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Abstract

Experimental investigations have 
been carried out to study the 
behaviour o f basic type of coated 
e lectrodes (IS:E614514 HJ, AWS: 
E7018,DIN: E5144B 1026) of
d iffe ren t s izes produced by 
d if fe r e n t  m a n u fa c tu re r s  fo r  
evaluation of process stability, 
weldm ent mechanical properties 
and diffusib le hydrogen content 
.Time analysis, voltage analysis 
and current analysis have been 
carried out using an 'Analyser 
H annove r'. T h is  is  a d ig ita l 
measuring and analyzing system . 
The tim e analysis does not indicate 
any definite trend so results have 
been interpreted on the basis of 
voltage and current analysis. The 
experim ental results reveal that 
the arc stab ility  has no definite 
trend for the e lectrodes produces 
by a pa rticu la r m anufacturer. 
However, re la tive ly  better arc 
stab ility  is associated with the 
e l e c t r o d e s  o f  p a r t i c u l a r  
m anufacturer depending upon the 
size o f e lectrode. The melting rate 
(gm/J) increases with the increase 
in the electrode diameter. The

m e c h a n ic a l t e s t in g  o f th e  
weldments Indicate that all the 
electrodes which have been used, 
confirms to the IS, AWS, ISO and 
DIN standards i.e. they met the 
quality and requirement of the 
code. H igher impact strengths are 
associa ted with the e lectrode 
which yield low diffusib le hydrogen 
contents.

1. INTRODUCTION

Manual metal arc welding was the 
first welding process after which 
other welding processes were 
developed, that we know today. In 
spite of the development of various 
sophisticated welding processes, 
the MMAW has its own identity in 
the welding industry. MMAW is the 
most w idely used welding process 
for jo in ing the metal parts, mainly, 
because of its versatility [1]. The 
mechanical and the metallurgical 
properties of the weld depend on 
the type of the electrode to be used 
and the type of the covering. 
Hydrogen is introduced into the 
weld by absorption in the molten 
pool and diffusion subsequently

occurs into the heat affected zone 
(HAZ).In general, hydrogen is 
quite soluble in molten metal and is 
readily picked up in the weld metal 
during welding. In general, more 
the hydrogen present in the metal 
greater is the risk of cracking. Thus 
h yd ro g en  is m o st p o w e rfu l 
promoter of embrittlement.

A  stable welding operation should 
have smooth burning arc with 
small change in arc length, uniform 
metal transfer, low spatter loss and 
rap id  re - ig n it io n  a fte r eve ry  
shortest and zero current points in 
A.C. welding.

S ta tis tica l method have been 
deve loped fo r eva lua ting  the 
weld ing process stab ility  and 
m ic r o p r o c e s s o r  c o n t r o l le d  
measuring system is very helpful in 
analyzing the welding voltage and 
current waveform, metal transfer 
behavior and thus determ ine the 
welding process stability. The 
s t a t i s t i c a l  a n a ly s i s  g iv e s  
re p ro du c ib le  in fo rm a tio n  and 
criteria about the metal transfer 
behav io r of d iffe rent covered 
electrodes. The obtained criteria
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can be used for monitoring the 
quality of the electrode during 
p ro d u c t io n  and  fo r  fu r th e r  
developing special characteristics 
of the metal transfer behavior. 
Suban and Tusek [2] describe 
several methods used for arc 
stability in MIG/MAG welding.

In th is  p a p e r e x p e r im e n ta l 
investigations have been carried 
out to evaluate the arc stability, 
m e c h a n ic a l p r o p e r t ie s  and  
diffusible hydrogen contents for 
some basic type of electrodes of 
different types of electrodes.

2. STATISTICAL ANALYSIS

The studies carried out regarding 
metal transfer and arc stability 
using short circuit counter by 
McMaster et al. [3], lot of further 
development have taken place 
toward studying the stability of the 
welding process using the method 
of statistical analysis of the voltage 
and current waveforms during 
welding.

