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Abstract 
 
 
Four different snowmobiles have been tested using different methods. The operating 
conditions have been accelerating, cruising and stationary and two different measurement 
distances and two different microphone heights have been used. The maximum pass-by 
sound pressure levels were measured in both 24 km/h and 50 km/h using both time-
weighting F and S. In addition the acoustic impedance of the snow and grass covered 
ground was determined. The measurements were also carried out in frequency bands and 
these results were used to put up an acoustic source model of the snowmobile, which was 
then used to calculate the acoustic ground effect for propagation over different distances 
and ground surfaces. 
 
The most important conclusions of the measurements and theoretical calculations are: 
 

• All snowmobiles tested failed to meet the American requirements for maximum 
pass-by sound pressure level during acceleration; 

• time weighting S used by SAE-standards yields around 2 dB lower measurement 
values than time-weighting F normally used for road vehicle testing; 

• type approval measurements should be carried out on snow. The snow depth is 
not very critical as long as it exceeds 7,5 cm; 

• selection of measurement distance and time-weighting is not very critical as long 
as the limit values are adjusted accordingly; 

• grassland may influence the operating conditions and should not be used for type 
approval measurements; 

• operating conditions should be both cruising and accelerating. The reference 
speed for acceleration is not critical. However, when cruising, 50 km/h makes 
much more noise than 24 km/h; 

• subtraction of two dB from the measured value as in SAE J192 is not compatible 
with the European Directive on noise emission from equipment for use outdoors. 
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Sammanfattning  
 
Fyra olika snöskotrar har provats med olika metoder. Driftsförhållandena har varit 
acceleration, konstant fart och stillastående. Två olika mätavstånd med två olika 
mikrofonhöjder har använts. Den maximala ljudtrycksnivån vid passage har mätts i 24 
och 50 km/h med både tidsvägning F och S. Markens akustiska impedans bestämdes dels 
med snötäcke och dels gräsbevuxen. Mätningarna genomfördes också i frekvensband och 
resultaten användes för att sätta upp en akustisk källmodell för snöskotrar. Denna 
användes sedan för att beräkna markeffekten vid ljudutbredning över olika avstånd och 
markytor. 
 
De viktigaste slutsatserna av mätningarna och beräkningarna är: 
 

• Inga snöskotrar klarade de amerikanska kraven på högsta ljudtrycksnivå vid 
förbifart under acceleration; 

• tidsvägning S som används av SAE-metoderna ger ungefär 2 dB lägre mätvärden 
än tidsvägning F som normalt används vid provning av vägfordon; 

• typprovningsmätningar bör tills vidare utföras på snö. Snödjupet är inte kritiskt så 
länge det överskrider 7,5 cm; 

• val av mätavstånd och tidsvägning är inte så kritiskt om uppsatta gränsvärden 
anpassas till valen; 

• gräsmark kan påverka driftsförhållandena och bör därför inte användas vid 
typprovning; 

• både konstant fart och acceleration bör användas. Referenshastigheten för 
acceleration är inte kritisk. När det gäller konstant fart ger dock 50 km/h klart 
högre värden än 24 km/h.; 

• att som i SAE J192 subtrahera två dB från mätvärdet är inte kompatibelt med 
EU-direktivet för bulleremission från utrustning för utomhusbruk. 

•  
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1 Introduction 
 
1.1 Background 
 
During 2009 the European Commission is expected to elaborate an addendum to the 
Directive 2000/14/EC on noise emission from equipment used outdoors. At present 
snowmobiles are not included in the directive but Sweden, represented by the Swedish 
Road Administration, wishes to have snowmobiles included in this addendum. In 
preparation for a Swedish proposal in this direction the Swedish Road Administration has 
given SP an assignment to analyse alternative measurement methods and to assess 
possible limit values for snowmobiles. 
 
The largest and commercially most important market for snowmobiles is in the USA and 
Canada. In USA alone it is estimated to be about 1,5 million snowmobiles. In Europe the 
major market is in Sweden, Finland, Norway and Russia. According to the International 
Snowmobile Manufacturers Association there were about 456000 registered snowmobiles 
in these countries in 2008. In Finland there were 105000 registered snowmobiles in 2005, 
[11], and in Sweden around 200000, [13]. The yearly sale of snowmobiles world wide is 
about 180000 out of which 8000 are sold in Sweden and less than 20000 altogether in 
Europe, [16]. There are 4 major manufacturers, three from North-America and one from 
Japan with 5 different brands, all imported to Sweden: Arctic Cat (USA), Yamaha 
(Japan), Polaris (USA), Ski-Doo (Canada) and Lynx (Finland, but owned by Bombardier 
who also owns Ski-Doo). 
 
Since 1975 there is a voluntary limit value in North-America for snowmobiles of 78 dB 
measured during acceleration according to SAE J192, [2]. Later this requirement has been 
supplemented by a 73 dB requirement when measured during cruising according to SAE 
J1161. In several states/provinces these values are also used for regulations. Sweden used 
to have a corresponding limit value but this requirement was removed in 2001 as a 
consequence of the membership in the European Union. For snowmobiles taken into use 
after 1 January 2001 the only requirement is to be EC-marked according to the directive 
for safety of machinery, [20], which means that the noise level at the operator’s position 
has to be declared. Since 2004 Yellowstone and Grand Teton National Parks enforce a 
limit value of 73 dB measured according to SAE J192. This means that not so much 
progress has been made during the last 30 years. However, the International Snowmobile 
Manufacturers Association boasts to have reduced the sound by 94%. They then take a 
pre 1969 snowmobile emitting 102 dB as reference! One excuse could be that the engine 
power has increased substantially since 1975. The test method has also changed from 
acceleration from stationary to acceleration from 24 km/h and, not to be forgotten, the 
time weighting has changed from F (fast) to S (slow) making the manufacturers gain 2 to 
3 dB without having to make any extra effort.  
 
In addition to the pass-by tests outlined above several American states also have limit 
values of 88 dB using the stationary test method SAE J2567. The main purpose of this 
test method is to make sure that the silencer has not been manipulated or worn out. 
 
As to the limit values it could be of interest to compare with those for motorcycles valid 
in Europe. Technically the engine and exhaust noise should be similar. For motorcycles 
taken into use after 17 June 1999 and with a cylinder volume exceeding 175 cm3 the limit 
value measured according to ISO 362 is 80 dB. This corresponds to around 73 dB (or 
even 72 dB or less taken into account the difference between time-weighting S and F and 
the excess attenuation of snow in relation to asphalt) measured at 15 m instead of at 7,5 
m. This means that snowmobiles are given a “discount” of 5 dB or more unless the track 
is the dominating noise source. The previous regulatory limit value for snowmobiles in 
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Sweden used to be 85 dB, in force from 1976 to 2000, measured according to SIS 
025131, edition 1, corresponding to an acceleration measurement from 50 km/h at 7,5 m 
distance. 
 
Sweden has en environmental goal decided on by Parliament that in 2015, at the latest, 
60% of the snowmobiles in traffic shall comply with the 73 dB value measured according 
to SAE J192, [12, 15]. In order to achieve this goal it is necessary to have strict noise 
requirements on snowmobiles incorporated into EC directive 2000/14/EC. Technically 
this goal would be achievable if old 2-stroke vehicles are phased out and replaced by 
more quiet 4-stroke and direct injected 2-stroke engines, which, thanks to tougher 
requirements by the American National Parks, have been shown to be able to achieve the 
desired noise requirement. However, due to the development of new 2-stroke engines 
with direct injection the development towards 4-stroke engines has slowed down, or even 
changed. 40% of all new snowmobiles sold in Sweden last season (2007/2008) had 4-
stroke engines but this season (2008/2009) the corresponding number decreased to 30%. 
The reason for this is the growing popularity of two-stroke engines with direct fuel 
injection. 
 
1.2 Aim 
 
This project aims at comparing different measurement methods, establishing state-of-the-
art of noise emission from snowmobiles and finally to analyse the future technical and 
economical potential of further lowering of limit values. The work shall be based on own 
measurements combined with literature studies.  
 
1.3 Considerations and disposition 
 
In clause 2 the different measurement methods used are briefly described and some 
comments on pros and cons with the different methods are made. The less known method 
for determining the acoustic impedance of ground is described in more detail. The 
acoustic impedance is input parameter for calculation of sound propagation over ground. 
 
In clause 3 the status of regulatory and other limit values on snowmobiles in North 
America is described briefly. 
 
