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Abstract:

The study reported here addresses influences of physical objects close to the tires on tire/road noise

measured with a close-proximity method, i.e. a microphone 0.2-1 m from the tire. The purposes were:

e To determine whether it is necessary to use an enclosure around the measuring wheel and micro-

phone(s) in trailers, and possibly in other vehicles where a close-proximity microphone is used

when testing tire/road noise.

e To determine whether the selection of test vehicle for measuring tire/road noise emission is an

important factor, mainly with respect to a possible influence of wheel housing on the noise.

e To determine whether the selection of rim used for mounting the test tire, for the purpose of

measuring tire/road noise emission, is an important factor; mainly with respect to a possible

influence of rim width and material.

Experiments were designed to address all three of these problems. In addition, the effect of small

variations in microphone position was studied. The microphone was then displaced 20 mm in 6 different

directions. In order to test the enclosure influence, the trailer at the Technical University of Gdansk

(TUG) was tested in the field on a road surface when driving first with and then without its normal

enclosure fitted. Tests were run for a number of speed and tire combinations. Differences in measured A-

weighted noise levels and frequency spectra with-without enclosure were calculated and an attempt was

made to estimate the frequency spectrum of the "disturbing" noise, i.e. the noise which is eliminated

when the enclosure is fitted.

The experiments to test whether vehicle selection is important when measuring tire/road noise were

conducted in the TUG laboratory under closely controlled environmental and physical conditions, using a

drum facility on which several tires were run at a number of speeds. This study mainly addresses the

problem of different wheel housings in different vehicles. During these tests, the tires were mounted on

five cars as well as on the TUG trailer, which made it possible to study any noise differences for a

particular tire occurring when it was mounted on different vehicles.

The third of the problems investigated was that of a possible influence of the rim on which the tire is

mounted during noise testing. Experiments with regard to this were conducted on the same facility as the

vehicle selection study. They were designed in a similar way, except that instead of varying the test

vehicle, the test rim was changed. Rims of three different widths (4, 5 and 6 inches) and of three different

materials and weights were used.

It was believed that the chosen test equipment and parameters would emphasize any potential

problems arizing when using well-designed, conventional equipment.
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Summary

During the latest three decades tire/road noise has become one of the most important

environmental and driving comfort problems related to cars and trucks. Whereas a lot

of research efforts have been devoted to investigations of more spectacular aspects of

the problem such as generation mechanisms, road surface influence on the noise

emission and tire tread optimization, very few studies have addressed influences of

physical objects close to the tires. The study reported here had the following three

purposes:

e To determine whether it is necessary to use an enclosure around the measuring

wheel and microphone(s) in trailers like the trailer at the Technical University of

Gdansk (TUG), and possibly in other cases where a close-proximity microphone

is used, when making tire/road noise measurements.

e To determine whether the selection of test vehicle for measuring tire/road noise

emission is an important factor, mainly with respect to a possible influence of

wheel housing on the noise. If this would be the case, it would also indicate

means of influencing tire/road noise in the future, i.e. for reduction purposes.

e To determine whether the selection of rim for the mounting of test tire, for the

purpose of measuring tire/road noise emission, is an important factor, mainly

with respect to a possible influence of rim width and material. If this would be

the case, it would also indicate means of influencing tire/road noise in the

future, 1.e. for reduction purposes.

Experiments were designed to address all three of these problems. In addition, the

effect of small variations in microphone position was studied. The microphone was

then displaced 20 mm in 6 different directions. In order to test the enclosure influence,

the trailer at TUG was tested in the field on a road surface when driving first with and

then without its normal enclosure fitted. The tests were run for three separate test tires

and at three speeds. The differences in measured A-weighted noise levels and

frequency spectra with-without enclosure are calculated and an attempt is made to

estimate the frequency spectrum of the "disturbing" noise, i.e. the noise which is

eliminated when the enclosure is fitted.

It is concluded that the enclosure has a rather important influence on the results. If

the enclosure is removed, the A-weighted levels increase by 2-3 decibels when driving

on a "quiet" tire/road combination, which means that the disturbing noise may be

approximately as strong as the noise which is intended to be measured.

It is speculated that the sources of the disturbing noise are:

e Supporting tires at frequencies above 300 Hz

e Wind-induced turbulence noise in the microphone at frequencies < 300 Hz

On the other hand, the enclosure itself creates noise or amplifies it unduly:

e High levels of noise are generated by/in the enclosure at frequencies < 80 Hz

e At approximately 200 Hz, there is an amplification of the noise by reflections
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The latter additional sources, however, do not influence the frequency range of

general importance in tire/road noise studies. Furthermore, by an improved design it

should be possible to correct these imperfections of the enclosure.

It is recommended that enclosures are used around the test tires and microphones in

methods designed for tire/road noise tests and utilizing close-proximity micro-

phone(s).

The results of this investigation are thought to be general for trailers of related

types, in principle, but the quantity of the problem might be rather different depending

on the exact design. - '

Instead of using a trailer, the close-proximity microphone method can be

implemented by mounting measuring microphone(s) close to a test tire which is at the

same time one of the "normal" tires on a four-wheel vehicle.

It can be speculated that if one would use this method which is a "simpler" relative

to the trailer method, the aerodynamic noise will be responsible for measuring errors

of a similar magnitude. Furthermore, the problem with noise from supporting tires

would have its counterpart in noise from the other three tires of the test vehicle. This

calls for the use of an enclosure also in this method. A trailer with enclosure would

then be a more desirable measuring equipment.

The experiments to test whether vehicle selection is important when measuring

tire/road noise were conducted in the TUG laboratory under closely controlled

environmental and physical conditions, using the drum facility there on which several

tires were run at a number of speeds. This study mainly addresses the problem of

different wheel housings in different vehicles. During these tests, the tires were

mounted on five cars as well as on the TUG trailer, which made it possible to study

any noise differences for a particular tire occurring when it was mounted on different

vehicles.

Differences of up to 1.9 dB(A) in tire/road noise from a certain tire when mounted

on various vehicles were noted. These differences did not show up as a systematic

influence by a vehicle, but rather as random differences. They were mostly confined to

either medium frequencies when there were pronounced tonal components ("peaks")

present, or to very high frequencies. The former were the main cause for the

differences in overall A-weighted levels, while the latter have no practical importance

at present. Furthermore, only noise from tires which exhibited such tonal components

were influenced significantly by the vehicle selection, 1.e. only tires of "winter" or

"sports"" type.

The differences noted for the peaks in the frequency spectra are most likely caused

by differences in direct and reflected sound propagation paths, causing sometimes

constructive and sometimes destructive interference. This may be caused either by

slight variations in microphone position in relation to the tires or by different

reflection panels in the wheel housing. However, the microphone positioning could

only partly explain some of the recorded deviations.

Tests of the reflections and/or possible focusing in the wheel housing, by

introducing sound absorbing material into the wheel housing, failed to show that these

reflections/focusing were reduced when absorbing material was present.

The choice of close-proximity microphone positions in these experiments reflects

the expectation that the effects of wheel housing and the other investigated effects of

objects near the test tire should be most pronounced in such positions. In the "far-

field", i.e. when measuring at distances of 7.5 m or more from the test vehicle (the
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common measuring distance for coast-by measurements), the authors believe that such

effects are lower.

It would be rather peculiar if the wheel housing reflections and possible focusing

would be unimportant close to the tire; thus it is still safest to conclude that

differences due to vehicle selection were recorded and it is advisable to use a trailer to

avoid such problems. Only for such a device, can reflections and focusing be

minimized.

The third of the problems investigated was that of a possible influence of the rim

on which the tire is mountedduring noise testing. Experiments with regard to this

were conducted on the same facility as the vehicle selection study. They were

designed in a similar way, except that instead of varying the test vehicle, the test rim

was changed. Rims of three different widths (4, 5 and 6 inches) and rims of three

different materials and weights were used.

The results indicate that the rim width may influence exterior and interior tire/road

noise by approximately 2 dB(A), for rim widths within the allowed range. An increase

of the rim width may either increase or decrease noise emitted by the tire, although in

the majority of cases tested here an increase was recorded. The direction and

magnitude of the change depends on the tread pattern and speed. Probably, changes in

the deformations and stresses in the contact patch related to the differences of rim

width are responsible for the noise changes.

