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SUSTAINABLE
MANUFACTURING
PROCESSES
“We focus on environmentally benign,
resource and energy efficient manufacturing
processes for traditional and new materials.”
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Eco-efficient cooling of computers
saves loads of energy

A microprocessor used for computing graphics in a
consumer computer needs an active cooling system to
operate reliably. Over 50% of the total energy of the system is
used for active cooling, a significant “waste”.

About 300 million ton CO2
emissions each year are traced
back to the telecommunications
industry. High performing systems need efficient cooling systems in order to maintain proper
function. This is difficult and requires a lot of energy for active
cooling. In fact, up to around 50 %
of the total power consumption
is used for cooling – a significant waste. Advances in material
technology and manufacturing
processes now make more ecoefficient cooling possible.

Computing and communication technologies are crucial components of
our society. The related power requirements are immense. This goes especially for high performance hardware of large computational power, such
as computing and storage servers, workstations and high density communication hardware. The trend is clear; the power consumption of communication and computational hardware will continue to rise with the
increasing demand for higher data-rates. As most of the energy put into
computer systems is converted into heat, most high performing systems
also need efficient cooling systems in order to maintain proper function.
For the majority of high performing systems, passive cooling is not
enough. Active cooling is needed. Higher data-rates trigger higher energy
consumption for the computation but also increase the energy needed to
power the cooling solutions. Miniaturization through advances in nanotechnology fabrication is enabling consumption of fewer Watts for same
level of operational performance. Despite this, the continuous strive for
denser microelectronics integration leads to increased power densities,
which intensifies the requirements on the cooling solutions.
In 2007, the global energy usage for the telecommunications industry
accounted for ~300 million ton CO2 emission. The level increases around
5 % each year. In the US, computer and communication technologies account for roughly 5–10 % (20 GW) of the national electricity budget.
Out of this, data centres used a total of 7 GW. As much as 50 % of this is
spent on cooling! Improved cooling solutions are important to increase the
eco-efficiency of electronics hardware.
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In electronic hardware, some of the most restrictive parts in the transfer of heat from the microchip (or other heat generating components) to
the surroundings, are the interfaces between different components. This is
mainly because the actual contact area between two surfaces put together
can be as low as a few percent of the apparent area. The rest of the interface is air pockets. As air is a poor conductor of heat, this leads to a very
low amount of heat being transferred between the two surfaces. In fact,
the interfaces in the construction can alone consume over 60 % of the total thermal budget of the system! To facilitate the heat transfer between
contacting components it is common practice to use so called thermal interface materials (TIMs).
Despite using TIMs, the interfaces are still one of the major bottlenecks
in electronics and high power system cooling. The available TIMs today
simply have very limited performance. With improved performance of
TIMs, the temperature of the critical components decreases, and less power could be spent on active cooling. Alternatively, lower temperatures allows the system to function longer and more reliably. Improving thermal
interface material technologies is thus a way to save energy resources and
increase eco-efficiency of the electronics industry at large.

Approximate power usage for data
centres.

SmartTIM, a novel concept
Our group is working on improving thermal management technologies and specifically TIMs. We have
developed a novel concept for nano-based TIMs,
that we call SmartTIM. The material is a composite
and consists of a functionalized nano-fibre network
infiltrated with a metal phase. When applied, the
material is melted between the contacting surfaces to
maximize the contact area. Essentially the fibre network improve the mechanical properties of the joint
compared to a normal metal joint, while the metal
phase offers wetting and continuous heat path channels across the interface. This “smart” material design makes it possible to
offer higher thermal performance than conventional TIMs.
To be able to produce this material in large scale, we have also looked
into the fabrication processes. The material will only reach the market if
the fabrication methods are efficient. We have developed the material using scaleable fabrication processes. Currently we are working to make
them as energy efficient as possible for high volume production.
Huge energy savings
Trials with a custom device have shown that with SmartTIM the input
power to the active cooling could be reduced with 77 %, before the temperature is as high as with conventional materials. The results also showed
that if the fan power is reduced by 50 %, SmartTIM is still almost 6 degrees cooler than conventional TIMs.
Directly employing the measured data (77 % reduction of active cooling), indicates that it would be possible to save 1 % of US national electricity budget by switching to SmartTIM, a huge saving indeed.

Top: A generic electronic system illustrating a typical application of TIMs.
Above: Illustration of the microscopic roughness between two surfaces in
contact with low actual contact area.
The air pockets decrease the efficiency
of heat transfer.
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Grease is a conventional TIM used on
microprocessors to improve the contact
to the heatsink.

Heatsink with heat pipes in copper cooling
a microprocessor with the help of a cooling fan.