In clause 4 and 5 the measurement sites used and the snowmobiles tested are described. 
 
Clause 6 describes the measurements and the most important results are summarized in 
clause 7. The results are grouped to facilitate comparisons between time-weightings, limit 
values and test methods. 
 
In clause 8 an acoustic source model of the snowmobile is created. Such a model is 
necessary in order to be able to calculate the effect of ground reflections. Such 
calculations are carried out and accounted for in clause 9. The aim is to check whether the 
ground effect can be calculated accurate enough. If such is the case it is possible to 
analyse the effect of different measurement distances and snow depths without carrying 
out extensive measurements. In clause 10 the future potential for lower noise emission 
from snowmobiles are discussed. 
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2 Measurement methods 
 
2.1 SAE J192 Maximum Exterior Sound Level 
 
This is the most commonly used method for snowmobile measurements. It was last 
revised in 2003. It is used voluntarily and for regulatory purposes in USA and Canada. It 
is a pass-by test under acceleration starting at 24 km/h 22,8 m before the normal from the 
snowmobile path to the microphone. The measurement distance, measured from the 
centre line of the snowmobile, is 15 m and the microphone height is at 1,2 m. It is 
primarily used on snow but may also be used on dry grassland with maximum grass 
length 75 mm. There must be a minimum of 50 mm compacted snow under the track and 
a maximum of 75 mm loose snow between the drive path and the microphone. The 
measure of the measurement is the maximum instantaneous A-weighted sound pressure 
level using time-weighting S, LpASmax, during pass-by. Older versions of the standard used 
time-weighting F. The measurements are carried out on each side of the snow mobile. 
The result for each side is the average of 3 measurements differing less than 2,0 dB 
rounded to the nearest integer. The final result is the highest value of the two sides. 
 
The method has the following weaknesses in relation to similar methods (i.e. ISO 362, 
[6]) used for road vehicles: 
 

• It measures LpASmax with time-weighting S instead of time-weighting F, LpAFmax. 
The motivation for this choice is to achieve a better reproducibility. However, as 
can be seen in figure 2.1 and in the measurement results this leads to a systematic 
underestimate in relation to LpAFmax. The reason for this is that the meter simply is 
too slow to catch the maximum during a pass-by of a fast vehicle at a short 
distance. The figure is based on a speed of 50 km/h at the North American pass-
by distance (15 m). The real speed after acceleration may be different from this 
assumption. The higher the real speed the higher the difference. 

• The measurement distance is 15 m instead of 7,5 m. This longer distance makes 
the procedure more sensitive to variations in snow depth, snow conditions and 
background noise. The measurement site is also more sensitive to reflections 
from nearby vertical objects when the measurement distance increases. The only 
advantage with a longer distance is that the measurement result is less sensitive to 
variations in the distance to the path of the snowmobile to be tested. 0,2 m change 
in path distance at 7,5 m will yield an error of about 0,2 dB whereas the same 
change at 15 m will diminish this error to about 0,1 dB. However, this little 
difference is, from the practical point of view, negligible compared to the extra 
uncertainties in excess ground attenuation due to the increased distance. 

• It starts the acceleration from 24 km/h instead of from 50 km/h. This increases 
the acceleration, the spin of the track and the tear on the drive path on snow or 
grass. 
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Figure 2.1 Calculated instantaneous sound pressure level with different time-weightings 
during a pass-by of a point source at 15 m at 50 km/h. The difference in the figure is 1,2 
dB but the measured difference is often larger, see table 7.1. 
 
2.2 SAE J1161 Operational Sound Level 

Measurement Procedure 
 
This method is in principle identical to SAE J192 with the exception of the operating 
conditions of the snowmobile. Instead of accelerating it cruises at the constant speed of 
24 ± 3 km/h.  
 
2.3 SAE J2567 Measurement of Exhaust Sound 

Levels of Stationary Snowmobiles 
 
The aim of this method is to have a simple method to test the exhaust system of the 
snowmobile. During the measurements the snowmobile is stationary with brakes on 
running the engine at 4000 ± 250 rpm. The microphone is located 4,0 m from but in line 
with the exhaust outlet at the height 1,22 m. Measure the average sound pressure level 
with time-weighting S during at least 4 s. Take two readings and if the difference is less 
than 2 dB the result is given by the average. 
 
The method has the following weakness in relation to similar methods (i.e. ISO 5130, [7]) 
used for road vehicles: 
 

• The measurement distance is 4,0 m/1,22 m instead of 0,5 m/0,2 m. This longer 
distance makes it more difficult to find a suitable measurement site and increases 
variations in excess attenuation due to propagation across snow. 

• It would be more accurate and more logical to determine the LpAeq during at least 
4s instead of estimating the average LpAS during the same time period. 

 
A stationary test also has the following disadvantage: 
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• The test may ruin the drive belt in the transmission. A snowmobile with a 
gearbox including a neutral gear has a slight advantage due to no load on engine 
during stationary tests. 

 
2.4 SP proposal from 1995 
 
1995 SP proposed a method, [5], more adapted to the ISO standards for road vehicles. 
The main differences to SAE J192 were to use time-weighting F, to change the 
measurement distance from 15 m to 7,5 m, to increase the start speed for acceleration 
from 24 km/h to 50 km/h and finally to start the acceleration 10,0 m before the normal 
instead of 22,8 m. It should be noted that at that time the SAE standard started the 
acceleration from stationary and not from 24 km/h causing the drive path to show a lot of 
tear already after a few runs. 
 
2.5 ISO 362-2 for category L road vehicles 
 
In this standard the measurement distance is 7,5 m and the microphone height 1,2 m. It is 
both an acceleration test starting at 50 km/h cruising speed 10 m before the normal to the 
pass-by path to the microphone and a cruising test . The measure is the maximum A-
weighted sound pressure level using time-weighting F during the pass-by until 10 m after 
the normal. The standard applies to category L vehicles, that is motorcycles. The idea is 
to be able combine measured sound pressure levels for acceleration with those for 
cruising to obtain a combined value.  
 
2.6 ISO 5130 for road vehicles 
 
This standard is a test on stationary vehicles and as such aiming at testing the efficiency 
of the silencer. The microphone is located 0,5 m from the opening of the exhaust at an 
angle of 45º from the centre axis of the exhaust. The height above the reflecting ground is 
the same for microphone and exhaust outlet. For motorcycles the engine speed shall be 
75% of the rated speed if it is less than or equal to 5000 rpm or 50% if it is greater. The 
measurement is carried out using LpAF starting at the target engine speed and then 
releasing the throttle and continuing the measurement. The result is the maximum value 
during the period recorded. The stipulated engine speed would ruin the drive belt in the 
transmission of a snowmobile. A gearbox with neutral would, however, make it possible 
to run the test also on snowmobiles. 
 
2.7 NT ACOU 104 for ground impedance 
 
In modern prediction methods the attenuation of sound when propagating over ground is 
calculated using exact sound propagation theory. Such calculations require knowledge 
about the acoustic properties of the ground, which are described by its acoustic 
impedance. For most types of ground this impedance can be modelled using the flow 
resistivity in either a one parameter or a two parameter model. The two parameter model 
includes the depth of the ground layer whereas the one parameter model assumes an 
equivalent infinitely thick layer. These two models yield the impedance as a function of 
frequency and they are both used in the NORDTEST-method NT ACOU 104, [8]. 
 
The sound pressure level is measured at two different heights, 0,2 and 0,5 m respectively, 
above the ground at 1,75 m from a loudspeaker at 0,5 m above the ground emitting 
broadband noise. The measured data are used to obtain a best fit to one of a number of 
precalculated curves. The result is the flow resistivity class. The frequency range used is 
the one third octave bands between 200 Hz and 2500 Hz. The difference ∆LM,j for each 



14 

 

frequency band j between the high and the low microphone is determined and the error E 
is determined from 
 

∑
=

∆−∆=
12

1
,,

j
jCjM LLE  (1) 

 
where ∆LC,j is the corresponding calculated difference using the proper impedance and 
propagation model. The most correct impedance class is obtained when the error E has its 
minimum. For a result to be perfectly valid according to the Nordtest model E has to be ≤ 
15 dB. 
 

 
 
The one-parameter model uses σ, the effective specific flow resistivity, as a parameter. 
 

