
1 Current ECE R41 method

1.1 MEASURING INSTRUMENTS

1.1.1 A sound level meter of high precision complying at least with the specifications of the Publication No. 179 (1965) "Precision sound level meters" of the International Electrotechnical Commission (IEC) concerning the characteristics of sound level meters shall be used. Measurement shall be carried out with a weighting network and a time constant conforming to curve A and the "fast response" time.

1.1.2 The sound level meter shall be calibrated against a standard noise source immediately before and after each series of test runs. If the meter reading obtained from either of these calibrations deviates by more than 1 dB from the corresponding reading taken at the time of the last free-field calibration (i.e. the annual calibration) the test shall be considered invalid 

1.1.3 The rotational speed of the engine and the speed of the motor cycle through the test area shall be measured by independent measuring devices whose accuracy is within 3 per cent of the actual speed. 

1.2 CONDITIONS OF MEASUREMENT

1.2.1 Site

1.2.1.1 The measurements shall be made at an open site where the ambient and wind noise levels are at least 10 dB(A) below the noise level being measured.  The above-mentioned area may take the form of an open space of 50 m radius having a central part of at least 10 m radius, practically level, consisting of concrete, asphalt or similar material and not covered with powdery snow, tall grass, loose soil, ashes or the like. During the test nobody shall stand in the measurement area, except the observer and the driver, whose presence must have no influence on the meter reading.

1.2.1.2 The surface of the test track used to measure the noise of motor cycles in motion shall be such as not to cause excessive tyre noise. 

1.2.1.3 Measurements shall not be made under adverse weather conditions. Any sound peak which appears to be unrelated to the characteristics of the general sound level of the motor cycle shall be ignored in taking the readings.  If a wind-guard is used, its influence on the sensitivity and the directional characteristics of the microphone shall be taken into account. 

1.2.2 Vehicle

1.2.2.1 Measurements shall be made on motor cycles with driver only.

1.2.2.2 The tyres of the motor cycle shall be of the correct size and shall be inflated to the prescribed pressure(s) for the motor cycle in its unladen condition. 

1.2.2.3 Before the measurements are started, the engine shall be brought to its normal operating conditions as regards: 

· temperatures

· tuning

· fuel

· sparking plugs, carburettor(s), etc. (as appropriate).

1.2.2.4 If the motor cycle is equipped with devices which are not necessary for its propulsion, but which are used whilst the motor cycle is in normal service on the road, those devices shall be in operation in accordance with the specifications of the manufacturer.  Where a motor cycle is fitted with a side-car, this shall be removed for the purpose of the test. 
1.3 METHODS OF TESTING

1.3.1 Measurement of noise of motor cycles in motion

1.3.1.1 General conditions of test

· At least two measurements shall be made on each side of the motor cycle. Preliminary measurements may be made for adjustment purposes, but shall be disregarded.

· The microphone shall be situated 1.2 m ± 0.1 m above ground level at a distance of 7.5 m ± 0.2 m from the path of the motor cycle's centre line, measured along the perpendicular (PP') to that line (see Appendix, Figure 1).

· Two lines, AA' and BB', parallel to line PP' and situated respectively 10 m forward and 10 m rearward of that line shall be marked out on the test runway.  For all measurements the motor cycle shall be driven in a straight line over the acceleration section in such a way that the longitudinal median plane of the motor cycle is as close as possible to line CC'.  The motor cycle shall approach line AA' at a steady speed as specified below.  When the front of the motor cycle reaches the line AA', the throttle shall be fully opened as rapidly as practicable and held in the fully-opened position until the rear of the motor cycle crosses the line BB'; the throttle shall then be closed again as rapidly as possible.

· The maximum value recorded at each measurement shall constitute the result of the measurement. The measurements shall be considered valid if the difference between the two consecutive measurements on the same side of the vehicle is not more than 2 dB(A).

1.3.1.2 Determination of the approach speed

· Symbols used
The letter symbols used in this paragraph have the following meaning:

· S : engine rotation speed as indicated under item 9 of Annex 1

· NA: uniform engine rotational speed at the approach of line AA'

· VA: uniform vehicle speed at the approach of line AA'.

· Motor cycle with a manually-operated gear-box
· Approach speed
The uniform speed of the motor cycle at the approach line AA' shall be such that

either:NA = 3/4 S and VA ( 50 km/h

or:VA = 50 km/h

· Choice of gear ratio
· Motor cycles, whatever the engine cylinder capacity (cc), when fitted with a gearbox having not more than four gears, shall be tested in second gear (provided that the requirements of paragraph 3.1.2.2.2.4. of this Annex are complied with).

· Motor cycles fitted with an engine having a cylinder capacity not exceeding 175 cm3 and a gearbox with five or more gears shall be submitted to one test only, in third gear.

· Motor cycles fitted with an engine having a cylinder capacity exceeding 175 cm3 and a gearbox with five or more gears, shall be submitted to a test in second gear and a test in third gear; the average value of the two tests (provided that the requirements of paragraph 3.1.2.2.2.4. of this Annex are complied with) shall be taken as the test result.

· If during the test carried out in second gear, the stabilized engine speed at the line marking the end of the test track (NB) exceeds 110 per cent of S (S being the engine speed corresponding to the speed at which the engine develops its maximum power), the test shall be carried out in third gear and the noise level measured in that gear only shall be taken as the test result.

· Automatic transmission motor cycle
· Motor cycles without a manual selector

· Approach speed
The motor cycle shall approach the line AA' at various uniform speeds of 30, 40, 50 km/h or at 3/4 of the maximum on-road speed if this value is lower. The condition giving the highest noise level shall be selected.

· Motor cycles equipped with a manual selector with X positions for forward drive
· Approach speed
The motor cycle shall approach the line AA' at a uniform speed corresponding to



eitherNA = 3/4 S and VA ( 50 km/h



orVA = 50 km/h and NA < 3/4 S.

Nevertheless, if there is a down-shift to first gear during the test, the motor cycle speed (VA = 50 km/h) can be increased up to a maximum of 60 km/h in order to avoid the down-shift.

· Position of the manual selector
If a manual selector with X forward positions is fitted to the motor cycle, the test shall be performed with the selector in the highest position; external down-shifting (for example, kick-down) shall be excluded. If an automatic down-shift occurs after the line AA', the test will be repeated using the position highest-1 and  highest-2 as necessary, until the selector is placed in the highest position allowing the test to be performed without automatic down-shift (without using kick-down).

1.4 INTERPRETATION OF RESULTS

1.4.1 The figure recorded shall be that corresponding to the highest sound level. Should that figure exceed by more than 1 dB(A) the maximum sound level authorized for the category of motor cycle tested, a second series of two measurements shall be made. Three out of the four results so obtained must fall within the prescribed limits.

1.4.2 To allow for lack of precision in the measuring instrument the figures read from it during measurement shall each be reduced by 1 dB(A). 

1.4.3 When conducting the stationary test for the purpose of controlling motor cycles in use, to allow for any distortions because of the test site, conditions or instrumentation, the test readings shall be reduced by 5 dB(A).

2 ISO 362-Part 2
2.1 Scope

This International Standard specifies an engineering method for measuring the noise emitted by road vehicles  of category L under typical urban traffic conditions, excluding vehicles of category L1 and L2 covered by ISO 9645 and vehicles of categories M and N covered by ISO 362 part 1.

The specifications are intended to reproduce the noise levels, which are generated, by the principal noise sources during normal driving in urban traffic. (See Annex A).
The method is designed to meet the requirements of simplicity as far as they are consistent with reproducibility of results under the operating conditions of the vehicle.
The test method requires an acoustical environment, only obtained in an extensive open space. Such conditions are usually provided for:

· type approval measurements of vehicle

· measurements at the manufacturing stage

· measurements at official testing stations

NOTE 1:
The results obtained by this method give an objective measure of the noise emitted under the specified conditions of test. It is necessary to consider the fact that the subjective appraisal of the noise annoyance of different classes of motor vehicles is not simply related to the indications of a sound measurement system. As annoyance is strongly related to personal human perception, physiological human condition, culture, environmental condition there is a large variation and therefore not useful as a parameter to describe a specific vehicle condition.

