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Research Institute ul. Majakowskiego 11/12
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SUMMARY

Development of measuring methods for tire/road noise is currently underway

in several international working groups or projects. In the efforts to produce a

standardized measuring method for tire/road noise, it has been seriously

considered by some to use a hybrid of the well-known coast-by and trailer

methods. This hybrid is here called the trailer coast-by method.

Instead of using a truck fully equipped with the tires to be tested, the test

vehicle consists of a single-axle trailer towed by a truck via an exceptionally

long towing beam. The test tires are mounted on the single-axle trailer and the

towing truck is equipped with special, quiet tires. Furthermore, the towing

truck may be equipped with screens or enclosures around the tires in order to

reduce all other noise than the trailer test tire noise to a minimum.

During the measurement, the truck and trailer are coasted down the measuring

strip and the peak noise levels in the microphone are noted. The microphone is

located on the test track 7.5 or 15 m from the center of travel. The noise peak

for the trailer is used as the measuring value, but from this value there might

be provisions to subtract some noise from the towing truck.

The authors of this paper has investigated how this method would be influenced

by towing truck noise by using a simulation program which makes possible

plotting of time histories of vehicle pass-bys, given some input data. By "time

history" is meant the curve describing noise level versus time during a pass-by.

For a constant speed this corresponds to noise level versus vehicle position.

It was found that, unless one would be prepared to accept high inaccuracies,

the trailer coast-by method should utilize truck noise corrections calculated

from time history recordings and not the peak noise level recorded during a

truck (alone) coast-by. In the case of directional tires, even with extra low tire

noise from the towing truck, the error after a peak noise level correction may

be as high as 1.7 dB(A) for a microphone distance of 7.5 m and 0.9 dB(A) at

15 m. With time history recording this error could be virtually eliminated.

The trailer coast-by method will introduce other errors, which inevitably come

from fluctuations in noise levels on top of "ideal time histories". Fluctuations
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in noise levels will mean that the locking to a peak noise level will occur at

vehicle positions (equal to time moments) which fluctuate according to the

noise level fluctuation. This will introduce even more uncertain corrections for

truck noise (the peak position is less defined) as well as make supplementary

frequency spectra determinations very difficult.

If one would like to standardize the trailer coast-by method, then the following

requirements should be included:

* One should require either that the towing truck peak noise is more than 3

dB(A) lower than that of the combined truck and trailer peak noise, or that

the noise emitted from the towing truck tires as single tires (including any

screening) is at least 6 dB(A) lower than from the (single) tire to be tested.

* A truck-trailer separation length of 10 m seems to be the optimal

compromise between technical problems and the quality of the results.

* Two alternatives should be considered:

Either one would accept an error of anything between 0 and 1.0 dB(A) due

to truck noise influence and then one should require no truck noise

correction at all, or:

One should require the use of a time history recording system (which

would be expensive) so that the truck noise at the peak of the trailer noise

can be determined and corrected for.

To correct with peak truck noise is not significantly better than the first

alternative.

* Instead of using a time history recording system, one could switch to the

use of single event L., instead of the peak noise level. Then one must

correct for the influence of the truck tire noise.

It is very important that a standardized method makes possible maximum

compatibility. This is not the case for the trailer coast-by method since it is

difficult to design a corresponding method for car tires and to enable

determination of frequency spectra or directional properties. The latter makes

the trailer coast-by method incompatible with research needs. It is also

incompatible with all current standards and common practice. However, this

should not, in principle, prevent the choice of a new method but there must

then be essential advantages of the method in order to outweigh the

disadvantages of incompatibility. This is not the case here.

In conclusion, the authors do not recommend the use of the trailer coast-by

method as a replacement of the traditional coast-by method.



1. BACKGROUND

Development of measuring methods for tire/road noise is currently underway

in several international working groups or projects. One example is the

revision of SAE J57a in the USA, another is the recent establishment of

ISO/TC 31/WG 3 and another one is ISO/TC 43/SC 1/WG 27. The European

Community also has some ongoing projects on this subject.

