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The figure at r ight shows a simple 
non-damped mass and spr ing system 
with two-degrees of freedom.

This simple system can be excited 
into vibration in two different ways:

(1) A sinusoidal force is applied to 
the mass m1, thereby resulting 
in a forced vibration of the 
system, or

(1) The system is set to vibrate by 
applying an impact force on the 
mass m2.



Calculation of the system’s natural frequency. 
Consider the free-body diagram on the previous slide. The differential equations of 
motion are,
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Theequation for thenatural frequency of thesystem can besimplified

by setting    and and

which yields,
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Case 1: The Amplitude of vibration for a force on 
the mass m1. 

Consider the case when a vibration is induced on the 
system through a force Qo sin� t acting upon the mass 
m1. The differential equations of motion are now,
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Substituting backinto thedifferential equation,
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From these two equations,weobtain the two coefficients  and ,
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Case 2:  An impact force upon the mass m2. This case can be modeled by assuming 
that the vibration is induced via an initial velocity v0 to the mass m2. Hence,
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Example 1.
Calculate the natural frequencies of the system � o1 and � o2 shown below, if W1 = 25 lb 
and W2 = 5 lb, and the spr ing constants are k1 = 100 lb/in and k2 = 50 lb/in.
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Example 2.
Calculate the amplitudes of vibration Z1 and Z2 for the two masses of Example 1, if a 
vibratory force Q = 10 sin� t (lb) is applied to the mass m1 with a frequency � =78 rad/s.
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Free vibrational systems with coupled translation and rotation.

The 2-D of freedom system shown below will exper ience both translation and rotation. 
The two differential equations of motion of the mass m are,
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Homework Problem #5A.

Determine the natural frequencies � o1 and � o2 of 
the two-degrees-of-freedom system shown below 
as functions of k1, k2, k3, m1 and m2.

Answer:
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Homework Problem #5B.

Given that Qo = 100 N and � = 31 
rad/sec, what should be the value of k2

so that the auxiliary system acts like a 
vibration absorber for the main system?

Answer: 

k2 = 57.7 N/mm
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