
FREE DAMPED VIBRATION 

In many practical systems, the vibrational energy is gradually converted to heat or sound.

Due to the reduction in the energy, the response, such as the displacement of the system,

gradually decreases. The mechanism by which the vibrational energy is gradually converted

into heat or sound is known as damping. Although the amount of energy converted into heat 

or sound is relatively small, the consideration of damping becomes important for an accurate 

prediction of the vibration response of a system. A damper is assumed to have neither mass 

nor elasticity, and damping force exists only if there is relative velocity between the two ends 

of the damper. It is difficult to determine the causes of damping in practical systems. Hence 

damping is modeled as one or more of the following types.

Types of Damping

1. Viscous damping 

2. Coulomb damping 

3. Structural damping 

4. Slip or interfacial damping

1. Viscous damping

Viscous damping is the most commonly used damping mechanism in vibration analysis. 

When mechanical systems vibrate in a fluid medium such as air, gas, water, or oil, the 

resistance offered by the fluid to the moving body causes energy to be dissipated. In this case, 

the amount of dissipated energy depends on many factors, such as the size and shape of the 

vibrating body, the viscosity of the fluid, the frequency of vibration, and the velocity of the 

vibrating body. In viscous damping, the damping force is proportional to the velocity of the 

vibrating body. Typical examples of viscous damping include (1) fluid film between sliding 

surfaces, (2) fluid flow around a piston in a cylinder, (3) fluid flow through an orifice, and (4) 

fluid film around a journal in a bearing. 

2. Coulomb damping 

Here the damping force is constant in magnitude but opposite in direction to that of the 

motion of the vibrating body. It is caused by friction between rubbing surfaces that either are 

dry or have insufficient lubrication.

3. Structural damping

When a material is deformed, energy is absorbed and dissipated by the material. The effect is 

due to friction between the internal planes, which slip or slide as the deformations take place. 



When a body having material damping is subjected to vibration, the stress-strain diagram 

shows a hysteresis loop. The area of this loop denotes the energy lost per unit volume 

of the body per cycle due to damping 

4. Slip or interfacial damping 

Microscopic slip occur on the interfaces of machine elements in contact under fluctuating 

loads. The amount of damping depends upon the material combination, surface roughness at 

interface, contact pressure and the amplitude of vibration. 

 
