Such studies are based on the fact 
that variations occur in one or more 
welding parameters because of 
d i f f e r e n t  f a c t o r s  s u c h  as  
fluctuations in the line voltage, 
characteristic of the process i.e. 
variation in the arc length and heat 
input to the work piece etc. These 
shall lead to the changed welding 
condition and thus the fluctuation 
in the welding parameters like the 
arc voltage and welding current, 
are generated. Such variations can 
be used to analyze the welding 
process. As the voltage time 
fluctuation of an arc welding 
process is not determ inistic, but a 
stochastic signal so the statistical

theory has to be applied to describe 
and characterize such function.

Sunnen [4] also studied the 
stability of the welding process by 
counting the number of arc voltage 
peaks after re-ignition of the arc. 
Voltage cumulative graphs are also 
obtained using the technique of 
m icro-photometry to determ ine 
the stability of the process.

It has been reported that the 
electrical signals can be used for 
the classification and analysis of 
the arc welding process. The 
statistical analysis of voltage and 
current signals can be used for the 
investigation into the stability of 
the welding process, evaluation of 
power sources, survey and control 
during the welding and judging the 
skill of the welding [5-7]. The 
information about the stability of 
the process is readily obtained 
from  the  am p litu d e  d e n s ity  
distribution through measurement 
and can be utilized in controlling 
the welding process [8 ].

T h e  a p p l i c a t i o n  o f  t h e  
m icrocomputer can provide a quick 
qualitative assessm ent of the 
welding arc stability. The voltage 
setting which produces greatest 
regularity in short circuiting event 
in dip mode of metal transfer, also 
produce satisfactory weld bead 
profiles [9, 10]. However, it has 
been found in addition to welding 
v o lta g e , c u r re n t  and  sh o r t  
circuiting frequency analysis, the 
arc burn ing tim e d istribu tion  
analysis is also necessary to 
determ ine the stability of the 
process. The analysis based on 
only short circuiting frequency 
distribution is insufficient to define

the stability of welding process 
[1 1 ].

It has been reported that the 
coefficient of variation for the short 
circuit mean time eventually arc 
burning mean time could represent 
a suitable criteria for the stability of 
welding process [12]. For shielded 
metal arc welding electrode, it has 
been reported that the standard 
deviation of the welding voltage 
values can be used as a criteria for 
the evaluation o f the stability o f the 
welding process [10 ,13 ,14].

3. EXPERIMENTAL SETUP

The b lo c k  d ia g ra m  o f th e  
experimental set up is shown in 
F igu re  1. The e le c tro n ic a lly  
controlled feeder unit has been for 
feeding the electrode at constant 
arc length. Mild steel plates of size 
200 X 40 X 10 mm have been used 
for depositing the weld beads. The 
welding has been done for about 60 
se co n d s . W e ld ing  t im e  and 
electrode length before and after 
the welding have been recorded for 
cietermining the welding rate. 
vVelding speed of 2 2  cm/min has 
been selected for depositing the 
weld. Welding current and voltage 
for each electrode have been 
recorded separately. The welding 
vo ltage  has been m easured  
between the electrode holder and 
the work piece with the help of 
digital voltmeter. A voltage signal 
proportional to the welding current 
has been obtained from a high 
f r e q u e n c y  s h u n t  f o r  th e  
m easurem ent of the weld ing 
current. A Thyristorised welding 
power source (Thyroarc 402) has 
been used as the welding power 
source. An electronic control panel
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is used to adjust the arc length of 
obtaining the best possib le bead.

S in n ila r  t y p e  o f  e le c t r o d e  
manufactured by Advani Oerlikon 
Ltd. (M l), D&H Secheron Electrode 
Pvt. Ltd.(M 2), Modi Arc Electrode 
Co. (M 3 ) have been used. The 
specification o f the electrode used 
fo rthe  above investigation are;

TYPE : BASIC
CODE ; AWS E7018
IS : E 6 1 4514HJ
DIN ; E144B 1026
LENGTH : 450mm
DIAMETER: 3.15,4 and 5 mm

3 .1  S a m p l i n g  a n d  d a t a  
recording

The 'Analyser Hannover' has been 
used for statistica l analysis of 
voltage and current and current 
waveform during welding Figure 2 
shows the controlling, monitoring 
and analyzing system  used. The 
other equipm ent used for the 
experim ental and analysis are 
given in Table 1 with the purpose.

