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Noise on frequency spectra of operating data may. inmm, case: be of an unknown
level and source. For good analysis this should not be the one. A vibration
speatrun or a running machine, for example. should contain a clear picture or
machine dynsmice and not be diaturtsd by instrumentation noise or background
hash. If this is not the case. the snelysiat should know why.

Background end instrument noise can be measured. For example. it is good
practice to use a dumay channel to continually monitor systes noise. Dynamic
range must be known, there is little value in measuring combustion chamber
pressure over a 80 dB dynamic range and recording the intonation on an I'M tape
recorder with 3545 iii dynamic range, for example. Frequency limitation: should
also be known. All systems have a resonant frequency and many do not operate down
to DC. There is no point in Iain; a large acceleraseter to measure frequencies at
5 kiis when it has a resonance of 6 kHz. Good practice says 1.5 idle ie the
maxim.

Often though, one has to live with noia, poor signal to noise ratio or Just low
level signals- Offending devices like slip rings and radio links or environments
such as Hater, heavy traffic vibration or other machinery noise are common causes
of unavoidable noise. The problem is to extract the signal from the noise.

SIGNAL AVERIGING

LINEAR

The meat straight forward method is to add successive spectra in such a way that
each contributes an equal portion of the total. This method is called linear, or
ensemble averaing and generally follows the fans:

A1 =1/n (and) 5 x1)

where n = 2" such that. 2"”: 52'“
.1

Using this method coherent continuous signals will remain at constant level
whereas any random or non—continuous signals will decrease in amplitude. In
general the larger the nlauber or averages, the better the result. The
limitations are that the data must be stationary over the averaging periodlror en
scout-ate result, and there must besufficient data to product enough averages for
SIN improvement.

EXPONENTIAL AVERAGINO

The exponential average has the effect of producing a spectrum that varies with
time with a gaed attack rate and exponential decay such that:-
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11-!n = NH (T sud) + xi)
1

Wherei =|l+1,lf+2,llak3__l

A tine constant of II averages is loyal-eat when exponential aver-seine 18 dono-

The advantages of this taehniwe are that rapidly varying date will he observed

as will short duration transients. Signal to noise will be improved in

proportion to the value of II.
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In ample! rotating machinery
PROCESSED analysis, it can help if the

spectra is syneronised to a
teem-star signal. The spectra

are then triggered It the same
point for each ensemble. All
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CWDW'MI“ non rotating oonponants of the
_ _ spectrum will he 'avaraged out'

Figure 2. ConccpzforMnmrmg Synchronous leaving on“. the “net-om“,

Paw" 39‘9" signal. If the tachometer
signal is divided or nultiplied,

then other amoronous parts such as gears and blades may be examined while the

non-synoronous eiylslsare attenuated.

VISUAL INTERPMATIW

If one spectra is displayed without averaging and the signal to noise is less

than H: i, then the algal will not be identifiable. "he" averaging DOGWB- the
noise level is rsduood because of its random-lass. but the measured signal must be

stationary. It the aims]. is non-stationary. or a transient or low level and

syneronisstion is ilpoesible, then the waterfall technique retains. spectra are

run down the page close together so that any continuities linfl up Hflhlllh 1": 15
possible to diltiuuieh limals well below the noise floor.
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resolution will give maximu- sienal to noise,
extended.

considerable data loss. 11" only one spectrum 1
there is e discontinuity of analyses due to the
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BANDHIDTH HEDUL'I'IDII

Per findom signals the power
spectral density is given by the
following!

PSI) = Heen Signal = (IINS)Z
Bh‘ B"

If the noise level is constant,
that is a constant totnlmover
the whole speetnl. then the
level in a particular spectral
cell or line will depend on its
bandwidth. I 10 tiles increase
in resolution gives a 3M!
reduction in noise. Any
sinusoidal components will be
unaffected, thus an improvement
of Bali in signal to noise or the
measurement has occur-ed-

Thue optimun use or base bend and frequency translation or zoom to give maximu-
but analysis duration will be

W
the EFT technique requires that a weighting function be enplied to the time
dalain before conversion to the frequency domain. is a result there is

3 generated per Mallory period,
ueightins function.
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Overlap processing enables two or four speotra per lemony period. or more

umonly a constant sexism-n FP‘I‘ conversion rate. In the case or a fixed FFT rate,

overlap processing occurs up to the analysers 'real tine' rate. Several benefits

occur with overlap processing:—

1. There is no data loss
2. Averaging is faster

3. Visual resolution is ilproved Is the dlnpley ie mre stsbl

ll. Hater-fell displays show more due to higher density of spectra

METRIC!ICII (I NOISE

I! a machine is being run in a noisy environment, before and after neesuruents

may he lads then subtracted to leave Just the machine noise. This method may also

be used to correct spectre distorted by instruments with non linear frequency

responses. Host Indern spectru— analysers have thiscapability.

W
The cross spectral and coherent output. pouer spectrum both give outputs thlt may

be sore valuable than the original two epeetra. For exalple, the noise emitted

by s machine say be distorted due to the noise fro- ether machines. In that case

an aeoeleroeeter on the nsshine will give a reference for coherence of the noise

signal. Then the product of the minutiae function and noise spectra. Hill give a

measure of coherent output power rrcl that machine.

All these techniques are possible with the modern FFI' analyser whether single or

two channel. Host analysers can be interreeed with umputers for sutnastie

analysis. Peripherals such Is the aim-turn ratio adaptor. techo-eter nultiplier

and waterfall are also readily suilahle.
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