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• Vehicles with a beam axle setup can undergo a problem known as “axle tramp”. 

• Electrification requires changes to the powertrain which can alter the problem.

• Study compares bifurcations in a car and electric truck model.
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NODYCON 2023 Introduction



• Equations of motion for a 6DOF beam axle;
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NODYCON 2023 Beam Axle Model

ሷ𝑋 = (−𝑐𝑓𝑎
ሶ𝑋 − 𝑘𝑓𝑎𝑋 + 𝐹 + 𝑘𝑓𝑎𝑛 + 𝑘𝑝ℎ 𝜃 + 𝑘𝑝ℎ𝜂)/(𝑚 + 𝑀)

ሷ𝜂 = (−𝐶𝑒 ሶ𝜂 − 𝑘𝑝𝜂 − 𝑘𝑒𝜂 + 𝑘𝑝𝑋 − 𝑘𝑝ℎ𝜃)/(𝑀𝑒)
ሷ𝑍 = (𝐶 ሶ𝑍 − ሶ𝑍𝑏 + 𝑘(𝑍𝑏 − 𝑍 − 𝑅 ) − 𝑘𝑟 𝑍 − 𝑅 − 𝑐𝑟

ሶ𝑍 − 𝑚𝑔 − 𝐶𝑒 ሶ𝜃 − 𝑘(𝑏 − 𝑎)𝜃)/(𝑚 + 𝑀)
ሷ𝑍𝑏 = (− C ሶ𝑍𝑏 − ሶ𝑍 − 𝑘 𝑍𝑏 − 𝑍 − 𝑅 − (𝑀𝑏)𝑔)/ (𝑀𝑏)

𝛿 ሷ𝑥 = (−𝑐1 ሶ𝑥 − 𝑘1𝑥 − 𝐹)/𝑖𝑦

ሷ𝜃 = (−𝐶𝑒2 ሶ𝜃 − 𝑘 𝑎2 + 𝑏2 + 𝑘𝑓𝑎𝑛2 + 𝑘𝑝ℎ2 𝜃 − 𝐶𝑒 ሶ𝑍 − 𝑘 𝑏 − 𝑎 𝑍 − 𝑅 + 𝑘𝑛 + 𝑘𝑝ℎ 𝑋 − 𝑘𝑝ℎ𝜂)/𝐼𝑦

Longitudinal;
• Axle & wheel longitudinal displacement, 𝑿
• Engine longitudinal displacement, 𝜂
Vertical;
• Axle & wheel vertical displacement, 𝒁
• Body vertical displacement, 𝑍𝐵

Angular;
• Wheel angular displacement, 𝜹𝒙
• Axle pitch, 𝜃

k=stiffness, c=damping, m=masses, F=tyre force, i=inertia, g=gravity, other=dimensions
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NODYCON 2023 Car Results

DELETE LOWER BRANCH

Z
 (

m
)

X
 (

m
)

𝛿
𝑥

 (
ra

d
)

Ω (𝑟𝑎𝑑/𝑠) Ω (𝑟𝑎𝑑/𝑠)Ω (𝑟𝑎𝑑/𝑠)

Angular displacement  Vertical displacement  Longitudinal displacement 
 

Z
 (

m
)

X
 (

m
)

𝛿
𝑥

 (
ra

d
)

Ω (𝑟𝑎𝑑/𝑠)
Ω (𝑟𝑎𝑑/𝑠)Ω (𝑟𝑎𝑑/𝑠)



• Internal Combustion Engine Car

• Electric Truck
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NODYCON 2023 From Petrol Car to Electric Truck

Crank         Dual Mass Flywheel     Clutch            Transmission           Halfshaft                 Wheel                       Tyre

Electric Motor  Transmission           Halfshaft                 Wheel                       Tyre

https://www.retroford.co.uk/wp-content/uploads/2019/09/WR5.5S20A.jpg


• Key Parameter Changes From Car Model

Parameter Car EV 
Truck

Unit Approx
 change

Wheel radius 0.28 0.45 m 1.5x

Wheel mass 18 54 Kg 3x

Mass of axle assembly 31 92 Kg 3x

Mass of body 120 360 Kg 3x

Axle pitch inertia 0.27 0.81 Kgm^2 3x

Suspension stiffness 11000 33000 N/m 3x

Longitudinal engine stiffness 500000 1530000 N/m 3x

Engine/Motor mass 160 40 Kg 0.25x

Torsional wheel stiffness (referred) 165 3850 N/m 20x

Torsional wheel inertia (referred) 1.2 2 Kgm^2 1.5x
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NODYCON 2023 From Petrol Car to Electric Truck
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NODYCON 2023 Results
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NODYCON 2023 Results

ICE Car       EV Truck 
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NODYCON 2023 Harmonic Forcing

Additional vibration due to harmonic forcing 
from powertrain:

ሷ𝑍 = ⋯ + 𝑛𝑔𝑔 cos Ω𝑡

ሷ𝑋 = ⋯ + 𝑛𝑔𝑔 sin Ω𝑡

𝑛𝑔𝑔: acceleration due to vibration in m/s2

Ω:      vibration frequency (rad/s)
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NODYCON 2023 Harmonic Forcing
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NODYCON 2023 Conclusion

• Work presents a preliminary bifurcation study into axle tramp of an EV Truck

• Electric system appears to change the axle tramp problem

• System still undergoes tramp

• Only one limit cycle in EV parametrisation 

• Amplitudes larger in the vertical component, similar size in longitudinal 
displacement, smaller in angular displacement 

• More instabilities are observed at lower speed ranges (less stable 
equilibria) meaning oscillations occur for a larger speed range

• System forced with harmonic term
• Truck does not exhibit unstable behaviour as found in the car

• Future work
• Explore mechanisms by which bifurcations evolve
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