Another potential effect here is that a wider tire profile due to mounting on a wider

rim may increase noise in the same way as noise is known to increase with tire width

in general. For example, the so-called horn effect which relies very much on the bulk

tire width can play a role here. One can estimate the effect of changing from a 4" to a

6" rim for a tire with 180 mm section width to a section width increase of 20 mm.

According to other investigations this could result in 1.5-2 dB(A) increase in tire noise

emission, which is in fact close to the magnitude of the effects measured here.

These influences have been measured close to the tires. At the close positions it is

possible that shoulder versus tread center noise generation may be extra sensitive to

how this generation is distributed laterally as a consequence of differences in tire

shape (cross profile) due to different rim widths. It is therefore still an open question if

the same influence would be measured during coast-by tests where the microphone is

much further away (most often at 7.5 m).

Rim weight appeared to have no effect on exterior tire/road noise. However, it

alters the transmission of low and medium frequency noise into the vehicle interior.

Heavy weight of the wheel may reduce the interior noise up to 4 dB(A). Changes in

certain frequency bands may be even bigger.

In order to reduce the rim influence, one should use only the rim size recommended

by the tire manufacturer when conducting noise tests.

The experiment in which small variations of microphone position was studied,

showed that variations of 20 mm from the ideal position may cause up to 0.6 dB(A) in

sound level change. This is not enough to explain other than possibly a minor part of

the effect of interference between direct and reflected sound waves which was

suggested above.

The results presented in this report may give hints as to how tire/road noise

generation may be (marginally) reduced by designing the tire/wheel system in an

optimum way.

The problem of rim influence on tire/road noise should be more investigated in the

future, especially with a coast-by method to verify results presented in this report.
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1 Introduction

During the latest three decades tire/road noise has become one of the most

important environmental and driving comfort problems related to cars and trucks.

This part of the road traffic noise is commonly the dominating one for vehicle

speeds above approximately 30 km/h for modern light vehicles and 50 km/h for

modern heavy vehicles.

While a lot of research efforts have been devoted to investigations of more

spectacular aspects of the problem such as generation mechanisms, road surface

influence on the noise emission and tire tread optimization, very few studies have

addressed influences of physical objects close to the tires. The study reported here

attempts to supply information as to the effect of the most important of these

objects, namely the effect of:

e any enclosure around the measuring wheel and a microphone close to it

e the vehicle used, 1.e. essentially the wheel housing construction

*e the type of rim (width and weight) on which the measuring tire is mounted

A comprehensive literature search with the help of the computerized tire/road

noise bibliography database "TRN" [Ejsmont, 1990] was performed to review data

from earlier studies for comparison. After the search it has become apparent that

there is no published data on the influence on tire/road noise of rim size and

construction. This influence (if any) may be of great importance for standardized

testing procedures, where maximal accuracy is required.

The same applies to the effect of a possible enclosure. With regard to test

vehicle influence, a few investigations were found, but there is still a lack of

sufficient information.

Trailers are often used as test vehicles for measurement of exterior tire/road

noise, particularly when the aim is to compare different tires or different road

surfaces. Generally, such trailer-based systems consist of one or two measuring

tires, one or more microphones with windscreens close to these tires, one or more

supporting tires (which are supposed not to give any contribution to the measured

noise - some trailers do not need any extra supporting tires), loading weights and

an enclosure fitted around the measuring tire(s) and the microphone(s).

An alternative to using a trailer is to put the measuring microphone(s) in close

proximity of a "normal" tire on a test car or truck. Even in such a case an

enclosure might be desirable.

The role of the enclosure is to prevent influence on the measurement result of

noise originating from:

e other vehicles in the traffic

*e the power unit (generally of the towing vehicle)

e the supporting tires (if any)

e other tires not used for measurement

e wind turbulence around the vehicle

e wind turbulence around the microphone

However, the enclosure also has undesirable effects, such as:

VTI meddelande 797A 13



e it may be rather expensive

e it is impractical, e.g. it may increase the width of the test vehicle to

impractical dimensions

e it means an extra weight to the test vehicle

e it may cause acoustical reflections inside

For this reason, some researchers may try to avoid the use of an enclosure and,

therefore, it is important to investigate whether it is necessary to use. This paper

intends to investigate the effect of the enclosure for the trailer owned by the

Technical University of Gdansk, Poland. However, the results are probably useful

also in more general cases.

When testing noise emission from tires, it is highly desirable to have a wide

choice in selection of test vehicle. In fact, it is usually assumed that the test

vehicle does not influence the tire/road noise emission. Although an earlier study

published by this institute indicated that this is true under certain circumstances

[Ejsmont & Sandberg, 1990], further studies were judged to be necessary since

some suspicions of such influence using a close-proximity microphone had been

experienced by the authors recently. In particular, it was thought that perhaps the

wheel housings could reflect and possibly focus tire/road noise to the position of

the microphone.

It was speculated that also the rim selection could influence the tire/road noise

emission to some degree. For example, this could occur due to emission from the

rim itself or from different rim widths resulting in different tire profiles.

If such effects would be significant, it was thought that it is likely that they be

most pronounced rather close to the tire. Consequently, these studies involved the

use of a close-proximity microphone. Another reason for choosing this method

was that extreme precision was desired in order to detect the effects, requiring that

measurements be made under closely controlled conditions. This is best achieved

either in a laboratory on a drum machine or when using a trailer in on-the-road

measurements.

14 VTI meddelande 797A



2 Purpose with the experiments

The experiments had the following three purposes:

e To determine whether it is necessary to use an enclosure around the

measuring wheel and microphone(s) in trailers like the TUG trailer, and

possibly in other cases where a close-proximity microphone is used, when

making tire/road noise measurements.

e To determine whether the selection of test vehicle for measuring tire/road

noise emission is an important factor, mainly with respect to a possible

influence of wheel housing on the noise. If this would be the case, it would

also indicate means of influencing tire/road noise in the future, i.e. for

reduction purposes.

e To determine whether the selection of rim for the mounting of test tire, for

the purpose of measuring tire/road noise emission, is an important factor,

mainly with respect to a possible influence of rim width and material. If this

would be the case, it would also indicate means of influencing tire/road

noise in the future, i.e. for reduction purposes.

The studies are confined to exterior noise, with the exception that concerning

rim selection some measurements were made also of interior noise (inside the test

cars). This was essentially for the purposes of another project, but some results are

reported here because they show an influence on interior noise which could have a

related, albeit much weaker, counterpart in exterior noise.
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3 Measuring objects and equipment

3.1 Description of the trailer

A description of the trailer for passenger car tires at the Politechnika Gdanska -

Technical University of Gdansk (TUG), Poland, can be found in [Ejsmont, 1992-

I]. A revised excerpt from this report describing the trailer follows.

In 1979 a first version of this trailer was built at the Technical University of

Gdansk, Poland; a version which was modified in 1989. The modified version is

called "'Tiresonic Mk2" and is shown in Fig. 1. The trailer has three wheels which

provide stability in all directions. Two front "supporting wheels" are self-steering

and secure the right position of the trailer. The wheel with the test tire is enclosed

in a semi-anechoic chamber and is mounted directly to the frame, without a

flexible suspension. Steel loads are contained in baskets outside the chamber that

have independent suspensions to reduce the dynamic forces acting on the

measuring tire. The ground clearance under the lower edge of the chamber may be

adjusted in the range 20-100 mm. Usually it is around 50 mm during operation.

The chamber is manufactured of a composite material and aluminum pipes.

The inner part of the enclosure is covered with polyurethane foam. The outer

surface of the foam is formed to a regular pyramid pattern. This provides sound

absorption in order to prevent sound reflections from influencing the

measurements at the microphone positions. Standing waves and other reflections

due to the chamber are negligible for frequencies over 250 Hz, see [Ejsmont &

Sandberg, 1985].

The trailer can accommodate tires of different dimensions starting from

135R12 and up to 225R15. The load may be adjusted in the range 2.4 to 5.0 kN.

