CASE COLLECTION

3

SUSTAINABLE
PRODUCT
DEVELOPMENT
“We create methods and tools for
platform based development of products
which are sustainable, robust and reduce waste
throughout the complete product life cycle.
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Swedish aerospace losing weight after 		
virtual welding technology

Lighter aircraft engines represent one step in the pursuit to reduce
CO2 emissions in aviation. However, no one wants to risk safety with
weaker components. One solution to the equation was born out
of detailed studies of the welding process, and a fortunate meeting between researchers in mechanical engineering and advanced
mathematics. Virtual welding technology has proven to have great
value, both environmentally and commercially.
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advances in

Aviation must reduce CO2 emissions by 50 % by the year 2020 according
to ACARE, the European advisory council for aeronautics research. GKN
Aerospace (formerly Volvo Aero) develops and manufactures advanced
components for aircraft engines. To reach the emission goal, GKN needs
lighter products. Each dropped kilogram impacts fuel consumption and
CO2 emissions.
Load bearing turbine structures has traditionally been made from large
castings and processed into the right shape. To reduce weight, these structures now need to be welded together from a number of smaller parts consisting of castings, forgings and sheet metal. This concept gives 10–15 %
less weight compared to a monolithic piece. However, quality must still be
ensured.
Here GKN faces a classic mechanical engineering challenge — to manage geometric variation. It is simply impossible to produce two completely identical products without variations in size and shape. Factors such as
heat, humidity and material build-up all influence the final result. Reality
will always deviate from the drawing. This is quite natural, but there are
consequences.
If the air canals inside the engine have an irregular form, you get high
pressure loss. This affects both aerodynamics and fuel consumption. By
simulating and considering the effects of geometric variation at the early
stages of concept development, you get high quality products with optimal
functionality.

One of the components of the aircraft engine was earlier casted in
one piece. In order to reduce the
weight of the engine, this part now
consists of many smaller parts that
are welded together. For this to be
possible, it was necessary to find a
way to predict which variations the
welding process would add to the
product.

Combining disciplines
GKN has a complicating factor: the welding. Professor Rikard Söderberg
and his research group have demonstrated that variation simulations will
not be correct unless the joining process is included. Continuous weld57
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RD&T simulation of the geometrical
variations affecting the finally assembled product. The colour scheme runs
from blue (robust) via green and yellow
to red (sensitive).

ing produces strong heat, which creates variation. To predict reality, simulations of welding and variation have to be combined. Only then can the
whole assembly process be imitated.
An interdisciplinary approach was needed to get the combination together. The strategic environment funding enabled enhanced cooperation
between Rikard Söderberg’s research group at Chalmers and Johan Carlson’s research group at the Fraunhofer Chalmers Centre. Mechanical engineering was merged with advanced mathematics. The work was organized within the framework of the Wingquist Laboratory, a research centre
connected to the Production Area of Advance. Rikard Söderberg was the
project leader and the driving force. PhD students have spent a lot of time
at GKN and also been tutored by both research groups. GKN has provided cases and resources as support. During the project one of the PhD
students graduated and was employed by GKN, still working part-time at
Chalmers (10 %). The connection secures communication and transfer of
research results into GKN.
This type of research is of great value. Credible simulation techniques in
the product development process are crucial for future industrial competitiveness and sustainable production. The goal for both researchers and industry is to perform the entire process virtually. Previously, many physical
prototypes and tests were performed over and over. Today, the number is
reduced but resources are still wasted. Virtual tests improve quality and
reduce development time, costs, and use of raw materials.
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Risk-taking as accelerator for innovation
A tough challenge emerged during the process. To be able to rely on results from tests on welding in combination with geometric variation,
thousands of details have to be assembled virtually. Large amounts of data
need to be handled, placing great demands on the simulation tool used.
Software for welding simulations available on the market turned out to
be very slow and difficult to work with. Since the research team needed to
make quick concept evaluations, they developed their own model for how
to predict and describe welding effects. The results exceeded expectations.
Analyses corresponded well with results from other simulation tools, but
only needed a fraction of the computational time. This accomplishment
would have been impossible without strategic environment funding. Researchers got to take risks and develop an idea that was not asked for, but
which proved to be essential for future work.
Thanks to the new welding model, it was possible to combine the two
simulation types. This has led to advancement in several scientific areas
such as geometrical assembly robustness, assembly sequence optimization
for geometrical quality, spot-welding sequence optimization for geometrical quality, cycle-time optimization for robots, and the combination of
geometrical quality and cycle time for robots.
Moreover, the strategic funding has had additional effects. One involves increased exposure for Chalmers on both national and global levels,
which in turn has resulted in a number of new projects. The researchers
have been invited to participate in major EU initiatives that attract the entire aircraft industry; examples of such initiatives include Locomachs and
Clean Sky-GeoVar. One Swedish example is a project that aims to spread
the new knowledge to aerospace subcontractors. Participants include Bro
grens in Älvängen, which produces machined and welded components;
Permanova in Mölndal, which supplies robotic laser equipment; and University West in Trollhättan.
Academically, the funding has led to important and highly merited
journal publications, e.g. Söderberg et al., “Combining Variation Simulation with Welding Simulation for Prediction of Deformation and Variation of a Final Assembly” in the Journal of Computing and Information
Science in Engineering.
Entrepreneurship and education
The Wingquist Laboratory serves as an incubator and entrepreneurial base,
with its network of organizations and resources, to ensure successful implementation of the research findings. One such resource is the commercial software RD&T in which numerous research results been implemented and are used by thousands of engineers worldwide.
Furthermore, the results from this project have become the final link in
a chain that enabled the launch of two new spinoffs. Through the strategic
welding orientation, research in related areas has been given a final push.
IPS AB is a company that develops software to plan the movement path of
robots that handle welding. COPE Sweden AB develops software that simplifies the reuse of knowledge, such as welding techniques, in the creation
of new products or variants of existing products.
The new knowledge is also being integrated into Chalmers’ BSc and
MSc programs in mechanical engineering and in special training courses
for industry.

