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6.	Wind tunnel method	Comment by Lueginger Christoph: Japan: Text to adopt, but numbers remain object to discussion.
The wind tunnel method is a road load measurement method, using a combination of a wind tunnel and a roller chassis dynamometer or of a wind tunnel and a flat belt dynamometer.
The test benches may be separate facilities or integrated with one another.

6.1.	Description of the measurement method
6.1.1. The total road load shall be determined by:
(a) adding the road load forces measured in a wind tunnel and those measured using a flat belt dynamometer, or, 
(b) adding the road load forces measured in a wind tunnel and those measured on a roller chassis dynamometer.
6.1.2. The aerodynamic drag shall be measured in the wind tunnel.
6.1.3. Rolling resistance and drivetrain losses shall be measured using a flat belt or a roller chassis dynamometer.

[bookmark: _Ref411511559]6.2.	Approval of facilities by the responsible authority
The results of the wind tunnel method shall be compared to those obtained using the coastdown method to demonstrate qualification of the facilities.
6.2.1. Three vehicles shall be selected by the responsible authority. These vehicles should cover the range of vehicles (e.g. size, weight) planned to be measured with the facilities concerned.
6.2.2. Two separate coastdown tests shall be performed with each of the three vehicles according to paragraph 4.3. of this Annex, and the resulting road load coefficients f0, f1 and f2 shall be determined according to that paragraph and corrected according to paragraph 4.5.5. 
The coastdown result of a test vehicle shall be the average of its two separate costdowns.	Comment by Lueginger Christoph: Request of Japan: To not allow for cherry-picking of coast down results.
6.2.3. Measurement with the wind tunnel method according to the following paragraphs shall be performed on the same three vehicles in the same vehicle conditions, and the resulting road load coefficients f0, f1 and f2 shall be determined. If the alternative preconditioning in paragraph 6.5.2.1. is used, it shall be used for the approval of the facilities as well.
6.2.4. Approval criteria
The facility or combination of facilities used shall be  approved if the following two criteria are met:
(a)	The difference in cycle energy, expressed as , between the wind tunnel method and the coastdown method shall be within ± [5] % for each of the three vehicles k, according to the following equation:	Comment by Lueginger Christoph: New proposal 5% based on validation testing.
Japan wants to reconsider based on their own test results.
	(XX)	Comment by Lueginger Christoph: Should it be "x100" because epsilon_k is a percentage?
where:
		is the difference in cycle energy for vehicle k between the wind tunnel method and the coastdown method, per cent;
		is the cycle energy over a complete Class 3 WLTC for vehicle k calculated with the road load derived from the wind tunnel method (WTM), calculated according to paragraph 5 of Annex 7, J;	Comment by Serge M. Dubuc: Day ZZZ: Japan to get back on this text prior to Stockholm.
	is the cycle energy over a complete Class 3 WLTC  for vehicle k calculated with the road load derived from the coastdown method, calculated according to paragraph 5 of Annex 7, J.;
(b)	The average  of the three differences shall be within [2] % per cent.	Comment by Lueginger Christoph: New proposal 2% based on validation testing.
Japan wants to reconsider based on their own test results.
			(XX)
The facility may be used for road load determination for a maximum of [two] years after the approval has been granted.	Comment by Lueginger Christoph: Request for three years or even "infinite" from UTAC and PSA. Other stakeholders are in favor of two.
Each combination of roller chassis dynamometer or moving belt and wind tunnel shall be approved separately.

[bookmark: _Ref402177706][bookmark: _Ref409184846]6.3.	Vehicle preparation and temperature
The vehicle condition as well as its preparation shall be according to paragraphs 4.2.1. to 4.2.2. of this Annex and applies to both the flat belt or roller chassis dyno and the wind tunnel measurements.
The  flat belt or the roller chassis dynamometer test cells shall have a temperature set point of 20 °C with a tolerance of ± 3 °C. At the request of the manufacturer, the set point may also be 23°C with a tolerance of ± 3 °C.

