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ABSTRACT 

Experimental study of Heat transfer phenomena in welding process has been carried 

out in the present work. The experimental study was carried out on six groups (each 

consists of two plates) of low carbon steel material. Each plate is rectangular in shape 

with dimensions of (150mm x 200mm) with different thickness, (11mm) for groups 

(1) and (2) from A285 grade (B), ((16mm) for groups (3) and (4) from A 285 grade 

(C), and (19mm) for sets (5) and (6) from A285 grade (A) using single V-Butt edge 

design of joint welding for each group. Data Acquisition System (DAS) was 

manufactured and used in order to measure the transient temperature distribution of 

the models at the selected positions (channel (1) to channel (10)). The experimental 

measurements showed that the maximum temperature occurs close to the fusion 

region and starting to decrease a way from fusion region which is called unaffected 

base metal passing through the region of heat affected zone. The agreement of the 

results are good a comparison with present experimental work. Confirm results that 

were carried out experimentally. The agreement of the results is good capability and 

reliability the experimental steps of calculating heat transfer in Manual Metal Arc 

welding (MMAW).  

 الخلاصة

 
لاّخقاه اىحشاسة ىَْىرج اىَصذس اىحشاسي اىخطً اىَخحشك فً ػَيٍت  فً هزا اىبحذ، حَج دساست

اىيحاً ألاّصهاسي ػَيٍاً. حضَْج اىذساست اىؼَيٍت اخز  تاّخقاه اىحشاسة فً ػَيٍ ػَيٍت اىيحاً ومزىل ظاهشة

اىناسبىُ رو  ٍْخفطِ ٍؼذُ اىحذٌذ ( مو َّىرج ٌحخىي ػيى صفٍحخٍِ 6ٍاىقٍاساث اىؼَيٍت ىَْارج ػذدها )

ٍيٌ (  44ٍيٌ ( لأسَاك ٍخخيفت ، ) 011× ٍيٌ  451اىذسجاث اىَخخيفت. مو صفٍحت شنيها ٍسخطٍو ورو قٍاساث )

أ دسجت  085( ٍِ ّىع 1( و) 3ٍيٌ ( ىَْىرج سقٌ ) 46أ دسجت )ب( ، ) 085( ٍِ ّىع 0( و) 4ىَْىرج سقٌ )

باسخؼَاه حصٌٍَ وصيت ىحاً رو حافت حْامبٍت  أ دسجت )أ( 085( ٍِ ّىع 6)( و5ٍيٌ ( ىَْىرج سقٌ ) 41)ج( ، )

. حٌ حصٍْغ ٍْظىٍت امخساب بٍاّاث ٍشبىطت بٍِ اىحاسىب واىَيحىٍاث ىخْفٍز ىنو َّىرج  Vػيى شنو حشف  

( 41قٍاساث حىصٌغ دسجاث اىحشاسة ىيحاىت غٍش اىَسخقشة ىجٍَغ اىَْارج وىقْىاث ٍىصػت وٍشقَت ػذدها )

خاسة ىخيل اىَْارج. اىقٍاساث اىؼَيٍت أظهشث بأُ أػيى دسجاث اىحشاسة ححذد فً اىقْىاث اىقشٌبت ٍِ ٍْطقت ٍخ

الاّصهاس وحبذأ بؼذ رىل بالاّخفاض فً اىقْىاث اىخً حبخؼذ ٍِ حيل اىَْطقت واىخً حذػى بَْطقت اىَؼذُ الأساس 

اىخىافق  اىخً حٌ اّجاصها ػَيٍا .ىخأمٍذ اىْخائج  (HAZ)اىغٍش ٍخأرشة باىحشاسة ٍشوسا باىَْطقت اىَخأرشة باىحشاسة 

حساب اّخقاه اىحشاسة بطشٌقت ىحاً اىقىس اىنهشبائً  ؼَيٍت فًبٍِ اىْخائج جٍذ وٌؤمذ أٍناٍّت ٍىرىقٍت اىخطىاث اى

