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Learning objectives

• Learning about challenges for integration in PSS

• Looking at different methodologies for integrated product and production service 
systems development 

• Concurrent Engineering (CE)
• Set Based Concurrent Engineering (SBCE)
• Value Creation Strategies 

• How we will work with integrated product and production service systems 
development in the course 
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Recap: product service systems
From ownership to accessibility

• Shift towards sale of ‘use’ instead of sale 
of ‘product’

• Responsibility transferred from user to 
provider

New Challenges for product developers
• Lifecycle view
• Changes in user behavior and in the 

production system are
• common, but difficult to foresee
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Recap: production service systems
From ownership to accessibility

• The same shift is observed in the 
production arena towards sale of ‘use’ 
instead of sale of ‘product’

• Selling ‘use’ (production throughput) rather 
than selling production equipment (e.g. 
robots)

New challenges for production system 
developers (e.g. smart maintenance system)

• Lifecycle view
• Changes in product design and user 

behavior is common, but difficult to foresee
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Increasing dependencies between
product and production
This happens already without PSS

• Tesla changing from aluminum to stainless 
steel in the body panels

• The change in materials would require 
processes new to Tesla.

• "There's a big difference there. They haven't 
been doing a lot of spot welding on the first 
two vehicles because they're all aluminum,“

• "The learning curve is pretty steep."
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Integrated Product and Production
development
Four modes of interaction
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Wheelwright, S. C., & Clark, K. B. (1992). Competing through development capability in 
a manufacturing-based organization. Business Horizons, 35(4), 29-43.
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Integrated Product Development
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Andreasen, M. M., Hein, L., "Integrated Product Development", IFS (Publications) 
Ltd./Springer-Verlag, 1987

CHANGES FOR A PSS
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Integrated Product and Production 
Service System Development

8

Tan, A. R., McAloone, T. C., & Andreasen, M. M. (2006). What happens to integrated 
product development models with produc/service-system approaches?. In IPD 2006: 
Proceedings of the 6th Workshop on Integrated Product Development, Magdeburg, 

Germany, 18.-20.09. 2006.
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Enablers: Concurrent Engineering 
(CE)
A way to work with feedback and feed forward
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1. Concurrent engineering (CE) is a 
work methodology emphasizing the 
parallelization of tasks (i.e. performing 
tasks concurrently), 

2. sometimes called simultaneous 
engineering or integrated product 
development (IPD) using 
an integrated product team approach.

3. Built on core principles such as Cross-
functional teams, information sharing

Prasad, B. (1996). Concurrent engineering 
fundamentals (Vol. 1). NJ: Prentice Hall PTR..

https://en.wikipedia.org/wiki/Integrated_product_team
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Enablers: Set Based Concurrent 
Engineering (SBCE)
A way to work with feedback and feed forward
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Sobek II, D. K., Ward, A. C., & Liker, J. K. (1999). 
Toyota's principles of set-based concurrent engineering. 

MIT Sloan Management Review, 40(2), 67.

Formulated after observing the Toyota 
product development process
• The Second Toyota paradox
• «Toyota considers a broader range of 

possible designs and delays certain
decisions longer than other auotomotive
companies do, yet has what it may be the 
fastest development cycle in industry.» 



2021-02-10

Enablers: Set Based Concurrent 
Engineering (SBCE)
A way to work with feedback and feed forward
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1. Traditional design practice, whether
concurrent or not, tends to quickly
converge to a solution, a point in the 
solution space, and to modify it until
it meets design objectives.

2. This seems an efficient approach
3. Unless one picks the wrong point

in the design space
4. SBCE, by contrast, focuses on 

considering sets of possible
solutions, and to gradually narrowing
the set to converge to a final
solution. 
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Enablers: Set Based Concurrent 
Engineering (SBCE)
A way to work with feedback and feed forward
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Three key principles:
1. Map the Design Space: thorough 

understanding of the sets of design 
possibilities for the subsystems

2. ‘Integrate by intersection’, or the 
principle of set-based communication

3. ‘Establish feasibility before 
commitment’, or the principle of 
convergence, that allows the 
aggressive elimination of inferior 
design solutions

Sobek II, D. K., Ward, A. C., & Liker, J. K. (1999). 
Toyota's principles of set-based concurrent engineering. 