Ana layser Hanover which is a 
digital measuring and analyzing 
s y s te m  is  a b le  to  c la s s if y  
electronically pulse width in steps 
o f . I x n  ms in 256 classes and 
stores the frequencies in the 
memory. The value of n is an 
in t e g e r ,  1 o r  m o re .  T h e  
classifications can be done for both 
the short circuiting tim e (tj) and arc 
burning tim e ( t j

Frequency of sampling is about 85 
KHz and data of more tria ls, each 
with one m illion sam ples have been 
overlapped in each case. The

Table 1: Equipment used for experimental investigation with purpose

S.No. Equipm ent Purpose

1 . Basis 108 
128KB com puter

Data co llection contro l and 
ana lysis

2 . A nna lyse r Hannover 
uP-Ah-V
D ig ita l m easuring and 
Ana lysing  system

Recording of instantaneous 
va lues of arc vo ltage and 
weld ing current

3. S iem en Oscillo fil C1400 
L ight beam  recorder 
Paper speed, 25 -100  
mm/sec.

Recording current and 
vo ltage oscillogram s.

4. KEITHTHLEY MODEL 177 
MICROVOLT DMM, d ig ita l 
vo ltm eter, DC vo ltage 
ranqe, 2m V-1200V

For recording weld ing voltage 
and cu rren t values

5. E lectrode feeding setup 
Input supp ly  220 V, 50Hz.

To feed MMAW electrode for 
constant arc length.

6 . Thyristo rised  welding 
rectifie r
Make: Advan i Oerlikon 
Model: Thyroarc 402 
Range : 10 -  400 A 
Input Supp ly 415 v, 35 
Amp.
OCV -  80V 
Weight: 290 Kg.

W elding power source

7. DC Generator 
Make : Kjelberg 
Type: KW 510 VC  01, 35 
Current Range: 80 -500 A 
Vo ltage range: 180-40V

W elding power source
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Table 2: Selected welding variables for arc, welding and time analysis

Figure 2: Figure showing Analyser 
Hanover, Computer and Printer

sampling data has been done when 
the welding process is stabilized
i.e. normally 1 0  seconds after the 
s ta r t  o f the  w e ld ing . A fte r  
completion of the data sampling 
these data have been transferred 
to computer for storage on the disc 
for the further analysis.

Sampling variables which have 
been selected for the statistical 
analysis of arc voltage, welding 
current, short circuiting and arc 
burning durations are shown in 
Table 2.

3.2 Electrode Testing

Electrode testing is carried out 
according to the German standards 
(DIN 1913 part 2 May, 1976) 'Filler 
electrodes for jo in t welding of 
unalloyed and low alloyed steels, 
testing of filler electrodes, weld 
metal specimens'. Basic electrodes 
m a n u f a c t u r e d  b y  t h r e e  
manufacturers of diameter 4 mm 
and 450mm lengths have been 
used  fo r  e le c tro d e  te s t in g . 
Electrode are dried at 250°C for 
one hour and then kept at 100°C 
for 2  hour before being used for 
welding. Mild steel plates of 280 x 
150 X 20 mm and backing strip of 
280 X 30 X 10 mm are taken. The 
plates have been tacked together 
at an angle of about 30° in order to

S. No. Type of A nalysis Specification

1 . A rc  voltage Ana lys is
a. Num ber o f sam ples
b. C lass w idth
c. Duration o f m easurem ent

1 0 ,0 0 , 0 0 0  

0.5 V 
11.75 sec

2 . Welding Current Ana lysis
2.1 Num ber o f sam ples
2.2 C lass w idth
2.3 Duration o f m easurem ent

1 0 ,0 0 , 0 0 0  

4 & 8  A  
11.75 sec.

