WLTP-12-05-rev1e (30/09/15)
[bookmark: _GoBack]Rev1 takes account of comments of IWG#12.
Review WLTP gtr provisions with Torque Meter relevance
Overview of approaches proposed for Open Issues – IWG#11 adopted general principles 
	Open issue
	Description
	Proposed approach

	#4
	Annex 1: determination of downscaling factor requires road load coefficients f0, f1 and f2 from Torque Meter method
	Will be solved under OI#16 (introduction paragraph 8.2.4 in Annex 4)

	#7
	Annex 2: calculation of gear selection requires road load coefficients f0, f1 and f2 from Torque Meter method
	Will be solved under OI#16 (introduction paragraph 8.2.4 in Annex 4)

	#14
	1. Validation of equivalency to coast down
2. General review gtr
	1. Sufficiently demonstrated by Ford (doc WLTP-11-xx) – IWG#11 agreed
2. Proposals in document at hand

	#15
	Accommodate both ascending and descending speed order
	Descending speed order aligned with coast down method (paragraph 4.4.2.1 in Annex 4)
- No industry request to drop (intermediate) speed points
- No industry request to accommodate ascending speed order 

	#16
	Adapt method that it delivers road load coefficients f0, f1 and f2
	Introduction new paragraph 8.2.4 in Annex 4:
- (old) perform coast down on chassis dyno, with setting and verification based on running resistance coefficients from Torque Meter method (8.2.1, 8.2.2 and 8.2.3)
- (new) determine road load curve from chassis dyno coast down (8.2.4.1)
- (new) calculate f0, f1 and f2 from road load curve (8.2.4.2)

	#20
	Assess if tolerance of chassis dyno setting can be aligned with 10 N criterion of coast down method
	Align paragraph 8.2.3 in Annex 4 with paragraph 8.1.3 (Verification chassis dyno setting under coast down method)



The Annex 4 Task Force advices IWG#12 to adopt this document prepared by the Torque Meter Subgroup.

Notes:
1. 	“…” means no specific Torque Meter relevance found
2. “checked” means discussed and accepted by the subgroup
3. Based on WLTP-SG-Drafting-03-01-rev1e-GTR Version 15.06.2015
4. “Mean” and “average” not consistently used in gtr. Will be handed over to Drafting subgroup.


II.		Text of the global technical regulation	Comment by Rob Cuelenaere: Checked 30 June
[bookmark: _Toc284586942][bookmark: _Toc284587040][bookmark: _Toc284587291][bookmark: _Toc289686183]1.		Purpose
[bookmark: _Toc284586943][bookmark: _Toc284587041][bookmark: _Toc284587292][bookmark: _Toc289686184]…
2.		Scope and application
…
[bookmark: Definitions][bookmark: _Toc284587295][bookmark: _Toc284587044]3.		Definitions
3.1.	Test equipment	Comment by Rob Cuelenaere: Checked 30 June. Definitions (accuracy vs. precision) were incorrectly used in Annex 4.
Hand over to DC: check other Annexes.
3.1.1.	"Accuracy" means the difference between a measured value and a reference value, traceable to a national standard and describes the correctness of a result. See Figure 1.
3.1.2.	"Calibration" means the process of setting a measurement system's response so that its output agrees with a range of reference signals. Contrast with "verification".
3.1.9.	"Precision" means the degree to which repeated measurements under unchanged conditions show the same results (Figure 1). In this gtr, precision requirements always refer to one standard deviation.
3.1.10.	"Reference value" means a value traceable to a national standard. See Figure 1.
3.1.11.	"Set point" means the target value a control system aims to reach.
3.1.12.	"Span" means to adjust an instrument so that it gives a proper response to a calibration standard that represents between 75percent and 100percent of the maximum value in the instrument range or expected range of use.
3.1.13.	"Total hydrocarbons" (THC) means all volatile compounds measurable by a flame ionization detector (FID).
3.1.14.	"Verification" means to evaluate whether or not a measurement system's outputs agrees with applied reference signals within one or more predetermined thresholds for acceptance.
…
Figure 1
Definition of Accuracy, Precision and Reference Value
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…
3.2.	Road and dynamometer load	Comment by Rob Cuelenaere: Checked 30 June.
Consistently used in torque meter related provisions.
…
3.2.9.	"Reference atmospheric conditions (regarding road load measurements)" means the atmospheric conditions to which these measurement results are corrected:
(a)	Atmospheric pressure: p0 = 100 kPa, unless otherwise specified by regulations;
(b)	Atmospheric temperature: T0 = 293 K,20°C unless otherwise specified by regulations;
(c)	Dry air density: ρ0 = 1.189  kg/m3, unless otherwise specified by regulations;
(d)	Wind speed: 0 m/s.
…
3.2.11.	"Road load" means the opposition to the movement of a vehicle. It is the total resistance if using the coastdown method or the wind tunnel method. or the running resistance if using the torque meter method.the force resisting the forward motion of a vehicle as measured with the coastdown method or methods that are equivalent regarding the inclusion of  frictional losses of the drivetrain.
3.2.12.	"Rolling resistance" means the forces of the tyres opposing the motion of a vehicle.
3.2.13.	"Running resistance" means the torque resisting the forward motion of a vehicle measured by torque meters installed at the driven wheels of a vehicle.	Comment by Rob Cuelenaere: Explanation for the Technical Report: road load includes the losses of the axle and the gearbox up to the open clutch whereas running resistance stops at the wheels
3.2.14.	"Simulated road load" means the road load calculated from measured coastdown or wind tunnel data. experienced by the vehicle on the chassis dynamometer which is intended to reproduce the road load measured on the road, and consists of the force applied by the chassis dynamometer and the forces resisting the vehicle while driving on the chassis dynamometer and is approximated by the three coefficients of a second order polynomial.