73,075,0 )1000(9,11)1000(08,91 −−
∞ ++=

σσ
fifZ  (2) 

 
As a rough guideline, σ is between 10 kPas/m2 (soft snow) and 20 000 kPas/m2 (old 
asphalt). Note that σ  is just a parameter, but it is usually said to have the same unit 
(Pas/m2) as the physical quantity flow resistivity. The one-parameter model can be 
expanded to a situation where the porous material is backed by a very hard surface, and 
then we get a two-parameter model and the following formula should be used: 
 

)cot(LkiZZ L ∞=  (3) 
 

⎥⎦
⎤

⎢⎣
⎡ ++= −− 59,070,0 )1000(3,10)1000(8,1012

σσ
π fif
c
fk  (4) 

 
L is the depth of the porous material.  
 

3 Noise from snowmobiles 
 
3.1 Regulatory limit values 
 
In North America most snowmobiles will meet the requirements given in table 3.1, 
although it is common to accept up to 2 dB higher values when tested in order to take the 
measurement accuracy into account. The requirement in the national parks is enforced  

Figure 2.2 Set-up for impedance 
measurements 
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for most but not all snowmobiles travelling there. In practice this requirement is only met 
by 4-stroke engines supplied with best available technology (BAT).  
 
Table 3.1 Limit values in general use in North America 
Measurement method Requirement 
Acceleration according to SAE J192 LpASmax ≤ 78 dB 
Cruising according to SAE J1161 LpASmax ≤ 73 dB 
Stationary according to SAE J2567 LpAS ≤ 88 dB 
Special requirements on snowmobiles used 
in Yellowstone and Grand Teton NPs 
Acceleration according to SAE J192 

 
 

LpASmax ≤ 73 dB 
 
Before joining the European Union Sweden had the limit value 85 dB measured 
according to the SP-method, see 2.4, which roughly corresponds to the American 78 dB 
value. However, in 1995 the Swedish limit value, was exceeded by 9 out of 14 tested 
snowmobiles reported in [5]. 
 
3.2 State-of-the-art 
 
The most comprehensive list of noise from snowmobiles which we managed to find on 
internet is shown in table 3.2. However this list only includes snowmobiles with 4-stroke 
engines complying with the Yellowstone requirements. 

Table 3.2 Snowmobile Best Available Technology (BAT) List 

Snowmobiles Meeting Yellowstone and Grand Teton National Parks’ 
Best Available Technology (BAT) Requirements 

November 2008 

 

Snowmobile Air Emissions (g/kW-hr) Sound Emissions 
(dBA) 

Hydrocarbons Carbon Monoxide 

Average 2-Stroke (Non-BAT) 150 400 78 

BAT Requirements 15** 120** 73* 

2003¹ Arctic Cat 4-Stroke Touring and Trail models 7.55 95.40 70.1-72.2 

2003¹ Bombardier Ski-Doo Legend Sport GT V1000, 
equipped with BAT upgrade 

6.12 92.93 72.3 

2003¹ Polaris Frontier Classic and Touring models 5.4 111.6 74.3 

2004 Arctic Cat T660 Touring 5.62 92.30 71.75 

2004 Bombardier Ski-Doo Elite SE, equipped with the 
Elite BAT upgrade 

4.65 103.16 74.8 

2004 Bombardier Ski-Doo Legend Sport GT V1000, 
equipped with BAT upgrade 

6.12 92.93 72.3 

2004 Polaris Frontier Classic and Touring models 5.4 111.6 73.2-73.7 

2005 Arctic Cat Bearcat W/T 5.62 92.30 73.7 

2005 Arctic Cat T660 5.62 92.30 72.2 
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2005 Bombardier Ski-Doo Legend Sport GT V1000, 
equipped with BAT upgrade 

4.65 92.93 71.8 

2005 Polaris Frontier Touring 5.4 111.6 73.7 

2006 Arctic Cat Bearcat 660 W/T 8 105 74.5 

2006 Arctic Cat Panther 660 Touring and Trail models 8 105 73.9 

2006 Arctic Cat 660 Touring 8 105 72.2 

2006 Polaris FS Classic and FS IQ Touring 9.8 98.4 75 

2006 Yamaha RS Venture Touring with BAT kit 10 120 71.9 

2007 Arctic Cat Bearcat 660 W/T, Panther 660 
Touring, Panther 660 Trail, 660 Touring 

8 105 Same as 2006 models

2007 Bombardier Ski-Doo Legend Trail, Legend 
Touring, Expedition Sport V800, Skandic Tundra 
V800 

8 120 72-73.9 

2007 Polaris FS IQ Touring 15 120 75 

2007 Yamaha RS Venture and RS Vector, equipped 
with BAT kit 

10 120 71.9 

2008 Arctic Cat 660 Touring, Bearcat 660 W/T and 
Panther 660 Touring 

8 105 Same as 2006 models

2008 Bombardier Ski-Doo Legend Trail, Legend 
Touring, Expedition Sport V800, Tundra, Expedition 
TUV, Skandic SWT 

8 120 70.1-71.9 

2008 Yamaha RS Venture and RS Vector, equipped 
with BAT kit 

10 120 71.9 

2008 Polaris FS IQ Touring 15 120 75 

2009 Arctic Cat TZ1 9 120 74 

2009 Bombardier Skandic Tundra LT V800, Legend 
Touring V800, 2009 GTX LE 1200 and GTX SE 1200

8-10 119-120 70-72 

2009 Polaris FS IQ Touring 15 120 75 

2009 Yamaha RS10VT (Venture series) and RS10R 
(Vector series) snowmobiles 

11 120 70 

¹BAT certification for all 2003 year model snowmobiles will expire at the end of the 2008-09 winter. 

Notes  
Once approved, a snowmobile would generally be certified in Yellowstone as BAT for a period of six years. On 

Jackson Lake in Grand Teton, a snowmobile would be certified as BAT for six years or 6,000 miles, 
whichever is greater, not to exceed 10 years regardless of mileage.  

Air emission figures presented are either the Official Test Results (OTR) or the certified FEL. The Official Test 
Results are actual measured emissions. The FEL’s are not-to-exceed levels as certified by EPA.  

Sound emission figures represent an average of Official Test Results.  

The 2004 Bombardier Ski-Doo Elite SE and the 2003-2005 Legend Sport GT V1000 must be equipped with 
BAT upgrade kits in order to meet BAT requirements. The upgrade kits lowers emissions levels by 
controlling the maximum throttle body opening and uses different software for the snowmobile’s electronic 
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control unit.  

* Society of Automotive Engineers testing procedures allow for a 2 dB tolerance over the sound level limit to 
provide for variations in test site, temperature gradients, wind velocity gradients, test equipment, and inherent 
differences in nominally identical vehicles. (It has been observed that under some test site conditions, variability in 
test results greater than 2 dB can be experienced.) 

** Hydrocarbons: certified by EPA to a Family Emissions Limit (FEL) of 15 g/kW-hr or less. 
** Carbon Monoxide: certified by EPA to a Family Emissions Limit (FEL) of 120 g/kW-hr or less. 

 
Studying the BAT-list we find that the requirements are mainly met by 4-stroke 
snowmobiles with an engine power below 60 kW. For the Ski-Doo machines the 
acceleration has been limited, thus lowering the traction power considerably. 
 

4 Measurement sites 
 
Two different measurement sites were used for the measurements on snow as shown in 
figure 4.1. One site was used for the measurements at constant speed but as the snow 
quickly deteriorated the acceleration measurements on the following day were moved to 
another open space. The temperature of both sites was a few degrees above 0º C and the 
snow was coarse and wet. The snow depth of site 1 was 100-150 mm and of site 2 200-
300 mm. 
 

  
Figure 4.1 Measurement site 1 (left) and 2 (right) respectively. 
 