Maximum speed of the trailer is rated at 130 km/h. If necessary, the trailer may be

operated by one person only (the driver) but it is recommended to be operated by

two persons.

 

 
  
 

Figure 1 The TUG trailer with the enclosure down
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Intensive measurements with multiple wheel changes per day are possible with

this trailer. To make the operations more easy, the towing vehicle is equipped with

a specially designed speedometer that constantly shows to the driver the difference

between a preselected and actual speed as well as the average speed during the

measurements.

The trailer must be driven very carefully in curves and on roads of bad quality

as a result of the 3-wheel design and the low ground clearance.

3.2 Description of the test cars

During tests reported in this paper the following "medium size" passenger cars

were used: Ford Sierra, Polonez Std., Polonez Caro and Opel Astra. Additionally,

a few tests were performed on a Fiat Cinquecento "compact" car. The four

medium size cars provided similar loading of the measuring wheel in all cases.

However for the Fiat Cinquecento the load was considerably lower. As a

comparison, measurements were made with the test tire mounted on the trailer,

with a load similar to that on the test tire on the medium size cars.

Several tires of different size and tread pattern were tested. For investigation of

rim influence, "standard steel", "heavy steel" and light alloy rims were used. For

other tests only steel rims were utilized. The load on the measuring wheel for the

"medium size" cars was 3.0 kN and in the few cases when the Fiat Cinquecento

was used the load was 2.0 kN. Tires were inflated to a pressure corresponding to

the applied loads.

Figures 2-9 show the four "medium cars" used for the test. It is apparent that

there are rather big differences in the construction of mudguards and suspension of

Ford Sierra in comparison with the Polonez cars. However, the differences

between the two models of Polonez in construction of objects which may

influence near-field measurements are rather marginal.

3.3 Replica road surfaces

Except when testing enclosure influence, noise was measured on the roadwheel

facility described in [Ejsmont, 1992-IIJ. The front, right wheel of the car was then

rolling on a 1.5 m diameter drum equipped with replica road surfaces. Two replica

road surfaces were used. One, designated in this paper as "GRB", imitates a

smooth asphalt concrete having properties proposed in [ECE/GRB, 1990]. The

GRB surface has been moulded from an actually trafficked road surface and has a

texture typical of a trafficked smooth asphalt concrete surface with 12 mm

maximum chipping size.

The other replica, designated here as "ISO", has been manufactured as a

moulding of a test track surface meeting the specifications of [ISO 10844, 1994].

The ISO surface was moulded from a surface which has been deliberately

designed to give lower noise than the GRB surface by using smaller chippings (8

mm) while maintaining a considerable open texture between the chippings but still

a "flat" top. The surface is, however, not porous.
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Figure 2 Ford Sierra.

 

    

Figure 3 Ford Sierra - construction around the measuring wheel.
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Figure 4 Polonez Std.

 

 

   

Figure 5 Polonez Std -
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construction around the measuring wheel.
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Figure 6 Polonez Caro.

 

 
   

Figure 7 Polonez Caro - construction around the measuring wheel.
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Figure 8 Opel Astra.

 

 

 

 

  

Figure 9 Opel Astra -

VTI meddelande 797A

construction around the measuring wheel.
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3.4 Measuring equipment

All measurements reported here have utilized instruments manufactured by Briiel

& Kjzr (B&K). Two 1/2" measuring microphones B&K 4165 were connected to a

dual-channel frequency analyzer type B&K 2144. All tests (with exception of

noise generated by impact forces acting on the trailer enclosure) were performed

with the analyzer set to 1/24th-octave-band spectra. In some cases such "narrow-

band" analyses have been recalculated afterwards to third-octave-band levels. The

system was calibrated before and after measurements with a pistonphone type

B&K 4220.

Speed during drum tests was measured with a digital speedometer constructed

at TUG. During road measurements the actual speed as well as the average speed

was measured by instruments also constructed at TUG. These speedometers are

accurate to within + 1 km/h or better.

Temperatures were measured at certain intervals with an IR thermometer (drum

or road surface and tire tread) and a mercury thermometer (air). The results are not

included in this report because the temperature range was very narrow (20-24°C

for air and 17-20°C for drum) and are not considered to influence the results

significantly.
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4 Experimental program

4.1 Enclosure for reduction of disturbing noise

Tests of enclosure influence on noise measured with the trailer method were

performed on a dense asphalt surface outside Gdansk. The surface texture was

extremely smooth. This was chosen because this condition should emphasize any

enclosure influence. The surface is shown underneath the measuring equipment in

the photos of the trailer (Figs.10-11).

The test trailer was "Tiresonic Mk2" manufactured by the Technical University

of Gdansk (see Chapter 3.1) and was towed by a Ford Sierra XR4. Tests were

performed for three different tires, both with and without enclosure (also named

"'chamber") around the measuring wheel. In the latter case, the enclosure was

removed completely from the trailer. The details of the set-ups and two of the tires

are shown in Figs.10-11. Tests were performed at the speeds 50, 70 and 90 km/h.

For each condition, at least four runs were made, each of them > 8 s in duration.

The selection of tires was based on the assumption that the most pronounced

influence of the enclosure would be seen for low noise tire/road combinations. On

very smooth road surfaces, tires with smooth tread patterns ("slicks") are known to

generate less noise than any other tires. It is also known that narrow tires are less

noisy than wide ones. Considering this, the following tires were selected:

e 145/70R13, smooth tread ("slick")

e 145/70R13, model D164 (very quiet summer tread)

e 1835/70R13, model D168 (typical summer tread)

During the tests, tires were loaded to 2.0 kN. The inflation was adjusted to

200 kPa for the tires 145/70R13 and to 170 kPa for tire 185/70R13. All tires were

mounted without tubes on steel rims.

 

    

Figure 10 The TUG trailer with the enclosure liftedfor inspection.
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Figure 11 The TUG trailer with the enclosure removedfor conducting the

tests ofthis program.

A B&K microphone was placed on the left side of the measuring wheel, in the

"near field", according to Fig. 12. It was protected with a "standard" B&K wind

screen of 100 mm diameter.

The ambient wind speed was negligible.

 

MICROPHONE

| 100 mm 

 
mew.

TIRE SEEN FROM BOV

   
 

 

   
 

' MICROPHONE 200 mm

 

200 mm

   

Figure 12 Position ofthe microphone.
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4.2 Acoustical effect of wheel surroundings in test cars

Tests were performed on the laboratory drum facility at the Technical University

of Gdansk at speeds of 50, 70, 90, 110 and 130 km/h. The microphone position

was the same as for the trailer measurements described in Chapter 4.1.

The cars Ford Sierra and Polonez Std. were tested with ten different tires and,

furthermore, the Ford Sierra and Fiat Cinquecento were tested with three tires of

the same type but in different stages of wear. In both cases the replica road surface

"GRB" was utilized. _ ,

Within the same program, the test trailer and the Ford Sierra, Polonez Std.,

Polonez Caro and Opel Astra cars were tested. These measurements were made on

the replica road surface "ISO".

In addition to measurements performed on the cars in "non-modified"

condition, several tests were carried out with extra damping material attached to

the inner part of the Ford Sierra's mudguard. Mineral wool of 100 mm thickness,

"Gullfiber", was placed in close proximity to the tire (see Figs. 13-14).

4.3 Effect of rims

These measurements were also performed at the Technical University of Gdansk

on the laboratory drum facility. First, measurements were conducted on the

"GRB" replica road surface described in Chapter 3.3. During tests on this surface,

the test wheel was mounted on the trailer described in 3.1, which was positioned

on the laboratory drum. The measurement program included speeds of 50, 70, 90,

110 and 130 km/h, five different tires and for each tire three or five rim widths.

Since the preliminary results showed a clear influence of rim size on the

tire/road noise, the test program was supplemented by more measurements carried

out on the "GRB" and "ISO" replica road surfaces. In this case the wheel was

mounted on a car. Two cars were used, Polonez Std. and Fiat Cinquecento, which

were placed on the roadwheel facility in such a way that the test wheel was rolling

on the drum. Both exterior and interior noise levels and spectra were measured.

