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1. INTRODUCTION

The increasing level oi competition in the motor industry and the increasing level at customer
expectatiors has led a general trend towards quieter and more refined cars. The interim noise at acar is
made up of contributions irom many sources. and 's intluenced by many teeters. Low frequency noise,
below 500 Hz. is mostly generated through structure-home vmration emanating irom the powertrain and
transmitted through the various connection points to the vehicle body and into the passenger
compartment. This noise contribution has been reduced dramatically over the past tow years by control oi
the vibration levels generated by thepowertrain, and engine mount isolation. so minimising the forces
transmitted to the vehicle body. Body structures have also improved. resulting in a very nmch quieter
passenger compartment. The consequence at this is that high treguenoy noise has become mudt more
intrusive because at the reduction in the masking eliect or low ir‘equency structure-home noise. High
irequency noise comes from a variety oi sources. and '5 generally airborne rather than structure-home.
There are broad-band high irequency noise sources, which include wind and tyre noise, but possibly
more annoying to the driver are narrow band high irequency noises. classliled a Whine' noises. the
majority or which are attributable to noise radiated irom the powertrain and the various auxiliary
components attached to it. Engine radiated noise has also been reduced significantly over recent years.
which means that the contrfleutlon oi auxiliary components has become more important.

This paper presents the _resutts at an investigaion into the influence oi the alternator on vehicle Interior
noise. The alrnoi the investigation being to establish iundamental information about the nature of the
contribution oi the alternator to overall interior noise. Specific objectives are to consider the directionality
oi the aitemator noise and to determine the best position within the engine compartment tor the
alternator. The investigation is based on detailed transier iunction measurements carried out using a
wideband sound source and utilising the principle oi acoustic reciprocity. The contribution oi an
automotive alternator to overall Interior noise is discussed. along with the etiects oi the directlvlty oi the
altemator radiated noise. However; the conclusions oi the work could apply to any accessory located in
any vehicle engine compartment.

2. THEORY

The acoustic transier iunction. H. between the alternator position in the engine compartment and the
drivers ear position can be calculated directly irom the ratio ot response sound pressure level (SPL) to
acoustic source volume velocity:

= SPL(x)
qty)

H  (1) I
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where SPL(x) is the sound pressure level at the driver's ear position and qty) is the volume velocity (m’ls)

atthe source at the altemator position. Alternatively. the well known acoustic reciprocity relatronship may

be invoked [1.2]:

SPL(x) = SPL(y)

qty) Q(X)

where qix) is the volume velocity ol the source at the located at the drtver‘s ear position and SPL(y) is the

resulting sound pressure level at the alternator location. Thus, the sound pressure at the drivers ear

position may be predicted using the tormula:

SPL(x) a H.q(y) (3)

where qty) is the operational alternator volume velocity.

(2)

3. MEI'HOD AND EQUIPMENT

N atirst step towards deciding what investigations should be carried out. it Is necessary to examine the

meats by whichtonal noise is perceived in the passenger compartment. This can be described by the
diagram In Figure 1. which identities the aspects ot the system which can be considered independently:

i Alternator noise can be measured in isolation trorn the vehicle on a custom-made rig. which canalso
be used tor directivity investigations. -

I Noise transfer functions can be measured between the alternator position and the passenger
compartment which will quantity the sound attenuation attributable to the vehicle body.

fil These data can then be combined to calculate the contribution at the alternator to vehicle interior
noise. This should highlight the lrequency ranges over which the accessory noise is at most
ooncem, and wittheretore indicate the aspects ol the accessory design which will inlluence these

trequencles. It should also identity Irequencies at which the vehicle body stmoture contributes to the
perception 01 high trequency noise in the vehicle.

To establish the transfer iunctions a suitable omnidirectional noise source Is needed with the capability ol
providing a known signal over the range ol Irequencies oi interest. Ideally the source shouldbe placed in
the engine companment atthe alternator mounting position. The response at the drivers ear position
could then be measured and a transler tunction derived. In order to make instrumentation and
measurement easier it was telt that the principle at acoustic reciprocity could be used. whereby the noise
source could be positioned Inside the passenger compartment and the response measured in the
engine compartment. This should give the same result as having the noise source at the alternator
position and measuring the response at the driver‘s ear,Detailed transfer lunotion measurements to be
taken at ditterent positions around the alternator so that the eilects ol directivin ol alternator noise could
be assessed.