In the efforts to produce a standardized measuring method for tire/road noise,

it has been seriously considered by some to use a hybrid of the well-known

coast-by and trailer methods. This hybrid is here called the trailer coast-by

method. In this method, the measuring set-up, microphone location, etc., are

identical to that of the coast-by method, but the test vehicle differs.

Instead of using a test vehicle fully equipped with the tires to be tested (four

tires for a car and normally six for a truck), the test vehicle consists of a

single-axle trailer towed by a truck via an exceptionally long towing beam. The

test tires are mounted on the single-axle trailer (normally one tire on each side)

which is loaded to a certain testing load and the towing truck is equipped with

special, quiet tires. Furthermore, the towing truck may be equipped with

screens or enclosures around the tires in order to reduce all other noise than the

trailer test tire noise to a minimum.

During the measurement, the truck and trailer are coasted down the measuring

strip and the peak noise levels (A-weighted) in the microphone are noted. The

peak for the trailer is used as the measuring value (to the extent it can be

separated), but from this value there might be provisions to subtract some noise

from the towing truck.

The authors of this paper has investigated how this method would be influenced

by towing truck noise by using a simulation program developed by one of the

authors (Ejsmont) which makes possible plotting of time histories of vehicle

pass-bys, given some input data.

It is important to examine in advance the merits of such a method so that it can

be improved or abandoned in case there might be problems with its accuracy or

practicability.



2. _ PRESUMPTIONS FOR THE CALCULATIONS

The following presumptions form a basis for the calculations:

Microphone location: Two alternatives used, see Fig. 1:

7.5 from center of travel ("European conditions")

and 15 m for "US conditions"

Microphone height: 1.2 m above road surface level

Frequency weighting: A-weighting

Time weighting: Standardized "Fast"

Instrumentation: Precision sound level meter

Towing truck (tractor): Four tires, wheel base 3.7 m

Width = 2.2 m between center of tires

Tire type: Slicks (no tread pattern)

Truck tire "noisiness": Four alternatives are used:

The noise level for a single truck tire is assumed

to be either 0, 2, 6 or 8 dB(A) less noisy than a

single tire to be tested (on the trailer). The two

higher of these noise reductions are achieved by

help of enclosures around the tires.

Towing beam length: 10 or 12 m (this is the distance between drive axle

on towing truck and trailer axle, see Fig. 1)

Screening effects: The effect of any possible truck tire enclosures is

included in the truck tire noise levels used above.

The screening by the trailer near-side test tire on

noise from the trailer far-side test tire is accounted

for. This screening is assumed to be 3 dB(A) (of

the noise from the far-side tire only) at the

moment when the trailer is closest to the

microphone but 0 dB(A) at other locations with a

soft transition between these cases.

The screening effect by the towing truck's near-

side tires on the noise from the far-side tires (of

the same truck), is neglected here since this effect

must be very small in this case.



Truck tire noise

directionality:

Trailer tire noise

directionality:

Source locations:

Vehicle position scale:

The following cases are assumed:

Type "1": All tires omnidirectional.

Type "2": All tires on the truck are emitting 2

dB(A) higher noise level to the front and rear than

to the sides.

The following cases are assumed:

Type "A": Omnidirectional.

Type "B": Dominance of noise directed towards

the front. See Fig. 2.

Type "C": Dominance of noise directed towards

the rear. See Fig. 2.

(Tyre "C" is reversed in relation to Type "B").

The noise sources are located:

Trailer tires: At the center of the contact patch.

Truck tires: Same (four individual point sources).

In the simulations, all vehicle positions ("x" in

Fig. 1) are referenced to when the truck front is

exactly opposite (closest) to the microphone. This

is assumed to be the position "0 m". For example,

the position "15 m" is when the truck front has

passed 15 m beyond the point opposite to the

microphone. The position of the trailer axle must

then be calculated from Fig. 1.



Trailer

 
........................................................
 

2.2m
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Lt = 10m and 12m

Lm = 7.5 m and 15m

Microphone

 

 
 

Fig. 1 Vehicle dimensions and microphone locations

 

 

 

Fig. 2 Directionality of trailer tire/road noise (test tires) for the cases A, B

and C. Front direction is to the left in the figure.