Swedish aerospace losing
weight after advances in
virtual welding technology
Responds to the active field of:
Virtual Robust Design and
Simulation Methods
Researchers involved:
Product and Production Development/
Geometry Assurance & Robust Design
Prof. Rikard Söderberg
Dr. Kristina Wärmefjord
Fraunhofer-Chalmers Centre/
Geometry and Motion Planning
Dr. Johan S Carlson
Dr. Robert Bohlin
Dr. Robert Sandboge
Associate Prof. Fredrik Edelvik
Companies involved:
Volvo Cars, GKN Aerospace, Swenox,
VBG, Cochclear

Rikard Söderberg, Kristina Wärmefjord and Johan Carlsson
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Sustainable platform combines
massproduction with customization

Swedish industries need to become smarter in order to exploit
the advantages of large scale
and simultaneously create sustainable and customized products. Actually, it does not need to
be that difficult. Good order will
get them far. The ability to reuse
technologies and knowledge in a
platform provides space to think
new thoughts.

In the beginning of the 20th century, the car manufacturer Ford dictated
that the same product should be produced over and over again, all the way
down to the colour of the cars. The aim was to reduce overall cost of manufacturing. Prizes went down, mass-producing companies became successful by offering mass produced goods and the workers’ salaries went up.
However, in this paradigm companies discovered that there still was a market for customized products, niche products for specific customer needs.
These customers were also prepared to pay for this kind of products.
If you want a low cost production and still have personalized flexible
products, how is it done? One specific market where it is clear that you
cannot offer a “one size fits all” product is the aero-engine business. Here
the main driver over several years has been low fuel consumption, and the
way to achieve it is spelled larger and lighter engines that are optimized for
each airplane fuselage. So how can we build a platform for an aero engine
that is optimized for each airplane, being as large and light as possible?
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Technology instead of factory as starting point
Together with GKN Aerospace, we have worked on a new virtual demonstrator concept. The aim is to test and mature new technologies connected to several engine types and sizes. We want to build their product
on a technology and system family based platform instead of a component
and factory based platform. The work shows a new approach to configure
products based on a higher level of knowledge about its use that is radically different from the mass production philosophy. Factors addressing how
to consider the entire product life cycle and its impact on resources, environment and society, have been incorporated in the overall system models.
If companies can understand and exploit the needs and opportunities of a
sustainable society, they will be more successful than others.
As companies operate in a competitive environment, a sound and sustainable platform approach is needed.

“What we can see now is that
the trends are finally coming
together, advanced manufacturing systems and configurable products let you both eat
the cake of a low cost production and still have it with a customized flexible product. “
Dag Bergsjö

Virtual platform basis for sustainable development
Tests at GKN Aerospace show that a knowledge rich and configurable
product platform can be the basis of a sustainable development process.
This platform serves several functions. Partially as a means to apply new
technologies, methods and work practices onto a forthcoming product or
process. Partially as a means to fast configure product variants for solution
space exploration or final manufacture.
With this virtual platform, knowledge and technology can be faster
implemented and tested virtually. This reduces the need to build several physical prototypes. Such an approach will also speed up the introduction of new green technologies and enable multi-criteria optimization of
performances such as weight, thrust and fuel consumption. In combination with a virtual factory, even more parameters can be adjusted to reduce
waste of resources and raw materials such as titanium and nickel (both expensive and rare metals).
Technology reuse
With the virtual platform in place, new products (or derivatives) can be
quickly developed based on generic designs. A framework connecting
knowledge about technologies with models of configurable system families is currently being evaluated at GKN Aerospace. Some parts of it have
already been introduced, such as a new technology development process.
TERA is a new tool for technology element reuse assessment. This is a
structured methodology that enables reuse of technologies by assessing reuse barriers.
The effect being realized at GKN is that sustainability and performance
attributes are more easily integrated in the final product. A shorter leadtime from discovery to implementation of new lightweight technology will
significantly contribute to a reduction of CO2 emissions in the future.
A new company has set off
The sustainable platform approach developed together with GKN is
spreading in many global firms via Chalmers’ research projects. Currently
there are projects running in a wide array of businesses from process man-

