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1. INTRODUCTION

The two pipes connection by Welding is an important process in many applications, such as
fabrication, maintenance and structures repairs because it is a suitable and fast method for joining
similar and dissimilar types of materials . It is well known that, there are so many method of welding
available in this field, for example, the shield metal arc welding, (SMAW), Tungsten Inert Gas welding
(T1G), Submerge Arc Welding, (SAW), Metal Inert Gas welding (MIG)...etc.[1].

The required mechanical properties for any weld joints can be obtained when a standard Welding
Specification Procedure (WPS) is used such as ASME standards.
The welding process is not easy to do and the quality of the weld is highly depended on the welder
skill, welding procedure and metallurgy. However, it is possible that welding could form so many
defects in the structure, such as, slag inclusions, undercuts, distortions, Porosities, lack of penetration,
misalignment residual stresses...etc. [2,3].

The weld joint design is an important factor in welding processes. The design types of any weld joints
such are butt, corner, lap, and edge, butt joint which are used to join two sections aligned in the same
line, that used in plate, sheet metal, and pipe system work. [4,5].

For pipe welding, different basic test positions used. The position revealed the position of the pipe, not
the

position of welding. When using the 6G position for pipe welding, the axis of the pipe is at a 45-degree
angle with the horizontal while the pipe is not rotate. Since the pipe is not rotate, welding will be done
for all the positions such as flat, vertical, horizontal, and overhead. If you can weld pipe in this
position, you can handle all the other welding positions. Since most pipe welds are groove welds, these
are known by the letter G. [6,7].

The joining of pipe techniques applied in this work and also the welding procedure is done by using

ASME section IX standard for pipe welding certification [8,9].When the welding pipe of the 6G
position related to all types of the pipe welding positions. [10, 11].
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2. Materials and Method
The pipes metal analysis in this work are found to be as a pure copper and aluminum. Tested
specimens in this work are in the form of pipes of inner diameter of 20 mm, outer diameter of
the pipe is 25 mm. This analysis of metals composition was done at the ministry of oil
laboratory, the percentage of elements are shown in Table (1).

Table (1): The Chemical Composition of the Pipes Materials

A. Welding Process:
Lap Weld joint design type had been prepared using mechanical forming as shown in Figure (1).

Figure (1): The lap weld Joint Design

Before the beginning of welding process all weld joints were highly cleaned to be free and clear from
any types of contamination such as, foreign particles rust, oil, water, and painting. Oxyacetylene
welding method was implemented to join the two pieces of the copper and aluminum pipes. The torch
was directed to the copper pipe because its melting temperature is higher than the that of aluminum, the
welding wire applied at an angle of 45 degrees with the welding torch, where, they are both
perpendicular to the pipe to be welded. Sample of welded pipes are shown in figure (2).
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Figure (2): Aluminum to Copper Pipes welding.
B. Filler welding Rod:
This aluminum copper brazing alloys which is normally applied for brazing Aluminum metal

with copper metal is Al-SI flux-cored wire to be identified as similar to ER4047.

It's particularly convenient for brazing parts of aluminum in building different refrigeration

system. This brazing filler are, known to be high resistance to corrosion with good fluidity and

high wetting spreading
The chemical composition and the mechanical properties of the welding wire are shown in Tables
(3&4).

Table (3): The Chemical Composition of The Welding Wire AWS A5.10.

Standard: Chemical Composition %
AW As10 Si F C M M Z AL Other Each Other
i e u n n er Eac
ER4047 9 Total
Grade
11-13 =08 = 0.3 =0.15 =01 =0.2 Rest = 0.05 =0.15
ER4047

Table (4): Some of The Mechanical Properties of The Welding wire.

Density kg/dm3 Melting temperature °C Electric conductivity % IACS
2.65 573---585 41

Tension Strength(MPa) Yield Strength(MPa) M
160190 70-85 10-15
It is important to mention that, the alignment of the two pipes was achieved before running the welding
operation. Weld join was cleaned using alcohol-based cleaner (acetone) clean the surface of the parts to
be welded in order to removing dirt, oil, dust and other impurities.
Then the copper pipe was expanded mechanically to be suitable for the diameter the aluminum pipe

and to achieve the overlap joint. That because the melting point of copper is higher than that of the
aluminum as shown in figure (3).
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(Different flame burners)

Figure (3): Final Pipe Welding

C. Hardness test

Hardness test also being done for base and welded metals using Brinell hardness equipment. The
Brinell hardness number (BHN) is found to be equal to 48 for aluminum and 66 for copper pipes
materials. Brinell hardness test indentations shape is shown in figure (4)

Figure (4): Brinel Hardness Test Indentation
D. Tensile Test

The tensile specimens were done from welded copper to aluminum pipes where the weld joint was
positioned at the middle of the specimen gauge length as shown in Figure (5). The tensile properties
test shows that the aluminum pipe breaks at a tensile stress of 7760.8 MPa while the yield stress
occurred at 5814.75 MPa.