3. DESCRIPTION OF THE TIME HISTORY SIMULATION

PROGRAM

The computer program used for the simulations reported here is a modification

of a program presented in [Ejsmont, 1990]. The original program was

developed to simulate time histories of noise for a single vehicle for each third-

octave band as well as A-weighted sound level. It has been relatively easy to

supplement the model with the simulation of a truck tractor and a trailer

equipped with tires of different noise properties than the tractor. At the same

time the simulation has been restricted to A-weighted sound levels since the

evaluation of spectra is not required in any proposal so far. Figure 1 shows the

geometrical set-up used during the simulations.

The computer program calculates the time histories by the following

procedure:

All calculations are performed for the distance x between -20 and +30 m rel.

to the point on the test track closest to the microphone position in steps of 1 m.

The position of each wheel is accounted for and the distance to the microphone

is calculated as well as the angles at which the wheels are visible from the

microphone. Separately for each wheel the sound level radiated at the given

direction is calculated. The calculations are based on the directivity pattern

measured (or specified) for a distance of 0.4 m from the center of the foot-

print. Since sound levels are specified only for five symmetrical directions (0,

45, 90, 135 and 180°), trigonometric interpolation is used for other angles.

When the sound level for a certain direction is estimated it is also adjusted for

free field sound propagation attenuation due to distance (1/r2 law).

In the original program intended for single vehicles, one more correction has

been applied, namely a correction which accounts for the influence of the

vehicle's underbody and "screening" of outer wheels by inner wheels that

occurs at some positions. In the simulations reported here this correction has

been greatly simplified, since the characteristics of noise propagation

underneath the tractor are not known. The program calculates only the simple

screening effect in a situation where the far-side tire of the trailer is screened

by the near-side measuring tire. This effect gives a local dip clearly visible in

the simulated time histories when the trailer axle is in front of the microphone,

which is approximately when the tractor front passes the position of "15 m".

At the next stage the sound levels of all wheels are added. The summation

accounts for sound speed and the distance over which noise coming from each

wheel propagates. It means that the levels which come to the microphone at the

same time (not necessarily those which are generated at the same time) are

added. The summation is made on an "energetic" basis. For reference purpose

the truck/trailer speed has been set to 80 km/h here. The results are not



significantly affected by the selected speed, at least not within a range of 50-90 -

km/h.

The noise level radiated at the direction of 135° is considered here as a

reference and is (arbitrary) set to 100 dB(A). The absolute level is

unimportant.

The simulations presented in this paper have been performed for a number of

different tractor and trailer tires (see the previous chapter).

For truck tires the reference levels for the direction of 135° have been set not

only to 100 dB(A), i.e. equal to the trailer tires, but also to 98, 94 and 92

dB(A). This is to simulate when using special low-noise tires and/or screening.

For the simulation, however, only the reduction factor is important and not

how the reduction was achieved. These tires have been named respectively (0,

-2, -6, -8 dB(A)).

The simulation procedure has been tested against actual measurements for

passenger cars and the results have been very encouraging; both concerning the

absolute peak levels as well as specific details of the time histories.



4. RESULTS

The following figures show the results of the simulations. First, Figs. 3-4 show

the time history of the truck tractor alone. The peak then occurs approximately

at the position 3 m which is when the "middle" of the truck is closest to the

microphone. The peak actually occurs a little later, which is due to the

correction for delays in the system (sound speed).

The first of the two figures shows the results for the omnidirectional tires, the

second shows the results for the directional tires. If one puts the figures on top

of each other, one can see that the "tails" in the directional case are higher,

which is of course natural.

The next figure (Fig. 5) shows the results for the trailer alone. Of course, in

practice, the trailer cannot drive alone, but it is interesting for the coming

comparisons to plot these results. The figure shows only the case when the

towing beam is 10 m long (equal to axle distance). The effect of tire

directionality is also shown. The screening effect of the near-side tire is seen as

a dip creating a double peak around it.

Note that the directionality shifts the peak noise vehicle position by about 5 m

in this case.

The figure also illustrates a bad choice of one parameter for the simulations.