 اىٍذوي . اىَؼذًّ 

 

 

KEY WORDS: Fusion Welding, Heat transfer, Numerical and Experimental 

Investigation 
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INTRODUCTION  

 

The theory of heat flow phenomena in fusion welding process due to a moving 

source is of considerable importance and has broad application in the general 

treatment of heat flow in metals for instance in welding process. A range of important 

technological processes can be analyzed approximately with the aid of models that 

assume that a heat source of given extent moves through a medium at rest or that a 

stationary heat source is placed in a medium that moves through it with a constant 

velocity. Metal parts are commonly joined along their edges by welding. These 

processes rely on intense local heating by an energy source. This source moves along 

the seam between the two parts or the source is stationary and the parts move. A local 

region of melting arises. This region then cools largely by conduction into the more 

distant material and the parts are fused together, see Figs.(1) and (2). In all of these 

processes a liquid pool is formed at the seam. This solidifies as the energy source 

moves along the seam as heat is conducted away into the metal parts. An idealization 

for analysis is a moving concentrated energy source. The space above the surface is 

often taken as a mirror image of the processes in the material. This measure assumes 

that the local conduction rate heat loss in the metal parts is much greater than the 

surface convective and radiative losses. In these welding techniques there is a short 

starting process. Later the process becomes quasi-static. If the velocity of the relative 

motion (ν) of the heating effect remains constant then the process appears to be steady 

state to an observer moving at the same velocity. These metal joining processes are 

analyzed in attempts to improve quality control in the product; the intense local 

heating may cause very large thermal stresses in the immediate vicinity of the weld. 

Subsequent cooling and solidification leave other residual stresses in the material, 

(Benjamin.1993). The problem was investigated in literatures with different 

approaches, (Wang and Chang.1984) found an analytical solution of the two-

dimensional transient heat conduction for a finite hollow cylinder heated by a moving 

line source on its inner boundary and cooled convectively on the exterior. (Adolf and 

Andrzej 1986) derived a numerical method for heat transfer analysis of a solid 

idealized by a system of finite elements for the solution of the problem of heat flow 

with a moving heat source and its application in welding. (Karlsson, et. al. 1990) 

analyzed temperatures during single pass welding of a pipe using a full three-

dimensional model. in their model.  

The present work investigates the thermal phenomena associated with welding 

process, and their effects on the properties of the weldment. The research includes 

experimental studies. The fusion welding process, especially the electric arc welding 

is simulated by using the moving heat source method to calculate the transient 

temperature distribution in the region close to the heat affected zone and the base 

metal. Also the experimental work included the measurement of the transient 

temperature distribution of the region close to the heat-affected zone and the base 

metal of two plates welded by using electric arc welding process. A data acquisition 

system (D.A.S) technique was used. 

 

MATHEMATICAL MODEL 
 

Fig(3) shows a diagram of moving line source in large and very thin sheet, 

Consider a line source (qo) moving with constant velocity () directed parallel to x-

axis in a large plate with adiabatic faces. Heat losses from free surface by radiation 

and convection are usually negligible in welding. The properties are assumed 
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independent of space (homogenous medium). In this case the temperature field must 

satisfy the energy equation, (Salah 2005) 
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Integrating equation above we get:  
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f  is an undetermined function , The differential equation in terms of ( f ) and 

arrangment of equations gives:-  
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For cylindrical coordinate equation becomes, see Fig. (4) 
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Using the properties of Bessel function obtained: 
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This eq. (7) represents the transient temperature distribution field in two – 

dimensional case.  
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Initial and Boundary Conditions Representations 

 

 From, Salah ( 2005) ; 
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NUMERICAL SOLUTION 

 

The governing equation (7) has been solved numerically to calculate the 

transient temperature distribution of the nodal points of the grid shown in Fig. (5). 

The grid has a step sizes x and y, and number of divisions NDVX and NDVY in 

the x- and y-direction respectively. A visual basic version (6) computer program had 

been built to perform the numerical calculations.  