Because of the technical limitations it was not possible to test the tires on rims

which, with the exception of width, were identical. The rims differed to some

degree, mostly in contours of the ventilation holes. It was also impossible to

obtain a rim 7"x 15" of conventional, steel construction, so a light alloy rim of this

size was used instead. In some cases, to investigate influence of rim material and

construction, the conventional rims were supplemented with very heavy rims

manufactured from steel blocks in a turning lathe machine. Heavy duty rims of

this type are commonly used for tire testing in laboratories. The rims in this report

are designated as follows:

L _- light commercial aluminum rim

N - standard commercial steel rim (pressed)

H -- heavy rim (machined by TUG from steel forging)

This test program with the wheel mounted on the trailer, which was performed

on the "GRB" replica, is summarized in Table 1. A similar program of interior and

exterior tire/road noise measurements performed on the "GRB" surface is shown

in Table 2. In this case, the left rear wheel of a Fiat Cinquecento was placed on the

roadwheel facility. It must be stressed that the reported interior noise was

generated by only this single wheel, the other three wheels were at standstill.
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Figure 13 Mudguard ofthe Ford Sierra before modification.

 

  

 

  

Figure 14 Mudguard ofthe Ford Sierra with damping material.
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The measurement setup for the latter test, and the three test rims, are shown in

Figure 15.

Some measurements were also performed on the replica surface "ISO". The test

program on this surface is summarized in Table 3.

Table 1 Test program for rim influence - exterior noise measured on the

drum covered with the "GRB" smooth replica road surface. Test

wheels mounted on the trailer andplaced on the roadwheelfacility.

 

 

 

 

 

 

 

           

Tread Rim Rim width [inches]

Tire size pattern dn|ameter a 4.5 5 5.5 6 7

[inches]

145R13 741 D168 13 N N, L, H N N N

165R13 821 D168 13 N N N

165R13 821 D164 13 N N N

205/65R15 94H MXV 15 N N L

205/65R15 94H D134 15 N N L

N - normal rim

L- _- light (aluminum) rim

H - heavy rim

D - designates rim size recommended by the tire manufacturer

Table 2 Test program for rim influence - exterior and interior noise
measured on the drum covered with the smooth replica road
surface "GRB". Test wheel mounted on Fiat Cinquecento 900
placed on the roadwheelfacility - left rear wheel rolling.

 

 

 

 

 

     

. Rim width
Tread Rim ,

baa a; - [inches]
Tire size pattern |diameter

[inches] P 4.5

145/70R13 711 D164 13 N,H L

135/70R13 681 D168 13 N,H

135/70R13 681 MXT 13 N,H
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Table 3 Test program for rim influence - exterior and interior noise

measured on the drum covered with the smooth replica road

surface "ISO". Polonez car placed on the roadwheelfacility - right

 

 

 

 

front wheel rolling.

Tread Rim Rim width [inches]

Tire size pattern diameter

[inches] A 5 6

185/70R13 86H summer 13 N N N

165R13 821 summer 13 N N N

        

 

 

 

  

Figure 15 The three test rims used for testing rim weight influence on noise:

Rim N is mounted on the car, L stands in the middle and H stands

to the right. The measurement setup and test wheel mounting on the

drum is in accordance with the program of Table 2.

4.4 Effect of small variations in microphone position

After the previously described measurement program was finished, it was feared

that the effect of small inaccuracies in microphone position could be responsible

for some of the deviations recorded and a test program to investigate this was

conducted. Basically, it included making measurements for deviations of 20 mm

in microphone position in all directions (separated by 90°) from the ideal position.
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5 Results

5.1 Effect of enclosure

Figs. 16-18 present comparisons of spectra obtained with and without the

enclosure (i.e. the "chamber") for different tires and different speeds. All spectra

are averaged over at least four runs, each of them 8 s of duration.

It appears that the spectra are highly influenced by the chamber. Figs. 19-21

show the arithmetic differences between spectra obtained with and without the

chamber. It is possible to separate frequency ranges where the chamber increases

or decreases noise. For all tires and speeds the mentioned regions are related to

fairly similar frequencies:

e Below 80 Hz: The levels for frequencies up to 80 Hz are increased very much

by the chamber for all tested tires. This is most probably a result of chamber

construction resonances. This hypothesis is supported by the results of tests

performed on the chamber. The chamber was impacted by a rubber hammer

and the resulting (interior) noise was analyzed. Some of the spectra obtained

during this experiment are presented in Fig. 22. Note that these frequencies are

of little importance in tire/road noise tests and can be neglected with regard to

A-weighted levels.

e 80-300 Hz: at these frequencies levels are lower in comparison to spectra

obtained without the chamber. The effect is more pronounced at higher speeds

than at 50 km/h. This is probably due to aerodynamic noise induced in the

microphone, which should be speed-dependent and is known to be particularly

important at low frequencies.

e Above 300 Hz: In this region, noise levels are also a little higher without the

chamber than with it. However, this range is not influenced by speed and the

effect is important mainly for the slick tire. This should therefore be another

mechanism than the one mentioned above and it is believed to be essentially an

influence from the supporting tires. The reason why it is not so important for

the patterned tires is that the signal to be measured is then higher and the

disturbing noise has a lower relative influence. However, it is significant also

for the patterned tires at frequencies below about 1000 Hz..

Furthermore, at around 200 Hz at 90 km/h, 160 Hz at 70 km/h and 80 Hz at 50

km/h, there is a peak in the spectra which is to some extent attenuated by the

enclosure. It should then be an exterior source, and it is most likely the ignition

frequency of the towing car at 70 and 90 km/h and some subharmonic or other

engine-related source at 50 km/h.
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Figure 16 A-weighted sound spectra obtained for tire 145/70R13, "Slick"
tread.

 
 
 

   

 

   

 

 

100

---WITHOUT CHAMBER Tire: 145/70R13 D164
m 90
C, = = = «WITH CHAMBER
e 70 km/h
$ 80
0 90 km/h

C 70
3 o

Oo -

© 697 , i
o W

«af i *

whan Ag /v w

.I 50
50 km/ » *

0 b

2 \

<4 40

1/3 octave band spectra; A-weighted

30 |

20 40 80 160 315 630 1250 2500 5000 10000 20000

Frequency [Hz])

   

Figure 17 A-weighted sound spectra obtained for tire 145/70R13, model

D164.
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Figure 18 A-weighted sound spectra obtained for tire 185/70R13, model

D168.

S LICK _D

20 po-;

Jo Z \ Tire: 145/70R13 "Slick"
 

  

   

 

L
e
v
e
l
d
i
f
f
e
r
e
n
c
e
[
d
B
]

  

 

 

 

 

I Aerodynamic noise

«| Chamber resonances

    

 

 

»BQ Pce form from form forme frome frm romero frm fmm fromm hrm frons

; 20 40 80 160 315 630 1250 2500 5000 10000 20000

1 Frequency [Hz] |
i |

Figure 19 Difference between spectra obtained with and without the chamber.
Tire 145/70R13 "Slick". Note that negative levels mean that there
is more noise without than with the chamber.
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Figure 20 Difference between spectra obtained with and without the chamber.
Tire 145/70R13 D164. Note that negative levels mean that there is
more noise without than with the chamber.
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Figure 21 Difference between spectra obtained with and without the chamber.

32

Tire 185/70R13 D168. Note that negative levels mean that there is
more noise without than with the chamber.
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Figure 22 Spectra of sound created by knocking on the chamber three times

with a rubber hammer.

An attempt has been made to estimate the spectra of the disturbing sound

(alone). This has been made by subtracting, on a power basis, the spectrum

obtained with the chamber (assumed to include "no" disturbances) from the

spectrum without the chamber (assumed to include all disturbances).

Fig. 23 shows such differences in spectra obtained at 90 km/h for tests

performed with and without chamber but calculated on a power basis. This can be

considered as "extra sound" due to the lack of the chamber. Fortunately, the levels

are rather similar for all tires, which suggests that the random errors in these

calculations are not too big. Corresponding spectra for lower speeds show similar

properties, but the levels are lower.

Fig. 24 shows the average spectrum of Fig. 23 (ar1thmetlc average for the three

tires) as well as the corresponding spectrum without the A-weighting.