6.4.	Wind tunnel procedure
6.4.1.	Wind tunnel criteria
The wind tunnel design, test methods and the corrections shall provide a value of Cd × Af representative of the on-road Cd × Af value and with an accuracy of 0.015 m².	Comment by Lueginger Christoph: Accuracy was removed from general Annex 4 part and is applied separately.
For all Cd × Af measurements, the wind tunnel criteria listed in paragraph 3.2. of this Annex shall be met, with the following modifications:
(a) The solid blockage ratio described in paragraph 3.2.4. of this Annex shall be below [25] per cent,
(b) The belt surface contacting any tyre shall exceed the length of that tyre's contact patch area by at least 20 per cent and be at least as wide as that contact patch,
(c) The standard deviation of total air pressure at the nozzle outlet described in paragraph 3.2.8. of this Annex shall be below 0.5 per cent.
(d) The restraint system blockage ratio described in paragraph 3.2.10. of this Annex shall be below [3] per cent.
[bookmark: _Ref402259462]6.4.2.	Wind tunnel measurement
The vehicle shall be in the condition as described in paragraph 6.3. of this Annex.
The vehicle shall be placed parallel to the longitudinal center line of the tunnel with a maximum deviation of [10] mm.
The vehicle shall be placed with 0° yaw angle with a tolerance of ± 0.1°.
The aerodynamic drag shall be measured at least for [60] seconds and at a minimum frequency of 5 Hz. The result shall be the average of the measured drag during the measurement.
If the vehicle has moveable aerodynamic body parts, paragraph 4.2.1.1. of this Annex shall apply. In the case where movable parts are velocity-dependent, every applicable position shall be measured in the wind tunnel and evidence shall be given to the responsible authority indicating the relationship between (a) reference speed, (b) movable part position, and (c) the corresponding Cd × Af.

[bookmark: _Ref402258659][bookmark: _Ref409185677]6.5.	Flat belt method

6.5.1.	Flat belt criteria
[bookmark: _Ref411510018]6.5.1.1.	Layout of a flat belt test bench
The wheels shall rotate on flat belts which do not change the rolling characteristics of the wheels compared to that on the road. The measured forces in the x-direction include the friction forces in the drivetrain.
[bookmark: _Ref403051488]6.5.1.2.	Vehicle restraint system
The dynamometer shall be equipped with a centering device which aligns the vehicle within a tolerance of ±0.5 degrees of rotation around the z axis. The restraint system shall maintain the centered drive wheel position within the following recommended limits throughout the coastdown runs of the road load determination.
6.5.1.2.1.	Lateral position (y axis)
The vehicle shall remain aligned to the x axis and lateral movement in the y axis shall be minimized.
6.5.1.2.2.	Front and rear position (x axis)
Without prejudice to the requirement of 6.5.1.2.1., both wheel axes shall be within ±10 mm of the belts' lateral centerlines.
6.5.1.2.3.	Vertical force
The restraint system shall be designed so as to impose no vertical force on the drive wheels.

6.5.1.3.	Accuracy of measured forces
Only the reaction force for turning the wheels shall be measured. No external forces shall be included in the result (e.g. air force of the cooling fan, vehicle restraints, aerodynamic reaction forces of the flat belt, etc.).
The force in the x-direction shall be measured with an accuracy of ± 5 N.
6.5.1.4.	Flat belt speed control
The belt speed shall be controlled with an accuracy of ± 0.1 km/h.
6.5.1.5.	Flat belt surface
The flat belt surface shall be clean, dry and free from foreign material which might cause tyre slippage.
[bookmark: _Ref411510030]6.5.1.6.	Cooling
A current of air of variable speed shall be blown towards the vehicle. The set point of the linear velocity of the air at the blower outlet shall be equal to the corresponding roller speed above measurement speeds of 5 km/h. The deviation of the linear velocity of the air at the blower outlet shall remain within ± 5 km/h or ± 10 per cent of the corresponding measurement speed, whichever is greater.