3. T im e ana lysis
3.1 C lass w idth fo r T1 (Short C ircu it time)
3.2 C lass w idth fo rT 2  (Arc Burning time)
3.3 Thresho ld voltage
3.4 Duration o f m easurem ent

0.5 
1 . 1 0  

10 V 
1 0  sec.

compensate the shrinkage. Weld impact bending test has been
metal is deposited in several layers 
between two plates unit the groove 
is filled. One tensile and three 
impact specimens for each set has 
been taken. The position of tensile 
and impact test specimen in the 
test piece is shown in Figure 3. 
Tensile test bar has been stored in 
an electrically operated furnace for 
about 1 2  hours at temperature of 
250°C, to remove hydrogen from 
the weld metal. The tensile bar was 
has cut from the test piece by 
machining to produce the standard 
tensile test specimen dimension as 
per German standard and is shown 
in Figure 4(a).The tensile testing 
have been carried out on 60 KN 
hydraulic ultimate testing machine 
and yield load, ultimate strength, 
e lo nga tio n  and reduc tion  in 
diameter have been recorded. The 
impact test specimens were taken 
across the weld metal deposited. 
The position and dimension of the 
impact test specimen is according 
to German standard and is shown 
in Figure 4(b). The notch is placed 
vertically in TL direction which is 
the weakest direction. The notch

carried out on FTM notch impact
test machine absorbed energy, 
non crystalline spot and lateral 
expansion have been recorded at 
different tem peratures ranging 
from  -60 to 20°. The low 
temperature testing of specimen 
has been carried out by dipping the 
specimen in liquid nitrogen.

Figure 3: Position of Tensile and 
Impact test specimen in the test 
piece
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Figure 4: D imensions of Tensile and Impact test specimen

3.3 Measurement of diffusible 
hydrogen

The  tw o m e thod s  used  fo r 
measuring the diffusible hydrogen 
are glycerin method and mercury 
method. The 4 mm diam eter 
electrodes produced by different 
m anufacturer are used for laying 
weld bead. The electrodes are 
dried at 250°C for 1 hr and keep at 
100°C for about 2 hr. The standard 
value o f hydrogen obtained by 
glycerin method is converted into 
the standard value of hydrogen 
using mercury method and the 
results are compared accordingly.

4. RESULT AND DISCUSSION
4.1 Statistical analysis

Figures 5 and 6  show s the

representative probability density 
distribution function (PDDF) for the 
instantaneous values of welding 
voltage and current. Figures 7 and 
8  sh ow s the  re p re se n ta t iv e  
frequency distribution o f the short 
circuiting and arc burning time 
respectively. Figures 9 and 10 
shows the voltage and current 
oscillograms for typical welding 
conditions for d ifferent electrodes. 
From Tables 3 and 4 it is observed 
th a t the va lues o f standard  
deviation for voltage and current 
ana lys is  are lowest fo r 3.15 
e l e c t r o d e  p r o d u c e d  b y  
m a n u fa c tu r e r s .  F o r  4 mm 
electrodes the lowest standard 
deviations for the voltage and the 
current analysis corresponds to the 
e l e c t r o d e s  p r o d u c e d  b y

m anu fac tu re r M,, w here the 
coefficient of variations are also 
lower as compared to the other 
m a n u fa c tu r e r s .  F o r 5 mm 
electrodes the standard deviations 
and coefficient of variations for 
voltage and current analysis are 
lower for the electrodes produced 
by the manufacturer Mj, in this case 
also coefficient of variations are 
also lower for the same electrodes. 
Table 5 gives the various statistical 
parameters for time analyses for 
d if fe re n t s iz e s  o f e le c tro d e  
produced by manufacturers. From 
Table 5 the relative short circuit 
time and the arc burning time are 
practically same for all sizes of 
electrodes produced by different 
m anufacturers. However, short 
circuiting frequency and reduces 
with the increase in the size of 
electrodes. Relative arc burning 
time is of the order around 96% so 
it seems that almost all cases the 
metal transfer explosive transfer 
and very little by dip i.e. short 
circuit mode of metal transfer . In 
a lmost all the cases, it has been 
observed that very large number of 
short circuit have less than 1 ms 
short circuit time. This indicates 
that during the large no. of short 
circuit no metal transfers but these 
occur only due to moment of 
molten weld pool and the droplet at 
that electrode tip making and 
breaking the contact as the 
number of short circuit are very low 
as the main short circuit times are 
also very low in comparison to 
mean arc burning time.