3.2.14a.	"Simulated running resistance" means the running resistance from measured data using torque metersexperienced by the vehicle on the chassis dynamometer which is intended to reproduce the running resistance measured on the road, and consists of the torque applied by the chassis dynamometer and the torque resisting the vehicle while driving on the chassis dynamometer and is approximated by the three coefficients of a second order polynomial.
…
3.2.18.	"Target road load" means the road load to be reproducedon the chassis dynamometer. 
3.2.18a9.	"Target running resistance" means the running resistance to be reproduced on the chassis dynamometer.
3.2.19.	"Total resistance" means the total force resisting movement of a vehicle, including the frictional forces in the drivetrain.
…
3.2.23.	"Wind correction" means correction of the effect of wind on road load based on input of the stationary or on-board anemometry.
…
			4.		Abbreviations	Comment by Rob Cuelenaere: Checked 30 June
		…
		5.		General requirements
…
		6.		Performance requirements
[bookmark: Annex_1_Cycle]

Annex 1	Comment by Rob Cuelenaere: Checked 30 June
…
7.3.	Determination of the downscaling factor	Comment by Rob Cuelenaere: Checked 30 June.
Definition f0, f1, f2 should be included in Annex 4 see Annex 4, para 2.4)
The downscaling factor, , is a function of the ratio, , between the maximum required power of the cycle phases where the downscaling is to be applied and the rated power of the vehicle, .
The maximum required power,  in kW, is related to a specific time i and the corresponding vehicle speed, vi, in the cycle trace and is calculated  as follows:
	(1316)
where:
, ,  are the applicable road load coefficients in N, N/(km/h), and N/(km/h)² respectively;
 is the constant road load coefficient, N;
 is the first order road load coefficient, N/(km/h);
 is the second order road load coefficient,  N/(km/h)2;
 is the applicable test mass,  kg;
vi is the speed at time i, km/h.
The cycle time i, at which maximum power or power values close to maximum power is required, is: second 764 for Class 1, second 1574 for Class 2 and second 1566 for Class 3 vehicles.
The corresponding vehicle speed values,  and acceleration values, , are as follows:
 km/h,  m/s² for Class 1,
 km/h,  m/s² for Class 2,
 km/h,  m/s² for Class 3.
The driving resistance coefficients, ,  and  shall be determined by coastdown measurements or an equivalent method.
 shall be calculated using the following equation:
	(17)
The downscaling factor, , shall be calculated using the following equations:
if , then 							(18)
if , then 	(19)
The calculation parameter/coefficients, ,  and , are as follows:       
Class 1	, , 
Class 2	, , . 
Class 3	,  .
[bookmark: Annex_2_Gears_shifting]The resulting  is mathematically rounded to 3 places of decimal and is applied only if it exceeds 0.010.
Annex 2	Comment by Rob Cuelenaere: Checked 30 June
…
2.	Required data 
The following data is required to calculate the gears to be used when driving the cycle on a chassis dynamometer:
…
 (h)	, , , the road load coefficients selected for testing in N, N/(km/h), and N/(km/h)² respectively;   	Comment by Rob Cuelenaere: Solves OI#7
Torque meter method will deliver f0, f1 and f2 after introduction par. 8.2.4. in Annex 4. 
(i)	ngvmax, the gear in which the maximum vehicle speed is reached, and is determined as follows:    
	If vmax(ngmax) ≥ vmax(ngmax-1), then,
	ngvmax = ngmax 		(4)
	otherwise, ngvmax = ngmax -1 							(5)
	where:
	vmax(ngmax)	is the vehicle speed at which the required road load power 			equals the available power Pwot in gear ngmax;
	vmax(ngmax-1)	is the vehicle speed at which the required road load power 			equals the available power Pwot in the next lower gear.
	The required road load power, kW, at second j, shall be calculated as follows:		            										(6)
	where:
	vj		is the vehicle speed at second j of the cycle trace, km/h.