On two of the snowmobiles tested on snow some further tests were carried out four weeks 
later on grassland as shown in figure 4.2. The grass length was 50-70 mm. 
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Figure 4.2 Measurement site for grass measurements 
 

5 Snowmobiles tested 
 
Four different snowmobiles, two with 2-stroke and two with 4-stroke engines, as shown 
in figure 5.1 were borrowed from two agents, a dealer and a private machine owner and 
tested on snow. Two of them were later tested on grassland as well. The different 
snowmobiles are described in detail in the following: 
 

 
Figure 5.1 Snowmobiles tested (Numbered 1-4 from left to right). 
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1. Ski-doo GTX SE 

 
 

Month of 
manufacture 

Chassis no Meter 
status 

Engine 
 

Weight/ 
track width 

11/2008 2BPSER9BX9V000231 984 km 92 kW, 1171 cm3  
Rotax, 3 cyl., 4-stroke 
Fuel injection 

311 kg/406 
mm 

 
 
2. Polaris Trail Touring 

 
 

Month of 
manufacture 

Chassis no Meter 
status 

Engine 
 

Weight/ 
track width 

3/2008 SN1NT5BE59C662345 960 km 44 kW, 544 cm3 
Fuji, 2-cyl, 2-stroke 
fan cooled, twin Mikuni VM 
34 carburator 

281 kg/ 
381 mm 

 
 
 
3. Lynx Adventure Grand Tourer 600 SDI. 
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Month of 
manufacture 

Chassis no Meter 
status 

Engine 
 

Weight/ 
track width 

11/2008 YH2LSJ9A99R000109 370 km 85 kW, 594 cm3 
Rotax, 2-cyl., 2-stroke 
liquid cooled, semi-direct 
fuel injection, high/low gear 
box plus variator 

323 kg/ 
500 mm 

 
  
4. Arctic Cat TZ1 Turbo LXR. 
 

 
  
Month of 
manufacture 

Chassis no Meter 
status 

Engine 
 

Weight/ 
track width 

10/2008 4UF09SNW19T121185 46,8 
operating 
hours 

130 kW, 1056 cm3  
Suzuki, 2-cyl., 4-stroke 
liquid cooled, fuel injection, 
turbo charged. 

370 kg/ 
381 mm 

 

6 Measurements 
 
6.1 Determination of impedance class 
 
NT ACOU 104 was applied using both the one parameter and the 2-parameter impedance 
models as outlined in clause 2.7. However, it was not possible to get a good fit to the 
impedance models chosen. The minimum relative error E obtained was around 35 dB 
both for the one and the 2-parameter model which is far from the Nordtest method 
requirement E ≤ 15 dB. The best fit using the one parameter model was obtained with the 
flow resistivity class 10 - 16 kPas/m2. Due to the large error this value is not very reliable 
but at the same time it is well in line with earlier findings in the literature, see e.g. [17].  
 
6.2 Measurement procedures for pass-by and 

stationary noise 
 
The pass-by measurements were carried out simultaneously according to the method 
proposed by SP and the relevant SAE standard. Two additional microphone positions at 
the height 3,5 m were used both at 7,5 m and 15 m distance. By adding positions more 
data become available for the development of source and propagation models. SP 
measured on one side using a 4-channel dB01 Harmonie measurement system and SMP 
measured on the other side using a 3-channel Brüel & Kjær Pulse system. SP measured 
with time-weighting S and F simultaneously whereas SMP measured with time-weighting 
S only. In some cases the SMP measurements with time-weighting S have been converted 
to time-weighting F using the difference recorded by SP during the same measurement. 
The operating conditions for the snowmobiles were both according to the SAE-standards 
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and the SP-proposal, that is cruising at 24 and 50 km/h and accelerations starting from the 
same speeds but from different distances. When measuring on grassland only cruising at 
24 and 50 km/h respectively were used as the acceleration tests destroyed the underlayer 
for the land owner and risked damaging the snowmobiles. 
 

 
Figure 6.1 Measurement set-up for pass-by measurements 
 
For stationary noise 3 different microphone positions, two according to SAE practice and 
one according to ISO 5130 were used. The same operating condition was used for all 
measurements. This means that the procedure of ISO 5130 requiring throttle release and 
recording of LpAFmax during deceleration was not followed in this respect. 
 

 
Figure 6.2 Measurement set-up for stationary measurements 
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7 Measurement results 
 
7.1 Difference between time-weighting F and S 
 
In table 7.1 the differences between time-weightings F and S for the 4 different 
microphone positions used by SP are given together with the difference between LpAFmax 
in position 7,5m/1,2m and LpASmax in 15m/1,2m. The mean indicates the arithmetic 
average of the 4 different snowmobiles tested. 
 
Table 7.1 Measured difference between time-weighting F and S, in dB. 

7,5/1,2 7,5/3,5 15/1,2 15/3,5 SP-SAE
50 km/h Mean 2,6 2,4 1,8 1,8 9,0
(ISO) stdav 0,44 1,11 0,26 0,27 0,69

24 km/h Mean 1,5 1,6 1,2 1,2 7,8
(SAE) stdav 0,14 0,42 0,30 0,15 0,50

50 acc Mean 3,5 3,3 2,8 2,8 9,9
(ISO) stdav 0,52 0,17 0,79 0,39 0,66

24 acc Mean 3,3 3,1 2,2 2,2 9,4
(SAE) stdav 0,32 0,04 0,49 0,18 0,74  
 
The most interesting results of table 7.1 are the following: 
 

• Time-weighting S in the SAE position 15m/1,2m yields 2,2 dB lower values than 
was obtained using time-weighting F in standard editions prior to the latest 2003 
version. 

• The difference 1,8 dB between time-weighting F and S at 15 m obtained at 
constant speed of 50 km/h is about 0,5 dB higher than the theoretically calculated 
difference 1,3 dB shown in figure 2.1 

• The difference between the SP-proposal at 7,5m/1,2m and time weighting F and 
the SAE-method at 15 m using time-weighting S is, on average, 9,0 dB. 

 
7.2 SAE results in relation to North American 

requirements 
 
In table 7.2 the measurement results according to the SAE standards are shown. All 
vehicles tested comply with the limit values for cruising and stationary vehicles 
respectively. However, not one single vehicle meets the limit values for the acceleration 
test even if we, as is normally done in North America, subtract 2 dB to take the 
measurement uncertainty into account. 
 
Table 7.2 Measurement results (without subtraction of 2 dB) according to SAE 
methods, in dB. 
 SAE J192 

Acceleration 
SAE J1161 

Cruising 
SAE J 2567 
Stationary 

1. Ski-Doo 81,0 67,0 82,9 
2. Polaris 80,9 72,7 2) 

3. Lynx 83,6 67,4 81,0 
4. Arctic Cat 84,6 65,2 77,1 
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Limit value1) 78 73 88 
1) Voluntary and often also legal limit value applied in North America 
2)  For technical reasons the Polaris was not tested stationary 
 
7.3 Difference between SP proposed method and 

SAE 
 
When studying the difference between the method proposed by SP in 1995 and the SAE 
tests we have in principle two differences to take into account. One is the difference with 
respect to the difference in distance and time-weighting and the other is the difference in 
operating conditions. SAE accelerates from 24 km/h 22,8 m before the normal from the 
snowmobile path to the microphone whereas SP starts from 50 km/h 10 m before the 
normal. The constant speeds are 24 km/h and 50 km/h for SAE and SP respectively. The 
results are shown in table 7.3. The average difference for the acceleration test is 9,3 dB. 
This is in good agreement between the 1991 result reported in [18] which was 7,3 dB. 
The 2,0 dB difference is due to the switch from time-weighting F to time-weighting S in 
the SAE method. For constant speed the average difference is 13,1 dB. 
 
Table 7.3 Difference between the SP and the SAE method (only one side of the 

snowmobile), in dB. 
 Acceleration Constant speed 
 SAE 

J192 
SP 

 
Difference 
SP - SAE 

SAE  
J1161 

24 km/h 

SP 
50 km/h 

Difference 
SP-SAE 

1. Ski-Doo 77,9 87,8 9,9 66,0 79,2 13,2 
2. Polaris 77,2 85,9 8,7 69,1 80,0 10,9 
3. Lynx 82,9 90,7 7,8 67,2 81,0 13,8 
4. Arctic Cat 83,4 94,0 10,6 64,8 79,2 14.4 
       
Average   9,3   13,1 
Note. The values in table 7.3 differ from those of table 7.2 because they refer to measurements 
on only one side of the snowmobile (We were only able to measure simultaneously with time-
weighting S and F on one side) 
 

7.4 Difference between ISO 5130 and SAE J2567 for 
stationary snowmobiles 

 
Table 7.4 Measurement results according to SAE methods, in dB. 
 SAE J2567 

4m/1,22m 
SAE J2567 (optional) 

2m/1,22m 
ISO 5130 
0,5m/0,2m 

1. Ski-Doo 82,9 88,0 99,6 
2. Polaris 1) 1) 1) 
3. Lynx 81,0 86,7 96,3 
4. Arctic Cat 77,1 83,8 93,3 
    
Average 80,3 86,2 96,4 
1)  For technical reasons the Polaris was not tested stationary 
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7.5 Difference between grass and snow 
 
The Ski-Doo and the Arctic Cat were tested at constant speed on both snow and about 
four weeks later on grass. The results are summarized in table 7.5. 
 