 

EXPERIMENTAL WORK AND PROCEDURES 

 

The main interest of the experimental work conducted in this study was the 

measurements of the transient temperature distribution of the surface of the solid 

regions during welding process. 

 

Experimental Facilities 

 

The experiments were conducted in the heat transfer laboratory at the Mechanical 

Engineering Department, University of Baghdad. 

 

The Groups 

Six groups (each consists of two plates) of low carbon steel material has been 

manufactured in order to perform the experimental work. Each plate is rectangular 

in shape with dimensions of (150 mm200 mm) with different thickness, (11 mm) 

for groups (1) and (2) from A285 grade (B) , (16 mm) for groups (3) and (4) from 

A285 grade (C) , and (19 mm) for groups (5) and (6) from A285 grade (A). The 

plates were cleaned from both surfaces and chamfered with (30
o
) angle from one 

side, and then (10) holes of (3.4 mm) diameter were drilled at different positions 

and with different heights using single V-Butt edge design of joint welding for 

each group, see Figs. (6) and (7), and tables (1) to (6). 

 

Data Acquisition System (DAS)  

This system interfaces the computer to the welding process, in order to measure the 

transient temperature distribution of the models at the selected positions described 

previously. This system, shown in plates (I) and (II) and Fig. (8), consists of the 

following parts: 
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Amplifier 

This component amplifies the electronic signal to the desired level, which the 

Analog to Digital Converter (ADC) can dealt with. 

 

Multiplexer 

It transports the digital signals from the amplifier to the Analog to Digital Converter 

in series.  

 

Analog to Digital Converter (ADC) 

Converts the analog signal to Digital Signal which can be read by the computer 

easily.  

 

Decoder Circuit and Buffer 

Confirmed the required control signal to the Analog to Digital Converter controller 

and Multiplexer, also provides a protection from any errors in control circuits and 

entering to output results of converter (i.e. output signal from Analog to Digital 

Converter) to the computer.  

 

ISA Slot 

This part is built in the mother board of computer, to extend it and to joint interface 

card to the mother board. 

 

Computer and Software 

A Pentium III personal computer was used to interface the DAS to the weldment 

test rig. A software program in Quick Basic was written in order to control the 

acquisition system.  

 

Welding Machine and Electrodes 

A Krakra welding machine (AC-machine) model (E-01M) fitted with an electrical 

power supply was used.  It has a facility to weld low carbon steel (ASTM). The 

electrode type was (E6011) with a diameter of (2.5 mm) and (E7018) with a 

diameter of (3.25 mm), see Chemical Analysis % for material base metal for Gr. A, 

B, C and Electrode type using during welding in the tables, specification are 

according to ASME standards (1989). A manual Metal Arc Welding process was 

employed to deposit the electrode filler metal in a flat welding position. 
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Instrumentation 

Thermocouples 

A thermocouples type (K) were used to measure the temperature of the various 

channels mentioned previously. The calibrations of thermocouples were made at 

the freezing and boiling points of water and other intermediate points. To check the 

analogic device calibration correctly , we made comparison between measured 

temperatures by Thermometer and temperatures measured by thermocouple. 

 

Thermometer 

 A thermometer type SIKA with range from (0˚C to 100˚C) was used to 

measure the room temperature. 

 

Stop watch 

 Digital stop watch was used to compute the time during the welding in order 

to calculate the welding velocity for pass welding.  

Experimental Procedure 

           The following procedure was followed during the experiments. Recording the 

room temperature by using the thermometer. Making calibration for (DAS) including 

all thermocouples of each channel for purpose of recording initial temperature to each 

channel correctly. Fixing the specimens on the table and insulated them from below 

thermally by using a pieces of wood. Fixing the thermocouples to the channels 

positions on specimens correctly. The computer program was started with welding 

process at the same time, and the welding time is recorded by using the stop witch, for 

each pass of welding. The models were left to cool down to the steady temperature. 