NOTE 2:
Spot-checking of vehicles chosen at random are rarely made in an ideal acoustical environment. If measurements are carried out on the road in an acoustical environment, which does not fulfil the requirements stated in this International Standard, the results obtained may deviate appreciably from the results obtained using the specified conditions.
2.2 Normative references

The following referenced documents are indispensable for the application of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 1176:1990
Road vehicles – masses - vocabulary and codes
ISO 4106, Motorcycle – Engine test code – net power

ISO 6726, Mopeds and Motorcycles with two wheels – Masses – Vocabulary
ISO 9645: 1990, Acoustics - Measurement of noise emitted by two-wheeled mopeds in motion - Engineering method

ISO 10844:1994, Acoustics - Test surface for road vehicle noise measurements

IEC 60942:2003, Electro acoustics Sound calibrators
IEC 61672-1:2002, Electro acoustics Sound level meters part 1
2.3 Terms and definitions

For the purposes of this International Standard, the following terms and definitions apply:

2.3.1 kerb mass mkerb
complete shipping mass of a vehicle fitted with all equipment necessary for normal operation plus the mass of the following elements: 

· lubricants, coolant (if needed), washer fluid, 

· fuel (tank filled to at least 90 % of the capacity specified by the manufacturer),

· other equipment if included as basic parts for the vehicle such as:

· Spare wheel(s), wheel chocks, fire extinguisher(s), spare parts, and tool-kit

NOTE: 
The definition of kerb mass may vary from country to country, but in this standard it refers to the definition contained in ISO 1176 and ISO 6726.

2.3.2 power to mass ratio index

numerical quantity with no dimension used for the calculation of acceleration according to the equation :
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2.3.3 rated engine speed, s 

engine speed at which the engine develops its rated maximum net power as stated by the manufacturer. If the rated maximum net power is reached at several engine speeds, s is defined as the highest engine speed at which the rated maximum net power is reached
2.3.4 Categories 

· L3: 
two wheeled motor vehicles with an engine cylinder capacity > 50 cm3 or maximum speed > 50 km/h,

2.3.5 reference point
the front end of the vehicle

2.3.6 target acceleration

an acceleration at partial throttle condition in urban traffic and is derived from statistical investigations.

Note: Refer to Annex A for more detailed explanations

2.3.7 reference acceleration

required acceleration during the acceleration test on the test track.

Note: Refer to Annex A for more detailed explanations

2.3.8 gear ratio weighting factor k
dimensionless numerical quantity used to combine the test results of two gear ratios for the acceleration test and the constant speed test

2.3.9 partial power factor kP
numerical quantity with no dimension used for the weighted combination of the test results of the acceleration test and the constant speed test

Note: Refer to Annex A for more detailed explanations

2.3.10 pre-acceleration

application of acceleration control device prior to AA’ for the purpose of achieving stable acceleration between AA’ and BB’

Note: See Table 2.1 and Figure 2.1 for additional detail

2.3.11 locked gear ratios

control of transmission such that the transmission gear cannot change during a test

2.3.12 engine

power source without detachable accessories 

2.3.13 driver mass md
nominal mass of a driver

2.3.14 test track length l10
length of test track used in calculation of acceleration from points PP’ to BB’

2.3.15 test track length l20
length of test track used in calculation of acceleration from points AA’ to BB
’

2.4 Symbols and abbreviated terms

Table 2.1 lists the symbols and the clause where they are used for the first time.
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 — Symbols used and corresponding clauses

	Symbol
	Unit
	Clause
	Explanation

	a urban
	m/s²
	
	target acceleration respective urban traffic acceleration

	a wot i
	m/s²
	
	acceleration at wide open throttle in gear i

	a wot i+1
	m/s²
	
	acceleration at wide open throttle in gear i+1

	a wot ref
	m/s²
	
	reference acceleration rate for the wide open throttle test

	a wot test
	m/s²
	
	acceleration at wide open throttle in single gear test cases

	AA’
	-
	
	line perpendicular to vehicle travel which indicates beginning of zone to record sound pressure level during test

	BB’
	-
	
	line perpendicular to vehicle travel which indicates end of zone to record sound pressure level during test

	CC’
	-
	
	line of vehicle travel through test surface defined in ISO 10844

	gear i
	
	
	the first of two gear ratio  for use in the vehicle test

	gear i+1
	
	
	the second of two gear ratio with an engine speed lower than gear ratio i

	j
	-
	
	index for single test run within overall acceleration or constant speed test series i or i+1 

	k
	
	
	gear ratio weighting factor

	kP
	
	
	partial power factor

	L crs rep
	dB
	
	reported vehicle sound pressure levelnoise at constant speed test

	L crs(i)
	dB
	
	vehicle sound pressure level at constant speed test for i gear

	L crs(i+1)
	dB
	
	vehicle sound pressure level at constant speed test for i+1 gear

	l veh
	m
	
	length of vehicle

	L wot (i)
	dB
	
	vehicle sound pressure level at wide open throttle test for i gear

	L wot (i+1)
	dB
	
	vehicle sound pressure level at wide open throttle test for i+1 gear

	L wot rep
	dB
	
	reported vehicle sound pressure levelnoise at wide open throttle

	l10
	m
	
	Length of test section for calculation of acceleration from PP’ to BB’.  

	l20
	m
	
	Length of test section for calculation of acceleration from AA’ to BB’.  

	Lref
	m
	
	reference length

	Lurban
	dB
	
	Reported vehicle sound pressure level 

	m d 
	kg
	
	driver mass

	m kerb
	kg
	
	kerb mass of the vehicle

	m ref
	kg
	
	kerb mass + md  = kerb mass + 75 kg

	m t
	kg
	
	test mass of the vehicle

	P n
	kW
	
	rated engine power  (ISO 4106)

	PMR
	-
	
	power to mass ratio index to be used for calculations

	PP’
	-
	
	line perpendicular to vehicle travel which indicates location of microphones

	S
	1/min
	
	rated engine speed in rpm, synonymous with the engine speed at maximum power

	vAA’
	km/h
	
	vehicle velocity when reference point passes line AA’vehicle speed at the approach of AA’

	vBB’
	km/h
	
	vehicle velocity when reference point passes line BB’vehicle speed at the end of the test track

	vmax
	km/h
	
	maximum vehicle speed as declared by the manufacturer

	v PP’
	km/h
	
	vehicle velocity when reference point passes line PP’vehicle speed at PP’

	vtest
	km/h
	
	Vehicle test speed


2.5 Specification of the acceleration

2.5.1 General

All accelerations are calculated using different speeds of the vehicle on the test track. The formulas given in 2.5.2 are used for the calculation of awot i, awot i+1 and awot test . The speed either at AA’ (vAA’) or PP’ (vPP’) is defined by the vehicle speed when the reference point passes AA’ or PP’. The speed at BB’ (vBB’) is defined when the rear of the vehicle passes BB’. The method used for determination of the acceleration shall be indicated in the test report

With the reference point being the front of the vehicle, the lref = lveh is the length of vehicle.

The dimensions of the test track are used in the calculation of acceleration.  These dimensions are defined as follows: l20 = 20 meters, l10 = 10 meters
Due to the large variety of technologies it is necessary to consider different modes of calculation. Especially very new technologies like continuously variable transmission and older technologies, like automatic transmission, which have no electronic control, require a more specific treatment for a proper determination of the acceleration. The given possibilities for calculation of the acceleration shall cover these needs. (However a revision of this paragraph is necessary during the next update of this standard).
2.5.2 Calculation of acceleration

2.5.2.1 Calculation procedure for vehicles with manual transmission, automatic transmission, adaptive transmission and Continuously Variable Transmission (CVT) tested with locked gear ratios

The value of awot test used in the determination of gear selection shall be the average of the four awot test, i  values during each valid measurement run.
Calculate awot test, j using the equation:

awot test, j = ((vBB’/3,6)² - (vAA’/3,6)²) / (2*(l20+lref))
(2.2)

Pre-acceleration may be used.

2.5.2.2 Calculation procedure for vehicles with automatic transmission, adaptive transmission and Continuously Variable Transmission (CVT) tested with non-locked gear ratios 
The value of awot test used in the determination of gear selection shall be the average of the four awot test, i values during each valid measurement run. 

If devices or measures described in 2.8.3.1.3.2, can be used to control transmission operation for the purpose of achieving test requirements, calculate awot test, j using the equation: 

awot test, j = ((vBB’/3,6)² - (vAA’/3,6)²) / (2*(l20+lref))
(2.3) 

Pre-acceleration may be used.

If no devices or measures described in 2.8.3.1.3.2 are used, calculate awot test, j using the equation:

awot test, j = ((vBB’/3,6)² - (vPP’/3,6)²) / (2*(l10+lref))
(2.4)

Pre-acceleration shall not be used.

NOTE
It would be useful for these type of vehicles to record the vehicle speeds at AA’, PP’, and BB’ to provide information for future revision of this standard.

2.5.3 Calculation of the target acceleration

Calculate aurban using the equations:

aurban  = 1,37 x lg(PMR) – 1,08   for 25 < PMR ≤ 50            
(2.5)
      aurban  = 1,28 x lg(PMR) – 1,19   for PMR > 50
(2.6)
2.5.4 Calculation of the reference acceleration

Calculate awot ref using the equations:

awot ref  =  2,47 x lg(PMR) – 2,52   for 25 < PMR ≤ 50     
(2.7)  

       awot ref = 3,332.81 x lg(PMR) – 4,163.26     for PMR > 50
 (2.8)

No alignment with ISO 362-1 which contains 

2.5.5 Partial power factor k p 

Partial power factor kp is:

kp =1 - (a urban / a wot test )
(2.9)

In cases other than a single gear test, awot ref has to be used instead of awot test 

2.6 Instrumentation

2.6.1 Instruments for acoustical measurement

2.6.1.1 General 

The apparatus used for measuring the sound pressure level must be a precision sound-level meter or equivalent measurement system meeting the requirements of Class 1 instruments (inclusive of the recommended windscreen, if used). These requirements are described in IEC 61672-1:2002.

