
characteristics such as penetration, bead heiglatl b temperature. This ionized gas produces a number of
width, and percentage dilution etc with respect teffects. First, it increases the heat input ratéhefarc
varying arc current. A comparison study was alsand hence the arc energy by increasing the weltl poo
made on weldment characteristics of welds made lymperature. Second, the gas broadens the arcsmake

conventional SMAW process. the heat input distribution broader. This will cbgan
the surface tension gradients on the weld pool and
2. BACK GROUND thereby alter fluid flow. Finally, the centrelinelacity

of the orifice gas accelerates the flow of moltestah
globules that increases the strength of the plagsma
thereby depress the centre of the weld pool further
which results in deeper penetration.

2.1 Plasma Enhanced Shielded Metal Arc Welding
(PESMAW)

The plasma enhanced Shielded metal Arc welding

(PESMAW) is a method of welding, cutting, piercing?-2 Bead Geometry & Penetration

and surfacing metals, with an electric arc andeast

of selective gases or gas mixtures ¢CO, Ar, He, Weld bead geometry of girth welds is greatly

Ar+CO, mixture). Equipment includes a speciallyinfluenced by a large number of process parameters

designed Universal Electrode Holder (UEH) whichhat affects the quality, productivity and hence tost

houses provisions for holding tubular covereéffectiveness of the entire pipeline. The influemte

electrodes and gas supply, an a.c. or d.c. welditige relationship between the arc welding process

machine, gas tank and regulating gauges. Tiparameters and bead geometry has been discussed in

PESMAW electrode is a ferrous metal tube covergatevious publications [6]-[7]Fig. 2 indicates the

with a low hydrogen coating. The function of theschematic representation of bead geometry and shape

tubular electrode, which is consumed during openati relationship of a weld bead. From the results ofiera

is to conduct current for the establishment anstudies [7]-[8] there is a consensus that the areent

maintenance of the arc. The bore of the tube dithet was a major parameter in determining the weld bead

auxiliary plasma gas to the metal being weldedhBogeometry. It significantly affects other importam¢ld

current and gasses are fed to the electrode thriiiggh characteristics like penetration, extension of heat
affected zone, micro structure, metal transfer pldto
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size, frequency of transfer, arc force, burn oférand

equilibrium in arc welding processes.

3.2 Experimental apparatusand procedure

The consumable-coated electrode was clampéukto t
specially designed universal electrode holder (UEH)
was set at 60angle to the work piece by fastened it to
an insulated block.

The block, in turn was attached to a lead screwseho

g angular velocity could be varied by a stepper motor
thus provided the means for altering the arc traz

of the electrode. This stepper motor unit was place
over a carrier plate, which moves vertically up and
down, was attached to a lead screw and was driyen b
a variable speed motor for altering the down feed i
It has been established that the cooling rate welal order to make the desired arc length. Output lires

can be predicted mainly from the weld bead geometsy, inverter power source were connected to the tabl
and the arc-travel rate. The optimal bead geomstryand electrode respectively. Fig. 3 is a schematic
based on bead height (crown height), bead width apghresentation of the set up.

penetration that affect the total shrinkage, which
turn determine the residual stresses and thus t
distortion. The weld penetration is greatly inflaed
by welding current, arc voltage, welding speed an
welding angle. The depth of penetration increaséds w
an increase in current, but decreases with anasere
in voltage, increases with increase in arc-traaé r
and decreases until the weld speed attains a mmimt
value, which depends on the arc-power. The othe
factors that influence the penetration are he:
conductivity of the material (k), arc-length and-ar

Fig. 2 Bead Geometry of a weldment
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force. The higher the heat conductivity of a maieri
the lower is the penetration. Longer arc-lengths

produce shallower penetration because of the lessdfig. 3 Schematic diagram of test circuit and retati

concentration of heat.

2 EXPERIMENTAL INVESTIGATIONS

3.1 Materials

motions of components

Since the unit design precluded “striking” an ascia
done manually, another method was devised to ignite
the arc. After positioning the test piece on theiage
plate, the electrode was set at a sizable distabhoee

The weldment characteristics were investigatgd Its surface. The power source, carriage and elgetro
depositing beads on mild steel plates with a dineens motions were then started simultaneously. When the

of 6.0x50.0x150.0 mm. The chemical composition dflectrode reached the optimum distance for arc
the base metal is given in Table.1.

Table.1 Chemical composition of base metal

C Si Cr Mn S P
0.179 | 0.124 0.042 | 0.404 0.024| 0.0303
Cu Zr Ti Nb Co Ni
0.155 0.01| 0.011] 0.0100.001| 0.005

initiation, a sharp edged copper coated graphite ro
was inserted manually to ignite the arc. Once the
electrode down feed was adjusted to provide a
reasonably constant arc length, the welding opmrati
was continued.

