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Article history: In this investigation bending is applied on pure copper pipe with a weld joint
. made by oxyacetylene welding method to access the integrity and soundness
Received Sept., 25, 2025 of the weld joint under this type of mechanical testing, the chemical
Revised Oct., 28, 2025 composition inspection of pipes metals is confirmed that is a pure copper
Accepted Nov., 20, 2025 (99.96% Cu). Pure copper is known to be weld able and can produce a
weldment with good mechanical properties. High achievement weld joint
Keyword: resistance under bending without any evidence of surface defects and
Bending internal discontinuities that was confirmed by applying a liquid penetrant
Influence examination for the weld surfaces and also using x-ray test to detect internal

defects. All tests’ processes were confirmed that, all weld rejoin is free from

Welding all possible discontinuities after performing bend testing.

1. INTRODUCTION
In most engineering applications pure copper pipes is widely metal used in particular air conditioning systems
because of its applicable properties such as good corrosion resistance, machinability, ductility and producing a
acceptable integrity of weld joint in most pipe systems with free weld defects. The chemical and mechanical
properties of this type of metal as known in international standard are listed in table -1,2

Table 1. Chemical composition of base copper pipe

Zn Pb Sn P Mn Fe Ni
0.01 0.02 <0.01 <0.003 Trace 0.02 0.02
Co Al GF S Cu

0.03 0.002 Trace None >99.5

Table 2 Physical properties of the Materials

Yield Stress/MPa Maximum Strength/MPa Percentage of
Elongation
43 219 50%

From practical engineering fabrication processes, welding is usually known as a proper method for joining
similar metals and dissimilar metals such as, oxyacetylene, brazing, arc welding and different method of
welding (1). Achievement of bend resistance of weldment is required parameter be used in air conditioning
systems provided implementation standards welding specification procedure (WPS) such as ASME is highly
need for soundness weld. It is always known that Welding process may initiate so many forms surfaces
defects and internal sharp cracks, voids, deformation, porosity and residual stresses. (2, 3). Oxy-acetylene
welding process which was applied in this work to join two parts of copper pipes. Where design as overlap
type was selected according to international standard is considered an important process to get a quality of
weld soundness joints. Weld position of 6G position is used with a pipe axis angle of 45 with the level of
horizontal axis when the pipe is rotating through the run of the welding. The process of pipe welding was
depending on all parameters listed on The American Society of Mechanical Engineers (ASME) standard
section IX (7,8).
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2. METHOD

Metal in this project is 99.9% copper when this done at the ministry of industry workshop with some other elements
as additive to improve properties.

Chemical composition confirmed that the type of the copper metal as pure with some tracing element to improve
properties which is mainly applicable and suitable in fabrication of refrigeration pipe systems. Used pipes
measurement for preparing test specimens is of 10 mm inner diameter and approximately 15 mm external diameter.
Welding process

welding process using overlap joint design is selected and manually by suitable diameter expander as shown in
figure (1). According to all welding standard, the Joints surfaces must be cleaned in the beginning before running the
welding, that is highly needed to prevent all expected types of surface contaminations. A process type Oxyacetylene
welding was used to connect the two pieces of copper pipes. The welding was carried out by skilled welder has a 6G
certification and pipe welding permission, that was done after written of proper standard (WPS) as shown in figure

@).

Figure 2. Fracture of welded specimen under tension

Hardness test (BHN)

Assessment of weld joint hardness compared with base metal is highly required which revel the level
of all weld parameter used in this investigation, so that Brinell hardness (BH) instrument is used to do
this test, it was found that, the hardness number (BHN) for base copper pipes is 82 while for weldment
around 87 which are responsible and very close to the standard values. The (BH) Indentations
configuration and specimen with machine set up is shown in figure (3).

Figure 3. Specimen under Hardness testing
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X-ray Test:

It is well known that x-ray test is familiar testing process which is always done to discover large
numbers internal discontinuities which are very harmful to the level of mechanical properties as a main
reason to pipe system failures in particular with pipe system under pressure. Sample of the X-ray test
negative implemented in this work shown is Figure (4) bellow which reveled none of any types of

internal defects.