The entire measurement system shall be checked by means of a sound calibrator that fulfils the requirements of Class 1 sound calibrators according to IEC 60942:2003.
Measurements shall be carried out using the "F" response of the acoustic measurement instrument and the "A" weighting curve also described in IEC 61672-1:2002. When using a system that includes a periodic monitoring of the A-weighted sound pressure level, a reading should be made at a time interval not greater than 30 ms.

The instruments shall be maintained and calibrated in accordance to the instructions of the instrument manufacturer.

2.6.1.2 Calibration 

At the beginning and at the end of every measurement session, the entire acoustic measurement system shall be checked by means of a sound calibrator as described in 2.6.1.1. Without any further adjustment the difference between the readings shall be less than or equal to 0.5 dB. If this value is exceeded, the results of the measurements obtained after the previous satisfactory check shall be discarded.
2.6.1.3 Compliance with requirements 

Compliance of the sound calibrator with the requirements of IEC 60942:2003 shall be verified once a year. Compliance of the instrumentation system with the requirements of IEC 61672-1:2002 shall be verified at least every 2 years. All compliance testing shall be conducted by a laboratory which is authorized to perform calibrations traceable to the appropriate standards. 

2.6.2 Instrumentation for speed measurements

The rotational speed of the engine shall be measured with an instrument meeting specification limits of at least ± 2% or better at the engine speeds required for the measurements being performed.

The road speed of the vehicle shall be measured with instruments meeting specification limits of at least ± 0,5 km/h when using continuous measurement devices.

If testing uses independent measurements of speed, this instrumentation shall meet specification limits of at least ± 0.2 km/h.

NOTE
Independent measurements of speed are when two or more separate devices will determine the v AA’ v BB'’    and v PP' values.  A continuous measurement device will determine all required speed information with one device.

2.6.3 Meteorological instrumentation

The meteorological instrumentation used to monitor the environmental conditions during the test shall meet the following specifications limits: 

· ± 1 °C or less for a temperature measuring device;

· ± 1,0 m/s for a wind speed-measuring device;

· ± 5 hPa for a barometric pressure measuring device;

· ± 5 % for a relative humidity measuring device. 
2.7 Acoustical environment, meteorological conditions and background noise

2.7.1 Test site

The test site shall be substantially level. The test track construction and surface shall meet the requirements of ISO 10844.

Within a radius of 50 m around the centre of the track the space shall be free of large reflecting objects such as fences, rocks, bridges or buildings. The test track and the surface of the site shall be dry and free from absorbing materials such as powdery snow, or loose debris.

In the vicinity of the microphone, there shall be no obstacle that could influence the acoustical field and no person shall remain between the microphone and the noise source. The meter observer shall be positioned so as not to influence the meter reading. 

NOTE
Buildings outside the 50 m radius might have reasonable influence if their reflection focuses on the test track.
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 - Test site dimensions
2.7.2 Meteorological conditions

The meteorological instrumentation shall deliver data representative for the test site and shall be positioned adjacent to the test area at a height representative of the height of the measurement microphone.

The measurements shall be made when the ambient air temperature is within the range from 5 °C to 40 °C. The tests shall not be carried out if the wind speed, including gusts, at microphone height exceeds 5 m/s, during the sound measurement interval.

A value representative of temperature, wind speed and direction, relative humidity, and barometric pressure shall be recorded during the sound measurement interval.

NOTE: 
Refer to Annex B for the effects of temperature and other factors.
2.7.3 Background noise

Any sound peak which appears to be unrelated to the characteristics of the general sound level of the vehicle shall be ignored in taking the readings.

The background noise shall be measured for duration of 10 seconds immediately before and after a series of vehicle tests. The measurements shall be made with the same microphones and microphone locations used during the test. The A-weighted maximum sound pressure level shall be reported.

The background noise (including any wind noise) shall be at least 10 dB below the A-weighted sound pressure level produced by the vehicle under test. If the difference between the ambient sound pressure level and the measured sound pressure level is between 10 and 15 dB, in order to calculate the j test result the appropriate correction shall be subtracted from the readings on the sound level meter, as given in Table 2.2.
Table 0\IF >= 1 "D." 
2.2 — Correction to applied to individual measured test value

	Background sound pressure level difference to measured sound pressure level (dB)
	10
	11
	12
	13
	14
	greater or equal to 15

	Correction

(dB)
	0,5
	0,4
	0,3
	0,2
	0,1
	0,0


2.8 Test procedures

2.8.1 Microphone positions

The distance from the microphone positions on the microphone line PP’, perpendicular to the reference line CC’ (see Figure 2.1) on the test track shall be 7,5 m ( 0,05 m. 

The microphone shall be located 1,2 m ( 0,02 m above the ground level. The reference axis for free field conditions (see IEC 61672-1) shall be horizontal and directed perpendicularly towards the path of the vehicle line CC’. Calibration of the microphone shall be done before and after a test session.
2.8.2 Conditions of the vehicle 

2.8.2.1 General conditions

The vehicle shall be supplied as specified by the vehicle manufacturer. 

Before the measurements are started, the vehicle shall be brought to its normal operating conditions. 

The variation of results between runs may be reduced if there is a 1-minute wait, at idle in neutral, between runs. 

2.8.2.2 Test mass of the vehicle and driver

Measurements shall be made on vehicles at the test mass mt specified:

mt = mref  = mkerb + (75 ± 5) kg for the driver
(2.10)
2.8.2.3 Tyre selection and condition

The tyres shall be appropriate for the vehicle and inflated to the pressure recommended by the tyre manufacturer for the test mass of the vehicle.  

[For certification and related purposes, additional requirements for the tyres, as defined by a regulation, may be necessary.  The tyres for such a test are selected by the vehicle manufacturer, and correspond to one of the tyre size and type designated for the vehicle by the vehicle manufacturer. The tyre is or will be commercially available on the market at the same time as the vehicle. The minimum tread depth is at least 80% of the full tread depth.
NOTE 1
The tread depth can have a significant influence on the test result.]
2.8.3 Operating conditions 

2.8.3.1 Category L3 with PMR > 25

2.8.3.1.1 General conditions

The path of the centreline of the vehicle shall follow line CC’ as closely as possible throughout the entire test, from the approach to line AA’ until the rear of the vehicle passes line BB’ (see Figure 2.1).
If the vehicle is fitted with an auxiliary manual transmission the position used for normal urban driving shall be used.

2.8.3.1.2 Test speed 

The test speed vtest shall be:.

 
40 km/h ± 1 km/h   for PMR ≤ 50


50 km/h ( 1km/h    for PMR > 50

The test speed shall be reached, when the reference point according to 2.3.5 passes line PP’. The test speed shall be reduced by increments of 10% of vPP’ in case the exit speed vBB’ exceeds 75% of vmax.

Note: The test speed vtest can be approximated with an entry speed vAA, calculated by using the formula


vAA’ = (vx² - awot ref * l20 * 3.6²)1/2
(2.11)
Where:
vx = 40 km/h for 25 < PMR ≤ 50


vx = 50 km/h for PMR > 50

2.8.3.1.3 Gear ratio selection

2.8.3.1.3.1 Manual transmission, automatic transmission, adaptive transmissions and Continuously Variable Transmission (CVT) tested with locked gear ratios

The selection of gear ratios for the test depends on the specific acceleration potential awot, i under full throttle condition according to the specification in 2.5.3. in relation to the reference acceleration awot ref required for the full throttle acceleration test according to equation (7) or (8) in 2.5.4.

The following conditions for selection of gear ratios are possible:

· in case there are two gears which lie within the tolerance band of +/- 10% of the reference acceleration awo ref, the weighting ratio shall be calculated as shown below.

· if only one specific gear ratio gives acceleration in the tolerance band the test shall be performed with that gear ratio

· if none of the gear ratios give the required acceleration, then choose a gear ratio i, with an acceleration higher and a gear ratio i+1, with an acceleration lower than the reference acceleration awot ref, use both gear ratios for the test. The weighting ratio in relation to the reference acceleration awot, ref is calculated by:

k = (awot,ref - awot,i+1)/(awot,i - awot,i+1)
(2.12)

If the vehicle has a transmission in which there is only one selection for the gear ratio the full throttle test is carried out in this vehicle gear selection. The achieved acceleration is then used for the calculation of the partial power factor kP (see 2.3.9) instead of awot ref.