The rearward directional case shows a 1.5 dB(A) lower peak than the

frontward case. This is due to the choice of reference level =0 for

directionality at the 135° angle, and not 90°, around the tire. For this paper,

there was not time enough to rerun all calculations after this unfortunate choice

was realized.

It means that all cases in the following where results for the rearward

directionality are quoted shall be treated with caution whenever they are

compared to other cases.

Figs. 6-7 display the combination of the truck and trailer noise. The cases

shown are for omnidirectional tires on the truck having a sound emission -6

dB(A) in comparison to the trailer tires. The trailer tires are also

omnidirectional. This is a case which is quite favorable for the method in

relation to the other cases. It is shown that the effect of the truck is to increase

levels at the peak by about 1 dB(A) for 7.5 m microphone distance and

1.5 dB(A) for 15 m microphone distance. The peak is not very pronounced.

Note here a very critical feature of the method. There are always fluctuations

in the noise, due to road surface inhomogeneity, cancellation and summation

effects from road reflections, uncontrolled body reflections and disturbing

noise. Such effects are neglected in this simulation but exist in actual field



measurements. Such fluctuations can amount to up to at least +0.5 dB(A)

according to our experience. Some of them are due to random fluctuations,

some are systematic. A fluctuation on top of the ordinary smooth curve will

mean that the peak recorded will occur at different vehicle positions, i.e. the

noise level fluctuations will result in a vehicle position fluctuation (position at

the peak noise). The fluctuations can then shift the vehicle position at the

moment of the peak by up to +5 m for the 15 m microphone case. It means

that it is never possible to correct for the influence of the truck noise unless the

exact position of the peak is known and the truck noise at that position is also

known.

It is possible to "construct" realistic cases where there would be much bigger

fluctuation in the vehicle position at the peak noise level. This means that any

method which does not rely on complete recording of time histories with a

synchronized vehicle position scale can be ruled out as much too inaccurate,

even if it would rely on correction for truck noise at the peak of the truck

(alone).

Fig. 8 shows how much time histories are influenced when truck + trailer are

compared to the ideal cases with trailer alone. Note that the tire "C" case is not

fully comparable to the other two, since trailer tire noise should have been 1.5

dB(A) higher.

The towing beam lengths considered here have been 10 and 12 m. However,

for a few cases also other lengths have been considered in order to see how

critical the separation distance between truck and trailer is. Fig. 9 shows that

there is very little to win in terms of truck noise influence by increasing the

beam length from 10 m to 12, 14 or 16 m. The influence (increase of peak

noise level due to the unwanted truck tire noise) amounts to 1 dB(A) or more

only for beam lengths of 8 m or less. It thus seems that 10 m is a fair

compromise between accuracy and practicability/cost. A vehicle with a longer

beam is very difficult to drive in limited spaces and the longer beam will load

the test tires much more due to its rapid weight increase with length.

A source of error in the measurements is the lateral position of the vehicle.

Fig. 10 illustrates how big the influence is if vehicle lateral position changes

+0.3 m. At 15 m of nominal microphone distance the influence is negligible.

At 7.5 m it begins to be unacceptable and at 5 m it is absolutely unacceptable

(extremes are 1.2 dB(A) apart). Such an error comes on top of all other errors.

It has been suggested that the truck + trailer noise can be corrected for the

influence of the truck by simply subtracting the peak truck noise. This requires

a measurement of peak noise levels of the truck alone as well as of the

truck+trailer. Fig. 11 shows that this method greatly overestimates the truck

noise influence. In this example, the true signal is 7 dB(A) above the truck

noise (alone) at the moment when the relevant peak occurs. However, if the
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truck noise influence is estimated based on the truck peak noise level, it seems

like the truck noise is just 3 dB(A) below the true signal. This will lead to big

errors in the correction and these errors will be largely influenced by the

position when peak trailer noise occurs.

The extremely big importance of reducing towing truck noise is shown in

Figs. 12-13. As can be seen there, it is absolutely necessary to achieve at least

6 dB(A) lower noise of the truck tires (incl. possible screening) in relation to

the test tires. This is possible only with a combination of slick tires and

effective screening. Alternatively, a new type of tire for towing truck use must

be developed. A potential tire for this purpose might be a developed version of

the composite wheel reported in [Sandberg and Ejsmont, 1990].