28 INDIAN W ELDING  JO U R N A L  • JU LY  2006



Table 3: Voltage Analysis for different sizes of electrodes

Electrode Size ^ 3.15 mm 4 mm 5 mm

S.
No

Manufacturer M l M 2 Ms M l M 2 Ma M l M 2 Ms

1 . M ean V o ltage  (V) 21 .05 21 .89 21 .93 21 .08 21 .51 20 .65 - 2 2 . 0 0 20 .49

2 . S ta n d a rd  dev ia tion  (V) 4 .7 2 4 .9 4 4 .65 4 .67 5.06 4 .8 4 - 4 .79 5 .07

3. C o ffic ie n t o f V a r ia t ion  
(% )

22 .40 22 .60 2 1 . 2 0 2 2 . 2 0 23 .52 23 .40 21 .80 24 .70

Table 4: Current Analysis for different sizes of electrodes

Electrode Size 3.15 mm 4 mm 5 mm
S.No Manufacturer Ml M2 M3 Ml M2 Mb Ml M2 M3

1 . M ean C u rre n t 
(A)

120 .81 120 .45 119 .20 161 .49 162 .28 162 .29 202 .99 204 .83

2 . S ta nd a rd  
de v ia t io n  (A)

28 .30 28 .53 27 .94 27 .51 28 .31 27 .53 - 26 .9 27 .94

3. C o e ff ic ie n t o f 
V a r ia t ion  (% )

23 .4 23 .7 23 .4 17 .0 17 .4 17.0 - 13.3 13.6

Table 5: Time Analysis for different sizes of electrodes

Electrode Size 3.15 mm 4 mm 5 mm

S.No Manufacturer M l M 2 M s M l M 2 Ma M l M 2 Ms

Short circuit time distribut on
1 . S .C , F requency  (se c  - 

1 )
13 .6 12 .7 9 .8 9 .8 9 .6 8 . 8 - 5 .90 6 .60

2 . M ean S .C . t im e  (m s) 3 .18 3 .62 4 .3 2 3 .78 5 .06 4 .30 - 5 .29 6 .23
3. S ta n d a rd  dev ia tion  

(m s)
3 .60 3 .84 4 .22 5 .07 5 .87 5 .79 - 7 .85 8 .19

4. R e la tive  S .C . T im e  
(% )

4 5 4 4 5 4 - 3 4

Arc Burning time distribution
1 . M ean a rc  bu rn ing  tim e  

(m s)
70 .02 75 .2 97 .73 97 .92 98 .91 107 .4 “ 161 .47 132 .28

2 . S ta n d a rd  dev ia t io n  
(m s)

67 .1 67 .97 82 .59 95 .59 85 .97 109 .59 - 157 .54 125 .24

3. R e la tive  a rc  bu rn ing  
t im e  (% )

96 95 96 96 95 96 “ 97 98
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So, it was very difficu lt to draw any 
conclusion firm  tim e analysis for 
d iffe re n t s iz e s  o f e le c trode s  
p r o d u c e d  b y  d i f f e r e n t  
manufacturers.

Therefore, within the range of 
investigation it can be concluded 
that the arc stab ility for E7018 (IS; 
E 6 1 4 5 1 4  H J) b a s ic  c o a te d  
electrodes, can be evaluated on the 
basis of statica lly analysis of the 
w e ld ing  vo ltag e  and cu rren t 
waveforms during welding. Further 
no d e f in ite  trend  has been 
observed with respect to particu lar 
manufacturers of all sizes of the 
electrodes. Relatively better arc 
stab ility has been achieved for a 
particu lar electrode produced by a 
particu lar m anufacturer upon the 
size o f the electrode.

