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Abstract 
The Friction Stir Channeling (FSC) is a recent manufacturing technique based on the friction stir processing of a 

monolithic component, able to produces internal, closed channels in a single step, with any path and constant or 

continuously modified shape along the path. A new concept for this process: Hybrid Friction Stir Channeling (HFSC), 

is presented and tested in the production of channels for thermal management of chassis components for electronic 

application. The new concept includes joining of multiple components and reinforces the high potential of conventional 

FSC. The thermal management of electronics is a growing challenge as devices become smaller. High operating 

temperatures reduce the reliability of the devices and increase energy consumption. Therefore, electronic device 

manufacturers are researching new cooling solutions able to apply air, liquid or a mixture of both. Currently liquid 

cooling requires multiple operations with complex assembly work using different techniques like milling, drilling and 

welding, and even including pre-deformed tubes it is difficult to access the heat sources with optimal efficiency. The 

new HFSC presented in this paper is tested to evaluate the cooling performance, productivity benefits and saving of 

material when compared with alternative solutions. 

 

A case study is established concerning the conformal cooling of a generic chassis plate made of AA5754-H111 for 

electronic application with multiple heat source powers and locations. The path for the cooling channel is developed 

based on FEM thermal analysis, considering the unique geometrical features of the channels. The heat transfer efficiency 

of the channels produced with the new HFSC is evaluated. The properties of the channels are experimentally assessed 

via measurement of shape and roughness, hardness distribution in the processed zones and establishment of main 

metallurgical characteristics resulting from the thermomechanical processing cycle. 

 

 

Introduction 
Internal closed channels are structural features with several high potential applications and usually found in hollow 

extruded components and heat transfer applications. There are several methods to create this type of channels [1] . The 

manufacturing method limits the channel design and some methods demand multiple processing stages to produce an 

internally closed channel. These limitations increase material usage of applications and impair opportunities to optimize 

structures efficiently. The Friction Stir Channeling (FSC) is a recent manufacturing technique based on the friction stir 

processing of a monolithic component, able to produces internal, closed channels in a single step, with any path and 

constant or continuously modified shape along the path. This concept was firstly patented in 2005, by Mishra as a 

method of manufacturing heat exchangers [2]. Mishra proposed that by reversing the material flow pattern and by 

selecting the appropriate processing parameters of friction stir processing, it is possible to produce continuous and stable 

channels inside monolithic metal components. In this first concept, that was tested by Balasubramanian et al. [3], all the 

material extracted from the metal workpiece is laid on the processed zone bellow the tool shoulder, within a clearance 

between the tool shoulder and the metal workpiece. A new concept of the original FSC process was patented in 2013 

by Vidal and Vilaça [4]. The new concept is based on a distinct material flow, where a controlled amount of 

viscoplasticised material from the metal workpiece flows out from the processed zone producing the internal channel 

without any gap between the tool shoulder and the solid metal workpiece. Thus, the material flowing from the interior 

of the solid metal workpiece is not deposited on the processed surface but directed outside of the processed zone in the 
form of detachable flash. With this innovation, it is possible to produce channels in a wide range of dimensions by 

control of the process parameters. These channels are addressed by Vilaça et al. [5] and characterized by Vidal et al. 

[6-8]. Studies performed by Rashidi et al. [9, 10] reported on an approach where a non-threaded conical probe with tilt 



angle and a clearance between the shoulder and the top surface of the metal workpiece are used for extracting material 

and creating the channel. No new concept is introduced with this last approach. 

 

The conventional FSC, is a flexible technique to manufacture internal closed channels with free path, but intended to 

be applied in bulk components. A new concept intended to optimize multi-component structures made of similar or 

dissimilar materials, is introduced in this paper. The new concept is the Hybrid Friction Stir Channeling (HFSC) [11] 

and it is a new paradigm in the production of internal closed channels with free path. 

 

 

New Concept: HFSC 
The Hybrid Friction Stir Channeling (HFSC) [11] is a new concept to manufacture, in one simultaneous action, tailor-

made internal closed channels and a weld joint between multiple components (Fig. 1a). The geometrical arrangement 

of the multiple components in the joint can be designed in an overlap joint, butt joint or a combination of overlapped 

with butt joint, as represented in Fig. 1b. The multiple components can be of similar or dissimilar materials. During the 

HFSC the material of the multiple components is stirred, activating solid-state joining mechanisms in the processed 

zone, resulting in the weld. In simultaneous, the geometrical features of the tool extracts part of the stirred material from 

the processed zone into external flash, resulting in the channel. The HFSC is controllable, repeatable and able to produce 

channels with a wide range of dimensions and free-path. The channels can have constant or continuously variable cross-

section dimensions. The finishing of the channel surfaces is rough, which creates easily turbulent flow at low flow rates 

allowing a production of efficient heat transfer systems that are operated with low energy. The development of a new 

HFSC probe allowed for a welded zone to be produced underneath the channel, while the combined effect of the probe 

and the shoulder creates the channel by flowing the viscoplastic material, out of the processed zone, into the form of 

detachable flash. 

 

a) b) 

Figure 1: Concept of HFSC: a) The HFSC applied to 3 overlapped components along a non-linear path; b) Schematic 

representation of alternative joints for HFSC. 