Note, that according to Figs. 12-13 the peak for 15 m of microphone distance

is not very pronounced for any type of truck tire. Fluctuations on top of the

curve there might result in recordings of early peaks which have little to do

with the trailer tire noise, i.e. the test object. Those who would like to lock a

frequency spectrum at the moment of the peak A-weighted level will risk that

they will record mainly the spectrum of the towing truck tires instead.

Note also that the figures are for omnidirectional tires. With directional tires,

the mixing of trailer and truck tire noise will be even worse.

The simulated peak noise levels associated with the trailer axle coast-by are

given in Table 1. In some cases it is difficult to see any peak from the trailer (it

is hidden by the truck noise). Numbers from such cases are written in Italic

style in the table.

Table 2 shows the difference in peak noise level from a coast-by of the

truck+ trailer and the truck alone. It has been proposed that if this difference is

> 3dB(A), then the measurement is acceptable. Such cases are shown without

shadowed background in the table. It indicates that a truck tire "noisiness" of

"-6 dB(A)" is a corresponding minimum requirement.

It has been suggested that the truck+ trailer peak noise level shall be corrected

by subtracting the truck (alone) peak noise level. This would give something

resembling the "true" trailer tire/road noise. Table 3 shows the error involved

in such a correction. The table is based on the assumptions that the peak noise

levels are all measured with perfect accuracy. The error comes from the fact

that this suggested method will use the peak truck noise level and not the

truck noise level at the moment when the peak of the trailer noise occurs. The

correction is then always too high. The table shows that unacceptable errors

will occur for several combinations of truck and trailer tire noise.

Table 4 shows the error involved if no correction at all is made for the truck

noise, i.e. the increase of peak noise level which follows from the truck tire
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noise influence. Bold numbers are cases where the error is 1.0 dB(A) or more.

Especially, for 15 m microphone distance, the errors are too high. However,

the table also shows that it is no worse to skip corrections completely than to

use the unfortunate correction based on truck peak noise level.



Fig. 3
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TRUCK + TRAILER 12m
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Tire "noisiness" on truck is "-6 dB(A)". Microphone distance 7.5
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peak level of the trailer. The figure is similar to Fig. 6 above.
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Table 1 The "local" maximum A-weighted level associated with the trailer

axle coast-by. From simulation of time histories (like in Figs. 12-

13). Numbers typed in Italic are for cases where there is no clear

peak from the trailer axle.

TRUCK TIRES TRUCK TIRES o

TRAILER Trailer Mict 2 2 \ 2 TRUCK
TIRES length pos K)

0

[m] [m]} -o _-2 _-6 -s -o -2 -6 -8 -&

A 10 7.5 80.2 79.2 78.1 77.9 80.2 79.3 78.2 77.9 77.3

0 15 75.6 74.5 72.8 72.3 75.0 74.2 72.7 72.3 71.4

069° 12 7.5 79.6 78.9 78.0 77.6 79.7 78.9 78.1 77.8 77.3

© 15 75.2 74.2 72.7 72.2 75.1 74.0 72.6 72.2 71.4

14 10 7.5 80.2 79.3 78.5 78.2 80.3 79.4 78.5 78.3 77.7

15 $_ 0 15 75.8 74.6 73.1 72.6 75.3 74.4 73.0 72.5 71.6

% ' 12 7.5 80.0 79.1 78.3 78.1 80.1 79.3 78.4 78.2 77.7

e 15 75.2 74.3 73.0 72.5 75.1 74.1 72.9 72.5 71.6

C 10 7.5 79.1 78.1 76.8 76.6 79.3 78.2 77.0 76.7 76.2

as "f_ o 15 75.0 73.8 71.7 71.0 74.8 73.5 71.6 71.0 70.1

N%15 12 7.5 78.3 77.8 76.7 76.5 79.0 78.2 76.8 76.6 76.2

Tos is 74.6 73.2 71.5 70.9 74.2 73.0 71.4 71.0 70.1

NO TRAILER - 7.5 80.4 78.4 74.4 72.4 80.3 78.3 74.3 72.3 -

15 74.5 72.5 68.5 66.5 74.5 72.5 68.5 -  
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Table 2

-

Difference in peak noise level (in dB(A)) from a coast-by of the

truck + trailer combination and the truck alone. The values should

be as high as possible. Differences of <3 dB(A) have a shadowed
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Table 3 The error (in dB(A)) resulting from correction of truck + trailer

peak noise by subtraction of truck (alone) peak noise.

