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Introduction and definition of 
Measurands
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Measurement of Displacement, 
Acceleration and Vibration

• Measurement of:
– Displacement
– Acceleration
– Vibration

• Practical Devices
– LVDT sensor
– Eddy current proximity probe
– Piezoelectric Accelerometer
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Measurement of Vibration

• To determine the vibration of a machine 
component we can measure:
– Displacement,
– Velocity,
– Acceleration.

• and integrate or differentiate 
accordingly.
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• Vibrations are very commonly encountered in
machinery operation, and therefore measurement
of the accelerations associated with such vibrations
is extremely important in industrial environments.

• The peak accelerations involved in such
vibrations can be of 100 g or more in magnitude.
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Vibrations normally consist of linear harmonic
motion which can be expressed mathematically as:

x(t) = X0 sin(ωt)  (1)

where x(t) is the displacement from the equilibrium
position at any general point in time, X0 is the peak
displacement from the equilibrium position, and ω is
the angular frequency of the oscillations.
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By differentiating Equation (1) with respect to
time, an expression for the velocity v(t) of the
vibrating body at any general point in time is
obtained as:

v(t) = -ωX0 cos(ωt) (2)



• Differentiating Equation (2) again with respect to
time, we obtain an expression for the acceleration, α,
of the body at any general point in time as:

α(t) = -ω2X0 sin(ωt) (3)
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Inspection of Equation (3) shows that the peak
acceleration is given by:

α= ω2X0 (4)

This square law relationship between peak
acceleration and oscillation frequency is the reason
why high values of acceleration occur during
relatively low-frequency oscillations.



Engineering Units

Measurements of 
vibration can be:

• Peak to peak (pp)
• Amplitude
• Root mean square (rms)

Units can be metric or 
American.

• mils = 1/1000 of an inch
• Inches/sec (ips)
• g (9.81 ms-2)
• Hz
• Cycles per minute (cpm)
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Displacement, Velocity and Acceleration at constant Velocity



ISO 2372 (10816)
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Vibration Limits: API-
610 centrifugal 
pumps in refinery 
service
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IRD mechanalysis 
vibration standard
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Measurement of Displacement
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Linear Variable Differential Transducer
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Linear Variable Differential Transducer
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Linear Variable Differential Transducer
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AC and DC 
characteristics of 

LVDT



Phase Sensitive Detection Circuit
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Action of PSD circuit
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Action of PSD circuit
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Rotating Shaft Displacement

• This is an important topic in condition 
monitoring. 

• Use 2 displacement sensors oriented at 
90 deg.

• Produce ‘orbital’ plots of shaft 
displacement.
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Rotating Shaft Displacement
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Eddy Current Probe
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Rotating Shaft Displacement
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Eddy Current Displacement Probe
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Examples of some typical orbit plots which are 
produced by defects in equipment are 
illustrated in Figs. 1A-1D. 

A typical example of an orbit plot associated 
with a severe case of misalignment is 
illustrated in Fig. 1A.

An example of an orbit plot produced by oil 
whirl or oil whip in a sleeve bearing is 
illustrated in Fig. 1B. 

The spiked circle illustrated in Fig. 1C is an 
example of the orbit plot produced by a rub, 
while the plot illustrated in Fig. 1D is an 
example of a bent or unbalanced shaft. 

Depending upon the location of the rub, the 
form of misalignment or cause of the 
unbalanced shaft, the orientation and extent of 
deviation from a circle may change.
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Eddy Current Probe 
Installation

Condition Monitoring -
instrumentation



Eddy Current Probe Installation
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Probe and Bridge Circuit
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Effect of Target 
Material on Skin 
Depth at 1 MHz
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Accelerometers
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Seismic Accelerometer
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The accelerometer is rigidly fastened to the body undergoing 
acceleration. Any acceleration of the body causes a force, Fa ,  on the 
mass, M, given by:

Fa=Ma

This force is opposed by the restraining effect, Fs , of a spring with 
spring constant K, and the net result is that the mass is displaced by a 
distance x from its starting position such that:

Fs = Kx

In the steady state, when the mass inside is accelerating at the same 
rate as the case of the accelerometer, Fa = Fs and so:

Kx = Ma or a = (K/M)x
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We include a damping term proportional to the velocity

Fd = B dx/dt

The equation of motion is now

Kx + B dx/dt = M d2x/dt2

Which is often written in the form

d2x/dt2 – 2 ωn ξ dx/dt - ωn
2 x = 0

Where ωn the natural frequency and ξ (ksi) the damping ratio are given 
by:

ωn = √(K/M) and ξ = B/2 √(KM)

(ξ = ‘Xi’ it is the Greek ‘x’ as in xylophone)
Condition Monitoring -

instrumentation



Frequency Response 
of a Second Order 

Transducer Showing 
Resonance and 

Damping Effects
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Piezoelectric Accelerometer
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Output of Piezoelectric 
Accelerometer

• Charge sensitivity to force: q = dF
• Newton’s law: F = Ma
• PZT is a capacitor: V = q/C
• Hence V = dMa/C
• Sensitivity (V/a) = dM/C volts m-1s2

• 0r 9.81 dM/C volts g-1
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Piezoelectric Materials
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Problems with bare PZT
• Total capacitance of system C’ is combination of PZT 

crystal+cable+scope input
• System sensitivity proportional to 1/C’
• Low frequency cut off of system response given by 1/τ = 1/RC’
• Solve these problems using so-called ‘charge amplifier’ 
• silly name, doesn’t amplify charge, rather, it provides vout

proportional to qin
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Charge Amplifier for PZT Accelerometer
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Charge Amplifier for PZT Accelerometer

• System sensitivity now v = -q/Cf

• Low frequency time constant now τ = RfCf
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Accelerometer Frequency Response

Condition Monitoring -
instrumentation



Vibration - 4

Practical Considerations
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