Larger engine means higher airflow and
less fuel consumption, but also higher
weight
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Sustainable platform
combines mass-production
with customization
Responds to the active field of:
Sustainable Product Lifecycle
Platforms

agement to automotive, such as Rosemount Tank Radar, Volvo Cars, ABB,
and AB Volvo.
In addition, during 2014 the company COPE Sweden AB was started
as a direct result of these research efforts. COPE Sweden AB will take care
of the commercialization of the software CCM. The software enables system co-development and variant co-configuration by means of sustainability constrained reusable platform elements.
Hans Johannesson and Dag Bergsjö

Researchers involved:
Product and Production
Development/
Systems Engineering & PLM
Prof. Hans Johannesson
Prof. Johan Malmqvist
Dr. Lars Almefelt
Associate Prof. Dag Bergsjö
Energy and Environment
Prof. Anne-Marie Tillman
Prof. Jutta Hildenbrand
Companies involved:
Volvo Group Trucks Technology,
GKN Aerospace, Emerson Rosemount, Sandvik, ABB Sweden,
SKF Group

Platform development enables the aerospace industry to focus on sustainable solutions. A virtual model is one example of a technology element that can be reused, reconfigured and analysed in different product variants.
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Making sustainability work for
production development

Many companies are struggling with making environmental and life
cycle issues part of their mainstream business processes. A cradleto-gate perspective is more and more often used for environmental
assessment of products – but seldom for production systems. Energy use, use of raw materials and local emissions can give hints to improve the environmental performance of manufacturing operations.

Many companies have understood their opportunities to contribute to sustainable development. They are committed to make their business more
sustainable. Evidence for this is for example ambitious sustainability goals
in strategy documents. However, the question how to implement sustainability considerations in mainstream business processes still presents a challenge. That applies also for the development of production processes, which
is what this example is about, and also when environmental aspects of sustainability are focused.
A life cycle perspective where products are regarded from cradle-to-grave
or from primary production to end of use has become a cornerstone in the
sustainability work in many companies. The main application field is sustainable product development that considers also recycling and re-usability.
63
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But also a company’s actual production processes can be regarded in the
systemic cradle-to-grave perspective. This should be done to avoid problem shifting and sub-optimisation. In order to minimise the lifecycle environmental impact of manufacturing operations, a few key factors need to
be minimised: material use, energy demand and emissions with an effect
on the local environment.

Information is there, use it!
Much, but not all, of the information that is needed to make a lifecycle
consideration in production development is already being collected and
handled by companies. Emissions to the local environment is an important part of the permit to operate, and are thus measured. Energy demand
is being measured on an aggregated level, if for no other reason because
energy bills have to be paid. However, the data are then not really useful
for production development purposes. Use of raw material is also being
measured, as raw materials are something being paid for, and reduction of
scrapped material is an important part of the quality work.
However, the implications for the life cycle environmental performance
of the production process are seldom recognised. Energy and material use
are considered important for cost and quality reasons, but not seen as part
of what shapes the environmental performance of the operation. Only the
local emissions are regarded as environmental aspects. Hence “environment” is perceived as a local concern to be dealt with in permit processes.
We suggest that companies, in their production development processes,
see all three factors energy use, use of raw materials and local emissions as
elements shaping the environmental performance of manufacturing operations. Energy and material are thereby given weight in decision processes
both as environmental aspects and as cost aspects.
We also see that a shift to a systems perspective is perceived as complicated, time-consuming and expensive. This need not be the case, since
most of the information needed is already available. However, the environmental implications of energy and material use need to be understood
and acted upon. As a support to industry we have developed a structured
register of indicators for environmental implications in production development. This enables pro-active consideration of environmental improvements and opportunities.
Substantial resource saving potential
If sustainability aspects in a mainstream business process, such as production development, are implemented on a broad scale, the results could potentially lead to substantial reduction in resource demand. For instance, let
64

SO-BOK CASE collection_inlaga1-76_slutversion_till tryck.indd 64

2015-03-12 16:25:59

us assume that resource use can be reduced by an average of 5 % for each
development project. What would that mean for resource demand for
Swedish industry?
According to the statistics provided by SCB, the combustion of fuels
in manufacturing industry (including automotive, machinery and equipment, electrical equipment but excluding basic process industry) amounted to 15,000 TJ in 2010. Possible reduction due to production development would then correspond to 750 TJ. The share of non-renewable fuels
was reportedly 50 %, which gives a potential 375 TJ from non-renewable
sources that can be cut. Additionally 22,000 TJ electricity use is reported
for the same sectors, which indicates a reduction potential of 1 100 TJ. In
the Swedish electricity mix, the share of fossil fuels and nuclear is about
45 % meaning that about 10,000 TJ come from non-renewable sources.
This adds 500 TJ of potential reductions due to production development.
The above is a rough estimation, based on publicly available data and the
assumption that a widespread transfer of the approach is possible.

