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Analysis of a Shock/ Vibration Isolation System 

  

Introduction 

Dynamic response analysis deals with the time varying nature of the response of any 

mechanical system under an applied load. Two kinds of dynamic behaviour of primary interest 

to engineers are vibration and shock. Vibration refers to oscillating or other periodic motion of 

a body from a position of equilibrium. Vibration loads can be extremely damaging to a variety 

of equipment due to the phenomenon of resonance, which can amplify the displacements and 

stresses. A shock refers to a sudden and violent blow or impact. A shock load is a very short 

duration impulse (usually lasting a few milliseconds). However, the very large amplitude of 

the load can cause catastrophic failure or significant damage to the system. Designing for 

vibration and shock loads can be critical to the performance and survival of our systems. This 

is particularly true for electronic and other fragile equipment. Isolation mounts provide a means 

to protect such equipment from the severe effects of shock and vibration. Isolation mounts are 

constructed from viscoelastic materials such as rubber which can dissipate energy from a shock 

or vibration.   

 

Vibration Characteristics  

The vibration response characteristics of a system are primarily dependent on the natural 

frequency of the system and the amount of damping in it. The natural frequency is a function 

of the mass and stiffness of the system. Damping is a function of various energy dissipation 

mechanisms present and is denoted by a damping co-efficient or damping ratio. Damping ratio 

can be determined experimentally by applying a periodic load of varying frequencies and 

examining the response (measured as displacement or acceleration of the system). 

 

System Modeling 

Dynamic behaviour of very complex mechanical and structural systems can be well understood 

using a simple Single Degree of Freedom (SDOF) model, shown in Figure 1 below. The system 

consists of a spring of stiffness k, supporting a mass m. The mass can move along just one 
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degree of freedom, i.e. it can move right or left. The displacement of the mass is denoted by x. 

The damping in the system is represented by a dashpot of damping co-efficient c. 

 

Figure 1: Single Degree of Freedom (SDOF) model of a dynamic oscillator 

 

The dynamic response of a SDOF system [1] can be characterized by the following equations: 

   (1) 

    (2) 

   (3) 

F(t) is the applied force which varies as a function of time, t 

 is the first time derivative of x, i.e. the velocity of the mass 

 is the second time derivative of x, i.e. the acceleration of the mass 

ω is the natural frequency in radians/second 

ς is the damping ratio, expressed as % 

 

Vibration Isolation 

In the design for vibration, the external loading is often applied in the form of a ground 

acceleration, ag. Equation (1) may be re-written as: 

   (4) 

Any periodic oscillation can be expressed as a linear combination of harmonic oscillations 

using Fourier analysis techniques [2]. Thus, vibration response analysis under harmonic 

loading forms the basis of more generic vibration analysis techniques. For a harmonic ground 

F(t) 
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acceleration, i.e. an acceleration which is periodic in nature with a constant frequency of 

oscillation given by ωn, the system response achieves a steady state which is dependent on ω, 

ωn, ς and the magnitude of ag. The ratio of the acceleration transmitted to the mass and the 

amplitude of the ground acceleration, referred to as Transmissibility Ratio (TR), is given by: 

 
   (5) 

At resonance, ω = ωn and Equation (5) can be re-written as: 

 
   (6) 

 

 

Figure 2: Transmissibility Ratio at resonance as a function of damping ratio for a SDOF 

oscillator under harmonic ground acceleration. 

 

Figure 2 shows that at low levels of damping, the system response is magnified by a factor > 

50. Thus, an input ground acceleration of 3g, can be amplified to a level of 150-200g. For 

typical damping levels of 2%-5%, TR is in the range 10-25. How does an engineer design for 

such a severe loading? The design approach for vibration problems involves designing the 

system in such a way that the natural frequency of the system is sufficiently far from the 
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frequency of the applied loading. In many cases, such an approach works well and we can then 

do a static load analysis under a suitable ‘g’-load value to verify that the stresses in the system 

do not cause yielding or fatigue problems. However, in some cases, the nature of the input 

loading may be such that resonance effects are difficult to eliminate. In such a scenario, we 

apply techniques that increase the damping in the system, thereby reducing the dynamic 

amplification effects of resonance to more manageable levels.  

 

Isolation Mounts 

   

Isolation mounts are used to protect sensitive equipment from the harmful effects of resonance 

by using suitable mechanisms of energy dissipation. The two primary characteristics of an 

isolation mount are its natural frequency and damping. In addition, the maximum load that can 

be supported by a mount is also an important design consideration. Isolation mount data sheets 

provided by vendors contain the required data which can be used to determine these design 

characteristics and thus choose a suitable mount for our application. Isolation mounts typically 

have a damping ratio in the range to 10%-25%, corresponding to a TR of 2-6. 