…
		    
3.	Calculations of required power, engine speeds, available power, and possible gear to be used
3.1.	Calculation of required power
For each second  of the cycle trace, the power required to overcome driving resistance and to accelerate shall be calculated using the following equation:
    	(8)
where:
	is the constant road load coefficient, N;
	is the first order road load coefficient, , N/(km/h);
		is the second order road load coefficient,, N/(km/h)²;
	is the required power at second j, kW;
		is the vehicle speed at second j, km/h;
		is the vehicle acceleration at second j, m/s², ;   										(9) 
		is the vehicle test mass, kg;	Comment by Rob Cuelenaere: Already defined in para 2
		is a factor taking the inertial resistances of the drivetrain during acceleration into account and is set to 1.03.
…
[bookmark: Annex_3_Fuels]	Annex 3	Comment by Rob Cuelenaere: Checked 30 June
…
[bookmark: Annex_4_RoadLoad]Annex 4	Comment by Rob Cuelenaere: Checked 30 June. Work in progress: additional drafting required if highlighted in specific comment.
		Road load and dynamometer setting 
1.	Scope	Comment by Rob Cuelenaere: Checked 30 June
This Annex describes the determination of the road load of a test vehicle and the transfer of that road load to a chassis dynamometer. 
2.	Terms and definitions	Comment by Rob Cuelenaere: Checked 30 June
	…
	Reference speed points shall start at 20 km/h in incremental steps of 10 km/h and with the highest reference speed according to the following provisions: 	Comment by Rob Cuelenaere: No changes to (number of) speed points requested (see also comments to 4.4.2.1)
	(a) The highest reference speed point shall be 130 km/h or the reference speed point immediately above the maximum speed of the applicable test cycle if this value is less than 130 km/h. In the case that the applicable test cycle contains less than the 4 cycle phases (Low, Medium, High and Extra High) and on the request of the manufacturer, the highest reference speed may be increased to the reference speed point immediately above the maximum speed of the next higher phase, but no higher than 130 km/h; in this case road load determination and chassis dynamometer setting shall be done with the same reference speed points.
	(b) If a reference speed point applicable for the cycle plus 14 km/h is more than or equal to the maximum vehicle speed, vmax, this reference speed point shall be excluded from the coast down test and from chassis dynamometer setting. The next lower reference speed point shall become the highest reference speed point for the vehicle.
2.3.	…
2.4	, ,  are the road load coefficients of the road load equation F = f0 + f1 x v + f2 x v2,determined according to this Annex. 	Comment by Rob Cuelenaere: BMW proposes to  add a table with the methods available in Annex 4 and references to the relevant paragraphs.
No urgent point.
 is the constant road load coefficient, N;
 is the first order road load coefficient, , N/(km/h);
 is the second order road load coefficient,, N/(km/h)²
Unless otherwise stated the road load coefficients shall be calculated with a least square regression analysis over the range of the reference speed points;
3.	Measurement criteria
3.1.	Required overall measurement accuracy
The required overall measurement accuracy shall be as follows:
(a)	Vehicle speed: ± 0.5 km/h or ± 1 per cent, whichever is greater;
± 0.2 km/h with a measurement frequency of at least 10Hz;
(b)	Time accuracy, precision and resolution: min. ± 10 ms; time resolution: min. ± 0.01 s;
(c)	Wheel torque (per torque meter): ± 3 Nm or ± 0.5 per cent of the maximum measured torque, whichever is greater: ± 6 Nm or ± 0.5 per cent of the maximum measured total torque, whichever is greater, for the whole vehicle, with a measurement frequency of at least 10Hz;
(d)	Wind speed: ± 0.3 m/s, with a measurement frequency of at least 1Hz;
(e)	Wind direction: ± 3°, with a measurement frequency of at least 1Hz;
(f)	Atmospheric temperature: ± 1 K, with a measurement frequency of at least  0,1Hz;
(g)	Atmospheric pressure: ± 0.3 kPa, with a measurement frequency of at least  0,1Hz;
;
(h)	Vehicle mass: ± 10 kg (± 20 kg for vehicles > 4,000 kg);
(i)	Tyre pressure: ± 5 kPa;
(j)	Chassis dynamometer roller speed: ± 0.5 km/h or ± 1 per cent, whichever is 	greater;	Comment by Rob Cuelenaere: Defined in Annex 5 with higher accuracy/precision.
(k)	Chassis dynamometer force: ± 10 N or ± 0.1 per cent of full scale, whichever is greater.
(l)	Rotational frequency of the wheel (n): ± 0.05 s-1 or 1%, whichever is greater

3.2.	Wind tunnel criteria	Comment by Rob Cuelenaere: Checked 30 June
…

4.	Road load measurement on road	Comment by Rob Cuelenaere: Checked 30 June
4.2.	Preparation	Comment by Rob Cuelenaere: Checked 30 June
…
4.2.3.	Instrumentation	Comment by Rob Cuelenaere:  BMW proposal to Drafting SG to improve this paragraph: check is needed if new text is also appropriate for Torque Meter (and On-board anemometry). Action Drafting SG. 
Any instruments, especially those installed outside the vehicle, shall be installed in such a manner as to minimise effects on the aerodynamic characteristics of the vehicle.
…
4.3.	Measurement and calculation of total resistanceroad load by the coastdown method	Comment by Rob Cuelenaere: Checked 30 June
The total resistanceroad load shall be determined by using stationary (paragraph 4.3.1. of this Annex) or on-board anemometer (paragraph 4.3.2. of this Annex) method.
…
4.3.1.3.	Vehicle coastdown procedure	Comment by Rob Cuelenaere: Relevant parts copied to torque meter (new para 4.4.2.3)
4.3.1.3.1.	Following the vehicle warm-up procedure (paragraph 4.2.4. of this Annex) and immediately prior to each test measurement, the vehicle may be driven at the highest reference speed up to a maximum of 1 minute. The vehicle shall be accelerated to at least 10 km/h above the highest reference speed  and shall be accelerated to 10 to 15 km/h above the highest reference speed and shall be driven at that speed to a maximum of 1 minute.  After that the coastdown shall be started immediately.
4.3.1.3.2.	During coastdown, the transmission shall be in neutral, and the engine shall run at idle. Steering wheel movement shall be avoided as much as possible, and the vehicle brakes shall not be operated.   
4.3.1.3.3.	The test shall be repeated until the coastdown data satisfy the statistical accuracyprecision requirements as specified in paragraph 4.3.1.4.2.
4.3.1.3.4.	Although it is recommended that each coastdown run be performed without interruption, split runs are permitted if data cannot be collected in a continuous way for all the reference speed points. For split runs, care shall be taken so that vehicle conditions remain as stable as possible at each split point.   
4.3.1.4.	Determination of total resistanceroad load by coastdown time measurement
4.3.1.4.1.	The coastdown time corresponding to reference speed  as the elapsed time from vehicle speed () to () shall be measured. 
4.3.1.4.2.	These measurements shall be carried out in both directions until a minimum of three consecutive pairs of measurements  have been obtained which satisfy the statistical accuracyprecision,  pj, in per cent, defined below.
				