In Table 4, values of A-weighted sound levels measured for all tires and speeds

with and without the chamber are summarized. Fig. 25 shows the same data in

diagram form.
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Figure 23 Disturbing sound (alone) in the trailer which is "eliminated" by the
chamber (speed 90 km/h). The spectra are A-weighted. Calcula-
tions based on the three test tires separately, together with an
averaged curve. See textforfurther explanation.
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Figure 24 The average curve ofFig. 23 is plotted in this figure, along with a

corresponding linear spectrum.
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Table 4 All A-weighted levels measured within the "enclosure" test program.

 

 

 

 

 

Speed => 50 km/h 70 km/h 90 km/h

Tire | Chamber= With- With With- With | With- With

out out out

145/70R13 "Slick" 81.6 79.8 87.1 84.9 ais 89.2

145/70R13 D164 s6.3 | 85.6 92.3 oa12 97.0 95.9

185/70R13 D168 89.3 ss.9 94.2 93.5 98.7 98.3
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Figure 25 Comparison ofA-weighted overall sound levels with and without the

chamber.

5.2 Effect of wheel surroundings

In Table 5, values of A-weighted sound levels for several tires mounted on three

cars, as measured on surface "GRB", are summarized. Please note that the load on

the test wheel mounted on the Fiat Cinquecento was only 2.0 kN instead of 3.0 kN

which was the load for other cars. In Table 6 values of A-weighted sound levels

for the same set of tires, but mounted on five vehicles and measured on the "ISO"

surface, are presented. Figs. 26-28 show some comparisons between different

vehicles in graphic form. Note that only results of one of the tested speeds are

presented.
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Table 5

measured at 90 km/h on the "GRB" surface.

A-weighted sound levels for tires mounted on three test cars,

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

 

    

Tire A-weighted sound levels at 90 km/h

Tread pattern Size Ford Sierra Polonez Std. Cinguecento

D168 (new) 145R13 747 99.5 x" 99.0

D168 (partly worn) |145R13 741 103.1 101.4

D168 (worn) 145R13 741T 102.2 _ 101.2

Bridges tone Winter |195/65R14 (M+S) 102.5 104.4

Zzet D161 Sport 195/60R13 83S 102.1 103.1

D168 Kormoran 165R13 821 100.3 101.1

D600 (new) 185/60R14 82H 102.4 101.1

D600 (partly worn) |185/60R14 82H 103.5 101.6

Slick 185/60R14 825 96.3 97.0

D165 185/70R13 86H 101.8 100.8

D164 185/70R13 861 101.5 101.3

Michelin Classic 185/60R14 82H 102.3 102.4

Michelin MXV2 175/70R14 84H 101.9 101.2

Barum (diagonal) |6.45/165-13 103.8 103.0

N-151 (diagonal) _|6.15-13 (155-330) 103.1 101.8    

Table 6

measured at 90 km/h on the "ISO" surface.

A-weighted sound levels for tires mounted on five test vehicles,

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tire A-weighted sound levels at 90 km/h

Tread pattern Size Trailer F.ord Polonez Polonez Opel
Sierra Std. Caro Astra

Bridgestone Winter |195/65R14 (M+S) 102.8 101.4 101.6 101.9 ¥

Zzet D161 Sport 83S 103.2 _| 102.1 101.6 103.9 103.8

D168 Kormoran |165R13 82T_ NT -SB o8.5 97.6 97.5 '
D600 (new) 185/60R14 82H 97.9 96.9 97.3
D600 (partly worn) |185/60R14 82H 98.7 97.9 98.6
Slick 185/60R14 825 91.4 91.7 | 91.7 91.5
D165 185/70R13 86H O| 97.9 97.5
D164 185/70R13 86T 97.5 98.4
Michelin Classic 82H 98.5 98.1 97.7
Michelin MXV2 175/70R14 84H 98.8 97.7 97.9 &:
D124 175/70R13 808 97.4 97.1
D131 165R13 828 100.3 100.0 99.9 _| 100.4 99.8
Barum (diagonal) _|6.45/165-13 100.1 100.3 |..._ .] 100.0 100.5
N-151 (diagonal) |6.15-13 (155-330) 98.4 98.4 98.2 98.8    
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Figure 26 Comparison ofA-weighted sound levels for tires mounted on two of
the cars, obtained at 90 km/h on surface "GRB".
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Figure 27 Comparison ofA-weighted sound levels for tires mounted on two of

the cars, obtained at 90 km/h on surface "ISO".
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Figure 28 Comparison of A-weighted sound levels obtained at 90 km/h on

surface "ISO". Tires mounted on the trailer versus on different cars.

As can be seen from Tables 5 and 6 as well as Figures 26, 27 and 28, the

vehicles do not give systematically different results in A-weighted sound levels.

There are, however, substantial differences between the vehicles, up to 1.9 dB(A),

which look like they are random. Nevertheless, the results indicate that differences

due to vehicle influence are more pronounced for "noisy" tires (M+S and Sport

types) in comparison to "quiet" tires, so the differences are not totally "random".

This is probably related to the high content of narrow-band noise in the spectra of

noisy tires. Reflections of such narrow-band noise should be highly dependent on

the shape and size of the mudguard - see Fig. 29. Even small changes in the

acoustical environment may change the condition of signal interferences and

should result in sometimes constructive and sometimes destructive interferences.

Figures 30-35 show 1/24th-octave-band frequency spectra of selected tire/

surface/speed/car combinations. It can be seen that the differences in spectra

obtained for different cars are most pronounced for the frequency ranges related to

the tread pitch frequencies (700 - 1200 Hz) and for rather high frequencies (above

4000 Hz). The influence in the medium frequency range is rather random. For the

given car some of the peaks are higher and some are lower than for other cars.

This is most probably due to the differences in reflection paths for all tested cars.

For high frequencies, however, the Ford Sierra car usually shows higher levels

than Polonez cars. This may be due to the differences in sound absorption of the

inner parts of the mudguards. The Polonez cars were equipped with laminated

inserts preventing damages to the mudguards by the particles thrown by tires, also

intending to reduce corrosion problems.
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Figure 30 Frequency spectra (unweighted) for tire 175/70R14 MXV2 tested on

two cars on surface "GRB".
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Figure 31 Frequency spectra (unweighted) for tire 175/70R14 MXV2 tested on

three cars on surface "ISO".
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Figure 32 Frequency spectra (unweighted) for tire 185/60R14 "Slick" tested

40

on three cars on surface "ISO".

VTI meddelande 797A



 
C_INF _04
 
 

   

110 -

~ --- Ford Sierra

- --- Polonez Std.

100 j ...... Polonez Caro

   

90 + ' I

pq - ' i A

g f V _ f A_. M
wos { | f ¥

80 1 | h "
i a | / \jec

He

70 + ABE, w

60 1 Tire: 195/65R14 Bridgestone Winter
a Replica of surface "ISO"
7 Speed: 90 knvh

502I%7%l%1%l% %1%1%'%1%T %IJII TI}I{I}T=I}I{I%I{I{I%I%I%l{l}l%l{r%1 |lri+7{l%l=1%1%1%1

128 255 508 1015 2024 4039 8058

Frequency [Hz])

   

Figure 33 Frequency spectra (unweighted) for tire 195/65R14 Bridgestone

Winter tested on three cars on surface "ISO", speed 90 km/h.

 

 

 

   

 

 
 
 

110 C_INF _O5

- --- Ford Sierra

- --- Polonez Std.

ool a e Polonez Caro \

®{ - W R |,7 \/ \ ¥ AW 4- : je Q! \
m a k
~A - FA /j 80 1+ J! R
® a "xf:
® -

70 + \

60 5- Tire: 195/65R14 Bridgestone Winter

1 Replica of surface "ISO"

- Speed: 130 knvh

50 Z drhhhhhh%dd{H-hhhhhhiuhi.flimi-il nhhi dmhMm

128 255 508 1015 2024 4039 8058
Frequency [Hz]

   

Figure 34 Frequency spectra (unweighted) for tire 195/65R14 Bridgestone

Winter tested on three cars on surface "ISO", speed 130 km/h.
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Figure 35 Frequency spectra (unweighted) for tire 195/60R13 Zzet tested on

three cars on surface "ISO", speed 90 km/h.

