
                                                                                                 
 

 
Figure 1. Concept of Track Energy Metric for 

Characterizing Track Quality 
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  relatively high potential for degradation and high 
derailment risk due to structural failure.   

The total energy input to the track from dynamic 
contact forces due to track irregularities can be 
categorized as: 1) Recoverable energy 
associated with elasticity of the track and its 
components, 2) Dissipated energy associated 
with damping characteristic of the track and its 
components, and 3) Dissipated energy that 
does not cause direct damage to the track and 
its components (e.g., portion of energy 
associated with sound or radiated heat).  After a 
long enough time interval, recoverable energy 
will also be dissipated in the track components.  
All the dissipated energy contributes to increase 
of entropy of the track structure system.  By 
disregarding the dissipated energy as radiated 
heat or sound compared to the dissipated 
energy in the track components, the input 
energy into track could be a measure of 
damage to track.  

An approach that is able to quantify energy 
transfer from a moving vehicle to the track could 
lead to a metric that can characterize track 
differently than traditional means.  Such a 
metric, referred to as the Track Energy Metric 
(TEM), could capture information from various 
deviations with a broader wavelength range 
when compared to traditional TQIs and could 
identify energy content due to specific 
conditions that might lead to an informed 
decision on what to address in the track. 

OBJECTIVES 

The objective of this preliminary study was to 
develop an approach for an energy-based 
method to characterize track quality, evaluate its 
feasibility and effectiveness based on computer 
simulations, and to determine whether the 
approach effectively estimated the amount of 
energy transferred into track in the vertical 
direction. 

METHODS 

To quantify energy transfer from a moving 
vehicle into a track, the dynamic interaction of 
the rail vehicle with different irregularities in 
track needed to be understood.  To this end, the 
theoretical track perturbations were studied and 
three different theoretical track layouts were 
modeled representing various irregularities with 
a range of wavelengths.  Next, simple two and 
three Degree-of-Freedom (DoF) dynamic 
models of a single wheel interacting with track in 
the vertical direction were employed to study the 
physics of the energy transfer and to derive the 
formulation of the TEM.  Finally, the TEM 
formulation was assessed using more 
comprehensive dynamic models using 
VAMPIRE® simulation software for a locomotive 
and a loaded/empty hopper car. 

 
Figure 2. Simple Three DoF Model Representing Sprung, 

Unsprung, and Rail Masses 

As shown in Figure 2, the three DoF model 
includes sprung (𝑚𝑚1), unsprung (𝑚𝑚2), and rail 
masses (𝑚𝑚3).  It also has suspension 
components, wheel-rail interaction based on 
Hertz theory, and a soft foundation for track.  
The dynamic equations of motion for the 
illustrated system in Figure 2 are: 

�
𝑚𝑚1(�̈�𝑥1 + 𝑔𝑔) + 𝑘𝑘(𝑥𝑥1 − 𝑥𝑥2) + 𝑐𝑐(�̇�𝑥1 − �̇�𝑥2) = 0
𝑚𝑚2(�̈�𝑥2 + 𝑔𝑔) + 𝑘𝑘(𝑥𝑥2 − 𝑥𝑥1) + 𝑐𝑐(�̇�𝑥2 − �̇�𝑥1) = 𝐹𝐹

𝑚𝑚3(�̈�𝑥3 + 𝑔𝑔) + 𝑘𝑘𝑓𝑓(𝑥𝑥3) + 𝑐𝑐𝑓𝑓(�̇�𝑥3) = −𝐹𝐹
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Figure 3. Example of Comparison between TEM and 

VAMPIRE® Derived Power  
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