			      					(6)	Comment by Rob Cuelenaere: Subscript p deleted from delta_t_j
where:
	is the statistical accuracyprecision of the measurements made at reference speed 			vj;    
	is the number of pairs of measurements;
	is the mean coastdown time at reference speed vj in seconds, given by the equation:
	 							(7)	
where is the harmonized average coastdown time of the ith pair of measurements at velocity vj, seconds (s), given by the equation:
	 						(8)
where:
 and  are the coastdown times of the ith measurement at reference speed vj, in seconds (s),in each direction, respectively;
	is the standard deviation, expressed in seconds (s), defined by:    
	 σj					(9)
	is a coefficient given in Table A4/3.
Table A4/3
Coefficient  as Function of    
	N
	h
	h/
	n
	H
	h/

	3
	4.3
	2.48
	10
	2.2
	0.73

	4
	3.2
	1.60
	11
	2.2
	0.66

	5
	2.8
	1.25
	12
	2.2
	0.64

	6
	2.6
	1.06
	13
	2.2
	0.61

	7
	2.5
	0.94
	14
	2.2
	0.59

	8
	2.4
	0.85
	15
	2.2
	0.57

	9
	2.3
	0.77
	
	
	



4.3.1.4.3.	If during a measurement in one direction any external factor or driver action occurs which influences the road load test, that measurement and the corresponding measurement in the opposite direction shall be rejected.	Comment by Rob Cuelenaere: Subject to changes following Audi/BMW proposal to Drafting SG.
…

4.4.	Measurement and calculation of running resistance using the torque meter method	Comment by Rob Cuelenaere: Checked 30 June
As an alternative to the coastdown methods, the torque meter method may also be used in which the running resistance is determined by measuring wheel torque on the driven wheels at various constant speeds the reference speed points for time periods of at least 5 seconds.
4.4.1.	Installation of torque meter
Wheel torque meters shall be installed between the wheel hub and the rim of each driven wheel, measuring the required torque to keep the vehicle at a constant speed.
The torque meter shall be calibrated on a regular basis, at least once a year, traceable to national or international standards, in order to meet the required accuracy and precision.	Comment by Rob Cuelenaere: On request India. Option of national standards included.
4.4.2.	Procedure and data sampling   
4.4.2.1.	Start of data collectionSelection of reference speeds for running resistance curve determination	Comment by Rob Cuelenaere: Solves OI#15.
No request to drop speed points, combined with alignment to 3 runs (see 4.4.3.2). Confirmed by Ford
Reference speed points for running resistance determination shall be selected according to paragraph 2. of this Annex.
The reference speeds shall be measured in a descending order. At the request of the manufacturer, stabilization periods are allowed between measurements but the stabilization speed shall not exceed the speed of the next reference speed.
4.4.2.2.	Data collection
Data collection shall be started after a vehicle warm-up according to paragraph 4.2.4. of this Annex.	Comment by Rob Cuelenaere: Alignment with coast down method
Data sets consisting of actual speed, , actual torque, , and time over a period of at least 5 seconds shall be measuredrecorded for every  at a sampling frequency of at least 10 Hz. The data sets collected over one time period for a reference speed  shall be referred to as one measurement.

4.4.2.3		Vehicle torque meter procedure
Prior to the torque meter method test measurement a vehicle warm-up shall be performed according to paragraph 4.2.4. of this Annex.
During test measurement steering wheel movement shall be avoided as much as possible, and the vehicle brakes shall not be operated.   
The test shall be repeated until the running resistance data satisfy the statistical precision requirements as specified in paragraph 4.4.3.2.
Although it is recommended that each test run be performed without interruption, split runs are permitted if data cannot be collected in a continuous way for all the reference speed points. For split runs, care shall be taken so that vehicle conditions remain as stable as possible at each split point	Comment by Rob Cuelenaere: Subject to update  following Audi/BMW proposal on 4.3.1.3.4. to Drafting SG.

4.4.2.43.	Velocity deviation	Comment by Rob Cuelenaere: renumbered
During a measurement at a single reference speed point, Tthe velocity deviation  from the mean velocity,  - , (calculated according to paragraph 4.4.3. of this Annex) shall be within the values in Table A4/5.
Table A4/5
Velocity Deviation
	Time period, seconds
	Velocity deviation, km/h

	5 – 10
	± 0.2

	10 – 15
	± 0.4

	15 – 20
	± 0.6

	20 – 25
	± 0.8

	25 – 30
	± 1.0

	≥ 30
	± 1.2



In addition the mean velocity, , at every reference speed point, shall not deviate from the reference speed, vj, by more than ± 1 km/h or 2 per cent of the reference speed, , whichever is greater.	Comment by Rob Cuelenaere: Redrafted and clarified on request India.

