SHOCK AND VIBRATION RESPONSE SPECTRA COURSE
Unit 2B. Sine Vibration Displacement, Velocity, and Acceleration

By Tom Irvine

Introduction

Again, consider a single-degree-of-freedom system undergoing sinusoidal excitation. The
displacement amplitude x(t) is

x(t) = X sin(wt) D
where
X isthe displacement
wis the frequency (radians/time)

Note that each amplitudein thisunit is taken as zero-to-peak.

Theveocity x(t)is obtained by taking the derivative.
X(t) = wX cos(wt) )
The acceleration X(t) is obtained by taking the derivative of the velocity.

2

(t) = - we Xsin(wt) ©)

Disregard phase. Take the peak absolute values of each parameter. The peak values are
summarized in Table 1.

Table 1.

Peak Values Referenced to Peak Displacement.

Parameter Equation

Displacement Xpeak = X

Velocity Xpeak =WX

Acceleration  peck - w2 X
Note that

Now let A bethe peak acceleration. Therdationshipsin Table 2 can be derived via algebra.



Table 2.

Peak Values Referenced to Peak Acceleration
Parameter Equation
Displacement X peck = A /W2
Velocity Xpeak =A/w
Acceleration Xpeak = A

The equations in Table 2 have enormous consequence in vibration testing, as explained in the
next section.

Shaker Table

A satelite is shown mounted to an e ectromagnetic shaker tablein Figure 1. The shaker supplies
a base excitation to the test item. These types of shakers are used to test a variety of components
including small RF couplers, flight computers, and spacecraft.

Figure 1.



Thistype of testing is used extensively in the aerospace industry. Itisaso used in the
automotive and other industries.

The testing istypically performed in a closed-loop manner. A test specification is entered into
the control computer. The computer outputs a signal to the shaker via a power amplifier. The
shaker vibrates in response, applying a base excitation to the test item. A control accelerometer
isplaced on the shaker. Thisaccelerometer is part of the feedback loop. The control computer
monitors the accelerometer. It computes a system gain factor, thereby adjusting the output to
achieve the test specification.

Specification Format

The test specification may come from a reference document such as MIL-STD-810E, MIL-STD-
1540C, or NAVMAT P9492. Or acustom test specification may have been derived for the
particular test item.

The test specification might be a random test, sine sweep, or some other format.

A test could be specified in terms of displacement, velocity, accderation. The most common
specification parameter is acceleration, however. The reason isthat acceleration is easiest of the
three parameters to measure.

Acceleration can be measured with a piezoel ectric accel erometer or with a piezoresistive
accelerometer.

Veocity measurements require a Doppler laser or a geophone. Thelaser isexpensive. The
geophoneis bulky and is intended for seismol ogy measurements.

Dynamic displacement can be measured by a linear variable displacement transducer (LVDT).
Unfortunately, the frequency response is only suited for low-frequency measurements.

If velocity isrequired, the typical method isto integrate the acceleration signal. If displacement
isrequired, the typical method is to double-integrate the acceleration signal.

Thus, acceleration is the amplitude parameter of choice for most vibration test specifications.

Recall the displacement equation from Table 2.
- 2
Xpeak =A/wW )

Now consider a sine sweep specification where atest item isto be subjected to a base excitation
of 10 G amplitude. The frequency will be varied, starting with alow frequency and sweeping
upward to a higher frequency. The amplitude will be held constant, however. The displacement
at selected frequenciesis shown in Table 3. The displacement is calculated per equation (5).



Table 2.

Displacement for 10 G Sine Excitation

Frequency (Hz) Displacement
(inches zero-to-peak)

0.1 9780

1 97.8

10 0.978

15 0.435

20 0.245

50 0.0391

100 0.00978

1000 9.78e-005

The shaker, however, has some displacement limit. A typical limit might be 1 inch peak-to-
peak, or 0.5 inch zero-to-peak. Thus, 15 Hz would be the practical lower frequency limit for the
10 G sinetest. Thetest could be performed at lower frequencies, but the accel eration amplitude
would need to be reduced to the limit the displacement.

Most vibration test specifications thus begin at a frequency of 10 Hz or 20 Hz. Exampleswill be
given in upcoming units.

Homework

1. Filetrailer.txt is measured acceleration datafrom abig-rig trailer tested at an automotive
proving ground oval. The dataisnot purely sinusoidal, but isreasonably so. First, determine
the frequency in Hertz. Then use equation (5) to estimate the peak displacement. Remember

to convert G toin/sec, as part of the calculation. You may use a hand calculation or Excdl.

2. Check your calculation from problem 1 using program sine.exe. Use the pure sine option in
this program.

3. Usesneexefor thisproblem. A shaker has a displacement limit of 1 inch peak-to-peak, or
0.5inch zero-to-peak. What is the maximum velocity at a frequency of 10 Hz?