Schematic principle for SmartTIM.
SmartTIM consists of a nanofibre network infiltrated with a metal
phase. When applied, the material is melted between the contacting
surfaces.
The fibre network improves the mechanical properties of the joint compared to a normal metal joint, while the
metal phase offers wetting and continuous heat path channels across the
interface.

Partners worldwide
International collaborators include outstanding scientists from Spain,
Hong Kong, France, Hungary, China, Finland, UK, Greece and Romania.
Johan Liu is in charge of SMIT Center, a Swedish Chinese research centre
working in both Gothenburg and Shanghai to develop and test new materials and technologies to produce advanced electronic components.
It is a partnership where the participants complement each other excellently in terms of nanotechnology and micro-fabrication. For example, it
is possible to make a theoretical model here at Chalmers, and then test it
in Shanghai. Meanwhile, we have an intensive exchange of graduate students and researchers, and interact regularly with everything from meetings to video conferencing with up to 50 participants. The benefits of cooperation are on several levels.
We work closely with industry and in a way that allows many different knowledge environments to converge in our laboratories. This means
that we can create requested applications in a fast, efficient and sustainable manner. The collaboration simply makes it easier to transform research
into use for industry – and society.
Industrial demand leads to spin-off
The material technology and the manufacturing processes needed to develop SmartTIM, are currently being transferred to a Chalmers’ spin-off
company called SHT Smart High Tech AB. The goal is to introduce the
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Eco-efficient cooling of
computers saves loads of energy
Responds to the active field of:
Micro-fabrication
Researchers involved:
Microtechnology and Nanoscience
Prof. Johan Liu
Prof. Peter Enoksson
Prof. Kjell Jeppson
Dr. Lilei Ye

Graph shows the relative temperature increase of the LED substrate for different active
cooling energy (fan power). With SmartTIM it is possible to decrease the active fan power
with 77 % before reaching the same temperature as with conventional TIM.

material as a product on the market. SHT is collaborating with a number
of major electronics players in Europe and US. The technology is targeted towards industrial and commercial applications. Companies who have
expressed interest in the material technology include, among others, Saab
Goup, Foab Elektronik, Thales, Bosch, Infineon and Nanium. SHT is currently working together with Chalmers to scale up and optimize the production processes of SmartTIM. At Chalmers, we continue to explore the
combination of novel nanomaterials and processing directions.

Materials and Manufacturing
Technology
Prof. Lars Nyborg
Dr. Yu Cao
Prof. Uta Klement
Prof. Antal Boldizar
Applied Mechanics/Material and
Computational Mechanics
Prof. Ragnar Larsson
Companies involved:
Saab Group, Sony Mobile Communications, Ruag Space, Micronic, Foab
Elektronik, SHT Smart High Tech AB

Johan Liu, Carl Zandén and Lilei Ye*
*SHT Smart High Tech AB, Gothenburg, Sweden

SmartTIM applied on the surface of a heatsink.
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Improved methods to fabricate
metal parts

Imagine a liquid. It can be shaped
in almost any way you want. The
same is true for metal powder.
Not only can you mix different
metals to give the product wanted
features, pressing together metal
powder also gives you endless
opportunities to create shapes.
By using less material and less
energy, you get exactly the metal
product you want.

Our country is a very strong provider of metal powder. As much as 25–
30 % of all metal powder is manufactured in Sweden. Products made from
metal powder are commonly used in the automotive industry, also strong
in Sweden, in applications like motors, gear boxes and so on. Consequently, our research results directly benefit Swedish industry.
The powder metallurgy process generally consists of four basic steps:
powder manufacture, powder blending, compacting, and sintering. The
compaction means to compress the powder into a desired shape. In the
sintering step you add heat to give the product a good durability. Using
these steps makes it possible to produce components with a very complex
geometry very resource efficient, at a low cost. Another benefit is that the
additional process of machining can be avoided.

Improved details open up new possibilities
However, it is complicated to blend different metals. All metal types do
not act well together. We have looked into making the powder metallurgy
process even more resource and cost efficient.
One of our outcomes makes it possible to steer the parameters in the
sintering process in detail which in turn gives the potential to use new
kinds of material. For alloying, copper and nickel are commonly used.
10
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Improved methods to
fabricate metal parts
Responds to the active field of:
Component Manufacture

Unfortunately these metals are expensive. To be able to use cheaper elements for the alloying we have studied the atmosphere in the sintering
process. Sintering is performed in a controlled atmosphere. The mix of
gases has a large impact on the end result of the product.
We have found a way to reduce the expensive and dangerous hydrogen
gas and use other types instead. We have also found ways to tailor the sintering to achieve improved properties and processing as a whole. All these
improvements make the powder metallurgy process, in itself, more sustainable. Additionally, by making the process applicable to new materials,
it can be used in even more product applications. This is a very effective
way to use the limited amount of metals we have in the world.