One other concept requires clarification: thisakted
to the term “arc voltage.” Previous investigatofi€])
have shown that individual voltage drops at the

The surface of the samples was cleaned using 600 gathode and anode, as well as across the plaseffa its
abrasive before surface melting. A general purposae more truly descriptive of the welding actioarths
rutile coated (High Titania Potassium coating, A®S the total voltage as used in this work. All earydses
6013) mild steel tubular electrodes with an intérngielated to penetration have used measurementscof ar
diameter of 1.2 mm and 450.0 mm length was used fepltage fundamentally similar to that employed hist

the experiments.

analysis.
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other near the end (leaving about 50 mm from the
3.3 Weld preparation crater). These were metallurgically polished arenhth
etched by 2% nital solution. The etched sampleswer
The electrodes were baked for two hours at 120°C ¢gganned for measuring weld bead geometry and
an oven with temperature control within +1 °C. Thealculating percentage dilution.
beads were deposited on cold base plates using pure
CO, as plasma gas flowing through the electrod
orifice. After depositing about 150 mm length ofbe :? ANALYSISAND DISCUSSION
the sample plate was kept in the open atmosphete an _
the process was repeated. No post-weld heat traatm@1 Bead geometry & penetration
was given to the weldments. The welding conditions . . .
used in the experimental procedure are shown cipThe depth of wquI penetration or fusion is the
Table.2. istance below the original top surface of the wiark

the weld fusion line [9]. The essentiality of apprate

These conditions were chosen based on trial and efP€Netration has been investigated on many arc-agldi

o ; thods and was fully demonstrated by many
basis in accordance with current ranges suggested € S
the external diameter of the standard solid stid€Searchers [10]-[12]. The significance of PESMAW

electrode core wire. All experiments were carried o PrOCess is better recognized from Fig. 4 which show

with welding currents varied from 80 — 120 A, DCEI\Fhe penetration level at different current rangeira

; ; ; P ; the same electrode feed rates (F) and the same arc-
(straight polarity) and in flat position using 8&VA
constant current inverter power source. The eldetro’@vel speed (S) from the beads of weldment, made b

feed rate and the welding speed were kept const@h the conventional SMAW and the PESMAW

throughout the study. processes.
Table.2 Experimental conditions and results e Withgas —=—without gas —— solid electrode
Welding Current (), A; Feed rate (F), mm/min; Arc
travel rate (S), mm/min; Arc Voltage (V), V; £ 2 T
Penetration (P), mm; % Dilution (D) and Heat Input ¢ 1° s
(Q), J/mm g 1 //‘/
© 05
O]
With gas a0+ : . : .
I F S V P D Q 80 00 inci0 enih0 s 120 130

90 | 272| 125 35.91.75| 0.345| 1534.7

100 | 272| 125 33.01.70| 0.454| 1567.5 _ _ _ _
110| 272 128 37.21.70| 0533 19437 Fig. 4 Comparison of weld penetration as a functibn

120| 272| 125 37.61.80| 0.622] 2143.2 current
Without gas _
| F S Vv P D Q It was clearly observed that the weld penetration

90 | 2721 125 271 1.2 | 0303 11584 increased invariably with an increase in currertoth

1001 2721 125 261 1.4 | 0.401| 1197 the conver_ltional SMAW and the PESMAW processes.

110 2721 125 244 1.4 | 0419 1274.9 However, it was seen that the PESMAW process with

1201 2721 1258 272 15 | 0510 15504 CO,gas 'fed tupular electrodes brought out t.he highest
Soiid (.al-ect.rode : : penetration while th_e tubular eIe_ctrodes W|t_hous ga

I = S v b D 9 supply ha_d the medium penetration and_ their counter

90 T 2731 125 257 05 | 0216 9704 parts (solid electrodes) in the conventional preces

s gave the lowest penetration throughout the entire
100| 272| 125 21.6 1.1 | 0.333] 1026.( current range used in this study.

110 272| 125 21.9 1.2 | 0.346] 1144.3

120] 272] 125 24.1 1.3 | 0.490] 1373.1  The higher penetration levels observed in, & fed
tubular electrodes in PESMAW gives proof for plasma
3.4 Metallography generation [4] at the tip of the electrode. The fgab

) ) into the weldment would form fully ionized plasma

A Metallographic study and a micro hardnesseyirv e 1o the peak temperature at the middle of toe ar
were carried out on the cross section of each BT \yhich increases the heat of the arc coupled wigh hi
The Metallographic study was conducted using lightenireline velocity, accelerates the detached dtspl
microscopy on the top bead, the grain coarsened gpdits in deeper penetration. It was observed et
the grain-refined regions of the weld metal. Eaed honetration depth varied radially with respect fie t

was sectioned transversely at two points—onethear |iye of gas flow and the gas flow rate. At a wefgin
start (leaving about 50 mm from the start) and the
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current of 90 A the conventional SMAW process
yielded a comparatively modest penetration whike tr
PESMAW process generated much higher depth

than the one produced by the former. The penetrati
acquired from the new process was uniform, highl
symmetric and deeper at the specified conditions.

—+— withgas —%— withoutgas —=— solid alactrods
2500

2000 ._’//—"‘

1500 ____.______.._.a—--"’.

