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Abstract

In practice the pulsedDirect Current (DC) welding is associated with Tungsten Inert GasArc welding process. This paper presents a
novel Direct Current Arc Welding Technology named as High Frequency Pulsed Direct Current Shielded Metal Arc Welding (HF
Pulsed DC SMAW) in whichthe square pulsed Direct Current superimposed by the high frequency Alternating Current is developed
for welding any metal joint. This specialized Direct Current Arc Welding Technology uses one High Freguency Unit (HF) and one
half-wave rectifier (Pulsar) with conventional welding machine. The performances of this technology have beeninvestigated and
compared with the conventional Seady Direct Current Shielded Metal Arc Welding (DCSMAW) technology for the study on energy
consumption, thermal gradient, heat input, metallurgical characteristics, weld quality and consumption of filler metal. HF Pulsed DC
SMAW technology has been found superior to the conventional steady DC SMAW technology in respect toall the above parameters.
Accordingly, instead of using steady DC SMAW technology, the HF Pulsed DC SMAW can be commercially used for any metal
fabrication, manufacturing and maintenance of pressure vessels & pressure parts and any other applications.
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1. INTRODUCTION

Conventional Steady Direct Current Shielded Metakc A
Welding (SMAW) is an established Welding Technoldgy
industrial sectors. It is an indispensable engingetool in
industries and also has enormous applications dusimial
projects of power plants, chemical plants, Steahfd, process
plants and many others industries. But conventioD&l
SMAW process has the disadvantages of:
i. High consumption of electrical energy,

ii. Burning off the base metals at the beginning of
welding,

iii. Non-uniform weld bead,

iv. High temperature gradient and overheating of base
metals resulting in High Grain sizes in HAZ causing
metallurgical disorder.

V. High consumption of weld metal

The above demerits are not desirable in any welgirmgluct
especially for boiler pressure parts, pipes, headarbes,
pressure vessel etc.

High Frequency Pulsed Direct Current ShieldedMetat

Welding Process has been developed to mitigatdelabove
mentioned demerits by implementing squarely puiseltling

current between peak current for welding at theirbegg of
each weaving and background current at the endintheo
same weaving. This pulsed welding current has &lsen
superimposed by high frequency (5000Hz) current.

2. PULSED DIRECT CURRENT
CHARACTERISTICS

Direct Current can be squarely pulsed between wuel$
(Peak Current & Background Current) at short orgldime
intervals, by using transistorized power sourcénwibnvertor
and single half wave rectifier. The single half waectifier is
connected parallel with the three-phase bridge edov to
produce pulsed Direct Current with different dedingulse
frequencies and weld bead width.

The Fig.-la & Fig.1b illustrate the comparison loé tsquare
pulsed direct current and conventional steady tioecrent
(non-pulsed). Ignoring the presence of harmonicth@non-
sinusoidal alternating current components in tlieaficurrent
it can be presumed that the welding current in eatienal
DC SMAW always remains constant at the high value
throughout the arc on time (welding period) as ghawFig.
1(a). Whereas current in case of HF Pulsed Direct
CurrentSMAW is variablein squarepulsing as showRiglb.
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Fig-1: Comparison of conventional Steady Direct Current & Square Pulsed Direct Current

The following parameters are set before startingeifling by
the HF Pulsed DC SMAW:

a) Peak Current ) in Amps.

b) Peakcurrent Time or duration)(in sec.

c) BackgroundCurrent) in Amps.

d) Backgroundcurrent time or duratiop)(in sec.

e) Upslope Time in sec.

f) Downslope Time in sec.

The Peak Current and its duration are the functifribe plate
thickness and thermal properties of the metal. Pleak
current time also depends on the plate thicknedssalection
of width of the weld bead. The background currafiuences
the cooling rate and its duration should be setepteperly to
allow the cooling of the weld bead between peakgsil

The average welding current,jl valid for rectangular pulse
wave is

| = Iptptlptp
" Tty +tp)

Iptp + [}t
— Iptp +1ptp
= PR 1

Where't' is the pulse cycle timei,, + t,)

In conventional steady SMAW process, welding curren
always remains constant at high value (1) equal(lt)p
throughout the welding period.

