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Layers of Abstraction according to VDI 2803 



Gap in the Mechanical Engineering Chain of Models 



Abstract Models in the early Stage of System Definition 



Morphological Box 

Function Solution Principle 1 Solution Principle 2 Solution Principle 3 

Generate oil 
pressure 

Electrically powered 
pump 

Mechanically 
powered pump 

Separate oil 
from foreign 
matter 

Centrifuge Filter Electrostatic 
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Function Solution Principle 1 Solution Principle 2 Solution Principle 3 

Actuate flap Electrical actuation Pneumatic actuation Hydraulic actuation 



Function Solution Principle 1 Solution Principle 2 Solution Principle 3 

Store oil Tank Within the components 

Generate oil pressure Electrically powered Mechanically powered Pneumatic 

Regulate oil pressure Valve Regulate pump 

Limit oil pressure Pressure control valve Automatic sysshutdown Regulate the pump 

Dampen pressure peaks Hydro-damper Not implemented 

Indicate oil pressure Dial gauge Display 

Auxiliary Functions 

Function Solution Principle 1 Solution Principle 2 Solution Principle 3 

Actuate flap Electrical actuation Pneumatic actuation Hydraulic actuation * 



Consistency of Overall Solution 

Function Solution Principle 1 Solution Principle 2 Solution Principle 3 

Actuate flap Electrical actuation Pneumatic actuation Hydraulic actuation 

•  It is difficult to assess the consistency/completeness 

•  (many) Auxiliary functions 

•  No formal assessment method available 

•  Properties of item flows are not considered 



Modeling Ports and Flows in the Systems Modeling Language (SysML) 

[Usage example of item flows in internal block diagrams from the SysML specification] 



Modelling Ports 



Valid connection 

transmission	oil	 transmission	oil	

liquid	 liquid	



Possible connection 

transmission	oil	 lubricant	

liquid	 liquid	

Flüssigkeit	 Kerosin	

flüssig	 flüssig	



Impossible connection 

gasoline	 diesel	

liquid	 liquid	



Impossible connection 

hydraulic	oil	

pressure	

hydraulic	oil	

pressure	

liquid	

2bar	 3bar	

liquid	



Possible connection 

hydraulic	oil	

pressure	

hydraulic	oil	

pressure	

liquid	

2bar	 undefined	

liquid	



Scalability 
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Sketches: half way between abstract functional model and detailed CAD model 



Sketches – Lingua Franca of Mechanical Engineers 



Elaboration of Design Details in Sketches with Systematic Annotations 

bdd oil pump [materials selection] 

bdd oil pump [allocation of requirements] 

bdd oil pump [joining technology] 

bdd oil pump [allocation of functions] bdd oil pump [geometric constraints] 

 bdd oil pump [kinematics] 



Physical Product Structure Definition 
Pump unit 

Electric motor Pump 

Housing 

Impeller blade 

Offset cam 

Feather key 

Outlet Inlet 



Next Step: CAD Model Creation 



Create Product Structure in CAD System 



Detailed Mechanical Design in CAD System 

bdd oil pump [materials selection] 

bdd oil pump [allocation of requirements] 

bdd oil pump [joining technology] 

bdd oil pump [allocation of functions] bdd oil pump [geometric constraints] 

 bdd oil pump [kinematics] 



CAD accomplished 



Model Synthesis: SkiPo-Model  (bdd with ports and sketches)  



Traceabilty 
bdd oil pump [materials selection] bdd oil pump [allocation of requirements] bdd oil pump [joining technology] bdd oil pump [allocation of functions] bdd oil pump [geometric constraints]  bdd oil pump [kinematics] 



SkiPo – APU 



Consistency check of system design 
Ø  Port model helps specify and check 

properties and consistency of internal 
& external item flows 

Summary 

Systematic documentation of Design 
decisions in sketches 
Ø  Sketches improve communication in 

teams and reduce misunderstandings 

Sketches are no longer thrown away 
Ø  Sketch integration in the SysML 

model facilitates traceability 



Discussion 

Thank you for your attention! 
Questions? 
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