
Towards multi-objective

optimization of a rail vehicle
Milad Mousavi,  PhD student

Viktor Berbyuk*,  Supervisor

Mikael Enelund*, Rickard Persson**,  co-supervisors

*Applied Mechanics

Chalmers University of Technology

**Bombardier Transportation Sweden

17th Nordic Seminar on Railway Technology

Tammsvik Herrgård

October 3-4, 2012



General targets

To contribute with new knowledge to increase

railway vehicle (RwV) costefficiency of operation    

with restrictions on safety and comfort

• To formulate and solve several multi-objective optimization problems for the 

bogie systems

Engineering, Mathematical and Computational (EMC)-models

Quality factors

Constraints

Algorithms

• To identify the optimal properties of railway bogie systems.
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E, M and C models

Dynamic response of the system

Quality factors

Pareto sets

Pareto fronts
dj+1=dj+Δd

Pareto optimization
Initial values of

design 

parameters

Initial 

states

Tolerance

parameters for 

decision making

system

• Algebraic constraints imposed on 

dynamics response and/or some QFs

• Variational equations

WQF(d*)=minWQF(d)
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For different 
operational cenarios

Problem A

Maximize vehicle speed

Problem B

Minimize wear in system

Inputs

M

Model

C

Model

E

Model

Constraints

Ride
Comfort

Wear

Safety



An example of problem A

Inputs:

• EMC-models

• Initial states

• Structural parameters

• System dynamics parameters

• Track irregularities

Tasks:

• Max speed of RWV operation

• Optimized vector of bogie
design variables

• Dynamic response of RWV
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An example of problem B

Inputs:

• EMC-models

• Initial states

• Structural parameters

• System dynamics parameters

• Track irregularities

Tasks:

• Max speed and Min wear

• Optimized vector of bogie

design variables

• Dynamic response of RWV

6

min�� . � ��∗ ��∗ , ��∗��∗ ��∗ , ��∗ � ���	

��∗ ��∗ , ��∗ � ���	




Ride comfort
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• Wertungszahl (Wz)

• EN 12299
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Vehicle safety

• Risk of derailment
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Running stability

• Critical hunting speed

• EN 14363

• Track shift force 5� � � 67�89!: � 67�;<=>:



Economy

Wear analysis
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26 DOF one car RwV Model
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Mathematical model

Lagrange
equation

Kinetic energy

Potential energy

Dissipative energy

External forces

Equations

of Motion
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Contact theory

• Linear Kalker

• Vermeluen-Johnson

• Simplified nonlinear Kalker’s theory (fastsim)
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External forces
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One car train on tangent and curved tracks
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Track irregularities
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Track irregularities
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Lateral responses of the carbody with

in-service parameters on a tangent track
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Comfort evaluation for different operational scenarios 

and damping parameters

(in-service; best comfort; Optimized w.r.t. S & C)
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Safety evaluation for different operational scenarios 

and damping parameters

(in-service; best safety; Optimized w.r.t. S & C)
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Wear evaluation for different operational scenarios 

and damping parameters

(in-service; Optimized w.r.t. S & C)
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Conclusion and future plans
• Find E,M and C models most suitable for multi-objective optimization of

railway vehicle

26 DOF EMC models of one-car railway vehicle ???

Propose a reliable test sample model for validation

• Objective functions

• Operational scenarious

• Dynamics and sensitivity analysis

• Design parameters for optimization

• Efficient algorithms for multi-objective optimization of bogie system 

• Examine different control strategies and components

• Validate the results with computer simulations and experiment
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