Coming into use
A group of industrial companies have participated in developing these
improvements and are also using them today. Our results have been
implemented at Höganäs, Aga Gas, Callo, FJ Sintermetall, and AB Volvo.
Furthermore we have incorporated the results into the Materials Eng
ineering program. New engineers will be able to bring our results to their
future employers.

Lars Nyborg

Researchers involved:
Materials and Manufacturing
Technology/Surface and
Microstructure Engineering
Prof. Lars Nyborg
Prof. Uta Klement
Dr. Yiming Yao
Dr. Eduard Hryha
Prof. Jan-Eric Ståhl, Lund University
Prof. Jinming Zhou, Lund University
Materials and Manufacturing
Technology/
Manufacturing Technology
Prof. Anders Kinnander
Guest Prof. Bengt-Göran Rosén
Companies involved:
SKF AB, Volvo Cars, AB Volvo,
Uddeholm, Scania CV, Sandvik
Tooling, GKN, Höganäs, Callo,
Aga Gas, Husqvarna, Avure Technologies, Carpenter Powder Products,
Metec Powder Technologies,
FJ Sintermetal.

Imagine a liquid. It can be shaped in almost any way
you want. The same is true for metal powder. By using
less material and less energy, you get
exactly the metal product you want.
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Optimum machining of
bi-metallic engine blocks

There are a number of tools with
various shapes and materials
recommended by tool manufacturers for machining bi-metallic
engine blocks. Yet, the optimum
cutting condition is to be determined to achieve the least production cost, while the functional
requirements of the machined
surfaces are met.

Tighter standards on fuel economy and emission rates have encouraged
the automakers to introduce more advanced lightweight design concepts for engine components. A bi-metallic (compound) concept is one
of the well-established strategies to design lightweight engines in automotive industries. The aluminium structure of the engine block is combined
with other materials to promote reinforcement, wear resistance and specific functions. This comprises the use of grey cast iron (GCI) and sintered steels for liners and main bearing caps in die cast aluminium engine
blocks.
However, machining of components as such is often accompanied by
several challenges; limited tool life, long machining times and poor surface
finish. This is, in fact, due to the relatively large variations in cutting force
and temperature as the tool repeatedly cuts through aluminium and GCI
with very different thermo-mechanical properties.
The demands on properties of the top-deck surface are essential to
achieve proper sealing between the cylinder head and the engine block.
On the other hand, the machining time and tool life directly affect the
production cost. Therefore, it is important to determine the optimum
cutting condition, which satisfies the functional requirements of the machined surface and also reduces the production cost.
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How to optimise the cutting condition
In order to optimise the cutting conditions when finishing operation of
the bi-metallic engine block, a component-like workpiece is designed and
manufactured by Sandvik Coromant. This mimics the details of the machined surfaces. Then, limited numbers of tool life tests are done on the
bi-metallic workpiece under operational conditions to determine the
tool wear mechanism. In this way, so called thermal fatigue cracking was
shown to be the main wear mode and it was realized that the induced
thermal stresses on the cutting edge play a key role on the performance of
the tools.
Using finite element method (FEM), the milling process was simulated in full 3D under operational conditions. The simulation incorporated
the calibrated material models for the two materials involved, to estimate
the stresses on the tool edge at various cutting conditions. A special mathematical methodology was used to establish the relationships between the
machining conditions and the induced stresses. The optimum cutting condition was then determined once the thermal stresses on the cutting edge
as well as number of thermal cycles for each unit length of cut were minimized.
This methodology resulted in 32% reduction in machining time compared to that of reference settings, while the number of milling passes to
tool failure remained nearly constant.

Optimum machining of
bi-metallic engine blocks
Responds to the active field of:
Component manufacture and process
modeling
Researchers involved:
Materials and Manufacturing Technology/
Surface and Microstructure Engineering/
Manufacturing Technology
Prof. Lars Nyborg
Adjunct Prof. Ibrahim Sadik
Lic. Eng. Amir Malakizadi
Companies involved:
Volvo Cars, Sandvik Coromant

Lars Nyborg and Amir Malakizadi

The steps of the new methodology to determine the optimum cutting condition.
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Made by mixed metals
– a lighter solution

Koenigsegg, a niche sports car with
light brake discs.

Iron is a heavy metal. Automotive
manufacturers are seeking for
lighter materials. A lighter vehicle
need less fuel and deflate less
CO2. By mixing different materials, it is possible to reduce weight
but the production cost is high.
A cheaper option is on its way.

Brake discs made of MMC, a metal
matrix composite for Volvo V40.