Wide industrial interest
This research is carried out together with the collaborative Swedish Life
Cycle Center, a centre of excellence for the advance of applied life cycle
thinking in industry and other parts of society. For our project, partners
from industry provided cases and gave feedback on intermediate results.
New insights are implemented in practice. A wide scale of industry sectors
are prepared to implement the new mind-set.

Making sustainability
work for production
development
Responds to the active field of:
Sustainable Product Lifecycle
Platforms
Researchers involved:
Energy and Environment
Prof. Anne-Marie Tillman
Prof. Jutta Hildenbrand
Product and Production
Development/
Systems Engineering & PLM
Prof. Hans Johannesson
Companies involved:
the Swedish Lifecycle Centre

Jutta Hildenbrand and Anne-Marie Tillman

For production and production development
we suggest:
• Emphasise the win/win situation regarding cost reduction and
reduced energy and material use in industrial decision processes
on production development.
• Increase the level of detail with which energy use is being 		
measured in manufacturing operations, in order to support
energy reduction programmes.
• Create or complement existing roles within production development with dedicated responsibility for global environmental
performance of the production process. Complementary training,
new mandates and resources may be needed. The quality organisation can possibly be used as a template and starting point.
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How can robust design support
sustainability?

Robust design methodology is about
decreasing the number of misses
and instead hitting the
target. Products that meet the
specifications reduce waste in
industries.

How can new products “out-green” the existing ones? Part of the
answer lie within how well we do our upstream quality homework.

According to OECD statistics in 2010, Sweden ranked 11 within the EU
countries in generating largest waste in manufacturing industries. Robust
design is a methodology that leads to less waste in production. By definition, robust design methodology is a means of designing products in a way
that make their performance insensitive to noise factors. Such factors are
uncontrollable or expensive to control. Traditionally, noise factors are often considered to be limited to the production and the use phase. We argue that such view should be expanded to include the whole product life
cycle instead. In other words, the performance of the product should be
insensitive to the influence of noise factors such as variations in raw material, production process, distribution, use, and end-of-life.
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Double challenge
The challenge here is two-fold. One is how to identify the noise factors
across the product life cycle and the other is that it will involve a number of trade-offs since different stakeholders are involved in each phase of
product life cycle. By expanding the boundary of current robust design
practices, companies can have a more structured and established way of
working with robustness. This will result in improved efficiency and saving
of natural resources.
New perspectives in the solution
We have developed a Product Robustness Process that: 1) focus on practices rather than tools, 2) is fully integrated with the product development
process, and 3) is assessed on robustness outcomes.
Our research results address the sustainability challenge of understanding
trade-offs among multi-stakeholder in product design stage. The main idea
is to integrate a life cycle and a multi-stakeholder perspective into the existing robust design methodology. This is summarized in the picture below:
• Each life cycle phase will have at least one response variable of special interest to the stakeholder. These variables could be non-toxicity in raw material phase, CO2 emission in production phase, weight
in distribution phase, durability in use phase, and ease of disassembly in the end-of-life. A challenge here is to understand and resolve
the trade-offs among those response variables. For example, a light
weight product may be good for distribution sake but may not be
durable during use.
• Identification of noise factors throughout product life cycle may contribute to increased knowledge on what affects product performance
over its life cycle phases.
• The interrelationship among the response variables and noise factors
should be taken into account at upstream design phase.

“This process has helped us
identify more noise factors
and to design a product that
provides better quality; improving quality of life for the
patients using the product
and contributing to improved
competitiveness for the company.”
Martin Arvidsson
After Market and Operational
Excellence Manager
Cochlear Bone Anchored Solutions

The identification of response variables and noise factors throughout a
product’s life cycle is carried out through application of various tools. One
example is the so-called P-diagram where structured brainstorming is used
to map the various types of factors affecting the product’s performance.

Boosting eco-innovations
By integrating life cycle thinking and multi-stakeholder perspective into
the existing robust design methodology, we put sustainability concerns on
the agenda of engineers. Sustainability concerns are consequently considered in daily practices of designing and developing products, contributing
to eco-efficiency. This will be a catalyst for eco-innovations. This is not the
case for traditional robust design practices where environmental impact is
considered separately, if at all.
Another important result is that work efficiency can be improved due
to less re-work, thus strengthening the competitiveness of the companies.
67

SO-BOK CASE collection_inlaga1-76_slutversion_till tryck.indd 67

2015-03-12 16:26:05

Raw
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End of
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Distribution

Use

The parts of the circle, represents life cycle phases of a product, in combination with the basic robust design principle in the middle.

