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Sonic Signature Analysis is the evaluation of acoustic signals emitted by amechanical
system in order to detect the presence of undesirable conditions such as the development of
defects that are the first stages of serious failure. If a system is operating In a normal
manner, the signal emitted is called the "sonic signature" of that system. Any change In
this signature indicatesIncipient failure, long before any external signs become evident.
The data collection Is accomplished by entermlly mounted sensors that do not affect the
operation of the engine.

Although sound Is audible vibration, the two are commonly considered to be separate
phenomena. Sound Is heard, vibration is felt. For signature analysis, we define sonic
signals as elastic wave motions in solids. When one ob|ect Is struck by another which does
not remain in contact with it, a sonic pulse is produced. The resulting elastic wave will
contain a range of frequencies whose amplitudes will die away with time. ihcse frequencies
are the range of specimen resonant modal frequencies encompassed by the bandwidth of the
Impact stress pulse.

Fundamental medlanical events occurring in machinery, such as =

impact scratching hiss
sliding rubbing flow
rolling '

produce distinctive sonic signals. Basically, there are two kinds of event that are of
concern - hamerlng impact and the hissing sound produced by streaming gas or liquid.

The main problem of diagnostics is to develop a selective technique for the extraction of
discriminants which are correlated with the internal condition under study. In particular,
cyclic machinery presents a high potential for sonic signature analysis. in these
applications time domain analysis has proven as a powerful tool. Irregularities show up as
changes In the various parts of the time signal rather than as a change In the frequency
spectrum. The signature therefore consists of a series of sonic events occurringduring the
cycle. Any change in this characteristic signature, particularly a new event, will be a
demonstration of Impending malfmciion. In a signature analysis bath the appearance of new
signals, and the disappearance of normal signals are criteria for the evaluation oi engine
malfmcilotl.
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The Vlhro-N eter System

The essential requirements for an industrial system to evaluate sonic events are l

a) The sensor should he external to the engine such that it in no case

influences the engine.

la) The sensor must have high reliability and low temperature sensitivity.

c) The transmission of the signal from the sensor to the processing electronics

has to be in such a form that it is immune to electrical Interference.

In order to fulfill the requirement (a) the acoustic signal transmitted through the engine

structure by an event is monitored. Therefore, there must be no possible loss of engine

integrity due to the sensor. in order to gain maximum sensor reliability and insensitivity to

temperature (Is) a piano-electric acceleration measuring principle was drasen. However,

plaza-electric sensors have a sensitive point because their output is an electrical dsarge.

Transmission of a charge signal over is long distance gives rise to problem. These were

solved according to the requirement of (c) by having a charge to current converter built In

near the sensor. The signal transmission from this conveer is in terms of current and is

simply done via a 2-wire system. in other words, this has converted the piezo-electric

system into an Industrially sate, resistive system.

The function oi the equipment is as follows a

The elastic wave motion (sonic signal) is transformed within the piezo-electric sensor into an

electrical duos-ge signal. Then, In the conditioner this signal is converted into a current

modulation with a transfer function at i mA/Voit. This modulation appears on the current

drawn by the circuit from the power supply. The output signal can he carried over long

distances (several hundred metres) and is reconstituted at the receiving and by reading the

current variation i.e. measuring the voltage variation across a resistor in series with the

positive power line.

The aim-men"de described non-invasive sonic signature (NISS) detector forms the tint

section of a complete NISS evaluation equipment. But it forms the essential part, which

serves in confirmation with oscilloscopes or tape recorders for the first tentative investigations

in new applications. Therefore this part of the equipment is available as independent

instrumentation!

The interpretation of the visual display information obtained from the NtSS detector is the

first step to a concept for an evaluation electronics. Because the sonic signal to this

electronics evaluation unit ls seguential in time, the time domain analysis often the

advantage of clear interpretation of mechanical phenomena and ease oi signal treatment.

Expensive and difilcult frequency analysis of the signal is not necessary. The time domain

ls carried out in syndrronism with the machinery under investigation.
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For the evaluation the following principles are possible t

- time gate technique
- time Interval measuring technique
- digital Integrator

The time gate technique is used, when a detection of the appearance of new sonic signals or

the disappearance of normal sonic signals is necessary.

ScquIng warning on Diesel engines ls o typical application for this technique.

The time interval measuring technique is used In applications where intervals In repetitive

sonic signal sequences are an evaluation criterion. Examples for this method are iniectlon

monitoring on Diesel engines, monitoring of sequence phenomena In Industrial machinery etc.

the digital integration method is used when on analysis of the mean value of several cycles Is

desirable. Examples of this method are knack or detonation monitoring on Internal combus-

tion engines. For scuffing warning the sensors are placed on the lower end of the cylinder

liners. As scuffing condition causes the liners to ring at their resonance frequency, at

deflned moments typical sonic slytall will appear. For inlectlon monitoring the sensors are

placed on the In|ectors. The signature gives Information concerning the shock caused by the

needle opening and closing. In this way both iniection time and duration can be evaluated.

For knock or detonation monitoring the sensors are placed on the cylinder heads. -Abnormol

combustion Is characterised by both amplitude and time momalles.

Typical applications for sonic signature evaluation are as follows t

L, Internal Combustion Engines

(Diesel engines, dual~fue| engines, spark—ignition engines)

Valves (timing, clearance)
Valve-gear (cam, cam-follower, pushrod, rocker arm, tappet etc.)

In|ectlon pump (timing, check valve).
In|ectlon valve (timing, ignition lag, needle monitoring)

Combustion (Ignition timing, combustion quality, detonation, knock)

Plstan (piston slop, gudgeon pin and connecting rod rearings, piston ring

Interaction with inlet and exhaust ports, blowby)

Scuiflng

The cause of scuffing is basically the hidi temperature produced at points of intimate

contact as a result of high load and sliding speed. Since frictional heat cannot be

dissipated rapidly, an unstable phenomenon develops that leads to localized welding of

the opposing surfaces and their subsequent rupture. These a‘itlcal events produce sonic

signals which are used In time domain analysis for early wamlng of seizure.

Sonic signature evaluation equipment on Internal combustion engines is used as

:manent installation on large low speed and medium speed engines, but also on test

ds for adlustment purposes on small high speed engines.
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3.

ReclEeeailng CamEsson (la Industrial gases)

Valve lmclion
Pinon/cylinder liner clearance
Power Irvin clearance

fizdmullm and Pneumailcs

Pumps (valves, llevr, cavilurien)

Molors(veives, flaw, cavitation)

Valves(swiich pulse, flow)

mdmuiic er Pneumailc Euenilal Controls

Auiomalic siari sequence (iurblnes, gas genemiers)

Valve openian sequence (high vacuum eguipmeni)

Auiemallc sequences (nuclear reaciers, diesel engines, oll firing,

haisiing madrines, machine reel eic.)

General industrial Aeplloailans

Auiamallc assembling machines
Auimallc iiillng and packing machines
Prlniing machines
iexille madrlnery (weaving, knming, spinning machines)

Die calling and inlecilon moulding machines

Pile drivers and mm
Dosing pumps in chemical processing
Machine leal (polnl of ceniaci Indication on grinding and milling machines)

Bearings and bearing flnailom
Pipelines md iheir lixailons (chemical pracesing)

Gears _

Wire drawing, eximsian, punching, culling and other mechanical processing

Grinding miils (grading, filling l’aclor)

High voltage breakers

iesl Beds for

Auiemalic weapons
Explosive propulsion mechanisms (bolls, valves, eiecier seals eic.)

Film cameras and preleciar:

Mechanical waiches
Relay cenlacl check era.
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