Currently brake discs are made of grey cast iron and are used in most
standard cars. Cast iron brake discs are generally heavy and have relatively
short service time when compared to more advanced metal matrix composite brake discs. A metal matrix composite (MMC) is a material with at
least two components, one being a metal. Aluminium based MMC materials have earlier been reserved for niche sports cars. These composites
have excellent strength-to-weight ratios, increased specific stiffness, wear
resistance, and improved high cycle fatigue resistance. In addition, they offer a very useful combination of wear resistance and high thermal conductivity which are important for brake discs. Attempts to replace alloy steel
and cast iron in automotive parts with aluminium based MMC have been
ongoing for decades. When the current brake disc material in the standard passenger car is replaced, it will give a weight reduction of 50 to 60  %.
However, advancement is hampered by high production cost, a challenge
in mass production.

Why production is expensive
The basic problems of machining aluminium metal composite materials are intensive tool wear, poor surface integrity, and high costs of tooling
and non-optimized production processes. The only way to get a long tool
life is by using diamond edges which is an expensive solution! It is also important to avoid surface damages on the product, such as cracking. Me-
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Tool wear and built-up edge (TPL, Tool Protective
Layer) on a PCD, diamond based tool material.

FEM simulation of a cutting process.

chanical properties such as creep and fatigue are greatly influenced by the
condition of the product surface.

New machining and cutting solutions
To support an innovative manufacturing process for cost effective production of brake systems based on aluminium MMC we have looked into
optimization of processing, machining and tooling. Results include machining solutions for advanced and high performance alloy materials, new
cutting tools for hard and micro machining of iron materials and also a
methodology for surface integrity assessment of machined components.
All aspects optimized to reduce costs
By optimization of process parameters in the process of MMC production, enhanced final surface quality of the product is achieved. Although
machining of aluminium metal composite materials has existed for decades, it is still not cost effective. We are offering a solid, accurate and understandable cost model with the aim of attaining general acceptance. In
this we show that all aspects of the material and tooling must be optimized
to gain the greatest benefits in machining cost reduction.
Advancements in the material are related to improvements for machinability. The same is true for tooling. When we are testing new coatings for
tools which show great promise for machinability, we factor them into a
cost model. In addition to tool coatings, optimizations of the tool material
and tool geometry are included.
Now in use for standard cars
We have developed machining processes, which cover the material, tooling, machining and production cost modeling and calculation. Research
results yielded from the project are directly implemented in Volvo Cars.
Jinming Zhou, Volodymyr Bushlya, Anders Norelius,
Stefan Kristiansson and Jan-Eric Ståhl

Made by mixed metals
– a lighter solution
Responds to the active field of:
Component manufacture and
functional surfaces
Researchers involved:
Production and Materials
Engineering, Lund University
Prof. Jinming Zhou
Prof. Volodymyr Bushlya
Prof. Anders Norelius
Prof. Jan-Eric Ståhl
Prof. Lars Nyborg, Chalmers
Prof. Hans-Börje Oskarsson, Chalmers
Stefan Kristiansson, Volvo Cars
Companies involved:
Volvo Cars, Seco Tools, MMA Markaryd
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Sustainable machining – achieved
through increased tool utilization?

Machining operations are common during modern production.
More than 80  % of all metal parts
produced must pass a machining
process before they are finished.
Improving the sustainability during machining operations is an
important part of the sustainable
production concept.

Machining operations need to be more sustainable but earlier there was no
clear definition of what sustainable machining is. We are saying that it is
any process which leads to: improved environmental friendliness, reduced
cost, reduced power consumption, reduced waste, enhanced operational
safety, and improved personal health.

Lack of unusual minerals
Tungsten and Cobolt are the base metals for cemented carbide. These alloying elements are an important part of many tools used during modern production. Unfortunately, it is also rare resources limited to a few
geographical regions. Reserves of approximately 2 million tons tungsten
are known today, about half of which can be found in China. This may
sound as a substantial amount of raw material but it has been estimated
that the tungsten reserves will be used up within less than 100 years. Preserving the tungsten is therefore becoming an increasing concern. To enhance the cutting tool utilization could be one solution among others.
Swap for double use
During conventional machining operations only part of the cutting tool is
used for the actual cutting. This part is known as the major cutting edge.
The rest of the cutting area is called the minor cutting edge. Normally the
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Illustration of the proposed method for increasing the cutting tool utilization during rough and semi-finish milling operations.

tool is scrapped when the wear on the major cutting edge reaches a predetermined criterion. However, with small changes of the machining process
the minor cutting edge could be used as a “new” main cutting edge to be
used for more operations. The minor cutting edge only gets slightly worn,
if worn at all. When doing this swap, the tool life will double.
Sometimes the solution is easy. For milling operations you could simply
shift the inserts from a right-rotating milling head to a left-rotating milling head. This simple operation will result in that a new part of the cutting
tool can be used.
If instead considering a turning operation, a slightly different approach
is needed. This is best illustrated by a common problem during turning
operations. During turning it is often desired to do a facing operation followed by longitudinal turning of the work piece material. This is for example common while machining ball bearings or gears. The consequence is
that two different parts of the cutting edge will be worn depending on machining situation. Here there are clear parallels to the previously described
scenario during milling. Initial results indicate that the obtained tool life
could be increased by 50 % to 100 %.
However, implementing these types of improvements on a machining
process has to be done with care. If the process results in a scraped part,
it should be abandoned due to the negative effect on sustainability. It is
therefore important to carefully evaluate the product quality continuously.