How can robust design
support sustainability?
Responds to the active field of:
Virtual Robust Design and
Simulation Methods
Researchers involved:
Technology Management and
Economics/Quality Sciences
Assoc. Prof. Ida Gremyr
Dr. Hendry Raharjo
Dr. Torben Hasenkamp
Product and Production
Development/Geometry
Assurance & Robust Design
Prof. Rikard Söderberg
Dr. Kristina Wärmefjord
Prof. TN Goh (National University
of Singapore)

Not only by decreased cost but also by improved quality and dependability
of product. This is because robust products are less sensitive to variations
in customers’ use. Furthermore, having more dependable and variationinsensitive products lowers the risk of early failures. Each product released
to the market can be used for a longer time with a positive effect on overall level of material use. In other words, more robust products throughout
their life cycle can lead not only to improved work efficiency, but also to
less waste thus reduced environmental impact.

Results welcomed by industry
Three Swedish companies, Cochlear, VBG and GKN Aerospace are involved in exploring the applicability of robust design methodology in supporting sustainability strategies of the companies. Cochlear is one of the
companies is now using the Product Robustness Process in all their development projects.
We have also contributed to the organizing of robust design competences in ways that support daily integration of robust design efforts in
product development. Also, future engineers will benefit from these results
since the application of robust design practices in product development
now is part of the teaching in the Design for Quality course.
Ida Gremyr and Hendry Raharjo

Companies involved:
Cochlear, VBG, GKN Aerospace,
Scania CV, Atlas Copco, ABB
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Balancing is a mathematical act
In today’s automotive industry,
although most development is
done virtually, some decisions
still lack a solid mathematical
basis.
In order to make the manufacturing engineering process more
efficient, we have developed new
methods and tools for automatic
load balancing of welding lines.

Today, the margins of automotive manufacturers are tight and competition
is fierce. The industry furthermore faces paradigm shifts regarding propulsion as well as styling, with environmental requirements ever-present. Effective product realization response is thus important. By targeting the car
body, which is perhaps the most defining part of any car and also has a
significant influence on safety, aesthetics, handling, fuel economy and top
speed, it is possible to achieve significant improvements in terms of production efficiency and production equipment utilization.

Taking care of investments
A typical automotive car body consists of about 300 sheet metal parts,
joined by about 4000 welds. Typical joining methods are spot welding, arc
welding, gluing and stud welding. In car body assembly plants, the welds
are distributed over several hundred industrial welding robots, which are
organized in up to 100 stations. Sheet metal assembly is an investment intense type of assembly. Therefore the expensive equipment needs to be utilized to its full potential. The balancing of weld work load between the
executing stations and robots has a significant influence on achievable production rate and equipment utilization. Robot line balancing is a complex
problem, where a number of welding robots in a number of stations are
69
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available to execute an overall weld load. Each weld is
to be assigned to a specific station and robot, such that
the line cycle time is minimized. Line balancing efficiency depends on station load balancing, robot welding sequencing, path planning and effectiveness of robot coordination for collision free execution within each other’s
working envelopes. In general, robot coordination impairs cycle time by inserting waiting positions and signals into the original paths.

Automatic weld load balancing
So far, no automatic simulation based method for weld
load balancing over entire production lines has been developed. Furthermore, in industrial practice, weld load
balancing is still manually conducted in time consuming trial-and-error analyses. Therefore this work has
aimed at developing automatic simulation based methods for weld load balancing over entire production lines.
We want to maximize equipment utilization as well as
dimensional quality. Since the criterion of dimensional quality is coupled to cycle time and thus to equipment utilization, it is added as a second criterion. Earlier
we have succeeded in handling stud welding, but now
we also manage spot and curve following welding. Spot
welding leads more often to more difficult motion plannings because the welding guns are often trapped by the
surrounding geometry of fixtures and clamps. A difficulty we have been able to pass.

Four steps to implementation
The strategy to target the load balancing problem has
been divided into four sections.
1. Treat identified station design parameters together,
with respect to equipment utilization and geometrical quality, based on a chronological framework for
virtual sheet metal assembly design.
2. Utilize and further develop automatic path planning
combined with discrete optimization techniques in
order to automatically load balance, sequence and
find collision free motions.
3. Continuously implement the results in the FCC developed IPS software available for our partners. This
way of working has proven to guarantee the usefulness of the results.
4. Use real industrial case studies to quantify the level
of success in reaching the objectives.
Automatic simulation is now a reality through a world
first method. The new method has been successfully applied in vehicle programs and will be rolled out to all