MIT Sloan Management Review, 40(2), 67.
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SBCE principles
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Three key principles:

1. Map the Design Space: 
2. ‘Integrate by 

intersection’,

3. ‘Establish feasibility 
before commitment
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SBCE applied
SBCE game used for training 
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Kerga, E., Rossi, M., Taisch, M., & Terzi, S. (2014). A serious game for introducing set-based concurrent 
engineering in industrial practices. Concurrent Engineering, 22(4), 333-346.

.

Participants divided into
departments

First trying a PBCE approach, then
a SBCE
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SBCE methods and tools
Trade-off curves
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• In this case, the possible 
body modules (wb and lb) are 
(2, 10), (2, 12), (2, 16), (2, 
18), (3, 10), (3, 12), (3, 16), 
(3, 18), (4, 10), (4, 12) and (4, 
16). These body sizes are 
possible solutions to satisfy 
the customer requirement of L 
(10, 22).

• the trade-off curves provided 
for the subsystems 
departments, possible 
solutions are mapped out
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SBCE methods and tools
Checklists for communication between departments
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• In this example, 
the only body 
modules (wb and 
lb) that are 
workable for both 
the body and 
cockpit 
departments are 
(3, 12), (2, 16) 
and (2, 18).

• The rest of the 
solutions are 
eliminated from 
the solutions 
space.
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Results
SBCE vs. PBCE 
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Kerga, E., Rossi, M., Taisch, M., & Terzi, S. (2014). A serious game for introducing set-based concurrent 
engineering in industrial practices. Concurrent Engineering, 22(4), 333-346.

.
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Value Creation Strategies
A way to work with SBCE before requirements are established

18

Isaksson, O., Kossmann, M., Bertoni, M., Eres, H., Monceaux, A., Bertoni, A., ... & Zhang, X. (2013, 
June). Value-driven design–a methodology to link expectations to technical requirements in the 

extended enterprise. In INCOSE International Symposium (Vol. 23, No. 1, pp. 803-819)..

Depends on customer

preferences, which depend

on business scenarios

subject to changes!

Current methods for SBCE imply that
requirements are known and well
defined

Often not the case in complex
development projects
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Value Creation Strategies (VCSs)
A way to work with SBCE before requirements are established

19

Panarotto, M., Isaksson, O., 
Habbassi, I., & Cornu, N. (2020). 

Value-Based Development 
Connecting Engineering and 

Business: A Case on Electric Space 
Propulsion. IEEE Transactions on 

Engineering Management.
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Concurrent Engineering in PPU231

20

Joint workshops
JW1: 11 Feb
J»2: 25 Feb

Task 5
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Goals of Workshop 1

21

• Learn about goals from each other

• Understand interdependencies between each other

• Manage trade offs together

• Make joint decisions about solutions to convince the 
CEO
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Goals of Workshop 1
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• Learn about goals from each other

• Understand interdependencies between each other

• Manage trade offs together

• Make joint decisions about solutions to convince the 
CEO
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Goals of Workshop 1

23

• Digital tool

• Goals & interdependencies (30min)

• Trade offs & solutions (30min)

• Presentation and final decision (15min)

• Relate goals, interdependencies, trade offs, and 
solutions to the goals of the company!

• Everyone needs to be involved!

• Work together!
• Convince the CEO!

• Basis for grading task 5
• • Include learnings in report!
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How can you prepare?
Product Projects

24

1. Start analysing the stakeholders needs
2. Strart with making a functional breakdown, 

and understand how the components of the 
bike impact the stakeholders needs

3. Propose alternatives!
4. Be prepared to describe the trade-offs

invovlved in your decisions
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How can you prepare?
Production Projects
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1. Start analysing the Production System
2. Propose alternative production systems
3. Be prepared to describe the trade-offs invovlved in 

your decisions
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Summary
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• New challenges
• Lifecycle view
• Changes is common, but difficult to foresee (e.g., 

variability in requirements)

• Further challenging integration capabilities

• New dependencies
• Need to ways and enablers for crossfunctional

communication
• E.g. set based concurrent engineering (Trade-off 

curves)
• Net Present Value curves