3. VARIABLES FOR HF PULSED DC SMAW
PROCESS

In HF PulsedDC SMAW there are two categories ofades
as mentioned bellow, which affect the performancéshe
welding in all respects:

a) Primary Variables

b) Distinct Variables

3.1. Primary Variables

In conventional DC SMAW the primary variables ane a
voltage /arc length & welding/travel speed only;emdss in
case of HF pulsedDC SMAW apart from arc voltage /ar
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length & welding/travel speed, the other primaryialbles are
peak current, background current, peak currentngimback-
ground current timing and pulse frequency. Durirte t
experiment the effects of these additional varialiiave been
studied and compared with the conventional Steady D
SMAW for the following parameters:

i) Energy consumption during welding,

ii) Formation of weld bead by influencing the depth

of penetration,
iii) Bead width, bead height bead quality

iv) Consumption of filler metal (electrodes)

V) Metallurgical properties of weld bead & heat
affected zone (HAZ).

Vi) Spatter level.

The pulsing behavior of current brings metal/zonesbe
welded to the melting point during peak currentl aantinues
upto peak current time-period and allows this waide to
cool & solidify during background current time-pami

3.2 Distinct Level Variable for

Process

Pulsed SMAW

The distinct level variables for Pulsed SMAW Pracese
Upslope current &time, Downslope current &time bBswn in
the fig. 1b and the superimposed high frequencyitiaddl
low value current. Half wave rectifier (Pulsar) aHdF unit
are used to control these variables for controliihg metal
burning and crater at beginning and end of the iwgld
respectively.

4. METHODOLOGY
4.1 Circuit Diagrams & Equipment

The Fig.2 shows the circuit diagram of the converdl
Steady DC SMAW process using a DC Welding Rectifier

The Fig.3 shows the circuit diagram of the devisd¢igh
Frequency Pulsed DC SMAW Process using the sandingel
machine. Both the processes follow the straighanityl But

in case of Steady DC SMAW process electrode holder
directly connected with the negative terminal o thelding
machine whereas in case of High Frequency PulsedDC
SMAW Process the electrode holder is connected with
negative terminal of the welding machine via a H#tUn the
circuit diagram a half-wave rectifier named as aulss
connected parallel with the power source by the otem
control cables.

Table 1IEquipment used in experiments & their specificagion

Welding Power Auxiliary Equipment
Process Source
DC Rectifier a) Half Wave
AC Input Rectifier (Pulsar
415V 50Hz, | Supply Voltage-240V
3¢ 50Hz 1
HF Pulsed DC | 18KVA Peak current-20 to
SMAW 300Amps
DC Output Background current-20 tg
OCV-80V 100Amps
Max. Peak Time- 0.1t0 9.9
continuous secs.
current at Background time-0.1 to
100% Duty 9.9 secs.
Cycle200A
b) High Frequency
(HF) Unit
Supply Voltage-240V
50Hz %
Max. Welding current-
300Amps.
Conventional -Do- | -
SMAW

Electrode
holder

WwWelding

direction Stick
- -«

electrode

Test piece

Metal
droplet
Flux
droplet

welding Cable 1

Power Source
DC WELDING

RECTIFIER
+

welding Cable 2

Core wire
/ Flux covering
/aSEOus shield

4
A haew

Arc
Slag

,
Y22
V4

Base metal wWeld pool

Fig.-2 Conventional SMAW Process
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In this research work experimental welding was dame
several numbers of mild steel test pieces of diffeisizes at
different welding parameters as mentioned in thdet@ & 3,
using electrodes AWS6013 of sizes 2.4mm, 3.2mn§ Mt

& 5 mm.