70

SO-BOK CASE collection_inlaga1-76_slutversion_till tryck.indd 70

2015-03-12 16:26:06

vehicle programs and body shops at Volvo Cars. Other
partners have been Volvo Trucks and Scania CV.
Application of the automatic line balancing method
shows
• 25 % better equipment utilization, and
• 75 % reduction of offline programming- and
commissioning costs.
The method also enables
• Concurrent manufacturing engineering and
product development,
• increased insensitivity to late changes, and
• backup solutions for robot break downs.
Johan S Carlson, Johan Segeborn, Domenico Spensieri,
Daniel Segerdahl and Robert Bohlin

Balancing is a
mathematical act
Responds to the active field of:
Virtual Robust Design and
Simulation Methods
Researchers involved:
Fraunhofer-Chalmers Centre/
Geometry Motion Planning
Dr. Johan S Carlson
Dr. Robert Bohlin
Dr. Johan Segeborn
Dr. Domenico Spensieri
Dr. Daniel Segerdahl
Product and Production
Development/Geometry
Assurance and Robust Design
Prof. Rikard Söderberg
Dr. Kristina Wärmefjord
Companies involved:
Volvo Cars, AB Volvo, Scania CV

Minimize cycle time by integrating balancing,
sequencing, path planning and coordinating on the welds
distributed to each station in the previous step

71

SO-BOK CASE collection_inlaga1-76_slutversion_till tryck.indd 71

2015-03-12 16:26:06

Good solutions are cheaper than
taking care of errors

Assembly with the hands above shoulder height is a poor assembly ergonomic solution. This movement is now
banned in the Swedish auto industry because of the physical stress involved. It is easy to understand that
product quality can suffer if you imagine yourself in making such a motion
once a minute, eight hours each day.

Manufacturing industries need people to put together products for
a long time to come. This research shows that it pays off to be proactive. If assembly operators are faced with products that are easy
to assemble, product quality increases and both economic and
ecological profits are made. Assembly complexity dictates sustainability in manual assembly lines.

Today about 90 % of all assembly operations in manufacturing industries are performed by humans. At the same time, as much as 10–40% of
a manufacturing company’s total turnover relate to costs caused by poor
quality. This is money spent in vain.
It is well known that the work environment affects the work performance, also in factories. Studies have shown a clear relationship between
the ergonomic conditions in assembly operations and the final product
quality. An assembly operation based on well thought-out ergonomic solutions ends in good product quality – and the opposite. A study of 47,000
72
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vehicles shows that poor ergonomic conditions leads to 6–8 times more assembly related errors compared to favourable conditions. 86 % of these errors were geometry related.

Simulation with the manikin called
IMMA, in order to find a collision free
assembly movement that results in
low physical load for the operator.

Poor quality costs
The assembly operator does affect the final outcome of the product quality
but to which extent is decided by the product design and the production
process. The distribution between product and process is approximately
65/35 %. This is actually positive. Early considerations and proactive decisions when developing a product are cheap. Quality defects are much
more time consuming and expensive to repair the later they are discovered.
The cost is up to 10 times higher than the original amount if resolved in
the factory and another 12 times higher if corrected when the product has
reached the market. Additionally, quality defects are a strain to the environment since the use of material increases when parts of the products
need to be repaired or replaced. Unfortunately, reactive solutions are performed in as many as 90% of the cases.
By including assembly ergonomic prerequisites early in the product development process, the final product quality can be achieved at a low cost
and to a minimum use of resources. However, design engineers are often
unfamiliar with assembly ergonomic conditions in the factories and consequently do not take these into account during the design of the product.
Assembly ergonomic conditions, and also the product quality, are therefore determined blindly instead of consciously. There is a strong need for
a proactive risk identification tool during the early product development
phases.
Assessment tool for assembly operations
One step is to judge the level of manual assembly complexity, including
ergonomic. We have defined a set of 16 complexity criteria for high and
low risk assembly operations. These criteria can be used during the devel73
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Geometrical robustness analysis considering manual assembly complexity.
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opment of a product to improve complexity and ergonomic aspects of assembly solutions (proactive) as well as to analyse manual assembly complexity of existing solutions (reactive).
Another step is to combine these criteria with a geometrical assurance
tool for product quality assessment to easily illustrate the outcome of different product concepts. In the software RD&T it is possible to perform a
stability analysis that analyses how sensitive an assembly concept is of variation. We have been able to add assembly complexity parameters to this
analysis and by that achieve even more accurate and realistic results. This
type of simulation is visually easy to comprehend which makes decision
taking in early project stages much more conscious.
In a parallel project, a virtual representation of a human, a manikin, has
been developed to simulate the ergonomic situation at a work station as
well as suggesting ergonomic solutions. The manikin allows an automatic
analysis considering biomechanical loads, balance and collision avoidance
for the operators. The most ergonomic feasible solution is then presented using motion planning inherited from robot planning. The manikin is
used when the product design has been decided whereas this project is focused on the very early product development phases.
The combination of the tools developed in these two projects enables
big improvements for manufacturing industries with manual assembly.
Our approach is world unique because of the meeting between these two
particular research disciplines. Assembly ergonomics has never been coupled with a quality assessment tool before. It is also unusual since this research takes all aspects of sustainability in consideration simultaneously.
Since we are describing the human in the factory as enabler for quality, the
social aspect of sustainable production becomes a mean to achieve both
economic and environmental goals.