Figure (5): Tensile Testing Specimen Failure at aluminum pipe.

E. X-ray Test:

From Figure (6) which shows an x-ray film for weld joint. The analysis of the X-ray images was done
using software called ImageJ to examine the weld zone in order to detect any internal defects. X-ray
technique was used to examine the integrity of the weld joints of all samples the integrity and the
soundness of the weld joint is an important parameter for the achievement the required mechanical
properties in many services engineering systems. that done to technique throw the detection of the
presence of any weld defect such as slag inclusion, foreign particles, cracks, porosity or any other weld
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defects will harm the weld joint and finally effects the mechanical properties of the weld, and that
could make system failure after fabrication.

'w” 1 Et

3

Figure (6) Shows an Image of X-ray Inspection
F. Liquid penetrant testing (LP)
The technique of Liquid penetrant examination was applied to all copper-aluminum the weld joint
shown in figure (7), which does not seem to reveal any internal defect in fusion joint. It is mainly used
as a surface evaluation technique and does not represent the whole volumetric condition of a weld joint

Figure (7): Liquid Penetrant Inspection

G. Pressure Test:

It is carried out by applying a compressing air to the maximum operating pressure normally used for
cooling devices which is to be around (17 bar) and equal to (250 psi), the equipment used in this test is
as shown in figure (8). No failure occurred after this grade of air pressure.

Figure (8). The set up of pressure Test of Welded Specimen
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3. RESULTS AND DISCUSSION
The main purpose for selecting this work is the large and important need for understanding the
welding process of dissimilar metals in in the form of pipes which is highly essential
knowledge for the engineers working in many engineering constructions in particular the
refrigeration pipe systems.
The welding process of pipes considered an important activity in all air conditioning and
refrigeration of fabrication systems. It is known that the cooling fluid is flowing inside the
pipes of system, so that a highly need knowledge of the theory and experience in pipe welding
technology, for example, Oxy-Acetylene welding and gas tungsten arc welding, which is also
called Tungsten Inert Gas.
For this purpose a several sections of copper to aluminum pipe weld zone were prepared to
perform many mechanical testing procedures. welded specimens were sent to Ministry of oil
and ministry of industry for testing using standard equipment. Various destructive evaluation
(DE) have been conducted to make sure about the quality of the weld joints.
Destructive & Nondestructive tests such as tensile, bending, hardness, visual, liquid penetrant
and x-ray examination were conducted to know the weld joint integrity in order to proof that,
all weld joints are free from any internal and external types of defects. Tests procedure were
prepared and according to the international standards known as welding procedure
specification, (WPS).
Figure (5) represents the tensile strength test of the copper to aluminum with weld joints at the
middle of the specimen, it is clear that fracture occurred in the aluminum pipe outside of
fusion zone. The tensile strength and elongation of the joint produced by ER4043 filler
material were large enough in addition of high qulity and integrity of the weld joint also no
presence of any types of defects in the weld zone.

From the figure (7) which is shows an image of x-ray for the weld zone after the welding.
The image of the weld shows no indications of any types internal defects.

For these properties, this filler is used
in many applications such as, Construction work pipes fabrications in particular in cooling
pipe system are widely used in particular when a qualified skilled welder with international
standard are based on performing this joining process [12,13].

Figure (4) shows that the evidence of liquid penetrant test implemented for copper to
aluminum, it easily can be noticed that weld joint does not shows any evidence of any types
surface defects such as cracks, cavities or any discontinues, this result is very important in
engineering applications because the surface defect is harmful and could act as stress
concentration region and resulted as a suitable place for crack initiation and growth which is
became a cause for the part failure (13,14).

4. Conclusions

1-From this study, it can be confirmed that, as part of the quality-assurance process, all
welding procedures must be qualified and welding must be controlled to strict specifications
also each welder must pass qualification tests in order to do welding on pipeline job, and each
weld procedure must be approved accordance with welding standards.
2- Oxyacetylene welding processes were carried out according to welding standard, that
resulted in a required mechanical property.
3- The integrity and soundness of the weld joints are highly dependent on the welder skill.
Qualified welder (6G) performed all the welding processes and that was important factor to
avoid the welding defects.
4- Destructive & non —destructive test such as tensile bending, X-Ray, die- penetrant and
ultrasonic were used in this research to detect any defects in the weld and heat affected
regions, the results confirmed a sound weld with a required mechanical property.
5- The variables of the welding procedure specification (WPS) used in this research was found
to be suitable for welding of the present pipe metal.
6- x-ray inspection technology occupies an important position in the weld quality detection
method, test results showed that all weld joints are free defects.
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