Table 7.5 Measurement results for Ski-Doo and Arctic Cat on snow and grass, in 
dB. 
 LpAF at 50 km/h LpAS at 24 km/h 
 Snow Grass 

 
Difference 
Grass-snow

Snow Grass 
 

Difference 
Grass-
snow 

1. Ski-Doo       
7,5 m/1,2 m 79,22) 83,92) 4,7 74,71) 78,01) 3,3 
7,5 m/3,5 m 80,22) 82,82) 2,6 74,01) 78,41) 4,4 
15 m/1,2 m 71,52) 77,02) 5,5 67,01) 71,31) 4,3 
15 m/3,5 m 73,12) 76,82) 3,7  72,91)  
4. Arctic Cat       
7,5 m/1,2 m 79,22) 84,52) 5,3 72,41) 75,31) 2,9 
7,5 m/3,5 m 81,92) 85,12) 4,2 72,81) 75,81) 3,0 
15 m/1,2 m 71,92) 76,72) 4,8 65,21) 68,51) 3,3 
15 m/3,5 m 74,92) 77,32) 2,4  70,51)  
       
Averages       
7,5 m/1,2 m   5,0   3,1 
15 m/1,2 m   5,2   3,8 
7,5 m/3,5 m   3,4   3,7 
15 m/3,5 m   3,1    
1) Highest mean value of both sides 
2) Mean value of left side 
 
7.6 Difference between 7,5 m and 15 m 
 
On snow 16 different measurements were carried out simultaneously at 7,5 m and 15 m. 
For time-weighting F the mean difference between 7,5 m and 15 m at the height 1,2 m 
was 7,1 dB with a standard deviation of 0,5 dB. For time-weighting S the corresponding 
results were 6,4 dB and 0,9 dB respectively. 
 

8 Creating a source model 
 

Assuming that the sound source is modelled by two point sources i= 1, 2 and that we 
measure the sound exposure Ej at j= 1,2,..N microphone positions and that each source – 
microphone transfer function is described by Cij we get the following equations: 

1221111 EWCWC =+  (8.1) 

2222112 EWCWC =+  (8.2) 

NNNN EWCWC =+ 211  (8.3) 

or written in matrix form 

CW=E  (8.4) 
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or 

W=C\E (8.5) 

 
The method can easily be expanded to 3, 4 or more source positions. This method is 
described in [21]. Of course, the modelling by point sources is an approximation. In real 
life there are few, if any, point sources. Sources are extended and in this model an 
extended source is modelled as a number of point sources with different strengths. 
 
It is recommended to average over a great number of vehicle pass-bys. The method has 
several limitations and the results have to be handled with care. At low frequencies the 
resolution is not sufficient to distinguish between different source heights. The transfer 
functions are not 100% correct as they assume a certain distribution in height which may 
be different from that of the actual test case. To perform an exact calculation the 
impedance of the ground also have to be known. In figure 8.1 – 8.5 the results are shown 
when adapted to the propagation measurements across snow. The four different 
microphone positions used by SP have been used and it has been assumed that the ground 
impedance follows the one parameter model with the specific flow resistivity equals to 10 
kPas/m2

 (or, in one case, 16 kPas/m2). As this impedance model did not fit very well in 
our case a certain amount of extra uncertainty is introduced into our source modelling. 

 

 
Figure 8.1 Distribution between 4 different source heights 
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Figure 8.2 Distribution between 3 different source heights 
 

 
Figure 8.3 Distribution between 2 different source heights, 10 kPas/m2 
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Figure 8.4 Distribution between 2 different source heights, 16 kPas/m2 
 
 

  
Figure 8.5 Snowmobile towed after another snowmobile  (left) and with acceleration from 
24 km/h (right).  
 
Assuming that we model the snowmobile using two source heights, h1 and h2, each with 
the predetermined ratio p1 and p2 respectively of the total sound power W the sources will 
yield the sound pressure levels L1 and L2 respectively given by 
 

( ) ( ) 1
2

11 4lg10lg10 LrpLL W ∆+⋅⋅−⋅+= π  (8.6) 

( ) ( ) 2
2

2 4lg102lg10 LrpLL W ∆+⋅⋅−⋅+= π  (8.7) 
 
which can be added up to 
 

( ) ( )21 1,0
2

1,0
1

2 1010lg104lg10 LL
W pprLL ∆⋅∆ ⋅+⋅⋅+⋅⋅−= π  (8.8) 

 
where r is the distance to the receiver and ∆L the excess ground attenuation (ranging from 
+ 6 dB to - ∞ ) for the propagation from the source to the receiver, which will be 
calculated according to [22]. 
 
Looking at figure 8.1 – 8.5 and considering the uncertainties in the impedance model it is 
not simple to create a reliable source model. However, there seems to be some clear 
trends. For frequencies at and below 1000 Hz most of the acoustic energy seems to come 
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from a source around 0,25 m which is not unreasonable as this fits both parts of the 
engine and the exhaust. This is quite clear in figure 8.5 where the right figure shows the 
case with full acceleration, that is with a likely engine noise domination. Above 1000 Hz 
there seems to be significant contributions from a lower source, probably the track. Thus 
in our calculations in clause 9 we will use the following model: 
 
f ≤ 1000 Hz: h1 = 0,01; p1 = 0,2; h2 = 0,25; p2 = 0,8 (8.9) 
f > 1000 Hz: h1 = 0,01; p1 = 0,8; h2 = 0,25; p2 = 0,2 (8.10) 
 

9 Theoretical analysis of test methods 
 
9.1 Verification of the calculation method 
 
Equation (8.8) with data as described in clause 8 has been used do determine the sound 
power level of the Lynx snowmobile cruising at 50 km/h. The result is shown in figure 
9.1. Input data for the calculations were taken from measurement position 7,5m/3,5m as 
this position has the lowest influence of ground attenuation. This sound power level was 
then used to determine the sound pressure levels at the positions 7,5m/1,2m and 
15m/1,2m respectively for propagation over snow (flow resistivity 10 kPas/m2) and grass 
land with flow resistivity 250 and 500 kPas/m2 respectively. The calculated ∆L-values are 
shown in figure 9.2. The results are given in table 9.1 for A-weighted values. All 
calculations were carried out in 1/3 octave bands. 

Lynx, cruising at 50 km/h
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Figure 9.1 Estimated 
sound power level of the 
Lynx snowmobile when 
cruising at 50 km/h 
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Figure 9.2 Calculated ground effect relative to free-field sound propagation for the 
point source heights 0,01 m and 0,25 m for the different microphone positions used on 
snow (10 kPas/m2, left) and for grassland (250 kPas/m2, right) 
 
Table 9.1 Comparison between calculations and measurements, in dB. 
 Position Snow, 

10 
kPas/m2

Grass, 
250 
kPas/m2

Grass, 
500 
kPas/m2

Difference 
grass ( 
250 
kPas/m2) - 
snow 

Difference 
Grass (500 
kPas/m2) - 
snow 

Calculated 7,5m/1,2m 78,8 83,7 85,0 4,9 6,2 
 15m/1,2m 70,4 76,5 78,2 6,1 7,8 
 Difference 8,4 7,2 6,8   
       
Measured 7,5m/1,2m    5,0  
 15m/1,2m    5,2  
 Difference 7,51)     
       
1) Only the difference is given as the calculations have been made based on the spectrum of 

another snowmobile. Thus the individual values are not fully comparable. It is, however, 
assumed that the difference does not vary much from one snowmobile to another. 

 
Table 9.1 indicates that the prediction method used can predict the difference between 
different measurement conditions with a reasonably good accuracy, at least as long the 
operating conditions remain the same. In our case we cannot be 100% sure that the 
operating conditions on snow and grass are identical. 
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9.2 Effect of different snow depths and distances 
 
The same model as before but using the two-parameter model for the acoustic impedance 
of snow has been used to estimate the effect of different snow depths. The result is shown 
in table 9.2. 
 
Table 9.2 Calculated sound pressure level at the snow depths 0,075 m, 0,15 m, 0,30 
m and 0,45 m respectively. 
Geometry 7,5/0,075 7,5/0,15 7,5/0,30 7,5/0,45 15/0,075 15/0,15 15/0,30 15/0,45
LpA 79,0 78,7 78,8 78,8 70,4 70,3 70,4 70,4
 
Table 9.2 indicates that the snow depth is not critical as long as it exceeds 0,075 m. It also 
shows that the difference between 7,5 m measurement distance and 15 m distance is 
around 8,5 dB if only the difference in propagation conditions is considered. This can be 
compared with the 7.1 dB with standard deviation 0,5 dB reported in 7.6. 
 