Figures 36-39 show third-octave-band spectra obtained for measurements

utilizing cars in comparison to the trailer. Results obtained with the trailer do not

generally show substantial differences when compared to results of tests

performed with different cars. For radial tires, however, in contrary to diagonal

tires, high frequency parts of the spectra measured with the trailer seem to be

higher than the majority of spectra measured with the car. If anything, one would

rather have expected lower levels with the trailer so the result isa little confusing.

Figures 40-41 show the influence of sound-absorbing material mounted in the

wheel housing on the mudguard in order to eliminate the sound reflections, (see

Figs. 13-14). The material was mineral wool with a thickness of nominally 100

mm but, in practice, it was somewhat compressed in certain places.
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Figure 36 A-weightedfrequency spectra for tire 195/60R13 Zzet tested on five

vehicles on surface "ISO", speed 90 km/h.
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Figure 37 A-weighted frequency spectra for tire 165R13 D131 tested on five

vehicles on surface "ISO", speed 90 km/h.
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tested onfour vehicles on surface "ISO", speed 90 km/h.

 
 

 

   

 

 

 

   

110

- --- Trailer
5 - --- Opel Astra

100Pr Ford Sierra

rosy E ->+->-- Polonez Caro
[ea] a
5, -

@ 90 1; $ {

} 2 7

ke -

\ § -

o 80 1
n m

G m
@ =f

4

«hom a

.J ~
o 70 1

G s

k 0

f 60 2B Tire: 6.15-13 (155-330) N-151

[ Replica of surface "ISO"
7 Speed: 90 km/h

50 : T i T i T i T g T i T i U i T |l T a I % U = I i U i T = T i T = T % T g T

125 250 500 1000 2000 4000 8000

Frequency [Hz]

   

Figure 39 A-weightedfrequency spectrafor diagonal tire 6.15-13 N-151 tested

onfour vehicles on surface "ISO", speed 90 km/h.
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Figure 40 Influence ofsound absorbing material inside the mudguard. Surface

"ISO", speed 90 km/h.
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Figure 41 Influence ofsound absorbing material inside the mudguard. Surface

"ISO", speed 90 km/h.
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5.3 Effect of rim size

The A-weighted sound levels measured according to the test program of Table 1

are presented in Table 7. Sound levels for the speeds 70 km/h and 110 km/h are

plotted in Figures 42 and 43. Noise levels are shown as differences to the case

when the recommended rim width is used.

In Tables 8 and 9 the results of the measurements performed according to the

program of Table 3 are given. A-weighted sound levels of both exterior and

interior noise are presented. Figures 44 and 45 show rim influence on noise

(exterior and interior) as a function of speed for both tires.

The results show that rim width may significantly influence both exterior and

interior tire/road noise. The magnitude and direction of the influence is, however,

very much dependent on tire and speed. For some tire/speed combinations, an

increase of the rim width by 1" over the recommended size may increase the A-

weighted sound level by 1 dB(A) and for other combinations decrease it by

1 dB(A). Only for one of the five tested tires, however, noise decreases with

increase in rim width. In practice, in a majority of testing situations the effects due

to the rim width variation is probably within an acceptable range.

A comparison of noise spectra, showing the rim width effect, reveals that the

spectra are influenced mostly at frequencies above 1 kHz, see Figures 46-49.

5.4 Effect of rim construction

The rim construction (material and weight) does not affect exterior tire/road noise

to any important degree, as can be seen in Table 10 and Figure 50. The data shown

are for tire 145/70R13 D164 and a couple of other tires, but the results for other

tested tires, the results of which are not reported here, are consistent with this.

Interior tire/road noise, however, is affected by the rim construction to a great

extent. The results of the measurements performed inside a Fiat Cinquecento 900

are presented in Table 11 and in Figure 51. For all tested tires the interior noise is

inversely affected by the weight of the rim.

Figures 52 and 53 show a comparison of interior noise spectra for tire

145/70R13 D164 mounted on light, standard and heavy rims. The influence of the

rim weight is clearly visible for the low and medium frequency ranges (up to

1 kHz). The spectra for heavy rims have less pronounced "peaks".

Unfortunately, it is not practical to use an increased rim weight as an interior

noise control measure. Heavy wheels are much worse than light ones with regard

to influence on driving comfort and handling on uneven roads.
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Table 7 Effect ofrims on exterior tire/road noise: A-weighted sound levels

measured during tests performed on the replica road surface

"GRB"

Tire Rim Speed Rim

width |50 km/h km/h| 90 km/h 110 km/h 130 km/h WEight

205/65R15 MXV 5 93.6 98.7 102.4 105.9 108.2 N

205/65R15 MXV 6 93.6 98.7 102.5 105.9 108.4 N

205/65R15 MXV 7 93.7 98.7 102.4 105.9 108.3 L

205/65R15 D134 5 94.5 99.5 103.5 107.0 109.6 N

205/65R15 D134 6 94.4 99.4 103.5 106.8 109.4 N _

205/65R15 D134 7 94.1 99.1 102.8 105.8 109.3 L

165R13 D168 f 91.8 97.1 101.2 104.4 107.0 N

165R13 D168 5 91.8 97.4 101.3 104.2 106.8 N

165R13 D168 6 92.6 98.4 102.2 104.9 107.4 N

165R13 D164 4 89.5 95.3 99.7 103.1 106.3 N

165R13 D164 5 89.8 95.6 99.8 103.1 106.0 N

165R13 D164 6 90.7 96.4 100.7 103.7 106.5 N

145/70R13 D168 4 94.9 101.9 N

145/70R13 D168 4.5 94.8 101.9 N

145/70R13 D168 5 95.1 102.3 N

145/70R13 D168 5.5 95.0 102.4 N

145/70R13 D168 6 96.2 102.5 N

145/70R13 D168 4.5 94.8 101.8 L

145/70R13 D168 4.5 94.7 102.0 H
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Table 8 Effect of rim width on exterior and interior tire/road noise: A-

weighted sound levels measured during tests performed on the

replica surface "ISO" with the Polonez car and tire 185/70R13

86H (summer tread)

SPEED EXTERIOR NOISE INTERIOR NOISE

[km/h] 4" 5" . 6" 4" 5" 6"

50 90.1 91.1 92.0 56.9 56.7 57.2

70 95.7 96.7 97.4 59.0 59.1 59.5

90 98.5 99.0 99.5 61.2 61.9 63.3

110 102.4 103.0 103.7 63.6 64.9 65.3

130 106.3 106.8 106.7 67.0 68.6 69.2

Table 9 Effect of rim width on exterior and interior tire/road noise: A-

weighted sound levels measured during tests performed on the

replica surface "ISO" with the Polonez car and tire 165R13 82T

(summer tread)

SPEED EXTERIOR NOISE INTERIOR NOISE

[km/h] 4" 5" 6" 4" 5" 6"

50 38.6 89.6 90.2 58.0 58.8 58.3

70 93.3 95.0 95.6 60.6 61.3 60.7

90 98.9 99.0 99.6 62.5 62.5 63.3

110 103.0 103.9 104.2 - 63.8 - 64.7 64.4

130 105.1 105.1 106.2 66.5 66.5 66.7
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Figure 44 Influence ofthe rim width and speed on interior and exterior

tire/road noise levelsfor tire 185/70R13 on the "ISO"

surface. '
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Figure 45 Influence ofthe rim width and speed on interior and exterior
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tire/road noise levels for tire 165R13 on the "ISO" surface.
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Figure 46 Influence of the rim width on exterior tire/road noise spectra