The source used tor this work is a prototype system developed by the Automotive Design Advisory Unit

atthe Institute 01 Sound and Vibration Research. University at Southampton [3]. In order to provide
suttlclent power at all Irequencies a combination ol loudspeakers and compression driver units is used.
The output or the drivers and speaker are combined into a single conical output nozzle tapering lo a
single small outlet aperture. Small outlet dimensions maintain omnidirectivity over the required trequency
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range. The source output '5 quantitied by volume velocity which is obtained trom a calibration test.
periorrned by operating the source in tree lield conditions and measuring the sound pressure at a
number oi points on a 1m radius sphere centred at the output. These results are averaged, and the
volume velocity calatlated as follows:

_ 2rP,_ pf

 

(4)

where P, 'is the sound pressure at radius r. p is the density at air (=1.19 kg/m“). q "s the volume velocity
_ andt is the trequency in Hz.

To check that the reciprocal method would give the same results as a direct method, a single hem driver
unit was used. fitted with a long tube with a suitably sized nozzle en the end so that the source noise
could be introduced into the engine compartment. Response was measured in the passenger

compartment and a transier tunotlon derived. This was compared with a transleriunction derived with the
source and receiver positions reversed. The vehicle used for this investigation was a production saloon

car with the alternator filled at the bulkhead side of the engine.

In order to measure the alternator noise, a simple rig was built ongvhich to mount a typical alternator such
that access was not obstnicted nor radiated noise significantly influence by the structure. The alternator
was driven using an electric motor via a long drive belt. Measurements were taken at 10° intervals in three

planes round the machine to assess tuliy the directivity ot the noise.

4. RESULTS

The most appropriate position at which to mount an accessory was determined by measuring the
response atvarious positions within the engine companmem. This showed which possible mounting
position could lead to greatest interior noise. Figure 2 shows the layout of this test. Narrow band transier
tunctions were measured with the vehicle in a semi-anechoic chamber and are expressed as the

measured engine compartment SPL deed by the volume velocity at the source. For clarity, the

corresponding ‘1, octave transier tunctions are plotted in Figure 3. The min point to note here is the

behaviour at around akHz. This is a trequency which is known to contribute strongly to tonal noise

oonoerrs. It is apparent that mounting the alternator at the bulkhead side ot the engine will give rise to
increased Interior noise at this frequency. A position at the bottom 01 the engine would be worst. possibly

because the-vehicle was right hand drive. and there Is a possible noise path through the steering column

bush near that position. . '

Transter fundlonswere also established at various locations around the .existing alternator position
(Figure 2; position A) to determine it noise radiated in any one direction could be a partiailarty significant

oontn‘butor to interior noise. A small piezo-electrtc microphone was used so that measurements could be

taken in .the small spaces‘ around the alternator, and transier tunctions were derived lor all the

measurement positions. Generally it was seen that there was little ditterence between these lunctions.
However, the transier tunctions were now available so that their influence on the altemators contribution

to interior noise could be assessed. Figure 4 shows the transier lunctions derived during thecheck on

the validity oi the reciprocal method. In this ligure the transier lunclions are calwlated a the ratio oi

receiver SPL to source SPL. ltcan be seen that there '5 general agreement between the two methods
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although there are some slight variations. This '5 possibly due to some Iadt oi omnidirectionality oi the
source at high lrequencies, or the sensitivity to the exact positioning of the souroe and receiver.
panlcularly at high lrequencles. However, the degree at agreement was considered suttlclent to proceed
with the reciprocal method torthe reminder or the work. initially a broadband signal vim produced at the
source. but because oi the high attenuation oi the vehicle body, the signal to noise ratio at the receiver
was poor. and so coherence oi the transter tunction was low. This was greatly improved by using a swept
sine wave input. although i meant that processing time was increased s the_ wideband lrequency
response had to be built up trom a series oi narrower lrequency bands due to processing limitations in the
equipment.

