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•  Introduction to Shell Eco Marathon 
•  Challenges in SEM Product Development 
•  System Engineering in 2012 SEM team 
•  SE Examples from 2012 SEM team: 

–  Lean Product Development 
–  Model-Based Systems Engineering 
–  Knowledge Capture and Transfer 

•  Conclusions 
•  Outlook 
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Shell Eco Marathon 
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•  Worldwide student competition in designing, building and testing 
energy-efficient vehicles 

•  Goal: Go the furthest distance using the least amount of energy 
•  Race in Rotterdam each May 



NTNU Student Team 2012 
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International team of 14 students in the disciplines: 
•  project management 
•  mechanical engineering 
•  cybernetic engineering 
•  electrical engineering 
•  industrial design 
•  media and communication 
•  systems engineering  
 



DNV Fuel Fighter 
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2008:  
Pure Choice 

2009-2011:  
DNV Fuel Fighter 

2012-201X:  
DNV Fuel Fighter 2 

NTNU participates since 2008 in Shell 
Eco Marathon Europe, Urban Class 
 
NTNU team added a Systems 
Engineer in 2011 
 
New development in 2012, the first 
time in Battery Electric Urban Class 
 
 



Challenges in SEM 2012 
•  First team that competes in battery electric class (prior fuel cell class) 
•  Higher technical risk in new development versus improvement project 
•  14 team members (only 6 in SEM 2011 team) 
•  (new) knowledge needs to be captured and transferred to coming team generations 
 
 

Research questions: 
–  How can team members ensure easy and effective communication? 
–  How can knowledge be captured effectively and (re)used in the next team 

generation? 
–  How can knowledge be structured ensuring a clear and simple overview? 
–  Is systems engineering a discipline or an attitude? 
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SE activities in SEM 2012 
Approach: Use 2 System Engineers 

  SE1: Verification, validation and testing 
  SE2: Visualization, modeling and lean methods 

Main system engineering activities in SEM 2012 
•  Stakeholder Analysis 
•  Implementation of visual board with milestones, decision gates, etc. 
•  Risk mitigation activities 
•  VVT activities 
•  Establishment of SE models, including a hierarchical architecture 

use to track allocations to requirements and team assignments  
•  Efforts to define and implement effective knowledge documentation 

and capture 
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Stakeholders in SEM 
•  Stakeholder analysis: 

–  The current team 
–  Driver: Real and immediate needs for safety (also SE1) 
–  Sponsors: Draw attention to the project in popular media and non-

engineering PR activities 
–  Future SEM teams: ultimate users as they are the ones inheriting the 

vehicle 
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SEM 2012 team SEM 2013 team 



Lean Product Development 
•  Has its origin from lean manufacturing (Toyota Production System) but is different due to 

the fundamental dissimilarities between production and product development 
•  The three dimensions of LPD : 

–  Reduce cost through minimizing waste 
–  Reduce time-to-market 
–  Improve quality and product innovation (influence price)   
Ø  Create maximum customer value (1st principle) 

•  Value (in PD): any activity that transforms a new product design in a way that the 
customer is both aware of and willing to pay for; i.e. activities that mitigate risk. 

•  Waste:  
–  Type 1: activities that do not create value, but are necessary to enable value generation (e.g. administration, 

coordination,…) 
–  Type 2: pure waste (e.g. waiting, underutilization of people,…) 

•  Value creation can also be assigned to the second value stream: Knowledge 

23rd Annual INCOSE International Symposium - Philadelphia, PA – 24-27 June, 2013 



A3 Documentation 
•  Continuous improvement and learning cycles are important part of LPD 
•  Knowledge capture and reuse need to be efficient 
•  Knowledge is an important resource for risk mitigation and prevention of repeated 

problem solving 

An A3-report is a common type of Knowledge-brief, with aim to visualize problem, goal, 
process, solutions, and risk elements in a standardized form. 
7 important elements of A3 thinking: 
•  Logical thinking process 
•  Objectivity 
•  Results and process 
•  Synthesis distillation and visualization 
•  Alignment 
•  Coherence within consistency across 
•  Systems viewpoint 
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2 dimensions of knowledge: 
tacit and explicit 
 
A K-brief encourages the engineer to 
express tacit knowledge and turn it 
into explicit knowledge 



3-page K-brief 
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A3 layout Content 
•  Figure of the subsystem 
•  Component table  
•  Manufacturing methods 
•  Trade-off curves 
•  Design decisions 
•  n2 interface diagram 
•  Details about interfaces and dependencies  

 

  

•  Engineering Design 
•  Design Analyzes 
•  Visual design description 
•  Critical design review 

•  Risks 
•  Risk evaluation 
•  Advice for risk mitigation 
•  Performance report: 

o  Verification 
o  Validation 
o  Testing 

•  Advice and suggestions for future work 
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Example: Body, page 1 
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Example, Body, page 2 
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Example, Body, page 3 
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Visual Product Models (MBSE) 
•  Requirements, functional analysis, architecture, interface design and 

subsystems have been modeled in CORE8 
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Vehicle Architecture: 

N2 diagram for front 
suspension 

Propulsion System Trade-off Options: Vehicle Architecture: 
FFBD for race competetition 



Discussion 1 
•  How can team members ensure easy and effective communication? 

–  Include all principal solutions (both chosen and not chosen) 
     in architecture documentation 
–  Color coding in SE-models to make design alternatives  
     transparent 
–  High visibility makes design evaluations easier 

•  How can knowledge be captured effectively and (re)used in the next 
team generation? 
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Discussion 2 
•  How can knowledge be structured to facilitate clear and simple overview? 

–  K-brief appears to be an easy way of presenting information but needs to be put into 
the right context 

–  Template necessary to save time (both in reading and writing) 
–  Knowledge-culture around them needs to be established 
–  Much of the K-brief documentation was done by a systems engineer, which meant 

more work for him/her and a «detour» of knowledge flow 

•  Is systems engineering a discipline or an attitude? 
–  Some team members show a tendency towards perfection of parts instead of the 

performance of the whole system 
–  Project manager found SE helpful 
–  The systems engineers discovered that it is important to be flexible 
–  People feel SE very useful when problems arise 
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What happens next? 
 
 
SEM 2013 team will execute continuous improvement of the car 
•  Increase the number of K-briefs and link them to the architecture 
•  Knowledge capture at certain points 
•  Implementation of knowledge wall with A3s or post-its 

Further challenges: 
•  Keep SE and documentation effort as low as possible 
•  Establish a culture with routines for knowledge sharing and transfer 
•  Quality control and maintenance of documentation 
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Thank you for your attention! 
 

    Sören Ulonska           Cecilia Haskins 
Dept. of Eng. Design and Materials           Dept. of Production and Quality Eng. 

 soren.ulonska@ntnu.no       cecilia.haskins@ntnu.no 
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Survey 
 
Please take the time to rate this presentation 
by submitting the web survey found at: 
 

www.incose.org/symp2013/survey 
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