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Abstract.  A vehicular powertrain is a lightly damped 
dynamic system that transfers the engine torque to the 
driving wheels through a number of inertias and elastic 
elements. Therefore, it is prone to vibrate and emit noise 
when disturbances are applied. Providing a methodolo-
gy, for powertrain vibration modeling and simulation, is 
one of the key steps in various research topics in the 
field of automobile engineering. Verification of the en-
gine crankshaft torsion and vibration model, as a subsys-
tem of the powertrain, is proposed in this paper. This is 
achieved by constructing a rotational multi-body system 
in MATLAB and utilizing nonlinear least squares method 
for estimation of the model parameters. The simulated 
engine angular velocity is compared to the measured 
data, from a car, which shows a good agreement. 

Introduction

•

•



 N Nickmehr  et al.      Methodology for Modeling of Powertrain Torsional Vibration 

 156 SNE 24(3-4) – 12/2014 

TN
1 Engine-block Model 

Figure 1: Powertrain model including engine block. 

1.1 Mathematical modeling 
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1.2 State-space equations 

2 Engine-block Parameter 
Estimation 

2.1 Nonlinear least squares (NLS) 
formulation of the problem 

2.2 Forward sensitivity analysis (FSA) 
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3 Results and Discussion 

3.1 Estimation results using numerical solver 
lsoptim

•

•

•

(a): Damping wheel angular velocity, measurement vs.  
simulation. 

 
(b): The ratio of the residual value   over the real data,  

in each time sample . 
Figure 2: Comparison between simulation and empirical  

data for estimation cycle. 

3.2 Model validation 
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(a): Damping wheel angular velocity, measurement vs. 
simulation.  

 
(b): The ratio of the residual value   over the real data,  

in each time sample . 
Figure 3: Comparison between simulation and empirical 

data for validatioin cycle. 

3.3 Results of sensitivity analysis 

•

•

 
Figure 4: Sensitivities of the damping wheel angular ve-

locity to 3 friction coefficients, , and 3 
damping coefficients,  and .  
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Figure 5: Sensitivities of the engine angular velocity to 3 

inertias, i.e., damping wheel , each cylinder , 
flywheel , and to the piston reciprocating 
mass . 

4 Conclusion 
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