1000 —

Heatl inpul, M

4.2 Percentagedilution 500
:I T T T T T 1
Percentage dilution [13] is defined as the rati 80 90 100 110 120 130
between the cross sectional area of penetratignt¢A Welding currant, Amps

the total area (A of the bead.

Fig. 6 Comparison of heat input as a function of

—¢—with gas —®— withoutgas —*— solid electrode current

c 08

2 06 The amount of heat input to the weld metal increase

fa 0'4 with increase in voltage and decreases with inergas

f';-fv ' welding speed. Therefore the change in arc voltage

£ 02 the reason for this elevation in the heat inpute Th

S 0+ - - ' - - change in arc voltage could be due to the presehce

& 80 90 cur 09, 110 120 130 gas at the tip of the electrode, which accountgher
AP following reasons. a) During welding GGncreases

the ionisation potential in the arc, which resuhs

Fig. 5 Comparison of percentage dilution as a fonct increase in voltage and b) @@hen supplied at
of current ambient temperatures to the middle of the arceatith

of the electrode, which is at comparatively verghhi
From Fig. 5 it was found that the beads made Wgmperature, might increase arc resistance that
PESMAW process have higher percentage dilutiancreases the arc voltage.
than that of those made by SMAW process at similar
welding conditions. This increase is due te@.4 Micro hardnessstudy
comparatively larger penetration area made by éve n
process as compared with the smaller one madeeby th
conventional process. WELDMETAL 55~ HAZ BASE METAL
W

EG013 SOLID ELECRODE

4.3 Effect of heat input ]
The weldment characteristics are also depenalent .
the heat input, which determines the concentration :
heat affecting the bead geometry, the penetratioh a
the heat-affected zone (HAZ). During welding the
variations occurred in the metallurgical structof¢he
fusion and heat-affected zones greatly affect tt
mechanical properties of the weldment. Propertie

such as toughness, fatigue strength, creep streng 250 -
corrosive resistance, plasticity, etc., of the welettal W
are affected by the weld contour, the area of tA& H

E6013 TUBULAR ELECTRODE

|
and the heat input. The heat input per unit lenggls | 200 J: WITH GAS SUPPLY
|
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v

calculated as given below:

VI —————— 158 —————
H =I7X§COS¢ (1) 3 25 2 15 1 05 ulﬁ 05 1 15 2 25 3 35 4 45 5
DISTANCE, mm FE;{JC;N DISTANCE, mm
It was noted from the Fig.6 there was a noticeab 100

increase in heat input in PESMAW as compared wi

the conventional process at the same current vl

welding speed. Fig. 7 Hardness traverses along the vertical ciamtre
of the weldments made by different modes
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[7. R. S. Chandel, et al, Effect of increasing
Fig. 7 presents the results of a hardness survey deposition rate on the bead geometry of
conducted along the central axes of the weld cross- submerged arc welds, Journal of Materials
sections made by PESMAW process that compares the Processing Technology, Volume 72, December
two areas of interest in this investigation. The 1997, 124-128.
measured hardness in both cases (with & without gg8. D. S. Nagesh, G. L. Datta, Prediction of weld bead
supply) was uniformly distributed and showed less geometry and penetration in shielded metal-arc
variation within the weld metal. A slight hardness welding using artificial neural networks, Journél o
increase was encountered at the fusion boundahein Materials Processing Technology, Volume 123,
weldment made by the conventional SMAW process at Issue 2, April 2002, 303-312.
similar weld conditions. This increase in hardned®]. S. Kim, J. S. Son, et al., A study on relationship
profile at the fusion boundary between the meitkra between process variables and bead penetration for
and heat affected zone was due to a) the change inrobotic CQ arc welding, Journal of Materials
grain size of the steel and b) the presence oftderr Processing Technology, Volume 136, Issues 1-3,

bainite structure in HAZ near the fusion boundary. May 2003, 139-145.
[10]. Widgery, D.J., Line pipe welding beyond
4 CONCLUSIONS 2000, Svetsaren, Esab welding and cutting Journal,

No .3, 1999, 8-11.

1. The PESMAW process with gas fed tubulafll]. S.Kim, J. S. Son, et al., A study on prediction
electrodes yielded higher penetration than the Of bead height in robotic arc welding using a
conventional SMAW, while the absence of orifice  neural network, Journal of Materials Processing
gas resulted in flatter and wider weld beads at Technology, Volumes 130-131, 20 December

specified welding conditions. 2002, 229-234. _
2. The penetration depth varies radially with respet2]. S. Kim 1., H. Kwon W, E. Siores, An
to the line of gas flow. investigation of a mathematical model for

3. There was a noticeable increase in heat input in Predicting weld bead geometry, Canadian
PESMAW due to the presence of auxiliary plasma Metallurgical Quarterly, Volume 35, October

generated by the orifice gas. 1996, 385-392. _
4. Hardness values showed less variation ar&3]. Welding handbook, Fundamentals of Welding,
uniformly distributed with in the weld metal. Vol.1, seventh edition, American Welding Society,

Miami, FL, 1976, 36.
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