Less time and energy
Through carefully planning of the machining operation it is possible to use
a substantially larger part of the cutting tool during machining. This will
in turn result in a lower tool wear for each part of the tool and a longer
tool life as a result.
Depending on machining situation, the use of this new machining process could reduce the cycle time by approximately 15 %. At the same time,
the energy consumption could be reduced by nearly 12 %. When widely
spread this process is part of the solution for achieving sustainable machining.
Fredrik Schultheiss, Jan-Eric Ståhl

Relative cycle time and energy consumption of the proposed process as compared
to a conventional turning process during a
hypothetical machining scenario.

Sustainable machining –
achieved through increasing
the tool utilization?
Responds to the active field of:
Component manufacture and
functional surfaces
Researchers involved:
Production and Materials
Engineering, Lund University
Prof. Jan-Eric Ståhl
Prof. Jinming Zhou
Dr. Fredrik Schultheiss
Prof. Lars Nyborg, Chalmers
Prof. Hans-Börje Oskarsson, Chalmers
Companies involved:
Larssons Mekaniska AB,
Seco Tools AB
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An innovation agenda for virtual
machining of cast iron

Various metallic materials have
different properties and require
customized fabrication.
In order to find the most
sustainable solution for each
material, we want to be able to
simulate the whole process of
machining and cutting in the
computer. In several cases, we
have already reached the goal.
This agenda shows how we intend to succeed all the way.

One key factor for the competitiveness of Swedish manufacturing industry
is to be able to rapidly realize new products. In this, it is crucial to maintain and to further develop manufacturing methodologies so that we can
enable smart energy use through “lightweight components”. This places
high demands in using advanced high strength materials and machining
processes related to cutting forces, chip morphology and surface integrity.
Our partners in the manufacturing industry are currently addressing these
issues by including simulation tools for specific operations of their processing chains. Our long-term vision is to simulate all machining processes via
mechanics based virtual simulation tools.

Enabling virtual machining of cast iron
To arrive at an innovation technology for virtual machining of cast iron
materials we identified the following agenda as milestones to progress:
• Virtual simulation strategy for cast iron machining
In this part of the agenda we have accomplished to include cast iron
micro-structures in the material modeling via FE representation
based on microstructure images.
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FE cutting simulation based on
FE-discretized micrographs.

Results from virtual simulation
strategy: Observed chip shapes
from a “quick stop” test.

• Machining experimental and associated model parameter 		
identification strategy
To relate the parameters of virtual simulation and experiments,
we have developed a 2D experimental describing a 2D machining
situation, named the “sliced cylinder” concept.
• Simulation tool for making machinability predictions of cast iron
Based on the virtual simulation tool we now have the ability to vary
important process parameters, providing feedback to the resulting
component properties. If properly used, this leads to a greater flexibility in the production process e.g. when making design changes
and/or optimizations. The message from the predictions is that it is
possible to make virtual variations in the cast iron materials and to
make qualitative judgments of cast iron machinability.
We already have come a long way. The agenda has been applied to a broad
range of cast iron materials – and it works! At this point we are able to
capture the influence of local material variations on the machinability.
Our results have proven to be predictive and the computations are robust!
However, as defined in the agenda, there are several additional challenging
research questions that need to be explored further. Thereby, the agenda
also acts as a decision making tool for making well balanced prioritizations
for the upcoming research needed to enable faster product development,
less prototypes, reduced environmental impact and better product quality
via virtual machining solutions.

An innovation agenda for
virtual machining of cast iron
Responds to the active field of:
Process modeling and
materials assessment
Researchers involved:
Applied Mechanics/Material and
Computational Mechanics
Prof. Ragnar Larsson
Prof. Lennart Josefson
Dr. Martin Fagerström
Materials and Manufacturing
Technology/Materials Technology
Prof. Christer Persson
Companies involved:
Volvo Cars, AB Volvo, Scania CV, GKN

Ragnar Larsson
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Painting in virtual reality,
no trial-and-error

Almost any product made of
plastic, metal or wood is painted
or coated. But colour doesn’t come
cheap. The biggest polluters in a
factory are the painting and surface treatment processes.
By painting in virtual reality you
can find a cleaner way to do it.
Advanced mathematical modelling is behind the breakthrough
technology.