10 Future potential for lower noise emission 
 

 
Figure 10.1 Measurement of noise emission in a hemi-anechoic room (Arctic Cat 
Inc.) 
 
The sound emission from snowmobiles has remained fairly constant during the last 15 
years when measured according to the acceleration test in SAE J192. During the same 
time period the engine power level has almost tripled! To achieve this the introduction of 
4-stroke engines in snowmobiles has been a major factor. 
 
Manufacturers have tested several new technical modifications and designs in order to 
produce quieter snowmobiles. Examples are engines with more cylinders, lower engine 
speed, a more quiet track, more parts made of plastic, fewer and smaller openings in the 
hood, more efficient silencers (both intake and exhaust) and vibration insulation of the 
engine. 
 
At our measurements we noted that at the cruising speed 24 km/h the maximum sound 
pressure level increased 2-3 dB when the snowmobile passed the normal and exposed the 
rear of the machine to the microphone for the last 10-22,8 m of the test path. This 
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indicates that the air intake and the transmission/suspension are major noise sources. 
Some significant noise also finds its way out at the foot rests. 
 
A simple test to find out how much noise the transmission and boggie suspension causes 
was made on snow. Two snowmobiles were connected by a 40 m long rope. The first 
snowmobile towed the other which had the engine switched off through the measuring 
zone at a cruising speed of 24 km/h. At 7,5 m/1,2 m the A-weighted sound pressure level, 
using time-weighting F, from the snowmobile with the engine shut off was 70 dB. At 15 
m/1,2 m the sound pressure level was 62,1 dB(A). The sound pressure level of the towing 
snowmobile was at least 10 dB below that of the towed snowmobile at the shortest pass-
by distance. 
 
An earlier study [23] made by SMP on stationary snowmobiles showed that the sound 
pressure level differs in different directions around a snowmobile. The difference was 
approx. 3 dB for a 2-stroke snowmobile and approx. 4 dB for a 4-stroke snowmobile. 
 
It can be verified that a lot of the noise from the snowmobile is generated by the 
transmission and suspension. There is a potential for improvement concerning noise. A 
more enclosed engine compartment and air intake with noise trap could be possible areas 
for improvement. 
 
Like the car industry different software in the snowmobile’s electronic control unit (ECU) 
can change the characteristics of the engine dramatically with the corresponding effect on 
the sound pressure level. It has been shown that more engine power and more aggressive 
acceleration result in higher values on the sound level emission. 
 
Earlier tests in Sweden by SMP in accordance with the SP proposal from 1995 showed 
that even used snowmobiles with engine displacement up to 440 cc easily met the 85 dB 
requirement. A 340 cc snowmobile could also meet the requirement on grass. 
 
The easiest way to lower the sound level from a snowmobile is to reduce the rated engine 
power and to limit the maximum acceleration like some of the BAT classified 
snowmobiles, see table 3.2. To produce snowmobiles for Europe with the same 
specification as the snowmobiles that meets the North American requirements is one way 
to lower the sound level on several models. The benefit would be a global specification 
for each model. 
 

11 Discussion, conclusions and 
recommendations 

 
11.1 Test methods 
 
The SAE-methods seem to be designed to yield lowest possible measurement values. 
They use longer distances than corresponding ISO-standards for other types of vehicles 
and they use time-weighting S instead of time-weighting F for the pass-by measurements. 
Finally they allow for a 2 dB subtraction from the measured sound pressure level to make 
the manufacturer and not the consumer get all benefits from the measurement uncertainty. 
However, as long as the legislators are aware of these facts it is not really any problem. It 
is possible to correct for distance and time-weighting with a fairly high degree of 
accuracy. 
 
As to the different operating conditions there does not seem to be any major difference 
during acceleration between 24 and 50 km/h. Including difference in time weighting the 
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difference between 7,5 m and 50 km/h and 15 m and 24 km/h is around 9,5 dB. As the 
distance effect is around 7,5 dB and the time weighting effect 2 - 3 dB the two operating 
conditions seem to be rather equivalent. However, when cruising at constant speed, this 
difference increases by 4 dB, that is you make 4 dB more noise cruising at 50 km/h than 
you make cruising at 24 km/h. 
 
As to measurements on grass it is possible to make quite accurate corrections for the 
different sound propagation effects. There is good agreement between calculated and 
measured ground effects. However, there is an uncertainty in the operating conditions. 
Engine load, problems with overheating, excitation of track and track radiation may differ 
between snow and grass and more tests are necessary in order to be able to come up with 
any recommendation. For the time being it is difficult to recommend grass measurements 
for type approval measurements. Besides it is quite feasible to save some artificial snow 
from the winter season and to carry out snow measurements during the summer. In 
Sweden it has become a tradition to have some cross-country skiing competitions in the 
summer or early autumn on snow saved from the previous winter season. 
 
As the differences between the different test methods are quite consistent it does not 
matter very much which method is used as long as the limit values are adapted 
accordingly. Differences in sound propagation and time-weighting can be explained quite 
well theoretically. The snow depth is not very critical as long as it exceeds 7,5 cm. 
 
In summary our recommendations are: 
 

• Type approval measurements should be carried out on snow as described in SAE 
J192; 

• grassland may influence the operating conditions and should not be used for type 
approval measurements; 

• selection of measurement distance and time-weighting is not very critical as long 
as the limit values are adjusted accordingly; 

• operating conditions should be both cruising and accelerating, see limit values 
below. The reference speed for acceleration is not critical. However, when 
cruising, 50 km/h makes much more noise than 24 km/h.  

 
11.2 Limit values 
 
None of the tested snowmobiles, even after subtraction of 2 dB from the measured value, 
complied with the North American requirements during acceleration whereas all 
complied with the requirements during cruising. The non-compliance during acceleration 
is in line with previous tests carried out in 1995. As snowmobiles seem to be verified 
regularly in North America one must conclude either that the snowmobiles exported to 
Sweden are different from those sold in North America, e.g. with respect to the electronic 
regulation of the engines or the silencers, or that the snow conditions are chosen more 
skilfully in North America to yield lower noise generation and/or higher propagation 
attenuation than is the case when tested in Sweden. Models sold in Europe often have 
unique configuration and model numbers. To make sure that we don’t  receive more noisy 
snowmobiles in Europe it is necessary to reintroduce limit values and to enforce these 
values by regular testing. At the same time we may have to increase our measurement 
efforts by testing under several different snow conditions to make sure that we get 
representative values. 
 
The acceleration test is a rather extreme test and the operating conditions are not always 
representative for normal driving. It should be considered either to introduce two limit 
values, one for acceleration and one for cruising, or a new type of limit value consisting 



33 

 

of some kind of weighted average of cruising and acceleration. An example of this way of 
thinking is given in eq. (11.1) and table 11.1. The starting point of this example has been 
the American limit values and giving them equal weight. 
 

( )( ) 31010lg10 1,01,0 −+⋅= −+⋅ clalca LLLLL  (11.1) 
 
where La and Lc are the measured values during accelerating and cruising respectively. 
The extra index l indicates the limit values, in our example 78 and 73 dB respectively. 
 