4.4.3.	Calculation of mean velocity and mean torque
4.4.3.1.	Calculation process
Mean velocity , km/h, and mean torque , Nm, over a time period,, of each measurement shall be calculated from the data sets collected in paragraph 4.4.2.2. above as follows:
								(24)
	and
							(25)
where:
	is the actual vehicle speed of the ith data set at reference speed point j, km/h;
	is the number of data sets in one measurement;
	is the actual torque of the ith data set, Nm;
	is the compensation term for speed drift, Nm, given by the following equation:
		 .					(26)
/ shall be no greater than ± 5 per cent of the mean torque before compensation, and may be neglected if  is not greater than ± 0.005 m/s2;
 and 	are the averagetest vehicle mass at the start of the measurements and the equivalent effective mass, in kg, respectively, defined in paragraph 4.3.1.4.4. above;  mst shall be measured no earlier than immediately before the warm-up procedure;						  
rj	is the dynamic radius of the tyre determined at a reference speed point of 80 km/h or at the highest reference speed point of the vehicle if this speed point is lower than 80 km/h, m, given by the equation:	Comment by Rob Cuelenaere: On request India. Accommodate vehicles with lower maximum speed.
	rj   				(27)
where:
  		is the rotational frequency of the driven tyre,  s-1;   
	is the mean acceleration, m/s2, which shall be calculated by the equation
 		  		(28)
where: 
	is the time at which the ith data set was sampled, 			seconds (s)

4.4.3.2.	AccuracyPrecision of measurement
These measurements shall be carried out in oppositeboth directions until a minimum of four three consecutive pairs of measurementsfigures at each reference speedh  and in both directions (a and b) have been obtained, for which  satisfies the accuracyprecision, ρ_j, per cent, according to the equation:	Comment by Rob Cuelenaere: Subject to update  following Audi/BMW proposal on 4.3.1.4.2. to Drafting SG.
							(29)	where:
	is the number pairs of measurements for ;
	is the running resistance at the speed , Nm, given by the equation:
	  							(30)
where:
	 	is the average torque of the ith pair of measurements at speed ,			 Nm and given by:
	 			(31)
where:
 and  are the mean torques of the ith measurement at speed  determined in paragraph 4.4.3.1. above for each direction, a and b respectively, expressed in Nm;
	is the standard deviation, Nm, defined by the equation
	 ;					(32)
	is a coefficient as a function of n, as determined from Table A4/3 in paragraph 4.3.1.4.2. aboveof this Annex.

4.4.3.3.	Validity of the measured average speed	Comment by Rob Cuelenaere: Checked 30 June. Confirmed by T&E. 
Justification: mean vj and average vjmi no longer used in 4.4.2.4 and 4.4.3.
The average speed, , shall not deviate from its mean, , by more than ± 1 km/h or 2 per cent of the average speed, , whichever is greater. The values of    and  shall be calculated as follows:
								(33)
							(34)
where:
 and   are the mean speeds of the ith pair of measurements at 			velocity  determined in paragraph 4.4.3.1. above for each direction, a 		and b respectively, expressed in km/h.

4.4.4.	Running resistance curve determination	Comment by Rob Cuelenaere: Aligned to coast down method: averaging before regression.
The average speed and torque at each reference speed point shall be calculated:
Vjm =  ½ × (vjma + vjmb)
Cjm =  ½ × (Cjma +Cjmb)
The following least squares regression curves for each direction a and b of average running resistance shall be fitted to all the data pairs (, ) and (, ) at all  reference speeds ,(, , etc.) described in paragraph 4.432.1.1.1. above to determine the coefficients , , , ,  and :, , and :
			(35)
			(36)
where:
 and 	are the running resistances in directions a and b, Nm;
 and 	are constant terms in directions a and b, Nm;
 and 	are the coefficients of the first order term in directions a and b, Nm∙(h/km); 
 and 	are the coefficients of the second order term in directions a and b, Nm∙(h/km)2;
	is vehicle velocity, km/h.
The average total torque is calculated by the following equation:
			(37)
where the average coefficients ,  and  shall be calculated using the following equations:
					(38)
					(39)
					(40)
The coefficient  may be assumed to be zero if the value of  is no greater than 3 per cent of  at the reference speed(s); in this case, the coefficients  and  shall be recalculated according to the least squares method.
The coefficients, ,  and  as well as the coastdown times measured on the chassis dynamometer (see paragraph 8.2.3.3. of this Annex) shall be recorded.

4.5.	Correction to reference conditions and measurement equipment	Comment by Rob Cuelenaere: Checked 30 June.
…
4.5.5.	Road load curve correction
4.5.5.1.          The curve determined in paragraph 4.3.1.4.5. of this Annex shall be corrected to reference conditions as follows and shall be used as the target coefficients in paragraph 8.1.1.:	Comment by Rob Cuelenaere: Clarification of link to target coefficients in para 8.1
               (45)
where:
        is the corrected total resistanceroad load, N;
         is the constant term, N;
         is the coefficient of the first order term, N∙(h/km);
         is the coefficient of the second order term, N∙(h/km)2;
        is the correction factor for rolling resistance as defined in paragraph 4.5.2.of this Annex;
        is the test mass correction as defined in paragraph 4.5.4.of this Annex;
        is the correction factor for air resistance as defined in paragraph 4.5.1.of this Annex;
          is the mean atmospheric temperature, °C;
          is vehicle velocity, km/h;
       is the wind resistance correction as defined in paragraph 4.5.3. of this Annex, N.
                      (f0 – w1 – K1) x (1 + K0 x (T-20)) shall be target road load coefficient At in paragraph 8.1
                     f1 x (1 + K0 x (T-20)) shall be target road load coefficient Bt in paragraph 8.1
                      K2 x f2 shall be target road load coefficient Ct in paragraph 8.1