(1/24th-octave bands)
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Table 10 Exterior tire/road noise: A-weighted sound levels measured during

tests performed on the smooth replica road surface "GRB". Noise

measured outside a FIAT Cinquecento 900

Rim Speed Rim

Tire width 50 km/h 70 km/h 90 km/h |110 km/h 130 km/h WE!ght

145/70R13 D164] 4.5 88.5 94.2 98.4 102.1 105.5 L

145/70R13 D164 4 88.3 94.1 98.2 102.0 106.0 N

145/70R13 D164 4 88.4 94.0 98.1 102.4 106.0 H

135/70R13 D168] 4 89.5 94.9 99.1 102.4 105.1 N

135/70R13 D168 4 90.0 95.7 99.3 102.5 105.7 H

135/70R13 MXT 4 90.4 95.6 99.4 103.2 105.7 N

135/70R13 MXT 4 91.1 95.7 99.7 103.2 106.0 H

110

108 O0 Light alloy rim

a 106 O0 Typical steel rim LiL

2, 104 © -Heawy steel rim

0 102 ~I ~7
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Figure 50 Influence of the rim weight on exterior A-weighted tire/road noise

levelsfor tire 145/70R13 D164
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Table 11 Interior tire/road noise: A-weighted sound levels measured during

tests performed on the smooth replica road surface "GRB". Noise

measured inside a FIAT Cinquecento 900

 

 

 

 

 

 

 

 

 

 

Rim Speed Rim

Tire width 50 km/h 70 km/h 90 km/h 110 km/h 130 km/h Weight

145/70R13 Di64| 4.5 59.6 63.7 65.2 67.6 69.8 L

145/70R13 D164] 4 59.6 63.3 65.3 67.0 69.8 N

145/70R13 D164] 4 57.6 60.9 62.5 65.2 68.6 -

135/70R13 Digs| 4 59.3 64.0 65.5 67.2 69.6 N

135/70R13 Digs| 4 57.6 62.1 63.4 65.6 69.1 H-

135/70R13 MXT 4 60.0 64.3 65.8 67.6 70.3 N

135/70R13 MXT 4 57.9 61.2 63.6 65.5 69.0 -
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Figure 51 Influence of the rim weight on interior A-weighted tire/road noise

levelsfor tire 145/70R13 D164
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5.5 Effect of small variations in microphone position

When the effects of vehicle reported in 5.2 were noticed, and they could not be

adequately explained by the experiment with and without sound absorption

material in the wheel housing, it was speculated that perhaps the results could be

explained by small unintentional inaccuracies in positioning of the microphone.

The biggest deviations were noted for tires with pronounced peaks in the

frequency spectra, and such peaks may give sensitive interference patterns caused

by sometimes constructive and sometimes destructive interference between direct

and reflected sound waves. If so, small changes in microphone position at these

small distances may give significant sound level deviations.

The tests were conducted by measuring the noise from three selected tires

(having very different characteristics) on the Ford Sierra and using the ISO

surface, at the ideal microphone position as well as at six other positions displaced

20 mm from the ideal one, according to Fig. 54.

 

 

 

O
6 A

5

[J >O

1 3

Position 1 - base point

4

Other positions 20 mm from the base point 5 7

Fig. 54. Geometrical positions of the microphone. The base point is located

in the position given in Fig. 12.

The results are presented in Table 12. It appears that the levels are not

influenced very much. The maximum deviation when moving from the base point

is 0.6 dB(A). Then it shall be noted that if the sound propagates from a point

source and the commonly known distance law (1/r2) is valid here (which is

certainly only partly the case at such close distances), the difference between

points 5 and 1 as well as 4 and 1 would be 0.4 dB. It means that the differences

recorded are not high enough to be explained by other things than changes in

distance from the source, inaccuracies in the measurements and partial shading by

the tire of the sources. They cannot explain the differences of up to 1.9 dB(A)

obtained between various vehicles.
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However, the results show that when using a close-proximity method, it is

important to keep the microphone within one or two cm from the ideal one, in

order to avoid errors.

 

 

 

 

 

Table 12. Changes in overall A-weighted sound level when moving the

microphone from the base position (1) to one of the other positions.

Values are the level in the other position (x) minus the level in the

base position [dB(A)]. -

Tire type Sound level differences between microphone positions x-y

2-1 3-1 4-1 5-1 6-1 7-1

SLICK 0,0 0,1 -0,5 0,4 -0,4 0,3

BRIDGESTONE Winter -0,1 0,0 -0,3 0,5 -0,3 0,4

MICHELIN MXV2 -0,2 0,1 -0,5 0,2 -0,5 0,2        

 

 

 

 

 

         

Tire type Sound level differences between microphone positions x-y

2-1 3-1 4-1 5-1 6-1 7-1

SLICK 0,1 0,0 -0,6 0,4 -0,6 0,2

BRIDGESTONE Winter 0,1 0,0 -0,4 0,6 -0,2 0,4

MICHELIN MXV2 -0,3 0,0 -0,6 0,1 -0,5 0,1
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6 Discussion and conclusions

6.1 Effect of enclosure

On the basis of these results it is concluded that the enclosure has a rather

important influence on the results measured with the TUG trailer. If the enclosure

is removed, the A-weighted levels increase by 2-3 decibels when driving on a

"quiet" tire/road combination, which means that the disturbing noise may be

approximately as strong as the noise which is intended to be measured.

It is speculated that the sources of the disturbing noise are:

e Supporting tires at frequencies above 300 Hz

e Wind-induced turbulence noise in the microphone at frequencies < 300 Hz

On the other hand, the enclosure itself creates noise or amplifies it unduly:

e High levels of noise are generated by/in the enclosure at frequencies < 80 Hz

e At approximately 200 Hz, there is an amplification of the noise by reflections,

for this particular design of the chamber

The latter additional sources, however, do not influence the frequency range of

general importance in tire/road noise studies. Furthermore, by an improved design

it should be possible to correct these imperfections of the enclosure.

The results of this investigation are thought to be general for trailers of related

types, in principle, but the quantity of the problem might be rather different

depending on the exact design. For example, some trailers might be designed

without supporting tires or having them more separated from the test tire. More

difficult is it to avoid the problem with wind-induced microphone noise, since

improved microphone wind screens may reduce the noise, but not very

significantly.

Instead of using a trailer, the close-proximity microphone method can be

implemented by mounting measuring microphone(s) close to a test tire which is at

the same time one of the "normal" tires on a four-wheel vehicle (usually a car or

van, but can in principle also be a bus or truck). _

It can be speculated that if one would use this method which is a "simpler"

relative to the trailer method, the aerodynamic noise will be responsible for

measuring errors of a similar magnitude. Furthermore, the problem with noise

from supporting tires would have its counterpart in noise from the other three tires

of the test vehicle. This calls for the use of an enclosure also in this method, which

in most cases would mean that the total width of the test vehicle will be increased

considerably, and probably exceeding comfortable and safe limits. In the next

section, the problem of influence of whee! surroundings is treated, and this is

another reason for preferring the trailer. A trailer with enclosure would then be a

more desirable measuring equipment.

One of the three purposes with this work was to determine whether it is

necessary to use an enclosure. The answer is that it is not absolutely necessary in

all situations, but it is recommended that enclosures are used around the test tires

and microphones in methods designed for tire/road noise tests and utilizing close-

proximity microphone(s).
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6.2 Effect of wheel surroundings

Differences of up to 1.9 dB(A) in tire/road noise from a certain tire when mounted

on various vehicles were noted. These differences did not show up as a systematic

influence by a vehicle, but rather as random differences. They were mostly

confined to either medium frequencies when there were pronounced tonal

components ('peaks") present, or to very high frequencies. The former were the

main cause for the differences in overall A-weighted levels, while the latter have

no practical importance. Furthermore, only noise from tires which exhibited such

tonal components was influenced significantly by the vehicle selection, i.e. only

tires of "winter"" or "sports" type.

The differences noted for the peaks in the frequency spectra are most likely

caused by differences in direct and reflected sound propagation paths, causing

sometimes constructive and sometimes destructive interference. This may be

caused either by slight variations in microphone position in relation to the tires or

by different reflection panels in the wheel housing.

Tests of the reflections and/or possible focusing in the wheel housing, by

introducing sound absorbing material into the wheel housing, surprisingly failed to

show that these reflections/focusing were reduced when absorbing material was

present. Any really plausible explanation to this cannot be offered.