240V,

Half Wave
Rectifier

(PULSAR) 2

S50Hz, 14 |
HIGH
FREQUENCY
Electrode UNIT
Holder
[ ]

W

TEST PIECE (JOB)

Welding Cable-1

Input Power
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Remote Cables

Welding Cable-2

s
é& &

Fig.-3 High Frequency DC Pulsed SMAW Process

and also welding current(l)

4.2 Studies onEffects of Pulsing Current on Welding:

From the equation 1 the average welding curregt during

HF Pulsed DC SMAW process is obtained as

Ipt. Iyt
la=22T t=(t, + t))

Table 2Welding data for conventional Steady DC SMAW

As the background currenty)lis very less as compared with
peak current and only for maintaining the arc,lreatatically
it can be stated that the average welding curdgpt (n HF
Pulsed DC SMAW is lesser than the peak weldingesur(l,

in conventional SMAWfihe
same thickness of metal plate.

The experimental study and its comparative resulhdicated
in the Table-2 and Table-3 prove the above statemen

Test piece Test Piece Welding current set Welding voltage Total Time-T
No. Size (I1=lp) Amp (Valts) (secs)
1 150mmx50mmx3mm 95 23.8 150
2 150mmx50mmx5mm 110 24.4 230
3 150mmx50mmx8mm 150 26 340
4 150mmx50mmx=10mm 175 27 420
Table 3:Welding data for HF Pulsed DC SMAW
Test Test Piece Peak Peak Back- Back- Averageweding | Welding | Total
piece size current time ground ground current-Amp. voltage- | Time
No. Set-1, Time- | current Time \ T
(Amps) set-t, Set-1y, set-ty, l= w (Volts) (secs)
(secs) | (Amps) (secs)
1 150mmx50 95 1 20 0.5 70 23.8 160
mmx3mm
2 150mmx50 110 1 20 0.5 80 24.4 247
mmx5mm
3 150mmx50 150 15 20 0.5 117.5 26 340
mmx8mm
4 150mmx50 175 15 20 0.5 136.25 27 430
mmx10mm
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As per the Table-3 the average welding currentlioases of
HF Pulsed DC SMAW are lesser. Hence, it is proved for
welding the same size of metal plate, the averagkling
current (L) in HF Pulsed DC SMAW <the welding current in
conventional SMAW.

4.3 Investigationon Result of Pulsing Current:

The study reveals that lesser current due to mlginHF
Pulsed SMAW significantly controls the managementhe
electrical energy & thermal energy and produceebéthpacts
on the welding as explained bellow:

4.3.1 LowerElectrical Energy Consumption:

For welding a metal joint by conventional SMAW pess
(non-pulse) in total time T, the electrical eneopnsumption
is

Where | is the welding current set and V is theagé in KV
during welding, which depends on the welding cugren
considering the arc length constant.

For welding the same joint by the HF Pulsed SMAWcesss
in total time T, the electrical energy consumption

Ero=  laXV XT KWh, Vin KV........ 3

Eppc< Enpoc: [Asql< | and I= |}, for the same
metal thickness]

Although total time (T) for welding each plate dwgi HF
Pulsed DC Welding is slightly higher, the energpsaomption

in HF PulsedDC SMAW process is lower than that of
conventional SMAW process (non-pulse) for weldimmgikar
metal joint and considering the same welding artiroe.

Expocs 1XV XT KWh oo, 2 The experimental study and its comparative resulhdicated
in the Table-4 prove the above statement.
Table 4Electrical energy consumed
Test Test piece Size Energy consumed by Energy consumed by Per centage of
piece conventional SMAW HF Pulsed DC SMAW | energy saving
No. Enp= 1XV xT KWh Ep= lu%xV xT KWh
1 150mmx=x50mmx3mm 0.0942 0.074 21.44
2 150mmx50mmx5mm 0.171 0.134 21.63
3 150mmx50mmx8mm 0.368 0.297 19.29
4 150mmx50mmx10mm 0.551 0.439 20.32

Table 4 indicates that the electrical energy savimgHF
Pulsed DC SMAW process is around 20%. In an indstr
project the average 10 nos. of welding machineglaitg used
with arc on time around 4.7 hrs for each weldingchie.
Hence, electrical energy saving using DC HF PuSEARAW
process is reasonably high and it is energy efficie