 

 

Methods and Equipment 
The HFSC was implemented with an ESAB LEGIO FSW 5UT machine. The processing parameters for the HFSC were 

as follows: position control, spindle rotation speed of 350 rpm, travel speed of 70 mm/min, probe length of 10.5 mm 

and a plunge depth of 9.8 mm. During the HFSC process, a force of about 12 kN was observed. All microscopy samples 

were prepared by cutting samples from processed material perpendicular to their processing direction. Each sample was 

mounted in Struers MultiFast phenolic hot mounting resin using a Struers ProntoPress-20 machine set at 180 °C and 

25 MPa for 13 min. Each sample was then ground using SiC papers to a 4000 grit finish and polished with a 1 m 

diamond compound. Samples were put through hardness tests on a micro-combi tester from CSM Instruments, with a 

force of 100 mN. A step of 1 mm was used within a grid of 19 x 12 indentations. After processing the harness tests, the 

samples were repolished and etched with a 10 % hydrofluoric acid for 15 seconds and then optically investigated with 

a Nikon Epiphot 200 microscope equipped with a Nikon DS-2Mv camera. 

 

The HFSChannels were produced within the processing zone of two overlapped AA5754-H111 plates as can be seen in 

Fig. 2b. The plates were aligned, centered and processed by HFSC along their rolling direction (RD) to ensure 

uniformity and consistency. The bottom plate has a thickness of 5 mm, with in-plane dimensions [mm] of 500 (RD) x 

300, and a hardness of about 1170 MPa. The plate at the top has a thickness of 8 mm, with in-plane dimensions [mm] 

of 500 (RD) x 80, and a hardness of about 900 MPa.  

  



Characterization of Channel Properties 
The 450 mm long channel produced was continuous (Fig. 2a) with minor porosity in the roof. Ceiling roughness varies 

along the length of the channel with minor instances of floor contact. The walls and ceiling have a comparable roughness 

to conventional FSC. However, the floor of the channel had an increased roughness when compared to conventional 

FSC. The HFSC probe profile causes the floor to have an increased roughness due to the formation of the weld nugget. 

One representative sample of the cross-section of the HFSChannel is depicted in Fig. 2b. The floor of the channel starts 

flat but begins to tilt, with the higher edge on the retreating side, as the channel advances. This is caused by the 

concentrated flow of viscoplastic material in the welded zone at the retreating side, i.e., the flow side. No defects or 

porosity was found in the welded zone (Fig. 2b).  

 

The hardness was relatively consistent throughout the channel, with the hardness field presented in Fig. 2c. The hardest 

points are located within the dynamically recrystallized zones of the weld (bottom of the channel) and roof of channel. 

The highest hardness values recorded were in the stirred zone of the weld (bottom of the channel) with about 1400 MPa. 

This represents an increase of strength from the original base material. 

 

 a) 

 b)   c) 

 d) 

Figure 2: Characterization of the channel specimen produced by HFSC: a) Top view of the HFSChannel as 

produced; b)Macrograph of a representative cross-section of the channel; c) Hardness field of the cross section;  

d) Detail of metallurgy of the bottom of the channel emphasizing the material flow and diffusion joining mechanism. 

 

From the analysis of the Fig. 2d, it is possible to confirm that there is a successful weld between the two components. 

Along the interface different levels of diffusion joining mechanism can be identified with higher joining quality towards 

the advancing side. The retreating side of the weld has poor diffusion between the two plates which is evident from the 

dark black line in the boundary zone of the two plates. This gap tapers off as the boundary areas approaches the 

advancing side of the weld. Areas of high flow create finger like propagations that intertwine with each other forming 

a bond. A crack-like interface exists on the advancing side of the channel floor heading towards the original interface 
area between the plates.  

  



Establishment of Channel Path 
SolidWorks modeling and simulation was performed to develop a good conformal cooling solution and analyze the 

channel characteristics with regards to material savings and heat transfer efficiency. To simulate a real generic chassis 

plate for electronic application with multiple heat source powers and locations, eight heat source with different powers 

were implemented (Fig. 3a). The HFSChannel was simulated with same geometry represented in Fig. 2b, with and 

without roughness. The roughness considered was 100 µm for the bottom and 500 µm for the remaining walls of the 

channel. The flow considered for cooling media was from 0.5 (Fig. 3b) to 6 l/min (Fig. 3c). The roughness allows a 

significant cooling efficiency even for low flows, such as 0.5 l/min, for which the peak temperature in the chassis was 

about 29.4 C, while for the 6.0 l/min the peak temperature in the chassis was 24.6 C. 

 

a) b) c) 

Figure 3: Modeling of heat transfer of a generic chassis plate for electronic application: a) Heat sources and channel 

path; b) Cooling with 0.5 l/min with rough HFSC; c) Cooling with 6.0 l/min with rough HFSC. Note: [T]=K. 
 

 

Conclusions 
The fundamentals of the new Hybrid Friction Stir Channeling (HFSC) showed to be technologically feasible and it is 

ready to be explored in the production of internal closed channels with free path. The production of a channel within 

the joint of two or more plates is one more demonstration of the high industrial potential applications of the friction stir 

based solutions. In this study, a continuous sound channel resulted from new tool features, designed specifically to 

manufacture, in one action, closed channels and a weld joint between multiple components. The main geometrical and 

metallurgical characteristics of the processed zone were established. Although a strong level of diffusion between the 

two plates was accomplished, this level is not homogeneous and thus represents a challenge for further improvement. 

The hardness was increased from the original base material values at both the bottom and ceiling of the channel. The 

modelling and preliminary experimental investigation shown a significant benefit using the HFSC for conformal cooling 

applications. The development of HFSC continues to bring this new process into a reliable manufacturing process. 
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