4.5.5.2. The running resistance curve determined in paragraph 4.4.4. shall be corrected to reference conditions and measurement equipment installed according to the following procedure.
4.5.5.2.1. Correction to reference conditions
      (46) 
where:
	is the corrected total running resistance, Nm;
	is the constant term, Nm, as determined in paragraph 4.4.4.;
	is the coefficient of the first order term, Nm (h/km), as determined in paragraph 4.4.4.;
	is the coefficient of the second order term, Nm (h/km)2, as determined in paragraph 4.4.4.;
	is the correction factor for rolling resistance as defined in paragraph 4.5.2.of this Annex;
	is the test mass correction as defined in paragraph 4.5.4.;
	is the correction factor for air resistance as defined in paragraph 4.5.1.of this Annex;
	is the vehicle velocity, km/h;
T	is the mean atmospheric temperature, °C;
	is the mean air density, kg/m³;
	is the wind correction resistance as defined in paragraph 4.5.3. of this Annex.

4.5.5.2.2.	Correction for installed torque meters
If the running resistance is determined according to the torque meter method, the running resistance shall be corrected for effects of the torque measurement equipment installed outside the vehicle on its aerodynamic characteristics.
The running resistance coefficient c2 shall be corrected according to the formula:
c2corr = K2 x c2 x (1 + ((CD x Af))/(CD’ x Af’))
where,
(Cd * Af) = (Cd x Af) - (Cd’ x Af’) ; 
Cd’ x Af’	is the product of the aerodynamic drag coefficient times frontal area of the vehicle with the torque meter measurement equipment installed, m2, measured in a wind tunnel fulfilling the criteria of paragraph 3.2 of this Annex;
Cd * Af 	is the product of the aerodynamic drag coefficient times frontal area of the vehicle with the torque meter measurement equipment not installed, m2, measured in a wind tunnel fulfilling the criteria of paragraph 3.2 of this Annex;
4.5.5.2.3.	Target running resistance coefficients
(c0 – w2 – K1) x (1 + K0 x (T-20)) shall be target running resistance coefficient at in paragraph 8.2	Comment by Rob Cuelenaere: Link to target coefficients in para 8.2 was missing
                      c1 x (1 + K0 x (T-20)) shall be target running resistance coefficient bt in paragraph 8.2
                       c2corr x  shall be target running resistance coefficient ct in paragraph 8.2

5.	Method for the calculation of default road load based on vehicle parameters	Comment by Rob Cuelenaere: Checked 30 June
…
6.	Road load measurement using a combination  of a wind tunnel and a chassis 		dynamometer or of a wind tunnel and a flat belt 
…