TRUCK TIRES TRUCK TIRES

0

TRAN ER length pos.
2 2

TIRES k/

0

[m}

|

{m] - 6 - 8 - 6 - 8

1.5 1.6 0.8 1.4 0.8
10

é 15 0.6 0.4 0.8 0.4

o o 19 1.5 0.9 0.4 1.5 1.1

° 15 0.8 0.3 0.9 0.6

1.5 1.3 0.8 1.3 0.6
B 10

eee 15 0.3 0.5 0.5 0.4

* 12 1.5 1.7 1.0 1.4 0.8

C 15 0.5 0.4 0.7 0.4

10 1.5 1.7 1.5

g o 15 1.2 1.0 1.0

0$ 73 1.8 1.6
15 alig ® 12

15 1.6 1.0 1.2
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Table 4 The increase in peak noise level of a "true" trailer (alone) coast-by

which is caused by truck tire noise influence, i.e. the error one

would get if no correction at all for towing truck noise is made.

TRUCK TIRES TRUCK TIRES o

TRAILER magh Mier 2 2 pN 2 muck
TIRES pis. k/

0

[Im] [m} -o -2 _-6 -s -o -2 -6 -8 -&

A 10 7.5 2.9 |1.9 |0.8 |0O.6 |2.9 |2.0 |0.9 |0.6 77.3

o 15 4.2 |3.1 |1.4 |0.9 3.6 2.8 |1.3 |0.9 71.4

°$° 12 7.5 2.3 |1.6 |0.7 |0.3 |2.4 |1.6 |0.8 |0.5 77.3

% 15 3.8 |2.8 |1.3 |0.8 3.7 2.6 |1.2 |0.8 71.4

B 10 7.5 2.5 1.6 |0.8 0.5 |2.6 1.7 |0O.8 |0O.6 77.7

1s 2 o 15 4.2 |3.0 |1.5 |1.0 |3.7 |2.8 |1.4 |0O.9 |71.6

%1 12 7.5 2.3 |1.4 |0.6 |0.4 |2.4 |1.6 |o.7 |Oo.5 |77.7
it e ' is [3.6 |2.7 |1.4 |o.9 3.5 |2.5 |1.3 |o.9 |71.6

C 10 7.5 2.9 |1.9 |0.6 |0.4 |3.1 |2.0 |0.8 |0.5 76.2

as °f 0 15 4.9 3.7 |1.6 |0.9 |4.7 3.4 |1.5 |0.9 70.1

f 12 7.5 2.1 |1.6 0.5 |0.3 |2.8 |2.0 0.6 0.4 76.2

i 15 [4.5 3.1 |1.4 |O0.8 |4.1 2.9 |1.3 |0.9 |70.1             
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5. DISCUSSION

5.1 Validity of the Presumptions

It has been presumed here that the truck tractor has only four tires. However,

dual tires on the drive axle would be more normal. The main reason why four

tires were used in the calculations is that we have no reliable and up-to-date

information regarding the properties of dual mounted tires instead of single

tires (noise level, influence of the shared load, directionality and screening

effects are problems we do not know about here). Another reason is that four

tires would be sufficient here, since the load on the drive axle would be small.

If six tires were used instead of four tires, our guess is that truck noise levels

would increase somewhat. Also, it is likely that the noise emission would be

more directional and fluctuating with distance. All these things would mean

that the method would seem less favorable than the case we have

calculated.

