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Introduction

Certain components must be designed and tested to verify that they can withstand a mechanical shock
environment.

The shock specification may be given as a half-sine pulse, or some other classical pulse. Or the
specification may be a shock response spectrum (SRS). Note that an SRS may be calculated for any
time history, including classical pulses.

In some cases, a desired goal may be to show that a random vibration test covers the required shock
specification for a given component. The random vibration test is conventionally specified as a power
spectral density (PSD).

The purpose of this paper is to show how a random vibration test specification can be used to cover a
shock specification in terms of peak response.

Model

The first step is to determine the acceleration response of the component to both the shock and
vibration environments.

The component is modeled as an SDOF system as shown in Figure 1.
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The amplification factor Q is related to the viscous damping ratio & by

Q=—7 (2)

A shock pulse could then be applied as a base excitation to the SDOF system in Figure 1. The
response of the mass could then be calculated via the method in Reference 1. The resulting
response could then be presented as an SRS which gives the peak acceleration response as a
function of natural frequency with a fixed damping ratio.

Furthermore, a random vibration PSD could be applied to the base of the SDOF system in Figure
1. The response of the mass could then be calculated via the method in Reference 2. The
resulting response could then be presented as a vibration response spectrum (VRS) which gives
the acceleration response as a function of natural frequency with a fixed damping ratio.

The VRS amplitude is typically given in terms of RMS or 3c.

The standard deviation is 1c.

Note the following relationships assuming a zero mean:

1o =RMS

30 =3 X RMS



The 3o value is often considered to be the peak value. But a better estimate of the peak A is

A=42In(fnT) 3)
where

A isascale factor for the o value
fn is the natural frequency
T isthe duration

Equation (3) is taken from References 3 and 4. It models the response peaks via a Rayleigh
distribution. The instantaneous base input values are assumed to have a normal distribution.

For example, a 4.33c peak response is expected for a system with a natural frequency of 200 Hz
exposed to random vibration over a 60 second duration.

A=./2In(fnT) =/2In (200Hz)(60sec) = 4.33 (4)

Note that the VRS peak amplitudes can be expressed by applying the A scale factor to the
1o response, or equivalently to the RMS value assuming zero mean.

Example

A component must be subjected to a qualification shock test which is a 20 G, 11 msec half-sine
pulse, with a single pulse. The component has already passed the random vibration test in Table
1. Determine whether the random vibration test covers the shock requirement.

Table 1. Qualification PSD, 180 seconds,
12.3 GRMS Overall
Frequency (Hz) Accel (G"2/Hz)
20 0.0212
150 0.16
600 0.16
2000 0.0144
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Figure 2.

The VRS curve is calculated from the random vibration PSD in Table 1, with the A scale factor
applied. Note that A depends on both duration and natural frequency. The duration is 180
seconds. The natural frequency is an independent variable.

Again, the half-sine pulse was 20 G, 11 msec.

The resulting comparison shows that the random vibration test covers the half-sine pulse
specification as long as the natural frequency of the component is 60 Hz or higher.
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