Table 11.1 Example using weighted average including both cruising and 
acceleration, in dB. 
 SAE J192 

Acceleration 
SAE J1161 

Cruising 
Weighted 
average 

1. Ski-Doo 81,0 67,0 78,5 
2. Polaris 80,9 72,7 79,6 
3. Lynx 83,6 67,4 80,9 
4. Arctic Cat 84,6 65,2 81,8 
Average 82,5 68,1 80,0 
Limit value 78 73 78,0 
 
As to selection of limit values considerations should be given to the following facts: 
 

• The former Swedish requirements on 85 dB was referred to time-weighting F, a 
change to time-weighting S would change this limit to approximately 87,5 dB if 
measured with the same test method (acceleration from 50 km/h at 7,5 m); 

• in Yellowstone and Grand Teton national parks it has been shown to be 
achievable to implement 5 dB lower limit values in their BAT requirements, that 
is 73 dB in stead of 78 dB commonly used for other state regulations, when 
measured according to SAE J192; 

• when putting up a limit value one can either require it never (that is with a given, 
often 95%, probability) to be exceeded, which means that the measurement 
uncertainty is added to the measured value, or, one can do as required by the SAE 
standards, subtract it from the measured value to make sure that no snowmobile 
is ever (that is with a given probability) rejected just because of the measurement 
uncertainty. In the former case the consumer is protected and in the latter case the 
manufacturer benefits. Whatever method is chosen it should be clearly stated. 
The European directive on outdoor machinery, [1], works with guaranteed levels, 
that is the measurement uncertainty is added to the measured levels. The 2 dB 
subtraction of the SAE-methods is not compatible with this approach. 
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ANNEX Supplementing measurement results 
 
 
 



36 

 

1 Ski-Doo

Pass-by
7,5/1,2 7,5/1,2 7,5/3,5 7,5/3,5 15/1,2 15/1,2 15/3,5 15/3,5

fast slow fast slow fast slow fast slow fast slow fast slow fast slow fast slow
50 km/h 1R 78,9 75,9 80,4 77,2 71,4 69,3 73,1 71,3
constant 2R 79,3 76,2 79,7 77,2 71,7 69,8 73,5 71,6
speed 3R 79,3 76,0 80,5 77,3 71,4 69,3 72,8 71,4

1L 77,9 77,3 70,7
2L 77,7 76,5 69,7
3L 76,6 76,1 69,8

70,3
24 km/h 1R 74,7 73,3 74,1 72,9 67,4 66,4 68,4 67,3
constant 2R 74,5 73,1 73,7 72,5 67,6 66,3 68,1 66,9
speed 3R 73,7 71,8 72,8 71,4 66,6 65,3 67,6 65,7

1L 74,6 73,8 66,1
2L 74,8 74 67,6
3L 74,7 74,1 67,4

50 km/h 1R 87,5 84,0 87,0 84,2 80,4 77,5 81,8 78,9
acceleratio 2R 88,0 84,2 88,2 84,6 80,9 77,3 82,4 79,2
10 m 3R 87,8 83,8 87,9 84,3 80,6 77,0 82,3 79,2

1L 87,1 86,4 80,0
2L 87,5 86,7 80,9
3L 87 87 79,9

24 km/h 1R 88,0 84,7 87,9 85,1 80,3 78,0 82,0 80,1
acceleratio 2R 88,3 84,5 88,1 85,1 80,7 77,9 82,7 80,2
23 m 3R 88,1 84,3 87,7 84,4 80,8 77,7 82,7 79,8

1L 87,6 87,9 81,1
2L 87,9 87,9 81,2
3L 88,1 87,3 80,8

4m/1,22m 2m/1,22m 0,5m/exhaust height
Leq slow Leq slow Leq fast

Stationary Meas 1 82,7 82,9 87,8 88,4 99,4 100,7
Leq Meas 2 83,0 83,3 88,2 88,5 99,8 100,9

Mean 82,9 83,1 88,0 88,45 99,6 100,8

###### 81,0 ###### ######

80,6 77,9 82,5 80,0

###### 80,3 ###### ######

80,6 77,3 82,2 79,1

###### 67,0 ###### ######

67,2 66,0 68,0 66,6

###### 70,1 ###### ######

arithmetic mean arithmetic mean

71,5 69,5 73,1 71,4

87,9 84,9

###### 87,7

87,7 84,4

###### 86,7

73,5 72,3

###### 74,0

arithmetic mean

80,2 77,2

###### 76,677,4

76,0

arithmetic mean7,5/1,2 7,5/3,5

######

79,2

15/1,2 15/3,5

74,3

######

72,7

74,7

87,8

######

84,0

87,2

88,1

######

84,5

87,9
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2 Polaris

Pass-by
7,5/1,2 7,5/1,2 7,5/3,5 7,5/3,5 15/1,2 15/1,2 15/3,5 15/3,5

fast slow fast slow fast slow fast slow fast slow fast slow fast slow fast slow
50 km/h 1R 80,6 78,3 79,0 81,1 74 72,3 74,8 73,3
constant 2R 79,5 77,4 79,8 77,7 72,5 71,4 74,1 72,8
speed 3R 79,9 77,9 80,5 78,3 73,5 72,1 74,7 73,1

1L 81,6 82,1 75,7
2L 81,3 81,7 75,3
3L 81,2 81,3 75

24 km/h 1R 76,2 74,9 77,4 76,2 70,6 69,3 70,9 69,9
constant 2R 76,5 75,1 77,9 76,6 71,3 69,6 71,7 70,3
speed 3R 76,0 74,7 78,3 76,3 70,1 68,4 70,9 69,9

1L 78,5 78,4 73,1
2L 78,1 78,6 72,4
3L 77,8 77,9 72,7

50 km/h 1R 85,2 82,2 85,7 82,5 78,2 76,4 80,2 77,7
acceleratio 2R 85,4 82,1 85,8 82,5 79,1 76,9 80,1 77,7
10 m 3R 87,0 83,7

1L 86,5 86,3 80,4
2L 86,8 87 80
3L 86,6 87 80

24 km/h 1R 87,2 84,1 87,8 84,6 80,7 78,2 82,1 79,6
acceleratio 2R 86,9 83,9 86,9 84,3 79,5 77,9 80,9 78,9
23 m 3R 86,3 83,3 86,1 83,4 78,7 77,1 80,1 78,2

1L 87,9 88,4 81,2
2L 86,9 87,6 80,7
3L 86,9 87,3 80,7

4m/1,22m 2m/1,22m 0,5m/exhaust height
Leq slow Leq slow Leq fast

Stationary Meas 1
Leq Meas 2

Mean 0,0 0 0,0 0 0 0,0

7,5/1,2 7,5/3,5 15/1,2 15/3,5 aritmetiskt mede

80,0 77,9

###### 81,4

76,2 74,9

###### 78,1

85,9 82,7

###### 86,6

86,8 83,8

###### 87,2

aritmetiskt mede

79,8 79,0

###### 81,7

77,9 76,4

###### 78,3

85,8 82,5

###### 86,8

86,9 84,1

###### 87,8

aritmetiskt medearitmetiskt mede

73,3 71,9 74,5 73,1

###### 75,3 ###### ######

70,7 69,1 71,2 70,0

###### 72,7 ###### ######

78,7 76,7 80,2 77,7

###### 80,1 ###### ######

79,6 77,7 81,0 78,9

###### 80,9 ###### ######
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3 Lynx

Pass-by
7,5/1,2 7,5/1,2 7,5/3,5 7,5/3,5 15/1,2 15/1,2 15/3,5 15/3,5

fast slow fast slow fast slow fast slow fast slow fast slow fast slow fast slow
50 km/h 1L-SMP 77,5 79,2 70,8
constant 2L-SMP 77,3 79,2 70,8
speed 3L 78,4 79,9 71,9

1L 81,0 78,0 81,5 79,1 73,9 71,7 75,3 73,3
2L 81,1 78,5 82,1 79,3 73,6 72,2 75,1 73,3
3L 80,9 78,0 81,7 78,9 73,0 71,4 75,0 73,2

24 km/h 1R 75,7 74,0 77,7 75,6 68,3 67,3 70,3 69,0
constant 2R 75,2 73,5 77,9 75,8 68,4 67,5 70,3 69,0
speed 3R 74,8 73,3 78,0 75,6 67,9 66,9 70,0 68,7

1L 74,3 74,9 67,4
2L 74,2 74,9 67,7
3L 74,2 74,4 67,1

50 km/h 1R 91,2 88,1 91,5 88,0 83,8 81,6 85,0 82,3
acceleratio 2R 90,2 87,7 90,8 87,8 83,8 81,1 84,6 82,4
10 m 3R 90,8 87,8 91,0 88,0 83,3 81,2 85,0 82,3

1L 87,5 89,3 81,7
2L 89,1 89,9 82,8
3L 89,2 90 83,3

24 km/h 1R 91,8 88,8 92,6 89,4 84,6 82,9 86,0 83,9
acceleratio 2R 92,2 89,3 92,7 89,5 85,1 83,4 86,6 84,2
23 m 3R 92,1 88,9 92,1 89,2 84,4 82,5 85,8 83,9

1L 89,1 90,2 83,1
2L 89,4 90,2 84
3L 89,1 89,8 83,6

4m/1,22m 2m/1,22m 0,5m/exhaust height
Leq slow Leq slow Leq fast

Stationary Meas 1 81,0 81,2 86,7 87,2 96,5 98,1
Leq Meas 2 81,0 81,6 86,7 87,1 96,1 96,7