Automotive industry leads the way
Swedish automotive industry has long been a role model when it comes to
both working conditions in the factory and environmental consideration.
This continues with Volvo Cars, Volvo Trucks and Scania as partners in
the project. The research institute Swerea IVF also participates with their
large network of small and medium sized companies. Results are considered to be generic and not tailored to vehicle industry which imposes that
they can be applied to other manufacturing industries where assembly ergonomics is crucial.
Nina Silow, Kristina Wärmefjord, Rikard Söderberg, Mikael Rosenqvist,
Ann-Christine Falck, Lars Lindkvist
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People as judges of quality and
drivers of sustainability

People are constantly judging
the quality of the products that
they buy and own. Reviewers of
new products often comment on
“feel” and “craftsmanship”, and
they discuss whether something
seems to be “well-built”. These
comments actually drive sustainable solutions.

All of the five senses are used by people when they judge physical products. However, visual cues are arguably the most important. Visual cues
are communicated easiest through advertisements and web-based sales.
They also convey style and prestige to other people.

Mind the gap
One of the key visual quality indicators is the split line. A split line is
found at the interface of two or more parts in an assembly. Visually imperfect split lines are obvious when the gap between the parts is non-parallel, not appropriately-spaced or the parts not being flush with each other.
This is particularly important to potential customers of small electronics,
household appliances, and consumer vehicles. The look of the split line is
a result of the geometric quality of the product. Recent studies have shown
that geometric quality is intimately linked with environmental and social
sustainability, as they affect production waste and product life, but also
hazards presented to assembly workers, users and the public.
One example where the split line has been mentioned is in reviews of
the Samsung Galaxy S5. Reviewers have noted that the plastic case feels
“cheap” compared to the major competitors. Plastic materials in fact carry actual value advantages over metal due to their low weight, cost-tostrength ratio, and resistance to dents and corrosion. Despite that, they are
sometimes perceived as lower-quality and therefore result in a lower perception of quality for the product as a whole.
75
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This is how a car would look if it could
be manufactured as on drawing. It is
however impossible due to natural
variations in materials, components
and manufacturing processes.

Core values expressed by design
engineers linked to vehicle attributes.

Product design core values
Our current efforts have sought to understand perceived quality and split
lines both qualitatively and quantitatively. A qualitative interview study
was done with designers from Volvo Car Group and Volvo Group Truck
Technology. We asked design professionals how they communicate their
core values – Quality, Safety, and Environmental care – to customers and
potential customers. It is interesting to note that safety is a social sustainability concern and environmental care represents ecological sustainability. The result of the study was a list of attributes that we then presented to
customers to find out how they judge Quality, Safety, and Environmental
Care. This approach helps to close the gap in understanding how designers
and consumers perceive these characteristics and help to ensure improved
communication and more successful and sustainable products. Interestingly, attributes were found that have a high impact on perceptions of all
three core values, including reliability, durability, and maintainability. This
demonstrates the strong links between product quality and sustainability and shows how designers can work to better suit their customers’ needs
and expectations.
Customer evaluation of attributes
Another more quantitative user study was done to see how people value
these attributes. For this study, we chose to look at smart phone design.
We fielded a survey to reveal how consumers in China, Sweden, and the
United States trade off smart phone attributes such as price, quality, and
environmental friendliness. Using the results, we were able to build a de-
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Variation simulation with our new method. In this picture the deviation between
hood and bumper becomes visual. By being able to actually see the final result of
different product concepts, decision making becomes more aware.

mand model of how many units would sell for a given design. Combining
this with engineering performance models and cost models allowed us to
do two things:
1. Optimize the tolerance, material, and price choices to maximize producer profits.
2. Optimize environmental policy decisions to maximize societal good.
When policy-makers assess their options for improving sustainability, they
should consider how their actions will affect producer decisions, product
quality, environmental impacts, and demand to see the full effects of their
decisions. The perceived quality field plays a key role in developing advanced virtual evaluation capabilities to enhance the ability to model such
decisions.
One such virtual tool is the Chalmers’ developed software RD&T. In
this software, a perceived quality evaluation module is included. Newly,
we have developed a world unique method to enable fast perceived quality evaluations of compliant parts in all stages of the product development phase. This is a non-FEA based method to deform parts according
to measurement data or knowledge. By using this method we are able to
provide a much more realistic basis for perceived quality assessment in early product development phases. Volvo Cars are now using this method for
future car models.
Casper Wickman, Steven Hoffenson and Rikard Söderberg

People as judges of
quality and drivers of
sustainability
Responds to the active field of:
Perceived Quality
Researchers involved:
Product and Production
Development/Geometry
Assurance & Robust Design
Prof. Rikard Söderberg
Dr. Casper Wickman
Dr. Karin Forslund
Dr. Ola Wagersten
Product and Production
Development /
Design & Human Factors
Prof. MariAnne Karlsson
Materials and Manufacturing
Technology
Prof. Mikael Rigdahl
Companies involved:
Volvo Cars, AB Volvo GTT,
Ångpanneföreningen, Viktoria
institutet, Leannova, BETA CAE
Nordic AB, Gleitmo, CEVT
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Industrial revolution in
orthopedic surgery

Orthopedic surgery planning in 3D.