Alternator radiated noise wasthen measured on the rig. Readings were taken at 0.5m distance at 10°
intervals in three planes around the alternator. The frequency content or the radiated noise was
assessed by taking ‘1, oaave sperms at each oi the measurement points. In order to assess which are the
dominant ttequencies. the data tor a horizontal sweep at 15000revlmin were plotted In 3D tom. and are
shown in Figure 5. This clearly shows that the ‘I, octave band centred at 2500Hz lorrns the dominant
contribution. This band contains trequencles between 2223Hz and 2787Hz which covers alternator
rotational orders between 8.89 and 11.15. This particular alternator has cooling tans with 11 blades, and
some malorityoi the noise in this case can be attributed to the fans, a there is no other ieature in the
alternator which could produce rotational orders in this range. The peaks seen at 250Hz and 500Hz
correspond to 1" and 2" orders and are probably attributable to rotating out-oi—balance oi the rotor. it is
also interesting to note that the 2500Hz level varies cyclically round the attemator with tour distinct peaks
being seen. This 5 demonstrated more clearly in Figure 6 which shows that the tan noise is lowest at
angles or about 45 degrees to the main axis oi the alternator. Similar plots can be obtained tor the other
Mo planes, and show similar behaviour. This '5 due to the orientation ol the ventilation slots around the
casing oi the attemator. It Is also interesting to note that at this speed the contribution or the tans is at a
simihr trequency to the peak in transier lunction seen In Figure 3 at the lowest position near the
bulkhead. which wouldlead to higher levels oinoise at this lrequency should the alternator be mounted
at this position. The rig measurements were all carried out with the altemator unloaded. and so only the
ettects oi aerodynamlcally generated noise will be seen. This ‘5 generally suiiiclent when considering
alternator speeds above about 5-6000 rev/min (engine speeds oi around 2000 rev/min). Below this
speed it s known that noise due to magnetically induced vibrations in a loaded alternator can lead to
significant levels at 36‘“alternator order. and this should be considered separately.

The contribution at the altemator no'se to overall interior noise was then calculated using equation (3).
The data lrom the scans round the alternator were averaged to provide data for each or the six sides oi the
alternator in directions corresponding to the transier iunctions previously derived. and converted to
volume velocity. These volume velocities were then multiplied by the transler functions to delerrnine the
Interior noise contributions from each side or the altematcr. The results obtained at 15000 rev/min are
shown in Figure 7. which shows that there Is in tact little ditterence between the noise contributions from
the six sides at the alternator, The overal alternator noise calculated irom the sum at all contibutions is also
shown. In order to compare the contribution oi the alternator to overall interior noise at dttierem engine
speeds, the total alternator contribution was calculated tor a suitable number at speeds. Figure 8 shows
this data in comparison with measurements oi overall interior noise made with the engine running. It can
be seen that the altemator contributes very significantly to the high trequency Interior noise at higher
engine speeds with the eiiects oi the 6‘“ and 11‘" alternator rotational orders being obvious. The eitect ol
the allemator is less pronounced at low engine speeds.
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5 SUMMARY AND CONCLUSIONS

This paper has reported on a detailed investigation into the contribution oi the alternator to vehicle imerior
noise. although the conclusions could apply to any engine mounted accessory. It has been shown that
the principle of acoustic reciprocity can be successiuiiy need tor this type oi Investigation, although tor
acmrate results, partmlarty at high irequency. care has to be taken in the positioning of the
microphones, The work has led to a number of conclusions which will help the iunher understanding of
tonal noise issues. and their resolution.
0 The positioning oi accessories within the engine companmem '5 important in terms at their ‘

contribution to interior noise. A location towards the Iron! oi the vehicle is preferred. 1
0 At higher engine speeds the alternator makes a major contribution to the overall Imen'or noise at the

vehicle at high trequenoies. _
a The directlvity oi alternator radiated noise was not an important taraor in Its contribution to interior noise

in this instance.
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Figure 1: Tonal noise paths tor a vehicle
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Figure 2: Alternator measurement posllions

dea"Indian [sum]

. mun-IIIII—I
Wfll‘IlllllI-l

gnawing;
—-Eflliillfl . 7

  

        

    
  

m m moo.
Fre quoncy [Hz]

Figure 3: Transfer functions lor tour possible allernaior positions
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Figure a: Comparison oi direcl and reciprocal iransler iuncilons
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Figure 5: SFL verses irequency Irom a horizontal scan around alternator - 15000 rpm
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Figure 6: SPL irnm a horizontal saan around alternator 45000 rpm  Proc.I.O.AA Vol 20 Part ‘i (1999) $3
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Flgure 7: Predicmd Interior nolse generaied by the alternator - 15000 rpm speed
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