








































Question 

 

Whole body vibration (WBV) is the transmission of 
low frequency environmental vibration to the human 
body when in contact with the vibrating surface. 
Long-term exposures to WBV may cause health 
problems such as respiratory, cardiovascular and 
digestive problems, reproductive organ damage, 
impairment of vision and balance, interference with 
activities and discomfort that could lead to accidents. 
 
The main sources of harmful WBV in vehicles are 
rough road and surface conditions. To evaluate and 
simulate the adverse effects of WBV to human body, 
many biodynamic lumped-parameter human body 
models were proposed in the literature as seen in the 
figure. 
 

a) What is the degree of freedom of the human body model seen in the figure.  
b) Draw the free body diagram of the all bodies seen in the model. Obtain the equation of 

motion of the whole body model using Newtonian approach.  
c) Derive the equation of motion of the human body model, which is subjected to road 

disturbance z0, using Lagranian approach. 
 

In the figures, z0 represents the displacement of the disturbance coming from seat to human body. 
Displacement and mass of the body segments, coefficient of stiffness of the spring elements and 
coefficient of damping elements were denoted by zi, mi, ki and ci, respectively. 
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