 

Shock Loading 

A shock refers to a sudden and violent blow or impact. In the analysis of mechanical systems, 

a shock load is commonly represented as a short duration acceleration pulse of a few 

milliseconds duration. The three primary characteristics of the pulse are: (i) amplitude, (ii) 

duration, and (iii) shape. Figure 3 shows some of the commonly used pulse shapes. While it is 

possible to solve Equation (4) analytically to derive closed form solutions for x(t) and other 

Image via Mackay Rubber1 Image via Kurashiki Kako Co.2 
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response quantities, it is often easier to solve Equation (4) numerically using a time marching 

scheme such as the Central Difference scheme [1]. 

 

 

Figure 3: Different types of shock loads: (a) terminal peak saw-tooth, (b) rectangular pulse, (c) 

leading edge saw-tooth, and (d) half-sine pulse 

 

Example: Analysis of a Vibration Isolation Mount for a Camera Payload  

 

 

 

A day and night camera payload of mass 10kg is supported on 4 isolation mounts as shown in 

Figure 4. The system is to be designed for the following 2 load cases: 

(1) A sine-sweep of constant 1g acceleration from 13 to 500Hz, with frequency ramp up at the 

rate of 1 octave per minute, applied along each of the 3 perpendicular axes. 

(2) A shock load of 15g amplitude over 11ms duration (half sine pulse), applied along each of 

the 3 perpendicular axes.    

 

The vibration isolation mount chosen for this application is available from Hutchinson 

Aerospace & Industry, Inc. We use the HTTA mount series [3]. From the data sheet, the mount 

Image via NOAA3 Image via Wikimedia Commons4 
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stiffness can be calculated using the load-deflection curve for HTTA-3. The transmissibility at 

resonance is 4, and hence, using equation (6), damping ratio can be calculated. The system in 

Figure 4, can now be modeled as a SDOF system for a purpose of a simple preliminary analysis. 

The 4 isolation mounts behave as 4 springs loaded in parallel. Hence, the total stiffness is 

simply 4 times the stiffness of a single mount.  

 

Figure 4: Camera payload supported on isolation mounts 

 

Table 1: Equivalent SDOF model properties of the camera and mount system 

Property Value 

Mass (m) 10 kg 

Stiffness (k) 226 kN/m 

Damping ratio (ζ) 12.9% 

System frequency (F) 23.9Hz 

 

The sine-sweep loading excites the various system frequencies and amplifies the deflections 

and stresses. The system under analysis experiences resonance phenomenon at a frequency 

close to 24Hz. At this frequency, the applied 1g acceleration is amplified 4 times and the 

camera payload experiences an acceleration of 4g. A static load analysis under 4g can be 

performed to determine the stresses.  

The analysis under the shock load is carried out using the Central Difference Method in Excel, 

giving us the results shown in Figure 5. The maximum displacement of the payload is about 

Mass = 10kg 

Mounting Brackets 
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5.4mm and the maximum force experienced by the payload is 1268N. A 15g load on a 10kg 

mass translates to a peak applied load of 1500N. Hence the isolation mount protects the payload 

by reducing the peak load by about 15%.  

 

 

Figure 5: The response of the system under a 15g half sine pulse using a SDOF model computed 

using the Central Difference Method, (a) displacement time history, and (b) force time history. 

 

Summary 

Vibration and shock loads can cause significant damage to a variety of sensitive equipment. 

Although the system behavior under vibration is different from behavior under shock, similar 

dynamic analysis techniques can be used to analyze system response. Isolation mounts provide 

protection under such loads. Single Degree of Freedom (SDOF) models provide a quick and 

simple means of analyzing dynamic behavior. They allow us to capture the dominant vibration 

mode and damping mechanism of the system. Such a technique is very useful in the preliminary 

design stage to choose the right isolation mount. At this stage, we need to evaluate several 

different mounts from a large catalog and need a quick method to eliminate unsuitable options. 

The SDOF model can quickly predict the deflection levels and acceleration levels observed on 

our payload under both shock and resonant frequency vibration. The analysis estimates the 

force in the mount, which can be verified against the load carrying capacity of the mount. 

However, it is important to understand the limitations of the approach. Real systems are multi-

degree of freedom systems and the dynamic response is influenced by more than 1 dominant 

mode. The SDOF model estimates the response in the 3 translational directions, but, does not 

capture rocking or rotational modes which can have a significant influence on behavior. It also 

does not account for the flexibility of the payload. Once, we have chosen a mount using the 
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SDOF model analysis, the preliminary design proposal is validated using a more detailed 

analysis technique such as Finite Element Analysis (FEA), which provides a means to capture 

several important modes and allows a detailed analysis of the stresses and deflections. 
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