'-zis '-lis ' fr

Figure 5: PDDF for welding arc 
voltage values for 
M, (21V, 157 A, 0=  4 mm)

1= f 1-̂ ; I 104

I
1 ______

r ia .^  ' »»9ijLBiurr tnsirt c irw u p n o * w

Figure 6 ; PDDF for welding arc 
voltage values for 
Mi (22V, 160 A, 0=  4 mm)

4 -• .0 24 2:. ..wTi r. fac_____

Figure 7; Frequency distribution 
for short circuiting time for 
Ml (22V, 160 A, 0=  4 mm)

Figure 8 : Frequency distribution 
for arc burning time for 
M. (22V, 160 A, 0=  4 mm)

Figure 9: Voltage and current 
oscillogram for 
Ml (21V, 157 A, (D= 4mm), 
paper speed = 1 0 0  mm/sec.

Figure 10: Voltage and current 
oscillogram for 
M̂  (22V, 160 A, 0=  4mm), 
paper speed = 1 0 0  mm/sec.

4.2 Melting rate

The melting rate of different sizes 
o f basic electrodes (AWS: E7018, 
IS: E614514 HJ, DIN: E5144B 
1026 ) p ro d u ced  by v a r io u s  
m a n u f a c t u r e r s  h a v e  b e e n  
calculated and shown in Table 6 . 
The data corresponds to the 
average of about ten values in each 
case. The melting rate has been 
calculated in mg/A-sec and mg/J 
because of difference in welding 
voltages in case of different sizes of 
electrodes.

From the Table 6  it can be seen
that:
• The melting rate increases with 

th e  in c re a se  o f e le c tro d e  
diameter.

• For 3.15 mm electrode the 
m elting rate is h igher fo r 
e l e c t r o d e  p r o d u c e d  b y  
manufacturer M2, however for 
both 4 and 5 mm electrodes the 
melting rate is higher for the 
e le c t r o d e s  p r o d u c e d  by  
manufacturer M3 .

• The difference in the above 
mentioned melting rates are not 
appreciable except in case of 
4mm electrodes where variation

Table 6 : Melting rates for different sizes of electrodes produced 
by different manufacturers

Manufacturers Ml M2 Ms Ml M2 Ms
Electrode size in mm mg/A-sec mg/J

3.15 2.0 2.1 2.0 9.1x10'^ 9.2x10'^ 8.9x10'^
4 2.11 2.25 2.31 9.7x10'^ 10.2x10'^ 10.9x10'^

5 - 2.3 2.69 - 10.2x10'^ 12.3x10-^
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is of the order of around 13% 
b e t w e e n  m i n i m u m  a n d  
maximum melting rate in mg/J.

4.3 Mechanical Properties

4.3.1 Tensile testing:
Tables 7 give the results of 

tensile tests. This table gives the 
yield strength, ultimate tensile 
strength, % elongation, % area 
reduction for all weld metal. It can 
be clearly seen that yield and 
u ltim ate  tens ile  strength are 
highest for electrodes produced by 
manufacturer Mi and lowest for 
e l e c t r o d e s  p r o d u c e d  by  
manufacturer M̂ . It can also be 
seen that the toughness measure 
such as % elongation at fracture 
and % reduction of area follows a 
reverse trend i.e. higher toughness 
for and lowest for

Figure 11 shows the variation of 
percentage elongation at fracture 
to the ultimate tensile strength. 
T h is  sh ow s th e  p e rce n ta g e  
elongation at fracture reduces with 
the increase in the ultimate tensile 
strength. Figure 12 shows the 
variation of % reduction of area 
with the ultimate tensile strength. 
The above figure also shows that 
higher the ultimate tensile strength 
lower is the % reduction of area.

Table 7: Tensile test results for different manufacturers

400 500 600 700
Ui t lmo le  S t r en gt h  , MPa

Figure 11: Variation of %age 
elongation at fracture with 
ultimate strength.