7.	Transferring road load to a chassis dynamometer	Comment by Rob Cuelenaere: Checked 30 June
…
7.3.	Vehicle preparation
…
7.3.3.	Vehicle setting
The tested vehicle shall be placed on the chassis dynamometer roller in a straight ahead position and restrained in a safe manner. In case ofthat a single roller chassis dynamometer is used, the centre of the tyre contact point surface area shall be within ± 25 mm or ± 2 per cent of the roller diameter, whichever is smaller, measured from the top of the roller.	Comment by Rob Cuelenaere: Clarification on request of India
7.3.3.1	If the torque meter method is used, the tyre pressure shall be adjusted to such a pressure that the dynamic radius is within 0.5 per cent of the dynamic radius rj calculated in paragraph 4.4.3.1. of this Annex at the 80 km/h reference speed point. The dynamic radius at the chassis dynamometer shall be calculated according to the procedure described in paragraph 4.4.3.1.	Comment by Rob Cuelenaere: Additional requirement – on top of 7.3.1 - in the case that torque meter is used.	Comment by Rob Cuelenaere: Clarification on request India.
If this adjusted pressure is outside the range defined in paragraph 7.3.1. the torque meter method shall not apply.
7.3.4.	Vehicle warm-up	Comment by Rob Cuelenaere: Checked 30 June
…
7.3.4.3.	Alternative warm-up procedure
7.3.4.3.1.	At the request of the vehicle manufacturer and approval of the responsible authority, an alternative warm-up procedure may be used. The approved alternative warm-up procedure may be used for vehicles within the same [road load family] and shall satisfy the requirements outlined in paragraphs 7.3.4.3.2. up to and including 7.3.4.3.5. 
7.3.4.3.2.	At least one vehicle representing the road load family shall be selected.   
7.3.4.3.3.	The cycle energy demand calculated according to paragraph 5 of Annex 7 with corrected road load coefficientsparameters, f0a, f1a and f2a, for the alternative warm-up procedure shall be equal to or higher than the cycle energy demand calculated  with the target road load coefficientsparameters, f0, f1, and f2, for each applicable phase.
	The corrected road load coefficientsparameters, f0a, f1a and f2a, shall be calculated according to the following equations:
								(XX)
								(YY)
								(ZZ)
	where:
	Ad_alt, Bd_alt and Cd_alt			are the chassis dynamometer setting 							coefficients after the 	alternative warm-up 							procedure;
	Ad_WLTC, Bd_WLTC and Cd_WLTC	are the chassis dynamometer setting 							coefficients after a WLTC warm-up 							procedure described in paragraph 7.3.4.1. 							of this Annex.
7.3.4.3.4.	The corrected road load coefficientsparameters, f0a, f1a and f2a, shall be used only for the purpose of  paragraph 7.3.4.3.3.  of  this Annex. For the other purposes,  the target road load coefficientsparameters, f0, f1 and f2, shall be used as the target road load coefficientsparameters.
7.3.4.3.5.	Details of the procedure and of its equivalency shall be provided to the responsible authority.
8.	Chassis dynamometer load setting	Comment by Rob Cuelenaere: Checked 30 June
8.1.	Chassis dynamometer setting by the coastdown method
This method is applicable when the road load is determined using the coastdown method as specified in paragraph 4.3. of this Annex. coefficients f0, f1, f2 have been determined.	Comment by Rob Cuelenaere: Following BMW proposal discussed in Drafting SG (8 Sept).
…
8.1.3.             Verification
8.1.3.1.	The target road load value shall be calculated using the target road load coefficient, ,  and  for each reference speed, :
                                                              (53)
where:
       is the target road load at reference speed , N;
         is the jth reference speed, km/h.
8.1.3.2	.	The measured road load shall be calculated using the following equation:   	Comment by Rob Cuelenaere: Linked to deletion of Appendix 1.
						(1)
where
	is the measured road load for each reference speed , N;
	is the equivalent inertia mass of the chassis dynamometer, kg;
TM	is the test mass of the vehicle, kg;
	is the equivalent effective mass of drive wheels and vehicle components rotating with the wheels during coastdown on the road, kg;  may be measured or calculated by an appropriate technique. As an alternative,  may be estimated as 3 per cent of the sum of the mass in running order and 25 kg ;
	is the coastdown time corresponding to speed , seconds (s).
8.1.3.3.	The simulated road load on the chassis dynamometer shall be calculated according to the method as specified in 4.3.1.4, with the exception of measuring in both directions, and with applicable corrections according to 4.5, resulting in a simulated road load curve:
Fs=  As + Bs  v + Cs                                                                     () 
                      The simulated road load for each reference speed  shall be determined using the following equation, using the calculated ,  and :
                                                              ()
8.1.3.24.	For dynamometer load setting, two different methods may be used. If the vehicle is accelerated by the dynamometer, the methods described in paragraph 8.1.3.2.1. of this Annex shall be used. If the vehicle is accelerated under its own power, the methods in paragraphs 8.1.3.2.1. or 8.1.3.2.2. of this Annex shall be used. The acceleration multiplied by speed shall be approximately 6 m²/sec³.
8.1.3. 24.1.	Fixed run method	Comment by Rob Cuelenaere: Will be updated following Japanese proposal on fixed run method
For the fixed run procedure, the dynamometer software shall automatically run three coastdowns adjusting the set coefficients for each run using the difference between the previous run's measured and  and  are the average test vehicle mass and the equivalent effective mass, in kg, respectively, defined in paragraph 4.3.1.4.4. of this Annex; . The final set coefficients shall be calculated by subtracting the average of the vehicle coefficients obtained from the last two runs from the target coefficients. Optionally, a single stabilization coastdown may be performed before beginning the 2 run averaging sequence.
8.1.3. 24.2.	Iterative method
The calculated forces in the specified speed ranges shall be within a tolerance of ± 10 N after a least squares regression of the forces for two consecutive coastdowns.
If an error at any reference speed does not satisfy the criterion of the method described in this paragraph, paragraph 8.1.4. below shall be used to adjust the chassis dynamometer load setting.an additional single coastdown shall be added after adjusting the chassis dynamometer load setting according to paragraph 8.1.4 until the criterion is satisfied.	Comment by Rob Cuelenaere: Linked to deletion of repetition in 8.1.4.
…
8.1.4.	Adjustment
The chassis dynamometer setting load shall be adjusted in accordance with the procedure specified in paragraph 1 of Appendix 2 to this Annex. using the following equations:


		(..)
Therefore:
								(..)
								(..)
								(..)
The parameters used in these equations are the following:
	is the initial chassis dynamometer setting load, N;
	is the  adjusted chassis dynamometer setting load, N;
	is the adjustment road load, which is equal to  , N;
	is the simulated road load at reference speed , N;
	is the target road load at reference speed , N;
,  and 	are the new chassis dynamometer setting coefficients.
Paragraphs 8.1.2. and 8.1.3. of this Annex  shall be repeated.	Comment by Rob Cuelenaere: Prevent a loop.
…