If rated engine speed S is exceeded in a gear ratio before the vehicle passes BB` the next higher gear shall be used.

2.8.3.1.3.2 Automatic transmission, adaptive transmissions and Continuously Variable Transmission (CVT) tested with non-locked gear ratios 

The gear selector position for full automatic operation shall be used. 

The acceleration value awot test  shall be calculated by equation (3) or (4) in 2.5.2.2
The test may then include a gear change to a lower range and a higher acceleration. A gear change to a higher range and a lower acceleration is not allowed. In any case, a gear shifting to a gear ratio which is typically not used at the specified condition in urban traffic, shall be avoided. 

Therefore, it is permitted to establish and use electronic or mechanical devices to prevent a downshift to a gear ratio which is typically not used at the specified test condition in urban traffic. 

The achieved acceleration awot test  shall be greater or equal to aurban
The achieved acceleration awot test is then used for the calculation of the partial power factor kP (see 2.3.9) instead of awot ref.

2.8.3.1.4 Acceleration test
 The acceleration test shall be carried out for all gear ratios specified in 2.8.3.1.3 and with the test speed as specified in 2.8.3.1.2. When the reference point reaches AA’, the acceleration control unit shall be fully engaged and held fully engaged until the rear of the vehicle reaches BB'. The acceleration control unit shall then be released. The location of the start of the acceleration shall be reported.

The calculated acceleration a wot test  shall be noted to the second digit after the decimal place.
2.8.3.1.5 Constant speed test
The constant speed test shall be carried out with the same gear ratios as for the acceleration test specified in 2.8.3.1.4 and with the test speed as specified in 2.8.3.1.2. During the constant speed test, the acceleration control unit shall be positioned to maintain a constant vehicle speed between AA’ and BB’. The tolerance on the test speed shall be +/- 1 km/h between AA’ and BB’.
2.8.3.2 Category L3 with PMR ≤ 25

For category L3 vehicles with PMR ≤ 25, the operating condition consists of an acceleration test only. The general conditions specified in 2.8.3.1.1 shall apply.
The initial test speed shall be as specified in 2.8.3.1.2. The test speed shall be reduced by increments of 10% in case the exit speed vBB’ exceeds 75% of vmax or in case the engine speed exceeds the rated engine speed S at BB’. The selected gear ratio shall be the lowest one without exceeding the rated engine speed S during the test. The final test conditions are determined by the lowest possible gear at the highest possible test speed without exceeding 75% of vmax and the rated engine speed S at BB’.
2.8.3.2.1 Automatic transmission

2.8.3.2.1.1 Approach speed

The vehicle shall approach the line AA’ at a constant speed corresponding to the lower of the following speeds:

a)  50 km/h;

b) the vehicle speed corresponding to an engine speed equal to 75% of S.

If there is a downshift to first gear during the test, the motorcycle speed can be increased up to a maximum of 60 km/h to avoid the downshift.
2.8.3.2.1.2 Choice of gear ratios

The test shall be performed with the manual selector in the highest position. If an automatic downshift occurs to the first gear, it shall be excluded. If an automatic downshift occurs to the highest minus 1 or the highest minus 2, the selector shall be placed in the highest position allowing the test to be performed without an automatic downshift.
If an electronic transmission cannot be tested, a programme shall be established and used that prevents a downshift to a gear not normal for urban driving.

2.8.3.2.2 Manually operated gearbox

2.8.3.2.2.1 Approach speed

The vehicle shall approach the line AA’ at a constant speed corresponding to the lower of the following speeds:

c) 50 km/h,

d) the vehicle speed corresponding to an engine speed equal to 75% of S.

2.8.3.2.2.2 Choice of gear ratios

Vehicles fitted with a gearbox having not more than four gears, shall be tested in second gear. If the engine speed at the line BB’ exceeds S, test in the next higher gear ratio.

Vehicles fitted with a five-speed or more gearbox shall be tested in the following gears:

e) Vehicles fitted with an engine having a cylinder capacity not exceeding 175 cm³ shall be submitted to one test only in third gear.

f) Vehicles fitted with an engine having a cylinder capacity exceeding 175 cm³ shall be tested in second gear then in third gear.

g) If the engine speed at the line BB’ exceeds s, test only in third gear.
2.8.3.2.3 Other automatic transmissions

Vehicles without a manual selector shall approach the line AA at the various uniform speeds of 30 km/h, 40 km/h, and 50 km/h or at 75% of vmax if this value is lower.

2.8.4 Measurement readings and reported values

2.8.4.1 General

At least four measurements for all test conditions shall be made on each side of the vehicle and for each gear ratio.

The maximum A-weighted sound pressure level indicated during each passage of the vehicle between AA’ and BB’ (see figure 1) shall be noted, to the first significant digit after the decimal place (for example - XX.X). If a sound peak obviously out of character with the general sound pressure level is observed, the measurement shall be discarded. 

The first four valid consecutive measurement results, within 2,0 dB, allowing for the deletion of non-valid results, shall be used for the calculation of the final result.

The speed measurements at AA’ (vAA’), BB’ (vBB’), and PP’ (vPP’) shall be noted and used in calculations to the first significant digit after the decimal place.
2.8.4.2 Data compilation

For a given test condition the results of each side of the vehicle shall be averaged separately. The intermediate result is the higher value of the two averages mathematically rounded to the first decimal place.

All further calculation to derive Lurban shall be done separately for the left and right vehicle side. The final value to be reported as the test result is the higher value of the two sides.
2.8.4.3 Final reported value

2.8.4.3.1 Vehicles of category L3 with PMR > 25

2.8.4.3.1.1 Acceleration

The acceleration for further use is the average acceleration of the four runs. 

awot,test = 1/4 * (awot,test(1)+awot,test(2)+awot,test(3)+awot,test(4)) 
(2.13)

where the numbers in brackets symbolize the test runs j.


2.8.4.3.1.2 Reported value and final results

· Calculate the reported value Lwot rep for the wide open throttle test using the equation : 

Lwot rep = Lwot (i+1) + k x (Lwot(i) - Lwot (i+1))
(2.14)

· Calculate the reported value Lcrs rep for the constant speed test using the equation:

Lcrs rep = Lcrs(i+1) + k x (Lcrs (i) – Lcrs (i+1))
(2.15)

In case of a single gear ratio test the reported values are directly derived from the test result itself.

The equation weighting factor kP giving the partial power factor for urban driving is:

- In cases other than a single gear test kP calculated by 

kP = 1 – (aurban / awot ref)







(2.16)

- If only one gear was specified for the test kP given by:

kP = 1 – (aurban / awot test)







(2.17)

- In cases where awot test is less than aurban:

kP = 0









(2.18)

The final result is calculated by 
combining equation (2.14) Lwot rep and equation (2.15) Lcrs rep

Lurban  = Lwot rep – kP  (Lwot rep– Lcrs rep)
(2.19)

2.8.4.3.2 Vehicles of category L3 with PMR ≤ 25

The final result shall be the intermediate result.
2.8.5 Measurement uncertainty

The measurement procedure described in the preceding clauses is affected by several parameters that lead to variation in the resulting level observed for the same subject. The source and nature of these perturbations are not completely known and sometimes affect the end result in a non-predictable way. The effect can be both of a random nature or a systematic nature.

The magnitude of the resulting uncertainty can be addressed both by means of an analytical evaluation, given in the GUM, or a statistical approach on the basis of ISO 5725 part 1-6. 

Since the procedure is new, no statistical experience has been build up and therefore the uncertainty is estimated by a procedure described in the GUM. Table 2.3 lists these estimated uncertainties for category L. 

The uncertainty statements address the spread in results found for a certain subject. Spread between subjects is not incorporated in this evaluation.

For each category the uncertainty is expressed in three levels:

h) the variations expected within the same test lab and slight variations in ambient conditions found within a single test series (run-to-run)

i) variations expected within the same test lab but with variation in ambient conditions and equipment properties that can normally be expected during the year (day-to-day)

j) variations between test-laboratories where apart from ambient conditions, also equipment, staff and road surface conditions will be different (site-to-site)

The uncertainty is expressed as an 80% coverage value.

Table 2.0\IF >= 1 "D." 
3 — Uncertainty expressed as 80% of the coverage value

	
	Run-to-run

(dB)
	Day-to-day

(dB)
	Site-to-site

(dB)

	L
	±0,5
	±0,9
	±1,4


See Annex B for further explanation and details on measurement uncertainty.