Manufacturer

M2

M3

Yield
Strength

(MPa)

541.13

444.86

477.46

Ultimate
Strength

(MPa)

611.15

521.3

556.4

Elogation at 
fracture

(o/o)

24.4

29.84

28.78

Reduction 
of area 

(o/o)

69.20

74.20

71.91

Remarks

Cup and cone 
fracture
Cup and cone 
fracture
Cup and cone 
fracture

50

. - R u t i l e

500 600 700
Ul l imote  S i fepq ih  , MPo

Figure 12: Variation of %age 
reduction of area with ultimate 
strength

Experim enta l results of rutile 
e le c t r o d e s  fro m  th e  sam e  
manufacturer (IS: E317412, AWS: 
E6013, DIN: E4322 RR 622) are 
also given in the Figures 11 and 12 
for the purpose of comparison. The 
trend is same as that of basic 
electrodes except that the values of 
percentage reduction of area and 
% reduction of area are lower as 
compared to basic electrode for a 
particular value of ultimate tensile 
strength.

Figure 13 shows a plot of ultimate 
tensile strength ( a j  v/s yield 
strength (a,, The ratio a, / is 
found to be 0.876 which is a 
relatively high value, while this 
ratio is 1 for brittle material and 0.7 
for a typical ductile material such 
as mild steel.

Figure 14 shows the principal 
behav iours of y ie ld strength .

ultimate tensile strength and % 
elongation for electrodes produced 
by various manufacturers are 
taken. The figure indicated that the 
basic electrodes are superior to 
rutile electrodes because of higher 
tensile strength.
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From Table 7 it can be seen that all 
the electrodes which have been 
tested satisfy the requirements as 
per standards which are given 
below:

Minimum Ultimate Tensile 
Strength: 510 N/mm"
Minimum Yield Strength : 
380l\l/mm^
Minimum % elongation : 24

4.3.2 Im pact testing:

At different temperature (-6 0 °C to  
2 0 °C) variation is absorbed energy, 
% non crysta lline spot and lateral

e x p a n s i o n  f o r  d i f f e r e n t  
m anufacturers has been taken and 
are shown in Figure 15 (a) to (c) 
respectively.

Table 8  gives the average values of 
absorbed energy, % area of non
c ry s ta l l in e  sp o t and la te ra l 
expansion for impact test carried 
out at different temperatures for 
different manufacturers. From the 
above Table 8 , it can be early 
interpreted that all the electrodes 
satisfy the requirement o f different 
s ta n d a rd s  i.e . the  m in im um  
required energy at -30° C is 47 J, 
whereas the average absorbed

energies at -30° C are 107,107 and 
87 Joules for electrodes produced 
by manufacturers M „ M̂  and M3 

respectively. Further, the area of 
non-crystalline spot and % lateral 
expansion is a lso h igher for 
e lectrodes produced by M̂ . This 
further confirms that Mi is having 
b e tte r  im p a c t re s is ta n ce  as 
com pa red  to  the  e le c tro d e s  
produced by M̂  and M3 .
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Figure 15: Impact test results for 4 mm Basic electrode produced by manufacturer M„ and M3 respectively
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Table 8 : Absorbed energy (J), Non crystalline spot (%) and Lateral expansion (%) for 
electrodes of different manufacturers at different temperatures

Test
Temp.

(°C)

0 ) >o>L.
o
Si « 
< TJ

M l

I 2 = ?S a ra X c  
_l lU o

(U ^
I  ?
o « u) 5j<U ; 
< T3 «

Mz

75 ow c.
— m 

re

lU

Ms
>.
cn0 )

JO
o «5 s
< TJ

™ 8 ^ D. .
1 0 1 0 » N 0' w S ^

o > « # 1 S g - c #Z  U C^^-IIU

-60
-40
-30
0

+20

49.5 
71.8 
107
141.5 
160

0
17
47
90
100

0.53
0.90
1.40
1.75
1.75

14
66.6
107
131
165

0
7
20
50
93

0.11
0.90
1.40
1.60
1.70

13
57
87
117
146

0
7
11
75
85

0.15
0.92
1.20
1.65
1.65

4 . 4  D i f f u s i b l e  H y d r o g e n  
Contents:

Diffusible hydrogen contents have 
been determ ined by both Glycerin 
and M e rcu ry  m e th o d s . The 
d if fu s ib le  hyd rogen  con ten ts  
determ ined by Glycerin method 
has been also  converted  to 
standard value.. Table 9 gives the 
values of the diffusible hydrogen 
contents obtained by Glycerin and 
mercury methods. From these 
tables it can be seen that lowest 
contents of diffusible hydrogen are 
associated with electrode produced

by manufacturer M, where highest 
im p a c t s t re n g th  have  been 
obtained. This indicates that the 
higher the contents of the diffusible 
h yd ro g en  low e r th e  im p a c t 
strength of the weld metal.