Recording the values of current and voltage used during each welding process. 

Storing the data in specified files for each model, see table (7) shows the experimental 

test parameters used in the present work. 

 

RESULTS AND DISCUSSION 

 

Fig. (9) shows the measured temperature history of the ten channels (positions) of 

plate (1) for the pass (1). It is clear that the temperature is highest at positions near the 

weld pool (the line heat source), and decreasing towards the heat affected zone and 

the base metal regions.The normal behaviour of the measured temperature history is 

clear in these figures. In figure (6.1) the channel 7 behaviour is abnormal and 

incorrect due to a thermocouple loose and movement error. It can be noted that the 

time required to reach the maximum temperature of the channels decreases as we go 

away from the line heat source. The waviness appeared in the curves of the figures 

during rise-up or slow-down are caused by replacing the exhausted welding wire by 

another one, this is called a "time delay".  

 The pass (1) of welding, was welding with a wire whose diameter is smaller 

pass (1) the level of temperatures of pass (1) is less. The time required to reach the 

steady state decreases with the increase of number of passes for the same plate, due to 

large heat lost to the surrounding air.  
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 As the thickness of the welded plates is increased, we need more passes, and 

hence, high temperature levels are attained. The thinner plates are the lower levels of 

temperature and times are.  

 Figures (10) and (12) show the results of a multipass (three passes) welding of 

plates (2) and (4) respectively the effect of thickness is very clear in these figures 

from the high levels of the temperatures and times of plate (4) compared to that of 

plate (2). The effect of location of the first four channels (1,2,3 and 4) on the 

temperature levels is higher in the high thickness plate.  

 Figure (11) presents the temperature history of plate (3) for a four passes 

welding. The time required to reach the steady state was (2750 second). 

 Figure (13) shows the temperature history of plate (5) for a seven passes 

welding. The low level of temperature of channel (2) is incorrect due to a loose 

occurred in its thermocouple. The high level of temperatures due to large number of 

passes is clear in the figures.  

  

 

Figure (14) shows the measured temperature history of plate (6) for five passes 

welding. A normal trend of variation is observed in the figure.  

 

CONCLUSIONS  

 
1) The temperature decreasing from the region close to the heat affected zone 

(HAZ) to unaffected base metal zone and it can be noted that the time 

required to reach the maximum temperature of the channels decreases as we 

go a way from the line heat source.  

2) The time required to reach the steady state decreases with the increase of 

number of passes for the same plate, due to large heat lost to the surrounding 

air.  

3) As the thickness of the welded plates is increased, we need more passes of 

welding, and hence, high temperature levels are attained. The thinner the 

plates are, the lower the level of temperature and times, and the single pass 

welding attained the steady state faster because less effect of temperature in 

the fusion region .   

4) The peak point temperature of each single pass of multipass welding is 

reached to the same level . This means that the cooling rate between passes of 

multipass is very small.  
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Table  1   Channels Positions for Group (1) 

Thickness = 11 mm  

Point No. 
x 

(mm) 
y 

(mm) 
1 40 9 
2 80 9 

3 120 9 

4 160 9 

5 40 15 

6 120 15 

7 40 32 

8 120 32 

9 40 50 

10 120 50 

 

Point 

No. 
x 

(mm) 
y 

(mm) 
1 40 13 
2 80 13 
3 120 13 
4 160 13 
5 40 19 
6 120 19 
7 40 45 
8 120 45 
9 40 71 
10 120 71 

 

Point 

No. 
x 

(mm) 
y 

(mm) 
1 40 11 
2 80 11 

3 120 11 

4 160 11 

5 40 17 

6 120 17 

7 40 39 

8 120 39 

9 40 61 

10 120 61 

 

Point 

No. 
x 

(mm) 
y 

(mm) 
1 40 8 
2 80 8 

3 120 8 

4 160 8 

5 40 14 

6 120 14 

7 40 28 

8 120 28 

9 40 44 

10 120 44 

 