2.9 Test report

The test report includes the following information: 

k) reference to this International Standard; 

l) details of the test site, site orientation and weather conditions including wind speed and air temperature, wind direction, barometric pressure, and humidity; 

m) the type of measuring equipment including the windscreen; 

n) the A-weighted sound pressure level typical of the background noise;

o) the identification of the vehicle, its engine, its transmission system, including available transmission ratios, size and type of tyres, tyre pressure, tyre tread depth, tyre production type, power, test mass, power to mass ratio, vehicle length and location of the reference point; 

p) the transmission gears or gear ratios used during the test; 

q) the vehicle speed and engine speed at the beginning of the period of acceleration (vAA’; nAA’), and the location of the beginning of the acceleration; 

r) the vehicle speed and engine speed at PP’ (vPP’; nPP’) and at end of the acceleration (vBB’; nBB’); 

s) method used for calculation of the acceleration;

t) the auxiliary equipment of the vehicle, where appropriate, and its operating conditions; 

u) all valid A-weighted sound pressure level values measured for each test, listed according to the side of the vehicle and the direction of the vehicle movement on the test site. 

3 Additional sound emission provision tests
3.1 Aim

Additional sound emission provisions are preventive requirements intended to also cover driving conditions of the vehicle in real traffic, which can be environmentally relevant concerning their sound emission and which differs from those during type approval.

The sound emission of the vehicle under normal driving conditions different from the conditions of the type approval test in Annex 3 shall not differ significantly from what can be expected from the type approval test result for this specific vehicle with regard to technical practicability.

The engine/vehicle operation area with environmentally relevant sound emission can be delimited by the following speed ranges:

· Vehicle speeds between 50 and 90 km/h,

· •Engine speeds 
up to 0.85*(s – n_idle) + n_idle for pmr <= 66,

up to 3,4105*pmr-0,3315* (s – n_idle) + n_idle, for pmr > 66
(3.1)

with 
s – rated engine speed in min-1,



n_idle – idling speed in min-1

pmr = Pn in kW/(m0 in kg +75)*1000
(3.2)
pmr is the power to mass ratio index. This is the rated power of the vehicle (Pn) in kW di-vided by the kerb mass of the vehicle (m0) in kg + 75 (to account for the mass of the driver) and multiplied by 1000.

The tests described in the following are intended to spotcheck this area.

3.2 Normative references

(Same as paragraph 2.2)
The following referenced documents are indispensable for the application of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 1176:1990
Road vehicles – masses - vocabulary and codes
ISO 4106, Motorcycle – Engine test code – net power

ISO 6726, Mopeds and Motorcycles with two wheels – Masses – Vocabulary
ISO 9645: 1990, Acoustics - Measurement of noise emitted by two-wheeled mopeds in motion - Engineering method

ISO 10844:1994, Acoustics - Test surface for road vehicle noise measurements

IEC 60942:2003, Electro acoustics Sound calibrators
IEC 61672-1:2002, Electro acoustics Sound level meters part 1
3.3 Terms and definitions

(Analogous to paragraph 2.3)
For the purposes of this International Standard, the following terms and definitions apply:

3.3.1 kerb mass mkerb
complete shipping mass of a vehicle fitted with all equipment necessary for normal operation plus the mass of the following elements: 

· lubricants, coolant (if needed), washer fluid, 

· fuel (tank filled to at least 90 % of the capacity specified by the manufacturer),

· other equipment if included as basic parts for the vehicle such as:

· Spare wheel(s), wheel chocks, fire extinguisher(s), spare parts, and tool-kit

NOTE: 
The definition of kerb mass may vary from country to country, but in this standard it refers to the definition contained in ISO 1176 and ISO 6726.

3.3.2 power to mass ratio index

numerical quantity with no dimension used for the calculation of acceleration according to the equation :
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3.3.3 Rated engine speed, s 

Engine speed at which the engine develops its rated maximum net power as stated by the manufacturer. If the rated maximum net power is reached at several engine speeds, S is defined as the highest engine speed at which the rated maximum net power is reached
3.3.4 Categories 

· L3: 
two wheeled motor vehicles with an engine cylinder capacity > 50 cm3 or maximum speed > 50 km/h,

3.3.5 engine

power source without detachable accessories 

3.3.6 driver mass md
nominal mass of a driver

3.3.7 test track length l10
length of test track used in calculation of acceleration from points PP’ to BB’

3.3.8 test track length l20
length of test track used in calculation of acceleration from points AA’ to BB

3.4 Symbols and abbreviated terms

(Analogous to paragraph 2.4)
Table 3.1 lists the symbols and the clause where they are used for the first time.

Table 3.0\IF >= 1 "A." 
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1
 — Symbols used and corresponding clauses

	Symbol
	Unit
	Clause
	Explanation

	AA’
	-
	
	line perpendicular to vehicle travel which indicates beginning of zone to record sound pressure level during test

	BB’
	-
	
	line perpendicular to vehicle travel which indicates end of zone to record sound pressure level during test

	CC’
	-
	
	line of vehicle travel through test surface defined in ISO 10844

	gear i
	
	
	the gear ratio used in the vehicle test

	l veh
	m
	
	length of vehicle

	L wot (i)
	dB
	
	vehicle sound pressure level at wide open throttle test for i gear

	L wot rep
	dB
	
	reported vehicle sound pressure level at wide open throttle

	l20
	m
	
	Length of test section for calculation of acceleration from AA’ to BB’.  

	Lref
	m
	
	reference length

	m d 
	kg
	
	driver mass

	m kerb
	kg
	
	kerb mass of the vehicle

	m ref
	kg
	
	kerb mass + md  = kerb mass + 75 kg

	m t
	kg
	
	test mass of the vehicle

	P n
	kW
	
	rated engine power  (ISO 4106)

	PMR
	-
	
	power to mass ratio index to be used for calculations

	PP’
	-
	
	line perpendicular to vehicle travel which indicates location of microphones

	s
	1/min
	
	rated engine speed in rpm, synonymous with the engine speed at maximum power

	vAA’
	km/h
	
	vehicle velocity when reference point passes line AA’vehicle speed at the approach of AA’

	vBB’
	km/h
	
	vehicle velocity when reference point passes line BB’vehicle speed at the end of the test track

	vmax
	km/h
	
	maximum vehicle speed as declared by the manufacturer

	v PP’
	km/h
	
	vehicle velocity when reference point passes line PP’vehicle speed at PP’

	vtest
	km/h
	
	Vehicle test speed


3.5 Instrumentation

(Same as paragraph 2.6)
3.5.1 Instruments for acoustical measurement

3.5.1.1 General 

The apparatus used for measuring the sound pressure level must be a precision sound-level meter or equivalent measurement system meeting the requirements of Class 1 instruments (inclusive of the recommended windscreen, if used). These requirements are described in IEC 61672-1:2002.

The entire measurement system shall be checked by means of a sound calibrator that fulfils the requirements of Class 1 sound calibrators according to IEC 60942:2003.
Measurements shall be carried out using the "F" response of the acoustic measurement instrument and the "A" weighting curve also described in IEC 61672-1:2002. When using a system that includes a periodic monitoring of the A-weighted sound pressure level, a reading should be made at a time interval not greater than 30 ms.

The instruments shall be maintained and calibrated in accordance to the instructions of the instrument manufacturer.
3.5.1.2 Calibration 

At the beginning and at the end of every measurement session, the entire acoustic measurement system shall be checked by means of a sound calibrator as described in 3.5.1.1. Without any further adjustment the difference between the readings shall be less than or equal to 0.5 dB. If this value is exceeded, the results of the measurements obtained after the previous satisfactory check shall be discarded.
3.5.1.3 Compliance with requirements 

Compliance of the sound calibrator with the requirements of IEC 60942:2003 shall be verified once a year. Compliance of the instrumentation system with the requirements of IEC 61672-1:2002 shall be verified at least every 2 years. All compliance testing shall be conducted by a laboratory which is authorized to perform calibrations traceable to the appropriate standards. 

3.5.2 Instrumentation for speed measurements

The rotational speed of the engine shall be measured with an instrument meeting specification limits of at least ± 2% or better at the engine speeds required for the measurements being performed.

The road speed of the vehicle shall be measured with instruments meeting specification limits of at least ± 0,5 km/h when using continuous measurement devices.

If testing uses independent measurements of speed, this instrumentation shall meet specification limits of at least ± 0.2 km/h.

NOTE
Independent measurements of speed are when two or more separate devices will determine the v AA’ v BB'’    and v PP' values.  A continuous measurement device will determine all required speed information with one device.
3.5.3 Meteorological instrumentation

The meteorological instrumentation used to monitor the environmental conditions during the test shall meet the following specifications limits: 

· ± 1 °C or less for a temperature measuring device;

· ± 1,0 m/s for a wind speed-measuring device;

· ± 5 hPa for a barometric pressure measuring device;

· ± 5 % for a relative humidity measuring device. 

3.6 Acoustical environment, meteorological conditions and background noise

(Same as paragraph 2.7)
3.6.1 Test site

The test site shall be substantially level. The test track construction and surface shall meet the requirements of ISO 10844.

Within a radius of 50 m around the centre of the track the space shall be free of large reflecting objects such as fences, rocks, bridges or buildings. The test track and the surface of the site shall be dry and free from absorbing materials such as powdery snow, or loose debris.