A key property of the method is the possibility to reduce noise from the towing

truck tires. Two methods for this are considered here:

(1) To use slick tires (patternless treads)

(2) To screen the noise of the tires by enclosing them

How more quiet are slick tires than the quietest normal tires? Well, [Ahsberg,

1990] gives some hints. Better, however, are data obtained directly from

[Ahsberg, 1992] which indicate that slick tires reduced noise by about 2 dB(A)

in relation to "normal" commercial tires of the quietest type this reference

could find in a sample of 10 tire brands. This was measured on a surface

meeting the requirements of ISO/DIS 10844.

Data measured by the authors of this paper concern only car tires. However,

also for car tires, the difference recorded is around 2 dB(A) in relation to the

most quiet commercial tire.

Consequently, in this paper it is assumed that when testing heavy vehicle tires

with favorable noise characteristics, slick tires would give 2 dB(A) lower

noise. This is the basis for the case where truck tire "noisiness" has been set at

-2 dB(A) (see Chapter 2).

Screening of truck tires has been tested earlier at this institute [Sandberg,

1978]. The results showed that 4-6 dB(A) of a noise reduction due to

enclosures with internal sound absorbing material was achievable. Other tests

have confirmed such figures, e.g. in [Moschel and Enz, 1981] in which an

extremely low (impractical?) road clearance even gave 9 dB(A) of noise

reduction. This has been the basis for the cases of "-6 dB(A)" and "-8 dB(A)"
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of truck tire "noisiness" selected according to Chapter 2, in which case it is

assumed that the use of slick tires is combined with not too impractical

enclosures having sound absorbing material inside.

5.2 Comments Regarding the Results of the Simulations

The authors have investigated just the use of peak A-weighted noise levels

here. However, if the method is standardized despite all its problems, then it

should be somewhat preferable to use single-event L., instead of just peak

levels. This assumes then that a correction is made to the L., of the

truck measurement for the truck alone measurement. This will

eliminate the problem of correcting noise levels using peak truck noise which is

not the relevant disturbing noise.

The technically best alternative with this method (but perhaps not

economically) is to require the use of complete time recording (and frequency

analysis) such as is made by the Norsonics 836 Vehicle Noise Analyzer. Such

instrumentation, however, is very expensive and complicated. The main

advantage is that the truck noise influence can be determined at the right

moment during a run.

If one would be prepared to abstain from using the conventional 7.5 or 15 m

microphone distances, one could select for example 5 m instead. However,

even though this may make the truck noise influence somewhat lower, another

problem will increase, namely that of keeping the right lateral position of the

test vehicle. A difference in lateral position of +0.3 m in relation to a nominal

distance of 5 m may influence the results by +0.6 dB(A) and in relation to a

nominal distance of 7.5 m by +0.3 dB(A). In total, therefore, it is

questionable if one would gain any significant accuracy worth the increased

incompatibility with other methods by switching to 5 m microphone distance.

5.3 Advantages and Disadvantages of the Method

This section discusses the advantages and disadvantages of the trailer coast-by

method in comparison to the traditional coast-by method.
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Advantages:

1. If one would be able to eliminate the influence of the towing vehicle

there should be less influence of the testing vehicle on the tire/road noise

with this method than in the coast-by method.

Only two test tires are required. Means less expensive testing (but not

investment). However, the time saved on tire mounting might be upset by

time added due to truck (alone) runs.

Disadvantages:

1. The method is incompatible with other methods standardized or else in

use.

The levels obtained do not tell anything about the actual noise level

recorded in traffic or on-the-road. The method is more dissociated from

actual vehicle and road conditions than the coast-by method.

Any possible interaction between dual tires is not taken into account.

Special, expensive testing vehicles are required (screened tractor with

special tires and a very special trailer). More expensive investment.

The error in determination of the test tire noise is relatively large because

of the towing truck influence. Irrespective of whether it is corrected for

by taking truck (alone) peak noise into account, or not corrected for at

all, the error will be 0-1.7 dB(A), provided that truck tires are well

screened. This comes on top of all other errors.

The only way of avoiding this error is to compensate for truck noise at

the moment when trailer noise is at its maximum. However, this requires

the use of a complicated instrumentation.