I n an automotive factory, painting and surface treatment are the processes that consume most energy, water and chemicals and also produce most
waste and pollution. If these processes can be improved, environmental
savings are huge. Around 75 million cars are produced per year worldwide.
Every drop of paint counts. Virtual tools are frequently used to support
an effective product and production realization in other parts of the factory – but not in the paint shop. A large number of prototypes are painted,
washed and painted again, a slow and costly trial-and-error procedure.
As one of the first companies, Volvo Cars saw a great need to improve the
painting preparation process. Future demands on fast adaption and tailored solutions for both new material combinations and new products,
initiated a change. They turned to researchers at Fraunhofer-Chalmers
Centre for help. AB Volvo, Scania CV, Swerea IVF and General Motors
NA decided to join in and the virtual paint project was started.
Fredrik Edelvik is one of the members in the research group. As a mathematician with special interest in using numerical algorithms as a tool to
improve industrial processes, he was happy to take on this assignment.
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– To us it posed great challenges for mathematical modelling and simulation. The combination of high physical complexity, large moving geometries, and demands on near real time results was stimulating.

No more wasted drops
The challenge has ended up in a tool that handles all process steps virtually. With a virtual tool, the paint and surface treatment processes can be
optimized to be more environmentally friendly, more energy and cost efficient, and give a better product quality. Fredrik explains why this tool is
exceptional.
– We have shown that it is possible to accurately simulate spray painting of a car in only a few hours on a standard computer. This is an extreme
improvement compared to earlier approaches that required weeks of simulation time. Unique algorithms for coupled simulations of air flows, electrostatic fields and charged paint particles have made this possible.
These results give the possibility to systematically optimize current
technology to reduce energy consumption, paint material, and cycletime. Product quality is also improved by better coverage and less corrosion problems. Another positive effect is to support and facilitate a transfer
from manual to automated surface treatment.
Hundreds of companies in Sweden are painting or coating thousands
of products such as furniture, household appliances and windows. Many
of them manually paint their products. The workers are then exposed to
un-healthy paint substances. Harmful work tasks are safer performed by
a robot. By offering software that can be used to shorten the lead time of
programming a paint robot, more companies will be able to take the step
from manual to robotized spray painting.
Moving from tests to spin-off
Fredrik is excited about the future. The results are so successful that a commercialization has been realised.
– Volvo Cars has already implemented our virtual paint tool in their
production. They used the tool to program the paint robots for the new
XC90 model. More companies will follow their lead. A spin-off company called IPS IBOFlow AB was founded in May 2014 to take care of the
commercialization of the tool.
Fredrik Edelvik
Text: Nina Silow

A simulation of the painting of a truck cab

Painting in virtual reality,
no trial-and-error
Responds to the active field of:
Multi-physics Methods and
Process Development
Researchers involved:
Fraunhofer-Chalmers Centre/
Computational Engineering
Assoc. Prof. Fredrik Edelvik
Dr. Andreas Mark
Fraunhofer-Chalmers Centre/
Geometry and Motion Planning
Dr. Johan S Carlson
Chalmers Applied Mechanics/
Fluid Dynamics
Prof. Lars Davidson
Companies involved:
Volvo Cars, AB Volvo, Scania CV,
General Motors, Swerea IVF
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Numerical tools for
sustainable welding
Desire to control the welding process brought researchers from
Chalmers together with researchers from two other universities.
Stronger joints, avoidance of hazardous working conditions and
reduction of environmental impact are possible results from the
connection.
A better knowledge of the welding process enables industry to create more
sustainable products, like air planes and cars that consume less energy and
are easier to recycle. An accurate process makes it possible to use thinner
and lighter materials and reduces the need of material additives with environmental impact. This is by itself environmentally sustainable, but the
use of thinner materials also reduces the need of raw material. Industry
wants to accurately predict the most relevant physical processes in electric
welding under industrial circumstances. A better knowledge of the underlying physics of electric welding can be used to design a more stable and
accurate welding process. A stable process leads to a higher quality of the
weld and makes it possible to automatize the process. An automatized process is economically sustainable for welding industries and their customers,
and ensures an even quality in the final products. It is also socially sustainable, since hazardous working conditions can be avoided.