In the vicinity of the microphone, there shall be no obstacle that could influence the acoustical field and no person shall remain between the microphone and the noise source. The meter observer shall be positioned so as not to influence the meter reading. 

NOTE
Buildings outside the 50 m radius might have reasonable influence if their reflection focuses on the test track.
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 - Test site dimensions
3.6.2 Meteorological conditions

The meteorological instrumentation shall deliver data representative for the test site and shall be positioned adjacent to the test area at a height representative of the height of the measurement microphone.

The measurements shall be made when the ambient air temperature is within the range from 5 °C to 40 °C. The tests shall not be carried out if the wind speed, including gusts, at microphone height exceeds 5 m/s, during the sound measurement interval.

A value representative of temperature, wind speed and direction, relative humidity, and barometric pressure shall be recorded during the sound measurement interval.

NOTE: 
Refer to Annex B for the effects of temperature and other factors.
3.6.3 Background noise

Any sound peak which appears to be unrelated to the characteristics of the general sound level of the vehicle shall be ignored in taking the readings.

The background noise shall be measured for duration of 10 seconds immediately before and after a series of vehicle tests. The measurements shall be made with the same microphones and microphone locations used during the test. The A-weighted maximum sound pressure level shall be reported.

The background noise (including any wind noise) shall be at least 10 dB below the A-weighted sound pressure level produced by the vehicle under test. If the difference between the ambient sound pressure level and the measured sound pressure level is between 10 and 15 dB, in order to calculate the j test result the appropriate correction shall be subtracted from the readings on the sound level meter, as given in Table 3.2.
Table 3.0\IF >= 1 "D." 
2 — Correction to applied to individual measured test value

	Background sound pressure level difference to measured sound pressure level (dB)
	10
	11
	12
	13
	14
	greater or equal to 15

	Correction

(dB)
	0,4
	0,3
	0,3
	0,2
	0,1
	0,0


3.7 Test procedures

3.7.1 Microphone positions
(Same as paragraph 2.8.1)
The distance from the microphone positions on the microphone line PP’, perpendicular to the reference line CC’ (see Figure 3.1) on the test track shall be 7,5 m ( 0,05 m. 

The microphone shall be located 1,2 m ( 0,02 m above the ground level. The reference axis for free field conditions (see IEC 61672-1) shall be horizontal and directed perpendicularly towards the path of the vehicle line CC’. Calibration of the microphone shall be done before and after a test session.
3.7.2 Conditions of the vehicle 
(Same as paragraph 2.8.2)
3.7.2.1 General conditions

The vehicle shall be supplied as specified by the vehicle manufacturer. 

Before the measurements are started, the vehicle shall be brought to its normal operating conditions. 

The variation of results between runs may be reduced if there is a 1-minute wait, at idle in neutral, between runs. 
3.7.2.2 Test mass of the vehicle and driver

Measurements shall be made on vehicles at the test mass mt specified:

mt = mref  = mkerb + (75 ± 5) kg for the driver
(3.4)
3.7.2.3 Tyre selection and condition

The tyres shall be appropriate for the vehicle and inflated to the pressure recommended by the tyre manufacturer for the test mass of the vehicle.  

For certification and related purposes, additional requirements for the tyres, as defined by a regulation, may be necessary. The tyres for such a test are selected by the vehicle manufacturer, and correspond to one of the tyre size and type designated for the vehicle by the vehicle manufacturer. The tyre is or will be commercially available on the market at the same time as the vehicle. The minimum tread depth is at least 80% of the full tread depth.
3.7.3 Operating conditions 

3.7.3.1 General conditions

The path of the centreline of the vehicle shall follow line CC’ as closely as possible throughout the entire test, from the approach to line AA’ until the rear of the vehicle passes line BB’.
If the vehicle is fitted with an auxiliary manual transmission the position used for normal urban driving shall be used.

3.7.3.2 Target speed and gear ratio selection
3.7.3.2.1 Vehicles with manual transmission 

The vehicle speed at BB’ shall be higher than 50 km/h but not exceeding 90 km/h.
The gear ratio shall be chosen in that way that the engine speed at BB’ exceeds the corresponding engine speed of the wot tests performed in paragraph 2.8.3.1.4. If two gear ratios have to be tested under paragraph 2.8.3.1.4 the engine speed at BB’ in the lowest gear shall be exceeded for the ASEP tests. But the engine speed at BB’ must not exceed 
0.85*(s – n_idle) + n_idle for pmr <= 66,

or 3,4105*pmr-0,3315* (s – n_idle) + n_idle, for pmr > 66
(3.5)

with 
s – rated engine speed in min-1,



n_idle – idling speed in min-1

pmr = Pn in kW/(m0 in kg +75)*1000
(3.6)
pmr is the power to mass ratio index. This is the rated power of the vehicle (Pn) in kW di-vided by the kerb mass of the vehicle (m0) in kg + 75 (to account for the mass of the driver) and multiplied by 1000.

The corresponding entry speed v_AA’ shall be determined by wide open throttle acceleration pretests.

3.7.3.2.2 Vehicles with automatic transmission 

The vehicle speed at BB’ shall be higher than 50 km/h but not exceeding (0,071*pmr + 55) km/h.

pmr is the power to mass ratio index. This is the rated power of the vehicle (Pn) in kW divided by the kerb mass of the vehicle (m0) in kg + 75 (to account for the mass of the driver) and multiplied by 1000.

If the automatic transmission is equipped with a manual selector the test shall be performed with the manual selector in the position that ensures the highest acceleration without a downshift to first gear.
3.7.3.2.3 Acceleration test
The vehicle shall approach the test track with constant speeds and gear ratios as specified in 3.7.3.2.1 or 3.7.3.2.2. When the front of the vehicle reaches AA’, the acceleration control unit shall be fully engaged and held fully engaged until the rear of the vehicle reaches BB'. The acceleration control unit shall then be released. The location of the start of the acceleration shall be reported.

The calculated acceleration a wot test  shall be noted to the second digit after the decimal place.
3.7.4 Measurement readings and reported values

3.7.4.1 General

At least four measurements for all test conditions shall be made on each side of the vehicle and for each gear ratio.

The maximum A-weighted sound pressure level indicated during each passage of the vehicle between AA’ and BB’ (see figure 3.1) shall be noted, to the first significant digit after the decimal place (for example - XX.X). If a sound peak obviously out of character with the general sound pressure level is observed, the measurement shall be discarded. 

The first four valid consecutive measurement results, within 2,0 dB, allowing for the deletion of non-valid results, shall be used for the calculation of the final result.

The speed measurements at AA’ (vAA’), BB’ (vBB’), and PP’ (vPP’) shall be noted and used in calculations to the first significant digit after the decimal place.
3.7.4.2 Data compilation

For a given test condition the results of each side of the vehicle shall be averaged separately. The test result is the higher value of the two averages mathematically rounded to the first decimal place.
The acceleration values for the individual tests awot test, j   shall be calculated using the equation:

awot test, j = ((vBB’/3,6)² - (vAA’/3,6)²) / (2*(l20+lref))
(3.7)
The average acceleration of the four runs shall be calculated using the equation: 

awot,test = 1/4 * (awot,test(1)+awot,test(2)+awot,test(3)+awot,test(4)) 
(3.8)
where the numbers in brackets symbolise the test runs j.
3.7.5 Measurement uncertainty
(same as paragraph 2.8.5)
The measurement procedure described in the preceding clauses is affected by several parameters that lead to variation in the resulting level observed for the same subject. The source and nature of these perturbations are not completely known and sometimes affect the end result in a non-predictable way. The effect can be both of a random nature or a systematic nature.

The magnitude of the resulting uncertainty can be addressed both by means of an analytical evaluation, given in the GUM, or a statistical approach on the basis of ISO 5725 part 1-6. 

Since the procedure is new, no statistical experience has been build up and therefore the uncertainty is estimated by a procedure described in the GUM. Table 3.3 lists these estimated uncertainties for category L. 

The uncertainty statements address the spread in results found for a certain subject. Spread between subjects is not incorporated in this evaluation.

For each category the uncertainty is expressed in three levels:

v) the variations expected within the same test lab and slight variations in ambient conditions found within a single test series (run-to-run)

w) variations expected within the same test lab but with variation in ambient conditions and equipment properties that can normally be expected during the year (day-to-day)

x) variations between test-laboratories where apart from ambient conditions, also equipment, staff and road surface conditions will be different (site-to-site)

The uncertainty is expressed as an 80% coverage value.
Table 0\IF >= 1 "D." 
3.3 — Uncertainty expressed as 80% of the coverage value

	
	Run-to-run

(dB)
	Day-to-day

(dB)
	Site-to-site

(dB)

	L
	±0,5
	±0,9
	±1,4


See Annex B for further explanation and details on measurement uncertainty.

