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ABSTRACT

Dry wunderwater welding had been recognized as the possible
technique for obtaining satisfactory weldments under water, as it

avoided the presence of water completely. O0f the various welding

-

processes, gas shielded processes were preferred due to the
absence of troublesome flux and slag that tended to reintroduce
the préblem of hydrogen absorption and.slag inclusions, Among
the two gas shielded arc welding processes, Gas Metal Arc Welding
process (GMAW) was considered preferable due to 1its high
productivity and due 1o some typical problems associated with Gas

Tungsten Arc Welding process at elevated pressures. However, GMAW

was not popular as it was thought to pose a number of
technoiogical problems related to arc stability and metal
transfer, Thoughb at pressures higher than 10 bar GMAW with
current efectrode negatiye polarity had been successfully

demonstrated, the range of 2-10 bars was left unstudied as it was
found to be difficult to hold a steady arc. The present
investigation attempts to understand the reported difficulties in
using GMAW in this pressure range of 2-10 bars, and to establish
the suitable optimal operational enveloﬁes so that the process

could be proven to be employable for hyperbaric welding

application. Since much information on the control of metal



transfer had been gained in recent times with pulsed GMAW, it was
decided to use this knowledge to the present investigation also.
The experiments were carried out 1n two phases,. In the
first phase, diagnostic studies on the reported problems in the
range of 2-10 bar were_taken up. It was recognized that the
occurrence of opposing plasma jets emanating from fhe weld pool
resisted the dro;let detachment leading to the instabilities 1n
arc and metal transfer and that this problem could be overcome by

maintalining a minimum arc length. Also, it was found that

commercial grade argon gave broader operational envelope compared

to the one offered By argon-CO0 mixture and that DCEP was more

2
suitable due to it's better control over the arc and transfer
characteristics, Therefore, the second phase of the experiments
were conducted with argon 1in order to gain comprehensive

knowledge of the limits of critical parameters associated with
pulsed GMAW with DCEP polarity.
Detailed investigations were carried out using V-1

transients, high speed cinematography. profile projection, micro-

and macrography, hardness survey and chemical analysis. The
results of the investigations are presented in this thesis. It
was found that, once the reason for the instab}lity was
eliminated, it was possible to obtain excellent spray or

dropspray type of metal transfer with DCEP P-GMAW. There was no

-

change in the preferred polarity as reported earlier. The burn-



off characteristics, the fusion characteristics, the bead
characteristics, metallurgical/mechanical integrity of the weld
deposits etc. were found to be satisfactory.

Based wupon the results, it was concluded that pulsed GMAW
could.be considered as a viable and suitable welding process for
use in hyperbaric welding applications, in the pressure range of

1-10 bars.
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LIST OF ABBREVIATIONS USED

WELDING PARAMETERS

GMAM
P-GMAW

DCEP

mean
Wfs Vfs

%
S
ms

mm/s

Gas Metal Arc Welding

Pulsed Gas Metal Arc Welding

Direct Current Electrode Positive

PeaK Current, Ampers

éase Current, Ampere

Peak Time, milli second

Base Time, milli second

Total Time for droplet detachment, milli second

Cri£ical Time for the detachment of the
droplet during the peak pulse time

Short Circuit Current, Ampere

Short Cigiuit Detect Voltage, VoIt

Mean Current., Ampere

Wire feed speed. metres/min.

Voltage, Volts

Stand off, mm

milli seconds

milli metres/second

VISUAL OBSERVATIONS :

Short circuiting
Metal Transfer

Arc appearance
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Bead appearance

Fume level

RELATIVE GRADATION :

Very Bad
Bad

0.K.

Very Good

Excellent

BEAD CHARACTERISTICS

¥ Dilution

DF
Hv
10
HAZ
T No
R No

FPS

Penétration. mm
Bead width, mm
Reinforcement, mm

2

Area of plate melted, mm
2

Area of deposited bead, mm

Dilution Factor = % Dilution/(I X V)
Hardness, Vicker's with 10 kg load
Heat Affected Zone

Traée Number

Run Number

Frames Per Second in high speed cinematography

(ix)



.plées

CONTENTS
Sr. No. Description : .Page
’ No.
Certifidate ' i)
Acknowl edgement . Cii)
Abstract (v)
List of Abreviations - viii)
I . .

Contents o ' . . (x)

Chapter I : Introduction, Purpose and

‘Organization (1-4 70 1-13% )

l.i Introduction 1-1

1.2 -Purposé of Invéétlgation I-7.

1.3 Dbjecf&ves : : I-9

1.4 Research Questions I- 10

1.5 Extent amd'S;ope cf Study ' :1"11

‘1.6 Organization of the Document ' 1- 12

Chapter iI': Review pf Related : : .
Material = (11-4 10 11-34 >

2.1 Introduction ' ‘ - '

2.2 Underwater Welding . -1

2.3 Classification of Underwater

Welding Technigues : _ 11- 3

2.4  Relative Merits of Various
Techniqgues v S 11-5



Z.
2.

Chapter I1I

A

6

7

1

o
.2

k4
. 7

Problems»Encountered‘in Underwater

Environments

Present Status of Underwater GMAW

Introduction-
Experimental S. up

Experiméntal Procedure

Chapter IV : Results

4.

4.

1

2

(a?

(b>

(o

)

(e)

>

Introduction

Results
Worksheets
V-1 Transients

Beads of Plates

-High Speed Cine Strips

and Frames
Dperétional Envelopes
Rénge*ﬁf Parameters

Fusiorn Characteristics

- Bead Characteristics

Burn-off Characteristics

Hardness Survey

Micro and Macrographs

Colour Metallographs

_Hyperbaric Gas Mgtal Arc Welding

Experimental Set up
and Methodology

-

11-7
11-19.
11-29

TO 111-206)

I11-1
111-2
111-9
TO 1V-197>
Jv- 1
v- 1
v- 7 |
CIV~‘76
C1v-92
1v- 104
fv~11'7
Ivf]jzg
1v- 138
1v- 1477
v- 165
v- 173
rv- 183

1v- 187



ie _ Chapter V : Discussions and

5.1

5.2

>.

4

2.

.2

2.

Conclusions

Introduction

Discussion

L2

3

N

2

.2.1 General Observation-Phase I

Phase I

High Speed C}néphotography-
Rangg of‘Individual Parameters
Opefatioﬁal Epveldpes |
Burnfoff Characteristics

Plate fusion Characteristics

Bead Characteristics

Micro and macrostructures ’

1@ Hardness Survey

5.3 Additional Observations

5.4 AConclusions

11  Chapter VI : Bibliography and References

v- 1
v- 1
v- 4
V-7
v- 18 -
v- 21
V- 26
V- 2%
v—.28
v-29
.v~:52
v-36
6'37
v-38

« vi-4 To-v1¢115.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