One may speculate whether the acoustical impedances near the sources were

changed in a way which might have balanced the absorption or if some turbulence

noise might have occurred due to proximity of the absorbing material to the

rotating tire circumference. The latter effect is thought to explain a noise increase

that was obtained for a couple of tested tires with larger diameters (results not

included here) in which cases there was indeed a rather small clearing between

absorbing material and tire circumference. Possibly, the failure of the sound

absorbing material to influence the results, would tend to favor the microphone

positioning as the cause of the differences, but as discussed below there was no

support for this in a separate experiment.

The choice of close-proximity microphone positions in these experiments

reflects the expectation that the effects of wheel housing and the other investigated

effects of objects near the test tire should be most pronounced in such positions. In

the "far-field", i.e. when measuring at distances of 7.5 m or more from the test

vehicle (the common measuring distance for coast-by measurements), the authors

believe that such effects are lower.

In an earlier experiment [Ejsmont & Sandberg, 1990], it was concluded that for

the coast-by tests made with eight test cars, the influence of the car was negligible,

provided that the cars were in acceptable condition, did not have an extreme

suspension or did not drive at very slow speed. Some differences were,

nevertheless, recorded and these occurred mainly at the same high frequencies as

noted here (above 4 kHz). It is a "mystery" what the source of these is, although

they are not really important for the A-weighted overall values.

In any way, it would be rather peculiar if the wheel housing reflections and

possible focusing would be unimportant close to the tire; thus it is still safest to

recommend to use a trailer to avoid such problems. Only for a trailer with few if

any reflecting objects close to the tire, can such "near-field" reflections and

focusing be minimized.
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The second purpose with the work was to determine whether the selection of

test vehicle is an important factor when using a close-proximity microphone. The

conclusion is that since vehicle influences of up to 2 dB(A) were recorded, it

appears to be important. The results are, however, not pointing in any consistent

direction as to the cause of the influences.

6.3 Effect of rim

The results reported in Chapter 5.3 indicate that the rim width may influence

exterior and interior tire/road noise by approximately 2 dB(A), for rim widths

within the allowed range. An increase of the rim width may either increase or

decrease noise emitted by the tire, although in the majority of cases tested here an

increase was recorded. The direction and magnitude of the change depend on the

tread pattern and speed. Probably, changes in the deformations and stresses in the

contact patch related to the differences of rim width are responsible for the noise

changes. Generation of noise is generally a little different in the shoulder region of

the tire as compared to the center of the tread pattern, for example due to

differences in tread pattern over the width of the tread, and changes in lateral load

distribution caused by changes in rim width may "favor" or reject these different

generation processes.

Another potential effect here is that a wider tire profile due to mounting on a

wider rim may increase noise in the same way as noise is known to increase with

tire width in general [Storeheier and Sandberg, 1990]. For example, the so-called

horn effect which relies very much on the bulk tire width can play a role here.

Using the formula for rim width (R) influence of tire section width (S) given in

[ECE, 1992]

AS =0.A4 - AR

one can estimate the effect of changing from a 4" to a 6" rim for a tire with

180 mm section width to a section width increase of 20 mm. According to

[Storeheier and Sandberg, 1990] this could result in 1.5-2 dB(A) increase in tire

noise emission, which is in fact close to the magnitude of the effects measured

here. ' 7
These influences have been measured close to the tires. At the close positions it

is possible that shoulder versus tread center noise generation may be extra
sensitive to how this generation is distributed laterally as a consequence of
differences in tire shape (cross profile) due to different rim widths. It is therefore
still an open question if the same influence would be measured during coast-by
tests where the microphone is much further away (most often at 7.5 m). It may
also be that very close to the tire, screening, directional and distance effects
around the tire are relatively bigger than at a longer distance.

Rim weight (Chapter 5.4) has no effect on exterior tire/road noise. However, it
alters the transmission of low and medium frequency noise into the vehicle
interior. Heavy weight of the wheel may reduce the interior noise up to 4 dB(A).
Changes in certain frequency bands may be even bigger.

The third purpose with the work was to determine whether the selection of rim
for mounting of test tires is an important factor. It was indeed found to be so, at
least for certain tires. In order to reduce the rim influence, one should use only the
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rim size recommended by the tire manufacturer when conducting reproduceable

noise tests.

The results presented in this report may give hints as to how tire/road noise

generation may be (marginally) reduced by designing the tire/wheel system in an

optimum way. In most cases, one should avoid excessively wide rims.

The problem of rim influence on tire/road noise should be more investigated in

the future, using more tire and rim combinations and especially with a coast-by

method to verify results presented in this report.

6.4 Effects of small variations in microphone position

When one is so close to the source as in this method, a small difference in

microphone position, maybe just a couple of centimeters, might put the

microphone in an area where direct and reflected waves interfere quite differently

as compared to a "reference" position. The experiment designed to study such

effects, however, failed to show any major influence of this type other than could

be explained by the changes in microphone-source distance, normal inaccuracy in

the measurements and possible partial shading of the sound propagation by the

tires.

Nevertheless, the experiment showed that at such small microphone-source

distances as used in the close-proximity method, the microphone must be

positioned within one cm or two cm from the ideal position in order not to cause

an error of more than about 0.3 dB. A positioning precision of one cm would be

needed for distances as close as here (0.2 m) and two cm would be needed for

distances of around 0.4 m. This requires great care in the microphone mounting

and very high mechanical stability of the microphone holder.

6.5 Comparison of close-proximity methods for tire/road

noise measurements

This section presents, in Table 13, a systematic comparison of the two sub-

methods for tire/road noise measurements which are based on close-proximity

microphones:

e the trailer method, including enclosure (microphone is close to a separate test

tire; both are enclosed in a protecting chamber, trailer is towed by a towing

vehicle)

e the on-board method (microphone is close to a test tire, which is also one of the

"normal" four or six tires of the self-propelled vehicle on which it is mounted)

VTI meddelande 797A 61



Table 13

noise measurements

Comparison ofthe on-board and trailer methods usedfor tire/road

 

PROPERTIES ON-BOARD METHOD TRAILER METHOD

 

BACKGROUND

NOISE

Background noise may be a problem in this

method since the microphone and the measu-

ring wheel are not screened. The most impor-

tant sources of the background noise are the

air turbulence around the microphone and the

vehicle body as well as the other tires. In case

the brakes are not fully released they also may

contribute to the background noise.

Exterior background noise

and turbulence around the

microphone are much re-

duced by the enclosure

around the test tire and mi-

crophone. Low-frequency re-

sonances may be excited in

the enclosure body.
 

REFLECTIONS Reflections of the noise (mostly inside a

wheel housing) may influence the measured

sound levels. The acoustical properties of the

space near the microphone and the measuring

wheel depend much on the vehicle used for

the experiments and to some extent also on

the size of the wheel.

Reflections may be controll-

ed and eliminated (at least at

medium and high frequen-

cies). Acoustical properties

of space near the microphone

and the test tire are always

the same for the given trailer.

If not properly lined with

absorbents, the enclosure

might reflect noise
 

INITIAL COST Very low cost, since the modifications needed

to the car are minor.

High cost of building the

trailer
 

MEASURING

COST

Low, in comparison to other existing methods. Low, in comparison to other

existing methods.

 

VERSATILITY Due to the formal restrictions and practical

problems to cover a big range of tire sizes it is

necessary to use many vehicles, if various tire

sizes need to be tested. Tires of the same size

must be mounted on both sides of the vehicle

even if only one wheel is used for

measurements. Depending on where the

microphone is located, the vehicle may be |

impractically wide in total.

A single trailer may be used

for measurements of a rather

wide range of tires. The

trailer is more difficult to

drive and maneuver than just

a single car.

 

LOAD

ADJUSTMENT

AND CONTROL

Rather difficult. Load must be controlled by

weighing. Load depends on the several factors

related to the car (fuel level, number and

position of passengers, etc.)

Easy to accomplish a wide

load range and to change

load.

 

 

WHEEL

ALIGNMENT

 

In many vehicles it is difficult or impossible to

obtain desired wheel alignment (tow-in = 0,

camber = 0°). The alignment may vary with

time, and with load together with suspension

deflection.
 

Alignment of the wheel is

easily controlled (in some

trailers it is self-adjusting).
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