Coupling techniques
The researchers are combining and extending state-of-the-art simulation
methods and algorithms with the purpose of providing a numerical platform for welding analysis. The methods are based on a solution of the 3D
and unsteady fluid flow, and heat transfer equations. These are coupled
with the equations for electromagnetics. Due to the nature of the welding
process, a wide temperature range with extreme gradients is considered. In
addition, new methodologies that model the physics on the molecular level have been implemented to couple arc and electrodes. Welding involves
melting and solidification. These must be modelled as a phase-change using multi-phase methodologies that include the solid material, the melted
material, and a shielding gas that may be a mix of different gases. All the
above-mentioned features are strongly coupled, requiring special numerical solution methods. An emphasis has thus been put on coupled solution
methods that provide stability and efficiency in the numerical solution
procedure.
Welding applications
One kind of application is tungsten inert gas welding, in which the electrode does not melt. This welding process is the most used in production
in terms of the amount of shielding gas. Being somewhat simpler to char- 

The predicted temperature distribution
along the symmetry axis of the arc, for
different shielding gas combinations.
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TIG welding is commonly used
to weld thin sections of stainless steel and metals such as aluminium, magnesium, and copper
alloys.

The axi-symmetric geometry of the cathode and nozzle, and their position relative to
the anode. The shielding gas enters at the inlet and exits at the outlet.
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Numerical tools for
sustainable welding
Responds to the active field of:
Multi-physics Methods and
Process Development
Researchers involved:
Applied Mechanics/
Fluid Dynamics
Prof. Håkan Nilsson
Assoc. Prof. Isabelle Choquet
(University West)
Prof. Hrvoje Jasak (FSB Zagreb)
Companies involved:
ESAB AB

acterize experimentally than other welding processes, it is used to validate
and investigate the results during the development of the numerical methods, see picture. By changing different parameters during modelling and
simulations, we have made it possible to examine how variables like arc
length, electrode geometry and shielding gas affect the end result. With
this knowledge it is possible to improve the welding processes. Another
ongoing application is gas metal arc welding. This welding process, characterized by a melting electrode, is the most used in production in terms
of the amount of welded metal. It opens the way to the target application
tandem arc welding. This is a rather recent advance in electric discharge
welding technology, using two electric arcs. Tandem arc welding results
in highly increased deposition efficiency. However, the process stability is
still a critical issue. The arcs may indeed blow up while passing close to, or
turning around, a metallic piece. A better understanding and control of
the process is thus needed to extend its applicability.

Direct transfer with several effects
Since the implementations are being done in a general-purpose open
source code for computational fluid dynamics that is used in many industries, they are directly transferrable to the end user. One of these companies is ESAB, a well-known developer of processes and products for welding. The knowledge gained in the research is also continuously transferred
to the scientific community through scientific publications and master and
PhD courses.
This is a result of a collaboration between Chalmers University of Technology, University West and FSB Zagreb.
Håkan Nilsson, Isabelle Choquet (UW), Alireza Javidi Shirvan (UW)
and Hrvoje Jasak (FSB Zagreb)
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Methods for recovery of pure
metals from electronic scrap

A lot of metals are used for electronic devices we use every day,
as telephones, computers or
batteries. Many metals are
threatened of extinction but
industry hesitates to recycle.
Virgin materials are purer than
old mixes.
Newly Chalmers’ developed
methods for recovery of lithium
and indium focus on purity.

In former days, electronic devices such as telephones were easy to recycle.
They were built-up by only a few components; a plastic shell, some copper cables and another metal in the base. Only very few materials were involved. It was very well suited for recycling since the different components
were easy to dismount. The mobile phones of today include over 40 different metals, in small concentrations and often mixed with other materials.

Recycling is a necessity
The situation is grave. The earth’s crust contains only a limited amount of
metals and many of them are already considered rare. If we can’t make the
recycling processes work, we will end up short of raw material. Recycling
should not be singly motivated in terms of economic viability as it is often
today. It should also include future material constraints. If successful, recycling may effectively ease environmental effects of mining or brine extractions for virgin metals, and also raw material transportation emissions. In
addition, it can also balance fluctuating cost dynamics and ensure a steady
supply of raw material. Today industries are reluctant to use the recycled
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product due to the possibility of impurities compromising the performance of the final product.
For this reason the objective of metal recovery is not fulfilled if the purity of the recovered metals is not comparable to that of the metals used in
the manufacture of new products. Resource analysts report that commercial recycling systems hardly create pure material streams, especially in the
vehicle waste related stream, because waste is treated not depending on the
metal fractions of the weight but as a universal set of waste.