3.8 Test report
(Analogous to paragraph 2.9)
The test report includes the following information: 

y) details of the test site, site orientation and weather conditions including wind speed and air temperature, wind direction, barometric pressure, and humidity; 

z) the type of measuring equipment including the windscreen; 

aa) the A-weighted sound pressure level typical of the background noise;

ab) the identification of the vehicle, its engine, its transmission system, including available transmission ratios, size and type of tyres, tyre pressure, tyre tread depth, tyre production type, power, test mass, power to mass ratio, vehicle length and location of the reference point; 

ac) the transmission gears or gear ratios used during the test; 

ad) the vehicle speed and engine speed at the beginning of the period of acceleration (vAA’; nAA’), and the location of the beginning of the acceleration; 

ae) the vehicle speed and engine speed at PP’ (vPP’; nPP’) and at end of the acceleration (vBB’; nBB’); 

af) method used for calculation of the acceleration;

ag) the auxiliary equipment of the vehicle, where appropriate, and its operating conditions; 

ah) all valid A-weighted sound pressure level values measured for each test, listed according to the side of the vehicle and the direction of the vehicle movement on the test site. 

4 Roadside enforcement tests
4.1 Introduction
The efficiency of the current stationary roadside enforcement test, using the ISO 5130 method, is rather poor. From field studies in Germany, carried out by VDTUEV and DEKRA and covering more than 400 motorcycles, is known that only one third of the illegal systems can be detected by this test. A drive by test similar to the type approval test would be much more efficient.
Roadside enforcement tests cannot be performed under ideal conditions and with highly advanced measurement techniques. Therefore the following requirements have to be considered for the development of such test:

1. Test track design as for type approval tests (length, acceleration starting point at AA’, microphone positions at PP’, end of acceleration at BB’), but less stringent requirements for road surface, test site and ambient noise.

2. Test shall be vehicle speed based in order to avoid engine speed measurements. In order to keep the test as simple as possible the vehicle’s speedometer should be used for speed control. The speed range covered shall be low for safety and handling reasons.

3. Test must be applicable for all transmission types.

The specification of minimum requirements must be based on extensive practical tests including a wide variety of test sites and vehicles. The tolerance to be applied to such measurement results is correlated with the test site specifications and inaccuracies caused by the use of the vehicle’s speedometer.

A roadside enforcement test cannot be based on the ISO 362, part 2 procedure, because this is far too complicated and time consumptive. On the other hand, it seems also to be inappropriate to use the current R41 procedure for the test, because the vehicle speeds are too high. 

It would be more appropriate to base the test conditions on the gearshift prescriptions that are used for test bench measurements within the WMTC procedure (Worldwide Harmonised Motorcycle Exhaust Emissions Certification Procedure). These gearshift prescriptions are derived from a gearshift analysis of motorcycle in-use driving behaviour data. Therefore, it is proposed to perform wide open throttle acceleration tests in 2. gear (for vehicles with manual transmission) with a starting speed vAA’ that is identical with the WMTC shift speed during acceleration phases from 1. to 2. gear (v1->2).
In order to take into account the influences of the deviations from the requirements for type approval measurements for roadside enforcement tests a tolerance is needed for the comparison of the results with the legal limit values. Although the performed roadside enforcement tests are by far not sufficient in order to verify such a tolerance, it was stated by BASt that this tolerance would be in the order of 2 dB, because some of the above mentioned influences (partly) compensate each other.
In order to verify the needed tolerance for this test, the measurements described in the following paragraphs should be performed twice: once on a certified ISO test track and once on an ordinary rural road.
4.2 Normative references

(Same as paragraph 2.2)

The following referenced documents are indispensable for the application of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 1176:1990
Road vehicles – masses - vocabulary and codes
ISO 4106, Motorcycle – Engine test code – net power

ISO 6726, Mopeds and Motorcycles with two wheels – Masses – Vocabulary
ISO 9645: 1990, Acoustics - Measurement of noise emitted by two-wheeled mopeds in motion - Engineering method

ISO 10844:1994, Acoustics - Test surface for road vehicle noise measurements

IEC 60942:2003, Electro acoustics Sound calibrators
IEC 61672-1:2002, Electro acoustics Sound level meters part 1
4.3 Terms and definitions

(Analogous to paragraph 2.3)
For the purposes of this International Standard, the following terms and definitions apply:

4.3.1 kerb mass mkerb
complete shipping mass of a vehicle fitted with all equipment necessary for normal operation plus the mass of the following elements: 

· lubricants, coolant (if needed), washer fluid, 

· fuel (tank filled to at least 90 % of the capacity specified by the manufacturer),

· other equipment if included as basic parts for the vehicle such as:

· Spare wheel(s), wheel chocks, fire extinguisher(s), spare parts, and tool-kit

NOTE: 
The definition of kerb mass may vary from country to country, but in this standard it refers to the definition contained in ISO 1176 and ISO 6726.
4.3.2 power to mass ratio index

numerical quantity with no dimension used for the calculation of acceleration according to the equation :
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4.3.3 rated engine speed, s 

engine speed at which the engine develops its rated maximum net power as stated by the manufacturer. If the rated maximum net power is reached at several engine speeds, S is defined as the highest engine speed at which the rated maximum net power is reached
4.3.4 Categories 

· L3: 
two wheeled motor vehicles with an engine cylinder capacity > 50 cm3 or maximum speed > 50 km/h,

4.3.5 engine

power source without detachable accessories 

4.3.6 driver mass md
nominal mass of a driver

4.3.7 test track length l10
length of test track used in calculation of acceleration from points PP’ to BB’

4.3.8 test track length l20
length of test track used in calculation of acceleration from points AA’ to BB

4.4 Symbols and abbreviated terms

(Analogous to paragraph 2.4)

Table 4.1 lists the symbols and the clause where they are used for the first time.
Table 4.0\IF >= 1 "A." 

SEQ Table 
1
 — Symbols used and corresponding clauses

	Symbol
	Unit
	Clause
	Explanation

	AA’
	-
	
	line perpendicular to vehicle travel which indicates beginning of zone to record sound pressure level during test

	BB’
	-
	
	line perpendicular to vehicle travel which indicates end of zone to record sound pressure level during test

	CC’
	-
	
	line of vehicle travel through test surface defined in ISO 10844

	gear i
	
	
	the first of two gear ratio  for use in the vehicle test

	l veh
	m
	
	length of vehicle

	L wot (i)
	dB
	
	vehicle sound pressure level at wide open throttle test for i gear

	L wot rep
	dB
	
	reported vehicle sound pressure levelnoise at wide open throttle

	l20
	m
	
	Length of test section for calculation of acceleration from AA’ to BB’.  

	Lref
	m
	
	reference length

	Lurban
	dB
	
	Reported vehicle sound pressure level 

	m d 
	kg
	
	driver mass

	m kerb
	kg
	
	kerb mass of the vehicle

	m ref
	kg
	
	kerb mass + md  = kerb mass + 75 kg

	m t
	kg
	
	test mass of the vehicle

	P n
	kW
	
	rated engine power  (ISO 4106)

	PMR
	-
	
	power to mass ratio index to be used for calculations

	PP’
	-
	
	line perpendicular to vehicle travel which indicates location of microphones

	s
	1/min
	
	rated engine speed in rpm, synonymous with the engine speed at maximum power

	vAA’
	km/h
	
	vehicle velocity when reference point passes line AA’vehicle speed at the approach of AA’

	vBB’
	km/h
	
	vehicle velocity when reference point passes line BB’vehicle speed at the end of the test track

	vmax
	km/h
	
	maximum vehicle speed as declared by the manufacturer

	v PP’
	km/h
	
	vehicle velocity when reference point passes line PP’vehicle speed at PP’

	vtest
	km/h
	
	Vehicle test speed


4.5 Instrumentation

(Same as paragraph 2.6)

4.5.1 Instruments for acoustical measurement

4.5.1.1 General 

The apparatus used for measuring the sound pressure level must be a precision sound-level meter or equivalent measurement system meeting the requirements of Class 1 instruments (inclusive of the recommended windscreen, if used). These requirements are described in IEC 61672-1:2002.

The entire measurement system shall be checked by means of a sound calibrator that fulfills the requirements of Class 1 sound calibrators according to IEC 60942:2003.
Measurements shall be carried out using the "F" response of the acoustic measurement instrument and the "A" weighting curve also described in IEC 61672-1:2002. When using a system that includes a periodic monitoring of the A-weighted sound pressure level, a reading should be made at a time interval not greater than 30 ms.

The instruments shall be maintained and calibrated in accordance to the instructions of the instrument manufacturer.