Further, in the case of basic coated 
electrodes it seems that higher 
impact strength are associated 
w ith h ighe r u lt im a te  te n s ile  
strength in spite of the fact that the 
both percentage reduction in area 
and the percentage elongation at 
fracture are lower with the higher 
ultimate tensile strength. In the

p re v io u s  w o rk  w ith  r u t i le  
electrodes, it has been reported 
that higher tensile strength are 
associated with lower impact 
strength. However, in basic coated 
electrodes the trend is reverse. 
This may be perhaps due to the 
reason that weld metal deposited 
by rutile electrodes, may have 
micro voids which reduce the 
tensile strength, but may act as 
crack arresters and offer resistance 
to fracture during impact testing 
leading to higher absorbed energy.

Table 9: Diffusible Hydrogen Contents for electrodes of different 
manufacturers using glycerin and mercury method

M anufacturer G lycerin  m ethods M ercury Method
Vs
(m l/100 gm )

Vs (w hen converted  
to Standard value of 
M ercury m ethods) 
(m l/100 gm)

Average Vs
(m l/100
gm)

Average

M l 3.50 6.94

8 . 8

1 2 . 0

11.90
6.43 11.50
4.61 8 . 6 6 1 1 . 8

4.30 8 . 1 2

M2 4.50 8.56

9.4

12.4

12.70
4.96 9.20
5.54 1 0 . 1 1 13.0
5.50 9.70

M3 6.85 12.15

15.6

20.30

18.90
1 1 . 0 18.45
9.7 16.60 17.50
8.9 15.35
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6. CONCLUSIONS

On the basis of experimental
in v e s t ig a t io n s  th e  fo llo w in g
conclusions are draw n:

• No definite trend exists with
respect to arc stab ility with the 
b a s i c  e l e c t r o d e s  ( I S : 
E 6 1 4 5 1 4 H J , AW S: E 70 18 )
p r o d u c e d  b y  v a r i o u s  
m a n u fa c tu re rs . How ever, 
better arc stab ility has been 
o b s e r v e d  f o r  e le c t r o d e s  
produced by m anufacturers M3, 
Ml and M2 for electrodes sizes of
3 .15 ,4  and 5 mm respectively.

• The arc stab ility  has been 
evaluated on the basis o f current 
and voltage analysis for the 
above m entioned e lectrodes 
because of the fact that time 
analysis does not indicate any 
definite trend. Time analysis is 
also not su itable for these 
electrodes because relative arc 
burning tim e is practica lly 96% 
in all cases.

• The melting rate per unit of 
energy supplied, increases with 
the increase of the size of 
e lectrodes produced by all 
manufacturers.

• All the electrodes which has 
been  te s te d ,  s a t is f y  th e  
requirements o f the IS, AWS, 
DIN & ISO standards.

• H igher ultimate tensile strength 
and toug hn ess  have been 
obta ined w ith basic coated 
electrodes as compared with 
ru tile  type  e le ctrodes (IS: 
E317412, AWS: E6013, DIN: 
E4322 RR622) which is an 
establish fact.

• W i t h i n  t h e  r a n g e  o f  
experim ental investigations no 
d irect corre la tion has been

found between the arc stability 
and the mechanical properties 
of the weld metal in case of 
above mentioned basic type of 
e lectrodes. It seems that arc 
stab ility  may affect more to the 
m e ta l t r a n s fe r  and bead 
g eom e try  ra th e r than the 
metallurgical character of the 
weld metal. It is d ifficult to draw 
a n y  d e f in ite  c o n c lu s io n s ;  
however, extrem ely poor arc 
s t a b i l i t y  m ay  a f fe c t  th e  
m etallurgical character of the 
w eld m eta l and thu s the 
mechanical properties.
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