Table  2  Channels Positions for Group (2) 

Thickness = 11 mm  

Table  3   Channels Positions for Group (3) 

Thickness = 16 mm  

Table  4   Channels Positions for Group (4) 

Thickness = 16 mm  
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Welding 
Line 

Point 

No. 
x 

(mm) 
y 

(mm) 
1 40 14 
2 80 14 
3 120 14 
4 160 14 
5 40 21 
6 120 21 
7 40 49 
8 120 49 
9 40 77 
10 120 77 

 

Point 

No. 
x 

(mm) 
y 

(mm) 
1 40 11 
2 80 11 
3 120 11 
4 160 11 
5 40 17 
6 120 17 
7 40 39 
8 120 39 
9 40 61 
10 120 61 

 

Table  5   Channels Positions for Group (5) 

Thickness = 19 mm  

Table  6   Channels Positions for Group (6) 

Thickness = 19 mm  
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Plate 

No. 

TH 

(mm) 

H 

(mm) 

W 

(mm) 

Pass 

No. 

TI 

(
o
C) 

I 

(A) 

V 

(V) 

u 

(m/s) 

Electrode Φ 

(mm) 

1 11 200 150 1 32 100 22 0.005 2.5 

1 11 200 150 2 34 125 25 0.004 3.25 

1 11 200 150 3 37 125 25 0.004 3.25 

2 11 200 150 1 29 100 22 0.0044 2.5 

2 11 200 150 2 66 125 25 0.0046 3.25 

2 11 200 150 3 144 125 25 0.0037 3.25 

3 16 200 150 1 33 100 22 0.0038 2.5 

3 16 200 150 2 95 125 25 0.0034 3.25 

3 16 200 150 3 144 125 25 0.0043 3.25 

3 16 200 150 4 175 125 25 0.0031 3.25 

4 16 200 150 1 37 100 22 0.0047 2.5 

4 16 200 150 2 78 125 25 0.0042 3.25 

4 16 200 150 3 129 125 25 0.0072 3.25 

5 19 200 150 1 29 100 22 0.0043 2.5 

5 19 200 150 2 106 125 25 0.0052 3.25 

5 19 200 150 3 149 125 25 0.0046 3.25 

5 19 200 150 4 190 125 25 0.0033 3.25 

5 19 200 150 5 226 125 25 0.0042 3.25 

5 19 200 150 6 227 125 25 0.0049 3.25 

5 19 200 150 7 223 125 25 0.0036 3.25 

6 19 200 150 1 32 100 22 0.0076 2.5 

6 19 200 150 2 72 125 25 0.0046 3.25 

6 19 200 150 3 121 125 25 0.0036 3.25 

6 19 200 150 4 164 125 25 0.0052 3.25 

6 19 200 150 5 185 125 25 0.0048 3.25 

Table 7   Experimental Tests Parameters 
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Fig.  1 .   Moving Line Source in a thin Sheet, 

Bhadeshia (1997). 

Fig.  2 .  Showing the Temperature Distribution 

in a Plate When a Weld is Laid on the Surface, 

Koichi Masubuchi (1980). 

Fig.  4 .  Cylindrical Coordinates 
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Fig.  3 .  Moving Line Source in a Thin Sheet. 

Fig.   5 .   Numerical Grid Arrangement. 
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Fig.  6 .   Positions of Holes of Thermocouples in the groups 
): 

Ø 5.5 mm 

Ø 3.4 mm 

6 mm 

8.5 

mm 
1.5 

mm 

16 

mm 

Models (3) and (4), 

Fig.  7 .   Details of the Holes of Thermocouples and weld design of joint 

Models (1) and (2), 

Ø 3.4 mm 

9.5 mm 

1.5 mm 

11 mm 

19 mm 

Ø 5.5 mm 

Ø 3.4 mm 

10 mm 

7.5 mm 

1.5 mm 

Models (5) and (6) 
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 Fig.  8 .   Data Acquisition System Frame and View for plates welding 

 