[bookmark: _Ref402788776]6.5.2.	Flat belt measurement
6.5.2.1.	Preconditioning
The vehicle shall be conditioned as described in paragraphs 4.2.4.1.1. to 4.2.4.1.3. of this Annex by driving the vehicle under its own power.	Comment by Lueginger Christoph: Serge proposes to delete that, because part of referred paragraphs.
Folko: I agree.
At the request of the manufacturer, as an alternative to paragraph 4.2.4.1.2, the warm-up may be conducted by driving the vehicle with the flat belt, but only if this warm-up method was used during approval of the facility.
In this case, the warm-up speed shall be 110 per cent of the maximum speed of the applicable WLTC and the duration shall exceed 1200 seconds until the change of measured force over a period of 200 seconds is smaller than 5 N.

[bookmark: _Ref411510402]6.5.2.2.	Measurement procedure
6.5.2.2.1. The test shall be conducted from the highest to the lowest reference speed point.
6.5.2.2.2. Brake conditioning and warm-up shall be performed according to paragraph 6.5.2.1. of this Annex.
6.5.2.2.3. The deceleration from the current to the next applicable reference speed point shall be done in a smooth transition of approximately 1 m/s². 
6.5.2.2.4. The reference speed shall be stabilised for at least [4] seconds;
6.5.2.2.5. The average force at each reference speed shall be measured for at least [6] seconds while the vehicle speed is kept constant. The resulting force for that reference speed point shall be the average during the measurement.
Steps 6.5.2.2.3. to 6.5.2.2.5. shall be repeated for each reference speed.

[bookmark: _Ref411511239]6.5.2.3.	Measurement conditions  
During measurement, the transmission shall be in a neutral position, and the engine shall run at idle. Steering wheel movement shall be avoided, and the vehicle brakes shall not be operated. 

[bookmark: _Ref402258669][bookmark: _Ref411943964]6.6.	Roller chassis dynamometer	Comment by Lueginger Christoph: Open, work in progress.
[reserved]

6.7.	Calculations

[bookmark: _Ref402263509]6.7.1.	Correction of flat belt and roller chassis dynamometer result
The measured forces determined in paragraph 6.5. and 6.6. of this Annex shall be corrected to reference conditions as follows:
 	(XX)
where:
	is the corrected total resistance measured at the flat belt or roller chassis dyno at reference speed j N;
	is the measured force at reference speed j, N;
	is the correction factor for rolling resistance as defined in paragraph 4.5.2.of this Annex, K-1;
	is the test mass correction as defined in paragraph 4.5.4.of this Annex, N;
	is the mean temperature in the test cell during the measurement, Kelvin	Comment by Iddo Riemersma: @ Serge: the temperature is also missing in the parameter lists of 4.5.5.1 and 4.5.5.2

[bookmark: _Ref402263511]6.7.2.	Calculation of the aerodynamic force
The aerodynamic drag shall be calculated as follows. If the vehicle is equipped with velocity- dependent moveable aerodynamic body parts, the corresponding Cd × Af values shall be applied for the concerned reference speed points.
	(XX)
where:
	is the aerodynamic drag measured in the wind tunnel, N;
	is the measured aerodynamic drag, if applicable at a certain reference speed point j, m²;
	is the dry air density defined in 3.2.9. of this GTR, kg/m3
	is the reference speed j, km/h;

6.7.3.	Calculation of road load values
The following equation shall be used to calculate the total road load as a sum of the results of 6.7.1. and 6.7.2. of this Annex.
		for all applicable reference speed points j, N; 	(XX)
With all calculated  the coefficients ,  and  in the total resistance equation shall be calculated with a least squares regression analysis and shall be used as the target coefficients in paragraph 8.1.1.
