
Notation 

 

𝑴𝑣, 𝑲𝑣, 𝑪𝑣 Mass, stiffness and damping matrices of the vehicle 

𝑿𝑣, 𝑿̇𝑣, 𝑿̈𝑣 Displacement, velocity and acceleration vectors of the vehicle  

𝑭𝑣𝑡 Load vector acting on the vehicle 

𝑭𝑣𝑡
𝑠  Load vector acting on the vehicle running on straight track 

𝑭𝑐
𝑠 Sub-load vector acting on car body on straight track 

𝑭𝑡𝑖

𝑠 (𝑖 = 1~2) Sub-load vector acting on frames 1~2 on straight track 

𝑭𝑤𝑖
𝑠 (𝑖 = 1~4) Sub-load vector acting on wheelsets 1~4 on straight track 

𝑭𝑣𝑡
𝑐  Load vector acting on vehicle caused by geometry parameters of curved track 

𝑭𝑐
𝑐 Sub-load vector acting on the car body caused by geometry parameters of curved 

track 

𝑭𝑡𝑖

𝑐 (𝑖 = 1~2) Sub-load vector acting on frames 1~2 caused by geometry parameters of curved 

track 

𝑭𝑤𝑖
𝑐 (𝑖 = 1~4) Sub-load vector acting on wheelsets 1~4 caused by geometry parameters of curved 

track 

𝑴𝑡, 𝑲𝑡, 𝑪𝑡 Mass, stiffness and damping matrices of the track 

𝑿𝑡, 𝑿̇𝑡, 𝑿̈𝑡 Displacement, velocity and acceleration vectors of the track  

𝑭𝑡𝑣 Load vector acting on the track 

𝑭𝑟
𝐿, 𝑭𝑟

𝑅, 𝑭𝑠 Sub-load vectors acting on the left rail, right rail and sleeper 

𝒂𝑛
  Prediction coefficient vector 

𝑭̅𝑛
  Past forces vector 

𝑪 Covariance matrix 

𝑪̃ Approximated covariance matrix by KL expansion 



𝜦, 𝜱 Eigenvalue and eigenvectors matrices 

𝑥, 𝑦, 𝑧 Longitudinal, Lateral, vertical components along absolute coordinate system 

𝛼 = 𝐿, 𝑅 Left and right side of the vehicle or track 

𝐹𝑖𝑥
𝛼 , 𝐹𝑖𝑦

𝛼 , 𝐹𝑖𝑧
𝛼 Longitudinal, lateral and vertical forces acting on the 𝑖th wheelset 

𝑟𝑤𝑖
𝛼  Instant rolling radius of the wheels of the 𝑖th wheelset 

𝑑0 Half of the lateral distance between wheel-rail nominal contact points 

𝑚0 Vehicle mass 

𝜓𝑤𝑖
 Yaw angle of the 𝑖th wheelset 

𝑔 Gravity acceleration 

𝑉 Running speed 

𝑚𝑐 Car body mass 

𝑟0 Wheel nominal radius 

ℎ𝑡𝑤 Height of frame’s centre of gravity (COG) above wheelset’s COG 

ℎ𝑏𝑡 Height of secondary suspension centre above frame’s COG 

ℎ𝑐𝑏 Height of car body’s COG above secondary suspension centre 

𝑅𝑐 Curvature radius of the track at the location of car body’s COG 

𝐼𝑐𝑥, 𝐼𝑐𝑧 Roll and yaw moments of inertia of car body  

𝐼𝑡𝑥, 𝐼𝑡𝑧 Roll and yaw moments of inertia of frame 

𝑅𝑡𝑖 Curvature radius of the track at the location of the 𝑖th frame’s COG 

𝜙𝑠𝑒𝑐, 𝜙̈𝑠𝑒𝑐 Superelevation angle and its second derivative at the location of car body’s COG 

𝜙𝑠𝑒𝑡𝑖, 𝜙̈𝑠𝑒𝑡𝑖 Superelevation angle and its second derivative at the location of the 𝑖th frame’s COG 

𝑚𝑤 Wheelset mass 

𝐼𝑤𝑥, 𝐼𝑤𝑦
, 𝐼𝑤𝑧

 Roll, pitch and yaw moment of inertia of wheelset 

𝜙𝑠𝑒𝑤𝑖, 𝜙̇𝑠𝑒𝑤𝑖, Superelevation angle and its first derivative, second derivative at the location of the 



𝜙̈𝑠𝑒𝑤𝑖 𝑖th wheelset’s COG 

𝑅𝑤𝑖 Curvature radius of the track at the location of the 𝑖th wheelset’s COG 

𝛽̇𝑤𝑖 Angular velocity of the ith wheelset in pitch direction 

𝑘𝑝𝑥, 𝑘𝑝𝑦, 𝑘𝑝𝑧 Longitudinal, lateral, vertical stiffness of primary suspension 

𝑐𝑝𝑥, 𝑐𝑝𝑦,  𝑐𝑝𝑧 Longitudinal, lateral, vertical damping coefficients of primary suspension  

𝑘𝑠𝑥, 𝑘𝑠𝑦, 𝑘𝑠𝑧 Longitudinal, lateral, vertical stiffness of secondary suspension 

𝑐𝑠𝑥, 𝑐𝑠𝑦, 𝑐𝑠𝑧 Longitudinal, lateral, vertical damping coefficients of secondary suspension 

𝑑𝑤 Half of the lateral distance between primary suspensions 

𝑑𝑠 Half of the lateral distance between secondary suspensions 

𝑙𝑡 Half of wheelbase 

𝑙𝑐 Half of the distance between bogie centres 

𝑌𝑘, 𝑍𝑘, 𝛷𝑘 𝑘th mode shape functions of rail’s lateral, vertical bending and torsion  

𝑁𝑤 Number of wheelsets 

𝑥𝑤𝑖
 Longitudinal coordinate of the 𝑖th wheelset 

𝐾 Number of modes considered for the rail beam 

𝑀𝑤𝑖
𝛼  Equivalent moment acting on rails from the 𝑖th wheelset 

𝑃 Prediction order 

𝑎𝑛−𝜗
  Prediction coefficient 

𝑓𝑤𝑟 Wheel-rail coefficient of friction 

𝜆𝑛 , 𝝓𝑛 Eigenvalues and normalized eigenvectors of covariance matrix 

𝐶0 Variance of the random field of wheel or rail profiles 

𝑥𝑖, 𝑥𝑗  Coordinates of two discrete points of wheel or rail profiles 

𝑙 Correlation length 

𝑒𝑟 Relative error 



𝑏 Limit value 

𝑚 Number of levels of SS 

𝑁 Number of samples at each level of SS 

𝑃𝐹 Failure probability 

𝑃𝑗 Conditional failure probability 

𝑝0 Level probability 

𝑁𝑇 Total number of samples 

𝑊 Ride index 

𝑓 Vibration frequency in Hz 

∆𝑡 Time step 

𝑆 Travel distance 

𝜂 Distribution parameter, such as mean value or variance 

𝜂̅ Value of distribution parameter where partial derivative is evaluated 

𝑒𝜂 Normalized sensitivity 

 