By utilizing methods used every day in the automotive industry, orthopedic surgery can improve. Virtual planning in 3D, along with advanced measurement techniques, increases accuracy during the
planning and conduction of surgery. New software
supports this.
There are both similarities and differences between au-

tomotive industry and healthcare. One similarity is that
steps are repeated again and again. A disparity is that
the industry strives to produce identical products while
healthcare handle individuals. However, in both cases
there is a significant difference of being able to study objects in three dimensions instead of two.
One example is hip surgery. Before the actual procedure is made, there are many decisions to make. The surgeon needs to decide what size and type of prosthesis the
patient should have and also to determine the manner in
which the prosthesis is anchored in the bone. These decisions are simplified with the help of planning in 3D. The
holistic view that the surgeon receives give a better understanding and safety even before the patient is located
on the operating table. Additionally, the treatment can
be individualized to a much greater extent than today.
Complications due to the patient’s unique body structure can also be prevented by using this new technology.

Matts Andersson works att Ortoma and is adjunct
professor at the Department of Product and Productions
development. He is the inventor of the newly developed
software.
– This is a good example of result transfer from one
area of application to another. But it has been done before. In collaboration with Prof. Rikard Söderberg, virtual methods and tools developed for automotive industry
already have been successfully transferred to dental surgery. We are proud to have been able to repeat the success within a new medical area. Technologies originating
from car manufacturing are now also available for orthopedic surgery. The quality of life for the patient will increase and the healthcare system can become more efficient!

Text Nina Silow
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Together for our common future:

Cross disciplinary insights for
eco-innovations
On the quest of finding gaps, common themes and
potential synergies, this is one example of new research collaboration across boundaries. This previously untried collaboration is viewing sustainability
as integrated in product development and is a good
base for innovations.
Product development projects are done routinely in
companies. Some tools and methods used to handle this
type of projects are connected to quality management
and focus on fulfilling customers’ requirements. They do
however tend to neglect a long term perspective for the
entire life cycle of a product. Moreover quality management has a core sustainability task: monitoring and reducing resource losses that appear due to quality limita-

tions. Because this is only implied, it can get overlooked.
Life cycle assessment is one increasingly popular approach to consider the environmental impacts of products.
However, it is currently often used at a later stage of
product development projects, when a considerable data
base of materials, dimensions and other properties are
available. This retrospective application misses out on
systematically learning from intermediate results and establishing more radical eco-innovations. A life cycle perspective in development projects can help to overcome
that: identifying important stakeholders, potentials and
risks of a project as early as possible can be a guiding
principle, and using customer oriented quality management tools and methods helps to integrate it in the development process. By joining forces across research dis-
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1. Identify key
stakeholders

5. Concept selection
and
further developments

Idea
generation
and
refinement

4. Identify and assess
alternatives using
life cycle perspective

ciplines, we have been able to identify research gaps,
common themes and potential synergies between ecoinnovations, quality management, and life cycle assessment as a conceptual basis for our framework.

Using existing methods as carriers of
eco-innovation
The potential benefits of eco-innovative products and
processes are clearly visible for companies. However,
companies still struggle to get environmental concerns
accepted as an integrated part of product development.
There is a lack of a comprehensive framework that addresses the whole development chain.
Many companies already have well established functions, roles and tools to support quality management.
By building on this circumstance we widen the customer concept within quality management to encompass a
wider range of stakeholders. This established “infrastructure” can support integration of sustainability into dai-

2. Evaluate stakeholders needs'

3. Map needs in
terms of product
characteristics

ly product development. A set of key practices (see figure) can support this. Stakeholders also can contribute
their perspectives and ideas: by inviting them, including
among others customers and suppliers, the possibility
to identify and support more radical innovations can be
strengthened.

Circulation in diverse associations
Studies are carried out in collaboration with the Volvo
group, in which quality and sustainability experts are in
a co-organization. This has turned out successful and we
are moving forward to spread this approach in different
company networks. Currently in company networks,
the fields of quality management and life cycle consideration are divided. We will therefore use both the Swedish Quality Management Academy and the Swedish Life
Cycle Centre as platforms to disseminate results – hoping to inspire a better cooperation between those groups
of experts along the way.
Jutta Hildenbrand and Ida Gremyr
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