432 Lower Thermal Gradient and Heat Input in
Weld Bead and HAZ:

In this experiment both the welding were done loa MS
metal plates of thickness 20mm. Heat inputs duvirdding
for both conventional SMAW process and HF pulsed D
SMAW process resulted with the experimental data fo
Thermal Gradient as indicated in Table-5 and T#&ble-

As per the experimental data it is observed thatcurves of
thermal gradient for Conventional Non-pulsed SMAre
steeper than that for HF pulsed DC SMAW Process tdue
higher heat value caused by application of comstaigh
welding current ( I=lp>lav ) throughout the weldiperiod.
The comparison of thermal gradient between HF-DGequl
SMAW Process and Conventional steady SMAW process a
shown in the Fig. 4a & Fig. 4b.

So, the research work proves that the thermal gnadin case
of HF pulsed DC SMAW is flatter and also the hewguit for
welding the same size plate by HF-pulsed SMAWpradss
comparatively lower than that of conventional stedolC
SMAW process.

Volume: 02 Issue; 12 | Dec-2013, Available @ http://www.ijret.org 727




IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

Table 5 Experimental Data for Thermal gradient during 8(eBC SMAW

Sl. Number of Run Temp. at point 10 mm Temp. at point 20 mm Temp.at point 30 mm
No. distance from Weld distancefrom Weld distance from Weld
Bead Centre(°C) Bead Centre(°C) Bead Centre(°C)
Point-1 Point-2 Point-3

1 First Run 420 150 140

2 Second Run 465 160 155

3 Third Run 470 170 165

4 Forth Run 500 175 170

Table 6 Experimental Data for Thermal gradient during Hised DCSMAW

Sl. Number of Temp. at point 10 mm Temp. at point 20 mm Temp. at point 30 mm
No. Run distance from Bead distance from Bead distance from Bead
Centre(°C)- Point-1 Centre(°C), Point-2 Centre(°C), Point-3
1 First Run 325 85 75
2 Second Run 365 100 85
3 Third Run 370 135 95
4 Forth Run 390 138 115
THERMAL (TEMP.) GRADIENT AT HAZ 4.3.3 Improved Metallurgical Properties of the Weld
(FOR NON PULSED SMAW) .
Joint
o This metallurgical investigation has also given yweood
o 500 - promising results. Considering the effectsof currésteady
§, ﬁg &pulsing), Thermal Gradient(steeper& milder) andithimput
2 8 0 (higher & lower) in case of Steady Non-pulsed DC/AM
‘s g 300 |- and HF pulsed DC SMAW the microstructural study was
.gg g = made to identify any improved metallurgical propestof
8 © 45 - : theweld joint.. In the experiment small samplesrirall the
E 100 — = welded plates of both the welding processes, coinmigiparent
= sl o metal, HAZ and weld bead were taken and prepared fo
0 10 20 30 40 examinations. The samples were etched in 2% Néadent
Olsiicis raitn catie oTwad it and structurg_s were revealeq by opfucal mlcrosczi)pove
e - b 160X magnification.The various micrographs obtainad
| —e—First Run —=— Second Run —a— Third Run —»— Fourth Run | 160X are shown in the Fig. 5, Fig.6 and Fig.7. The

(a) interpretations of micrographs are mentioned inldab

THERMAL (TEMP.) GRADIENT AT HAZ
(FOR H.F. PULSED SMAW)

450
400
350 ——
300
250
200
150
100

50

centrigrade

Temperature in Degree

10 20 30 40
Distance from centre of weld joint

[~ First Run —=— Second Run —— Third Run —= Fourth Run
(b)
Fig.4 Thermal Gradient at different positions of Heate&fed
Zone
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a) Steady Norpulse DC Welding bHF Pulsed DC Weldir

