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Shell Eco-marathon Europe 

The Shell Eco-marathon challenges high school 
and college student teams from around the 
world to design, build and test energy efficient 
vehicles.  

With annual events in the Americas, Europe 
and Asia, the winners are the teams that go 
the farthest distance using the least amount 
of energy. 
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Background  

•  NTNU has participated since 2008 
•  Team made up of Masters level students from 

multiple disciplines 
•  Holds the world record for the Urban Concept 

Fuel Cell class (2009) 
•  2010 … failed to pass preliminary inspection 
•  2011 … determined to be in the winner’s 

circle again 
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Sponsorship  
• Students rely on 
sponsorship to fund 
the work and travel 
expenses for 
competition 
• 2009 – 2010 sponsor 
reluctant to back the 
team again  
• Eventually Den 
norske Veritas (DNV) 
agreed, but not until 
late in December 
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Project stakeholders 

•  NTNU faculty 
•  Students from mechanical and electrical 

engineering, control systems, and project 
management studies 

•  Sponsors 
•  External entities  
•  Shell (customer) 
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Project timeline  

• Need 

• Requirements 

• Design 

• Specify 

• Detail design/ 
• Manufacture/ 
• Unit testing 

• Verify 

• Integrate 

• Validate 

• Accept • Operate August 

October 

January March 

April 

May 
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Missing:  the Systems Engineer 

From 0 to 1 SE overnight 
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6Cs contributions of the systems engineer 

•  Comprehension - understanding 
•  Communication – translator services 
•  Coordination – harmonious functioning 
•  Cooperation – work toward a goal 
•  Collaboration – stakeholders, partners 
•  Continuity – over the life cycle 
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Pillars of systems engineering 

Requirements engineering, well-defined interfaces  

Verification and validation, traceability 

Risk management is everyone’s task  

Configuration management, performance 
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Team Photo / Before 
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Systems Engineering within development 
and construction of the Eco-marathon car: 
•  Continuous improvement for next year’s team 
•  The car was viewed as a system with individual sub-

systems and identified interfaces 
•  Necessary external technical and organisational 

support system connecting to building, testing 
transportation and the race 
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Complex system of different Components 

The image cannot be displayed. Your computer may not have enough memory to open the 
image, or the image may have been corrupted. Restart your computer, and then open the file 
again. If the red x still appears, you may have to delete the image and then insert it again.

• Souce: Team report Autumn 2010 
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Know your track 
Impact on braking functions, suspension, turning radius, etc. 
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What did we do? 
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D.1 Total Requirements checklist 
Requirements traceability 

All requirements from Shell 
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D.2 Defining the physical Architecture 
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Interfaces 

• Each interface had an owner 
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Electronic interfaces 
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Mechanical interfaces 
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•  D.6 Suspension Concept and final design 

D.X Sub System Documents 



21 



22 

Bringing the team together – the SE Wall  
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Monday Tuesday Wednesday Thursday Friday 
Team Meeting 
-5 minute debrief 
-Week goals 

5 Minute 
debriefing 
-CM 

5 Minute 
debriefing 
-Problems 
-CM 
-Update 
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Testing and test beds 
System	 Test bed:	
S.1 Body	 Internal	
S.2 Driver interface	 Internal	
S.3 Interior	 Internal	
S.4 Hydrogen module	 External (Ballard)	
S.5 Propulsion system	 External (Smart motor)	
S.6 Suspension	 Internal	
S.7 Wheels	 Internal/External (Tevo Dekk)	
S.8 Brake circuit	 Internal	
S.9 Control System	 Internal	
S.10 Engine wheel	 External (Smart motor)	
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S.6.1
FRONT	

SUSPENSION

S.6.3
MOTOR	WHEEL	
SUSPENSION

S.6.5
WHEEL	
AXLES

S.6.4
STEERING

S.6.6
HUBS

S.6.2
REAR	

SUSPENSION

S.6.7
ENGINE	
HUB

S.1:BODY

S.6.5
WHEEL	
AXLES

S.10:	
ENGINE	
WHEEL

S.10.1
RIM

S.10.2
ENGINE	

ATTACHMENT

S.6.6
HUBS

S.8:
BRAKE
CIRCUIT

S.8.1
SDISCS

S.8.2
CALLIPER

S.8.3
HYDRALIC	

CONNECTION

S.8.5
BRAKE	
PEDAL

S.8.4
MASTER	
CYLINDER

S.7:WHEELS

S.7.1
RIMS

S.7.2
TIRES

S.7:WHEELS

S.7.1
RIMS

S.7.2
TIRES

Test	Phase	1: 1:OK/Not	
OK?

2:OK/Not	
OK?

3:OK/Not	
OK?

S.8:
BRAKE
CIRCUIT

S.8.1
SDISCS

S.8.2
CALLIPER

S.8.3
HYDRALIC	

CONNECTION

S.8.5
BRAKE	
PEDAL

S.8.4
MASTER	
CYLINDER

4:OK/Not	
OK?

1:OK/Not	
OK?

S.7:WHEELS

S.7.1
RIMS

S.7.2
TIRES

2:OK/Not	
OK?

4:OK/Not	
OK?

Test	Phase	2:

Test	Phase	3:

Test procedure 
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Balance 

Time management 
Risk in all module documents 
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•  SE 
–  The use of SE methodology in a practical way 
–  How does SE affect the project? 

•  Continuous improvement  
–  Traceability through all documents; from requirements 

to the test results, and available as legacy for 2012 
•  Able to recruit 2 SE, more engineers (from 6 to 

11), and early sponsorship for the 2012 team! 

Goals achieved: 
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Team Photo / After 
Systems Engineer Front and Center 

Result:1000 km/l  in Shell Eco-Marathon 2011  
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Q&A 

Thank you 
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Extra Slides 
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• March 2012 • Slide 
31  

• Example: MEL(Master Equipment List) V.1 
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• March 2012 • Slide 
32  

• Example: MEL(Master Equipment List) V.2 
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• Example: MEL(Master Equipment List) V.3 

• Requirements added to every tool: 
• -Lifting certification 
• -NDT certification 
• -Torque reports 
• -Maintenance need 

• Visual status 
• Offshore phases 