The results are very sensitive to noise level fluctuations, which inevitably

occur, in such a way as this will shift the moment when the peak noise

occurs quite much from the "true" moment. This will mean that a truck

peak noise correction procedure will be more incorrect than in an ideal

case. In some cases the noise level read will in fact be more due to the

towing truck tires than to the trailer test tires.

The above will mean that it is very difficult to record relevant frequency

spectra with this method. It is a great risk that the frequency spectra will

be too much influenced - even dominated - by the towing truck tires.
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The method does not allow any directional characteristics to be

determined.

The method does not allow any single event L,, (or similar) to be

determined with high accuracy. Correction for truck noise might,

however, give at least a moderate accuracy in L,, determination.

The method requires more runs to be made, since also the towing truck

must run alone. In principle, this doubles the number of runs, unless

truck noise is stable over a series of measurements. Over limited time the

latter might be true.

The method is unsuitable for car tire testing, since a trailer with its long

beam required will be too heavy for typical car tire loads.

There are practical problems with transportation and maneuverability of a

trailer with such a long distance between its axle and the closest truck

axle. The authors have used such a vehicle in lots of measurements

[Sandberg, 1991].
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6. CONCLUSIONS

The authors have found that, unless one would be prepared to accept high

inaccuracies, the trailer coast-by method should utilize truck noise corrections

calculated from time history recordings and not the peak level recorded during

a truck (alone) coast-by. In the case of directional tires, even with extra low

tire noise from the towing truck, the error after a peak noise level correction

may be as high as 1.7 dB(A) for a microphone distance of 7.5 m and 0.9

dB(A) at 15 m. With time history recording this error could be virtually

eliminated.

The trailer coast-by method will introduce other errors which inevitably come

from fluctuations in noise levels on top of "ideal time histories". Fluctuations

in noise levels will mean that the locking to a peak noise level will occur at

vehicle positions (equal to time moments) which fluctuate according to the

noise level fluctuation. This will introduce even more uncertain corrections for

truck noise (the peak position is less defined) as well as make supplementary

frequency spectra determinations very difficult.

The trailer coast-by method is not compatible with research needs, since it is

impossible to combine with recording of directional characteristics and difficult

to combine with accurate frequency spectra determinations. The latter problem

(but not the first) could be reduced by a very advanced and expensive time

history spectra recording system, however.

If one would like to standardize the trailer coast-by method, then the following

requirements should be included:

* One should require either that the towing truck peak noise is more than 3

dB(A) lower than that of the combined truck and trailer peak noise, or that

the noise emitted from the towing truck tires as single tires (including any

screening) is at least 6 dB(A) lower than from the (single) tire to be tested.

* A truck-trailer separation length of 10 m (truck drive axle to trailer axle)

seems to be the optimal compromise between technical problems and the

quality of the results.

* Two alternatives should be considered:

Either one would accept an error of anything between 0 and 1.0 dB(A) due

to truck noise influence and then one should require no truck noise

correction at all, or:

One should require the use of a time history recording system (which

would be expensive) so that the truck noise at the peak of the trailer noise

can be determined and corrected for.
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The first alternative would require the limitation to a microphone distance

of 7.5 m only and not 15 m unless one would be prepared to accept errors

of up to 1.5 dB(A). To correct with peak truck noise is not significantly

better than the first alternative.

* Instead of using a time history recording system, one could switch to the

use of single event L., instead of the peak noise level. Then one must

correct for the influence of the truck tire noise. This alternative would

require a more advanced sound level meter, but such are more or less

standard nowadays.

It is very important that a standardized method makes possible maximum

compatibility. This is not the case for the trailer coast-by method since it is

difficult to design a corresponding method for car tires and to enable any

determination of frequency spectra or directional properties. It is also

incompatible with all current standards and common practice. However, this

should not, in principle, prevent the choice of a new method (development

must not be hampered!) but there must be essential advantages of the method in

order to outweigh the disadvantages of incompatibility. This is not the case

here. The main advantage of being relatively uninfluenced by vehicle

properties is not sufficient to warrant the choice of this method instead of the

traditional coast-by method.

In conclusion, the authors do not recommend the use of the trailer coast-by

method as a replacement of the traditional coast-by method.
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