Fig. 5Microstructures of Weld Metal

a) Steady Norpulse DC Welding bMF Pulsed DC Weldir

Fig. 6Microstructures of weld metal near HAZ

a) Steady Norpulse DC Welding bHF Pulsed DC Weldir

Fig. 7 Microstructures of Parent Metal
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Table-7: Interpretation of Micrographs

Sl. No. | Fig. No. ReferenceZone | Steady DC SMAW HF Pulsed DC SMAW
1. 5-a&5-b | Weld Metal Coarsening of originaColumnar smaller grains qf
austenite grains hasferrite & pearlite
transformed largely intg
ferrite and some colonies of
pearlite
2 6-a & 6-b HAZ nearer to Coarsening of non-uniformSmaller grains of ferrite &
weld metal ferrite & pearlite grains pearlite
3 7-a&7-b Parent metal Coarse multi grains of ferrite Smaller sizes equiaxed grains
nearer to HAZ &pearlite

The Table 7 indicates that in case of HF Pulsed SMAW
the grain sizes of microstructures at differentef weld
joint are noticeably smaller than that of conveméiloSMAW
as shown in the Fig.5, Fig.6 and Fig.7. These sngHains of
microstructures of HF Pulsed DC SMAW are the intigzaof
the improved metallurgical characteristics anddrephysical
properties in regard to strength, toughness anfdiquality
of weld joint.

4.34 Lower Consumption of Filler Metal & Better
Quality Weld Bead

During welding metal plates by HF Pulsed DC SMAW

process the following parameters have been coattoll

i) Peak current control

ii) Peak current time control
iii) Background current control
iv) Background current control

The above parameters automatically control
manipulation during welding which in turn contrdldr metal

eleetrod

deposition and width of weld beads. The Fig. 8(@) &ig.
8(b) show the welding joints of conventional DC SWAand
HF Pulsed DC SMAW processes respectively. In thieliwg
joints of conventional DC SMAW as shown in the Fifa)
the weld beads are not uniform and havepoor quélighape;
they have extra filler metal deposition.It is cléaat there was
no control over the electrode manipulation, fillemetal
deposition and spatter during welding. Where ascase
welding joints by HF Pulsed DC SMAW as shown in Hig.
8(b) the weld beads are smooth and uniform. Algy thave
good quality, good shape, less spatter level anexiwa filler
metal deposition.

It has been observed that for welding the same cfizgates
by both the welding processes, the filler metaladipn in

case of DC HF Pulsed SMAW is 20% lesser than tHat o

conventional DC SMAW due to pulsed current control,
control over the electrode manipulation and betpatter
control.
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Weld Bead
Non-uniform and poor quality,
extra filler metal

(a) steady DC SMAW

Weld Bead
Uniform and good quality,
No extra filler metal

(b) HF DC SMAW

Fig.:8 Welding Joints

5. OTHER EFFECTS OF HIGH FREQUENCY DC
PULSED CURRENT

The High Frequency unit helgs jump the welding currel

from tip of the electrode to the jofor arc creation. |

eliminates striking of the mat by electrod. Therefore, there
is no burningoff of metal at initial stage of weldinin case of
the HF pulsed DC SMAW thiaitial current & end current ce

be controlled precisely which eliminates end crébemation.

But in case of nompulsed DC SMAW there is no initial «

final current control and so there ia chance of crat

formation.

CONCLUSIONS

The studies of thisesearch work show that HPulsed DC
SMAW process is better than the conventioSteady DC
SMAW process and it hake following advantage

a) Lowerconsumption oglectrical energ

b) Less consumption of filler metals/electroc

c) Low heat Input causing lowéhermal gradier

d) Improved metallurgical properties

e) Better physical properties of welding jc

f) Better surface quality

The above advantagean be useful in any metal fabricatis
critical piping, pressure vessels and all other applica
using conventional Steady DC @W. Hence, the
commercial application of High Frequency Pulsed etk

Current Shielded Metahrc Welding is suggested in industry
in all place ofconventionalSteady Direct Current Shielded
Metal Arc Welding.
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