Methods for recovery
of pure metals from
electronic scrap
Responds to the active field of:
Chemical processes and
recycling
Researchers involved:
Chemical and Biological
Engineering/Industrial Materials
Recycling
Prof. Christian Ekberg
Prof. Britt-Marie Steenari

New methods to recover rare materials
We are working on recovery of lithium, along with other important metals
from end of life batteries from hybrid electric vehicles and electric vehicles.
It is an attempt to develop a process which recovers all metal fractions at
high purity so they can replace virgin metals in the manufacturing of new
batteries keeping in view economic viability and sustainability. The effort
can hence be projected as both eco-efficient and eco-effective.
In this case we have been able to show that it is possible to reach 70–
90 % extraction of lithium using Cyanex272 with chloride media in one
step. Once the results are vigorously tested, a pilot plant is suggested with
help from one of the collaborators, ETC AB.
Indium is another example of a rare earth metal, commonly used in
computer screens. In order for the screen to work properly, it needs a coating on the back of the glass made out of indium oxide. Indium is also
used in thin film solar cells, so called CIGS solar cells, together with copper, gallium and selenium. In this case we have been able to develop a
new method for recycling of metals like indium, gallium and selenium.
It is a pyro-metallurgical process yielding recycled metals of high purity
(99.999 %). A process for recovery and purification of indium from the
flat screens has also been developed based on leaching and solvent extraction.
We are working in close co-operation with industry in the development
of sustainable material recycling methods. The result is not a potential for
industry – but a necessity. A lot of companies are involved in these recycling projects, examples are; Mymeko Maskinteknik AB, Stena Metall AB,
ETC Battery and FuelCells Sweden AB, CIT Recycling Development AB,
Nordic Recycling AB, Midsummer AB, Akzo Decorative Paints, Renova
AB and Tekniska Verken, Linköping. We also work closely with the research institutes of IVL– Sveriges Miljöforskningsinstitut and SP– Sveriges
Tekniska forskningsinstitut.
Britt-Marie Steenari and Christian Ekberg

Companies involved:
Mymeko Maskinteknik AB,
Stena Metall AB, ETC Battery and
FuelCells Sweden AB,
IVL– Sveriges Miljöforsknings
institut, SP– Sveriges Tekniska
Forskningsinstitut, CIT Recycling
Development AB, Nordic Recycling AB, Midsummer AB, Akzo
Decorative Paints, Avfall Sverige,
Tekniska Verken
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Tiny production with cellulose

Ever heard of carbon nanostructures? These are “behind the
scenes” materials used in different applications: electronics, aerospace, building construction, biomedicine and energy storage.
Today fossil non-renewable resources are used in the process of
carbon production. The challenge is to replace fossils with more
sustainable sources. Wood components could be a solution.

Abundant wood based materials are
sustainable renewable resources with
beneficial characteristics such as
biodegradability and low cost.

There is a growing demand on carbon nanomaterials in industry; however
their production is permanently dependent on available resources. With
a present extensive use of non-renewable fossil resources soon we are going to face the problem of resource shortage. In contrast, renewable plant
derived resources fit all criteria of sustainability. Cellulose is a renewable
plant resource and is the most abundant polymer. It should be considered
first of all!
This project, is aimed at synthesizing carbon nanostructures for their
use in relevant modern applications. The base materials in all cases come
from wood resources such as cellulose and a variety of cellulose derivatives
with wide range of properties. One possible way to produce value-added
composite materials and to simultaneously reduce expenses and environmental impact from a synthesis of carbon nanostructures is using inorganic porous templates. Inorganic matters usually have good mechanical and
thermal stability. However, the production process is quite complex. It is
one challenge we have tried to find a solution to within this project.
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SEM pictures of carbonized samples gives a better understanding of material properties
in combination with production techniques.

SEM pictures of carbonized samples
Tiny production with
cellulose
Responds to the active field of:
Micro-fabrication
Researchers involved:
Microtechnology and
nanoscience
Prof. Peter Enoksson
Ass. Prof. Per Lundgren
Dr. Olga Naboka
Companies involved:
Wallenberg Wood Science Centre,
Smoltek AB,
Skeleton Technologies

Better understanding of material properties and production techniques allowed us to perform direct synthesis of carbon nanostructures from cellulose acetate thus reducing or even avoiding the stage of cellulose regeneration. This synthesis approach drastically reduces the production
complexity. Resulting nanocarbons are currently tested as electrodes for
application in supercapacitors within the EU CarPolCap project. Supercapacitors have much longer life time compared with batteries. They have
a potential to be efficient and sustainable energy storage device with considerably low environmental impact. The results so far show that this is a
promising way forward into the future of a sustainable society.

Research Environment and Collaboration
This project is performed within the Production Area of Advance and the
Wallenberg Wood Science Center, WWSC. The WWSC is a joint effort
between the Royal Institute of Technology in Stockholm and Chalmers
University of Technology and supports about 50 PhD students.
The center is aimed at finding new applications for the Swedish wood
industry and is funded by the Knut and Alice Wallenberg Foundation.
During 2012 a company was formed intended to convert experimental
results from WWSC into industrial products. The project also included
collaboration with the European Commission-Joint Research Center at
Petten in the Netherlands.
Peter Enoksson
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