
Hello, I am going to present the next work, the title of the presentation is: Dissimilar 
friction stir welding on highly reinforced composite (AA6061-40%SiC) and a 
monolithic AA6061-T6 aluminium alloy.
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First of all, I would like to introduce the research institute where I work. It is the
National Center for Metallurgical Research. It’s in Madrid. The research group I work 
with is AVANZA. This group has a lot of experience in the phenomenon of fluency of 
materials, alloys with interesting magnetic properties and polymers with biomedical 
applications.

Moreover, the center collaborates with the technology center AIMEN, which is in 
Vigo, and it’s where the friction stir welding equipment is located. 
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The equipment is equipped with many sensors that allow us to collect the efforts of 
the machine during the welding.
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The presentation is divided in six parts: introduction, materials, experimental details, 
chatacterization, results and conclusions.
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Friction Stir Welding was developed for aluminium alloys because it avoids many of 
the common problems of fusion welding, but the versatility of the technique has 
extended it to other materials, even to metal matrix composites and dissimilar joins, 
what could partially satisfy the needs of transport industry. The main interest of 
dissimilar unions in the transport industry is the combination of good mechanical 
properties of one material and either low specific weight or good corrosion resistance 
or good electrical properties of second material.

To be able to join the pieces of materials, the process needs to generate enough heat 
to create a plastic region around the pin of the tool and exert enough stress on the 
material to flow.  
This region could turns up really complex if you join two materials from very different 
nature.
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This is the case of joining these materials: “aluminium sisty-sixty one in state T651” 
and this metal matrix composite: aluminium sisty-sixty one with 40 percent of silicon
carbide particles.

The aluminum sisty-sixty one in state T651 is very frequently used in the transport 
industry because of its good mechanical properties and good corrosion resistance, 
which it combines with a low specific weight of approximately 40% less than steel.

Metal matrix composite materials are used industrially due to their excellents
mechanical properties and wear resistance. The study of wear behaviour of MMC 
materials is interesting because relatively soft alloys, such as aluminium, can 
significantly improve their wear behaviour by introducing the silicon carbide particles 
into them.

The main problem if you want to join this materials is that the plastic and thermal 
behavior of them are very different each other, which means that there is no perfect 
conditions for both materials at the same time, so the objective will be to deform the 
composite material by heating the aluminum alloy as little as possible.
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One of the more important points is to avoid tool wear. For this purpose, an almost 
smooth tool has been used, with only three facets. Moreover, the material used to 
make the tool is tungsten cobalt.
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The thickness of the plates is 8 mm.

The composite is on the advancing side and the alloy is on the retreating side. Two
thermocouples were placed 2.5 mm from the tool on either side of the tool.

The aim of this work is to study the correlation between the equipment's efforts with
the quality of the welding joints. In order to achieve joints with different stresses,
welds with different combinations of parameters have been made.
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In all cross-sections there is a sharp interface between the two materials.

Vertical force appears to be a determining parameter in plastic flow. Welding joints 
with similar values of vertical force have similar appearances.
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There were three cases with root defect for joins with very different conditions. 
The TMAZ area has been revealed with chemical attack Keller.
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All cross sections have an area in which the materials are mixed. This has resulted in 
an area with low reinforcement content.
The composite material within the thermomechanically affected zone is evenly 
distributed in some zones.
In the heat-affected area, bands appear in the metal matrix composite.

>They are holes due to polishing.
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In tensile tests, similar values for ultimate tensile strength and yield stress are 
obtained, however, there are 5 cases for which the weld is broken by the joint.

16



17



Analyzing the effords of the equipment, it is observed that the relationship between 
torque and vertical force changes during the advance as regards to the non-advance 
state. Change is attributed to deformation during the advance.
According to the Schmidt&Hattel equation, the phenomenon is described as a change 
in the contact condition between tool and material.

Due to the fact that there are parameters in this equation that can’t be measured 
experimentally, such as the yield strength, we remain with the friction-related part, 
assuming that the expression we obtain for the friction coefficient is an apparent 
value of it.
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Welding parameters are translated into efforts made by the equipment. We're going 
to focus on vertical force and torque. These effords are related by the friction
coefficient. Taking into account the tool geometry, this expression has been obtained 
for it.

The first graph shows the friction coefficient in relation to the area of the 
thermomechanical affected zone. It is observed that below a certain friction 
coefficient value, there are points which differ from the trend. In addition, below this 
friction coefficient value, the welds broke by the joint. The trend shows how the area 
of the thermomechanically affected zone increases as the friction coefficient 
decreases for good welds.

The second and third graphs show the temperature measurements taken on both 
sides of the weld joint. The results show how from a certain temperature value, the 
friction coefficient decreases, resulting in poor quality welds. There is an exception 
for the weld in which the dwell time is 45 seconds instead of 60 seconds as in all 
other unions.
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Para la unión disimilar Al6061-Al6061/40%SiC hay un valor de coeficiente de fricción 
por debajo del cual, las uniones de soldadura son de mala calidad.
Coeficientes de fricción altos, dan lugar a áreas termomecánicamente afectadas de 
menor valor. Es como si los fenómenos de fricción y deformación compitieran.
La temperatura provoca una disminución en el coeficiente de fricción y tiene como 
consecuencia uniones de soldadura de mala calidad.
Se pueden obtener uniones de buena calidad para un amplio rango de esfuerzos de 
forja, y la velocidad de rotación y el ángulo de inclinación de la herramienta no 
determinan la calidad de la unión de soldadura en sí mismo, siempre que el conju
Sería necesario hacer ampliar el estudio para comprobar el efecto del dwell time en 
la calidad de la unión en función de la tempertura y el coeficiente de fricción.nto de 
parámetros, no aumente la temperatura del material por encima de cierto valor.
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