Figure 4. Weldment testing by x ray

Dye penetrant testing (LP)

The application LP test in many engineering applications is considered as one of many simple and
cheap process for discovering many types of surface defects or any type of discontinuities like, that
conducted by adding a colored liquid in to weld joint surface when a surface cleaning from
contamination is an important parameter in this test before spraying the liquid. This type of surface
examination is carfully applied in this work and as seen in the figure (5), so that no indication or any

evidence of any sources of defects found in weld joint surface.

Figure (5): Weld joint Surface test by liquid penetrant

Tensile test

Pipe specimens with weldment at the middle were done from pure copper pipe with weld region as in
Figure (6).The specimens of 19.5 mm diameter and 1.09 mm thickness were chased to be proper and
suitable to the machine loading measurement. Test was done at workshops, laboratories of oil ministry,
General Company for Engineering Equipment. During the test it is very clear that the welded specimen
is starting to be yield at stress of 26MPa while the specimen begin to be cracked outside the weld joint
and eventually broken a maximum stress around 164 MPa as in figure (6), Elongation was calculated
and found to equal 30% was a. The tensile testing process stress strain curve is represented in figure.7
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Figure 7. Stress Strain diagram of Tensile properties
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Bending test:

Ductile metal like copper and many other materials are suitable for performing bend face test in
particular for weld joint region in order find the measure of weld resistance to cracking, so that in
thepresent work face bend was conducted using welded copper tube of 19.4mm diameter at a wall
thickness of 1.75mm provide the mandrel diameter around 40mm using U profile angle when the
copper pipe is we welded by oxyacetylene method. Finally noticed no cracks or any types of
imperfection are formed at the end of the test, complete results are listed in in table-3 below.

L_ "_' © Tested Item Information a1 TN PN |
iL 7 'l‘gsl}otl_!tfni\’ 7 Dimension Standards
~ Copper Tube3/4" @191 mm , t=1.07mm ASME IX
Equipment Used - "l‘yﬁc of test
United 600 KN, Cal. Date 2024 /2 /4 Bend ( Face)
BEND TEST '
S:ecnmen Tvpe Width Thickness Mandrel Dia. Angle "
umber mm mm mm
FB Face | 19.1 1.07 40 U-Shape | Nocrackor
| imperfection

T
Table 3. Results of Bending test of weldment

3. RESULTS AND DISCUSSION

The importance of bending on weldment in copper tubes is experimentally considered in this work
because of highly requirement applications in refrigeration and air conditioning pipe constructions.
This work may help the manufacture to know the possibility of formation internal and external defects
under different types of loading.

From Figure (5) which represents the profile of stress- strain curve of a different tensile loading in
welded copper specimen where a weld region is produced in the middle of the tensile specimen, it can
be seen that the crack started at the base metal outside the weld zone. That is an evidence about the
integrity and soundness of the weldment after this type of loading. The same result was obtain after the
specimen tested under face bending of U shape and eventally no defects or crack are seen after the of
the test, the results of this test is listed in table 3.

All of the experimental work results was confirmed by x-ray examination shown in figure (4) is an
accurate confirmation about the weld joint quality and integrity where no existence of any type of weld
defects are shown. [12,13].

Also in figure (4) is another type of weld surface examinations using liquid penetrant technique for
detecting weld surface defects which is considered as nondestructive process of testing, from this test
also no evidence of surface defects. It is well known that the type of test is necessary in all structure
design, because the existence of ane cavities or crack will cause concentration in these regions and lead
to fracturing and eventually system failure at the end in particular under cyclic load.. (13,14,15).

4 Conclusions

1- The welding used in this work is proper processes to join these types of materials with no
observation of any form of failure.
2- Using a suitable WPS with sleeted joint design results a high quality and integrity of weldment.
3- Failure of specimen under tension outside weld makes sure that the weld metal is not deductive
4- All form of tests gives evidence about the importance of surface and internal examination prior any
engineering applications
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