Mean 81,0 81,4 86,7 87,15 96,3 97,4
(arithmetic)

7,5/1,2 7,5/3,5 15/1,2 15/3,5 arithmetic mean

###### 77,7

81,0 78,2

75,2 73,6

###### 74,2

90,7 87,9

###### 88,6

92,0 89,0

###### 89,2

arithmetic mean

###### 79,4

81,8 79,1

77,9 75,7

###### 74,7

91,1 87,9

###### 89,7

92,5 89,4

###### 90,1

arithmetic mean arithmetic mean

###### 71,2 ###### ######

73,5 71,8 75,1 73,3

68,2 67,2 70,2 68,9

###### 67,4 ###### ######

83,6 81,3 84,9 82,3

###### 82,6 ###### ######

84,7 82,9 86,1 84,0

###### 83,6 ###### ######
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4 Arctic Cat

Pass-by
7,5/1,2 7,5/1,2 7,5/3,5 7,5/3,5 15/1,2 15/1,2 15/3,5 15/3,5

fast slow fast slow fast slow fast slow fast slow fast slow fast slow fast slow
50 km/h 1L-SMP 79,6 77,1 81,3 78,8 72,1 70,2 74,7 73,0
constant 2L-SMP 79,2 76,6 82,7 79,0 71,6 69,9 75,0 72,6
speed 3L 78,8 76,6 81,8 78,6 72,1 70,2 75,0 72,8

1L 78,0 78,4 70,3
2L 76,7 77,1 70
3L 76,7 77,2 70

24 km/h 1R 73,4 71,8 73,9 72,2 66,3 65,4 68,0 66,5
constant 2R 72,2 70,6 72,2 71,3 65,2 64,4 66,3 65,3
speed 3R 72,7 71,1 74,0 72,4 65,7 64,7 66,6 65,9

1L 73 73,2 65,7
2L 72,5 72,9 65,3
3L 71,8 72,3 64,5

50 km/h 1R 93,9 90,3 92,5 89,0 87,5 84,3 86,8 83,8
acceleratio 2R 93,8 89,7 92,8 89,2 86,6 83,0 87,1 83,8
10 m 3R 94,2 89,9 93,3 89,7 87,5 83,4 87,3 83,9

1L 89,5 89,2 83,1
2L 90,7 89,1 84,2
3L 90,4 88,8 84,3

24 km/h 1R 91,4 88,4 90,7 87,8 84,5 82,6 85,1 83,3
acceleratio 2R 92,7 89,4 91,8 88,6 85,8 83,8 86,5 84,0
23 m 3R 92,9 89,8 92,3 89,1 86,4 83,9 86,2 84,2

1L 89,9 89,1 84,3
2L 90,9 90,2 84,4
3L 91,1 89,9 85

4m/1,22m 2m/1,22m 0,5m/exhaust height
Leq slow Leq slow Leq fast

Stationary Meas 1 77,1 77,3 83,7 84,1 93,6 92,8
Leq Meas 2 77,1 77,4 83,9 84,2 92,9 93,6

Mean 77,1 77,35 83,8 84,15 93,25 93,2

7,5/1,2 7,5/3,5 15/1,2 15/3,5 arithmetic mean

79,2 76,8

###### 77,1

72,8 71,2

###### 72,4

94,0 90,0

###### 90,2

92,3 89,2

###### 90,6

arithmetic mean

81,9 78,8

###### 77,6

73,4 72,0

###### 72,8

92,9 89,3

###### 89,0

91,6 88,5

###### 89,7

arithmetic mean arithmetic mean

71,9 70,1 74,9 72,8

###### 70,1 ###### ######

65,7 64,8 67,0 65,9

###### 65,2 ###### ######

87,2 83,6 87,1 83,8

###### 83,9 ###### ######

85,6 83,4 85,9 83,8

###### 84,6 ###### ######
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SnowmoSki Doo GRASS

Passage
7,5/1,2 7,5/1,2 7,5/3,5 7,5/3,5 15/1,2 15/1,2 15/3,5 15/3,5

fast slow fast slow fast slow fast slow fast slow fast slow fast slow fast slow
50 km/h 1R 83,1 79,9 81,9 79,7 77,1 73,6 77 74,5
konstan 2R 83,3 80,8 82 80,3 76,6 74,7 76,1 75,2
fart 3R 82,9 80,5 82,6 80 76,6 74,5 77,4 74,6

1L 83,2 80,6 82,7 81,2 76,7 73,4 76,3 75,6
2L 84,2 80,8 82,4 82,3 77,1 73,7 76,3 77,2
3L 84,4 81,7 83,4 80,5 77,1 73,6 77,5 75,4

24 km/h 1R 80,3 77,6 79,5 78,2 74,5 71,7 74 72,6
konstan 2R 80,6 78,1 80,6 77,8 74,7 72 74,8 72,2
fart 3R 80,9 78,2 80,9 79,2 74,5 70,3 74,9 73,9

1L 80,3 77,3 79,9 78,5 73,2 70,6 73,1 73,4
2L 79,7 78,3 80,4 78 72,7 71,7 74 71,7
3L 80 78,5 80,5 78,1 72,9 71,7 73,5 71,6

50 km/h 1R
accelera2R
10 m 3R

1L
2L
3L

4m/1,22m 2m/1,22m 0,5m/exhaust height
Leq slow Leq slow Leq fast

StationaMeas 1 83,6 86,8 100,0
Leq Meas 2 81,8 87,3 101,0

Mean 82,7 87,1 100,5
(arithmetical)

7,5/1,2 7,5/3,5 15/1,2 15/3,5 arithmetic mean arithmetic mean arithmetic mean arithmetic mean

83,1 80,4 82,2 80,0 76,8 74,3 76,8 74,8

83,9 81,0 82,8 81,3 77,0 73,6 76,7 76,1

80,6 78,0 80,3 78,4 74,6 71,3 74,6 72,9

80,0 78,0 80,3 78,2 72,9 71,3 73,5 72,2

###### ###### ###### ###### ###### ###### ###### ######

###### ###### ###### ###### ###### ###### ###### ######
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SnöskotArctic Cat GRASS
2 cylinder liquid cooled 4-stroke engine with fuel injection and turbo

Passage
7,5/1,2 7,5/1,2 7,5/3,5 7,5/3,5 15/1,2 15/1,2 15/3,5 15/3,5

fast slow fast slow fast slow fast slow fast slow fast slow fast slow fast slow
50 km/h 1R 83,3 80,3 82,9 81 74,9 73,2 76,7 75,3
konstan 2R 83,6 81,1 83,4 81,4 75,9 73,9 76,9 75,4
fart 3R 83,2 81,3 84 80,8 76,6 73,6 77,5 75,8

1L 84,1 82,3 85,3 82,3 76,7 75 77,7 76,5
2L 84,1 81,8 85 81,6 76,2 74,3 76,4 76,3
3L 85,3 81,1 84,9 81,5 77,3 73,8 77,9 76

24 km/h 1R 75,5 74,2 76,9 75,1 68,8 67,9 70,8 68,5
konstan 2R 76,9 75,0 76,3 74,9 69,6 68,1 70,1 69,1
fart 3R 76,2 75,5 77,6 74,7 69,3 69,4 69,8 69,1

1L 77 75,1 76,9 75,5 70 68,1 72,1 70
2L 77,9 75,4 77,5 75,9 71 68,4 72 70,5
3L 78,2 75,5 75,7 76 70,4 68,4 70,8 70,9

50 km/h 1R
accelera2R
10 m 3R

1L
2L
3L

4m/1,22m 2m/1,22m 0,5m/height of exhaust
Leq slow Leq slow Leq fast

StationaMeas 1 76,0 96,9
Leq Meas 2 75,6 96,3

Mean 0,0 75,8 0,0 0 0 96,6

###### ###### ###### ############ ###### ###### ######

###### ###### ###### ############ ###### ###### ######

70,5 68,3 71,6 70,577,7 75,3 76,7 75,8

69,2 68,5 70,2 68,976,2 74,9 76,9 74,9

76,7 74,4 77,3 76,384,5 81,7 85,1 81,8

75,8 73,6 77,0 75,583,4 80,9 83,4 81,1

aritmetiskt medearitmetiskt medearitmetiskt medearitmetiskt mede7,5/1,2 7,5/3,5 15/1,2 15/3,5
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