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Research Project 

MODELLING, ANALYSIS AND CONTROL OF SWITCHED 
PHYSICAL SYSTEMS USING A BOND GRAPH APPROACH 

Motivation 
Nowadays many engineering systems present discrete 
behaviours (e.g. switches, clutches, contacts, to name a 
few). There are several approaches to representing 
commuting elements, based on structural analysis or 
efficient numerical simulation of the systems. In this case 
controlled junctions are used to introduce a standard 
notation for bond graph hybrid systems. 

Hybrid bond graphs 
Hybrid bond graphs are introduced in order to represent 
continuous and discrete behaviours. In this case controlled 
junctions are used to introduce a standard notation for bond 
graph hybrid systems. Dynamic causality and Boolean 
parameters are a natural consequence of the use of 
controlled junctions and that allows a closer representation 
of the physical system behaviour. Dynamic causality 
represents the changes of energy flow when a commutation 
occurs, while the Boolean parameters help towards the 
continuous analysis of the system meaning that, instead of 
analysing every single configuration available in order to 
obtain their implicit equation, there is a general equation 
which contains all of the available configurations of the 
system.  

Simulation of physical behaviour 
The proposed approach allows a closer representation of 
the physical behaviour of the systems due to the proper 
representation of the physical changes on the state 
elements during commutation. It also allows more 
properties to be obtained that are usually not taken into 
consideration due to the constraints set on previous 
approaches. 

Future work 
The results of this research are planned to be expanded to 
singular systems to allow the exploitation of the technique 
and set a standard notation for singular systems. 
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