4.5.1.2 Calibration 

At the beginning and at the end of every measurement session, the entire acoustic measurement system shall be checked by means of a sound calibrator as described in 4.5.1.1. Without any further adjustment the difference between the readings shall be less than or equal to 0.5 dB. If this value is exceeded, the results of the measurements obtained after the previous satisfactory check shall be discarded.
4.5.1.3 Compliance with requirements 

Compliance of the sound calibrator with the requirements of IEC 60942:2003 shall be verified once a year. Compliance of the instrumentation system with the requirements of IEC 61672-1:2002 shall be verified at least every 2 years. All compliance testing shall be conducted by a laboratory which is authorized to perform calibrations traceable to the appropriate standards. 
4.5.2 Instrumentation for speed measurements (for validation tests only)
The rotational speed of the engine shall be measured with an instrument meeting specification limits of at least ± 2% or better at the engine speeds required for the measurements being performed.

The road speed of the vehicle shall be measured with instruments meeting specification limits of at least ± 0,5 km/h when using continuous measurement devices.

If testing uses independent measurements of speed, this instrumentation shall meet specification limits of at least ± 0.2 km/h.

NOTE
Independent measurements of speed are when two or more separate devices will determine the v AA’ v BB'’    and v PP' values.  A continuous measurement device will determine all required speed information with one device.
4.5.3 Meteorological instrumentation

The meteorological instrumentation used to monitor the environmental conditions during the test shall meet the following specifications limits: 

· ± 1 °C or less for a temperature measuring device;

· ± 1,0 m/s for a wind speed-measuring device;

· ± 5 hPa for a barometric pressure measuring device;

· ± 5 % for a relative humidity measuring device. 

4.6 Acoustical environment, meteorological conditions and background noise

4.6.1 Test site

The test site shall be substantially level. The test track surface shall be dense asphalt or dense cement concrete without transversally grooves. Open graded surfaces and pavement stone surfaces are excluded.
The test track and the surface of the site shall be dry and free from absorbing materials such as powdery snow, or loose debris.

In the vicinity of the microphone, there shall be no obstacle that could influence the acoustical field and no person shall remain between the microphone and the noise source. The meter observer shall be positioned so as not to influence the meter reading. 

4.6.2 Meteorological conditions

The meteorological instrumentation shall deliver data representative for the test site and shall be positioned adjacent to the test area at a height representative of the height of the measurement microphone.

The measurements shall be made when the ambient air temperature is within the range from 5 °C to 40 °C. The tests shall not be carried out if the wind speed, including gusts, at microphone height exceeds 5 m/s, during the sound measurement interval.

A value representative of temperature, wind speed and direction, relative humidity, and barometric pressure shall be recorded during the sound measurement interval.

4.6.3 Background noise

Any sound peak which appears to be unrelated to the characteristics of the general sound level of the vehicle shall be ignored in taking the readings.

The background noise shall be measured for duration of 10 seconds immediately before a series of vehicle tests. The measurements shall be made with the same microphones and microphone locations used during the test. The A-weighted maximum sound pressure level shall be reported.

The background noise (including any wind noise) shall be at least 6 dB below the A-weighted sound pressure level produced by the vehicle under test. If the difference between the ambient sound pressure level and the measured sound pressure level is between 6 and 15 dB, in order to calculate the individual test result the appropriate correction shall be subtracted from the readings on the sound level meter, as given in Table 4.2.
Table 4.0\IF >= 1 "D." 
2 — Correction to applied to individual measured test value
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4.7 Test procedures

4.7.1 Microphone positions
(Same as paragraph 2.8.1)
The distance from the microphone positions on the microphone line PP’, perpendicular to the reference line CC’ (see Figure 3.1) on the test track shall be 7,5 m ( 0,05 m. 

The microphone shall be located 1,2 m ( 0,02 m above the ground level. The reference axis for free field conditions (see IEC 61672-1) shall be horizontal and directed perpendicularly towards the path of the vehicle line CC’. Calibration of the microphone shall be done before and after a test session.
4.7.2 Conditions of the vehicle 
Before the measurements are started, the vehicle shall be brought to its normal operating conditions. 

The variation of results between runs may be reduced if there is a 1-minute wait, at idle in neutral, between runs. 

4.7.3 Operating conditions 

4.7.3.1 General conditions

The path of the centreline of the vehicle shall follow line CC’ as closely as possible throughout the entire test, from the approach to line AA’ until the rear of the vehicle passes line BB’.
4.7.3.2 Target speed and gear ratio selection

4.7.3.2.1 Vehicles with manual transmission 

The second gear shall be chosen for the test.
The approach speed vAA is defined by
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with 
Pn is the rated power in kW,

mk is the kerb mass in kg,

nidle is the idling speed in min-1,

s is the rated engine speed in min-1,

ndv1 is the ratio between engine speed in km/h and vehicle speed in min-1 in first gear.
4.7.3.2.2 Vehicles with automatic transmission 

If the vehicle is fitted with an auxiliary manual transmission the position used for normal urban driving shall be used.
The approach speed vAA is defined by

vAA’ = 8,1225 * (Pn / (mk + 75 kg)0,2285 in km/h
(4.3)
with 
Pn is the rated power in kW,

mk is the kerb mass in kg.
4.7.3.2.3 Acceleration test
The vehicle shall approach the test track with a constant speed and the gear ratio as specified in 4.7.3.2. The test has to be performed twice: In one case the speedometer of the vehicle shall be used for the speed control. In the other case the accurate speed measurement device shall be used.

When the front of the vehicle reaches AA’, the acceleration control unit shall be fully engaged and held fully engaged until the rear of the vehicle reaches BB' or the engine speed reaches 90% of s, if this engine speed value is reached before BB’. The acceleration control unit shall then be released. The location of the start of the acceleration shall be reported.

4.7.4 Measurement readings and reported values

4.7.4.1 General

At least four measurements shall be made on each side of the vehicle for each of the above described cases.
The maximum A-weighted sound pressure level indicated during each passage of the vehicle between AA’ and BB’ (see figure 3.1) shall be noted, to the first significant digit after the decimal place (for example - XX.X). If a sound peak obviously out of character with the general sound pressure level is observed, the measurement shall be discarded. 

The first four valid consecutive measurement results, within 2,0 dB, allowing for the deletion of non-valid results, shall be used for the calculation of the final result.

The tachometer reading at AA’ shall be noted. In addition to that the speed measurements at AA’ (vAA’), BB’ (vBB’), and PP’ (vPP’) carried out with the external speed measurement instrument shall be noted and used in calculations to the first significant digit after the decimal place.
4.7.4.2 Data compilation

For a given test condition the results of each side of the vehicle shall be averaged separately. The test result is the higher value of the two averages mathematically rounded to the first decimal place.
The acceleration values for the individual tests awot test, j   shall be calculated using the equation:

awot test, j = ((vBB’/3,6)² - (vAA’/3,6)²) / (2*(l20+lref))
(4.4)
The average acceleration of the four runs shall be calculated using the equation: 

awot,test = 1/4 * (awot,test(1)+awot,test(2)+awot,test(3)+awot,test(4)) 
(4.5)

where the numbers in brackets symbolise the test runs j.
4.8 Test report
(Analogous to paragraph 2.9)
The test report includes the following information: 

ai) details of the test site, site orientation and weather conditions including wind speed and air temperature, wind direction, barometric pressure, and humidity; 

aj) the type of measuring equipment including the windscreen; 

ak) the A-weighted sound pressure level typical of the background noise;

al) the identification of the vehicle, its engine, its transmission system, including available transmission ratios, size and type of tyres, tyre pressure, tyre tread depth, tyre production type, power, test mass, power to mass ratio, vehicle length and location of the reference point; 

am) the transmission gears or gear ratios used during the test; 

an) for the case where the tachometer of the vehicle is used for the speed control:
· the tachometer reading at AA’,
· the vehicle speed carried out with the external speed measurement instrument and the engine speed at the beginning of the period of acceleration (vAA’; nAA’), and the location of the beginning of the acceleration; 

· the vehicle speed and engine speed at PP’ (vPP’; nPP’) and at end of the acceleration (vBB’; nBB’); 

· method used for calculation of the acceleration;

· the auxiliary equipment of the vehicle, where appropriate, and its operating conditions; 

· all valid A-weighted sound pressure level values measured for each test, listed according to the side of the vehicle and the direction of the vehicle movement on the test site. 
ao) for the case where the accurate vehicle speed measurement instrument is used for the speed control:

· the tachometer reading at AA’,

· the vehicle speed carried out with the external speed measurement instrument and the engine speed at the beginning of the period of acceleration (vAA’; nAA’), and the location of the beginning of the acceleration; 

· the vehicle speed and engine speed at PP’ (vPP’; nPP’) and at end of the acceleration (vBB’; nBB’); 

· method used for calculation of the acceleration;

· the auxiliary equipment of the vehicle, where appropriate, and its operating conditions; 

· all valid A-weighted sound pressure level values measured for each test, listed according to the side of the vehicle and the direction of the vehicle movement on the test site. 
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