8.2.	Chassis dynamometer load setting using the torque meter method
This method is applicable when the road loadrunning resistance is determined using the torque meter method, as specified in paragraph 4.4. of this Annex.
8.2.1.	Initial load setting
For a chassis dynamometer of coefficient control, the chassis dynamometer power absorption unit shall be adjusted with the arbitrary initial coefficients, ,  and , of the following equation:
						(54)
where:
	is the chassis dynamometer setting load, N;
	is the speed of the chassis dynamometer roller, km/h.
The following coefficients are recommended for the initial load setting:
(a)	  				(55)	for single-axis chassis dynamometers, or
	   			(56)
	for dual-axis chassis dynamometers, where
,  and  	are the target running resistance coefficients for the target torque;
 	is the dynamic radius of the tyre on the chassis dynamometer, m, obtained at 80 km/h by averaging the  values calculated in Appendix 1to this Annex, paragraph 2.1;
(b)	Empirical values, such as those used for the setting for a similar type of vehicle.
For a chassis dynamometer of polygonal control, adequate load values at each reference speed shall be set for the chassis dynamometer power absorption unit.
8.2.2.	Wheel torque measurement
The torque measurement test on the chassis dynamometer shall be performed with the procedure defined in 4.4.2. The torque meter(s) shall be identical to the one(s) used in the preceding road test.
8.2.3.	Verification
8.2.3.1.	The target running resistance (torque) curve shall be the result of equation 46 which could be written as Ct*= 	Comment by Rob Cuelenaere: In 4.5.5.2.
The target road load value shall be calculated using the target torque coefficients, ,  and  for each reference speed, .
							(57)
where:
	is the target road load at reference speed , N;
	is the jth reference speed, km/h;
	is the dynamic radius of the tyre on the chassis dynamometer, metres, obtained by averaging the  values calculated in Appendix 1 to this Annex, paragraph 2.1.
8.2.3.2.	The error, , in per cent of the simulated road load,  shall be calculated.  is determined according to the method specified in Appendix 1 to this Annex, paragraph 2, for target road load, , at each reference speed, .  The simulated running resistance (torque) curve on the chassis dynamometer shall be calculated according to the method and precision of measurement as specified in 4.4.3, and running resistance (torque) curve determination as specified in 4.4.4 with applicable corrections according to 4.5, all with the exception of measuring in both directions, resulting in a simulated running resistance curve: 	Comment by Rob Cuelenaere: Formulas in 4.4.3 and 4.4.4. require pairs of data in a and b direction, whereas chassis dyno by nature only provides data in one direction. Proposal of TF is not rewrite the formulas, but simply refer to 4.4.3. and 4.4.4. with the addition “with the exemption of measuring in both directions”.
It’s considered to be sufficiently clear what’s meant with this paragraph.
Cs*= C0s + C1s x vj + C2s x 					 () 
								(58)
 obtained in Appendix 1 to this Annex, paragraph 2.1.  may be used in the above equation instead of .   
Errors at all reference speeds shall satisfy the following error criteria in two consecutive coastdown runs, unless otherwise specified by regulations.
 per cent for  km/h
	 per cent for 20 km/h  km/h
 per cent for  km/h.
The simulated running resistance (torque) shall be within a tolerance of ± 10 N x r’ from the target running resistance at every speed reference point, 	Comment by Rob Cuelenaere: Solves OI#20. Introduction of tolerance equivalent to 10N criterion for coast down method.
where r' is the dynamic radius of the tyre, meters, on the chassis dynamometer obtained at 80 km/h.
If the tolerance at any reference speed does not satisfy the criterion of the method described in this paragraph, paragraph 8.2.3.3. below shall be used to adjust the chassis dynamometer load setting.

8.2.3.3.	Adjustment
The chassis dynamometer setting load setting shall be adjusted according to the procedure specified in Appendix 2 to Annex 4, paragraph 2.using the following equation:


			(..)
Therefore:
								(..)
								(..)
								(..)
where:
	is the new chassis dynamometer setting load, N;
	is the adjustment road load, which is equal to , Nm;
	is the simulated road load at reference speed , Nm;
	is the target road load at reference speed , Nm;
,  and 	are the new chassis dynamometer setting coefficients;
	is the dynamic radius of the tyre, m, on the chassis dynamometer obtained at 80 km/h.
Paragraphs 8.2.2. and 8.2.3. of this Annex shall be repeated.

Once the chassis dynamometer has been set within the specified tolerances, a vehicle coastdown shall be performed on the chassis dynamometer as outlined in paragraph 4.3.1.3. The coastdown times shall be recorded.

8.2.3.4.	The following data shall be recorded when the requirement of 8.3.3.2. is fulfilled: 
Mass of the driven axle(s), tyre specifications and chassis dynamometer load setting.
(New)	
8.2.4		Transformation of Running Resistance Coefficients to Road Load Coefficients f0, f1, f2	Comment by Rob Cuelenaere: Solves OI#16

8.2.4.1		If the vehicle does not coast down in a repeatable manner and a coast down mode according to paragraph 4.2.1.7.5. is not feasible, the coefficients f0, f1 and f2 in the total resistanceroad load equation shall be calculated according to paragraph 8.2.4.1.1.. In any other case the procedure described in paragraphs 8.2.4.2. to 8.2.4.4. shall be performed.
8.2.4.1.1.	f0 = c0 / r * 1.02	Comment by Rob Cuelenaere: No objection of TF to include correction factor for standard losses. Value is considered arbitrary and 1.02 on the low side, but no counter proposal received.
f1 = c1 / r * 1.02
f2 = c2 / r* 1.02
where:
c0, c1, c2	are the running resistance coefficients determined in paragraph 4.4.4. of this Annex, Nm, Nm/(km/h), Nm/(km/h)²;
r	is the dynamic tyre radius of the vehicle with which the running resistance was determined, m.
1.02 is  an estimation for the drivetrain losses

8.2.4.2		Once the chassis dynamometer has been set within the specified tolerances, a vehicle coastdown procedure shall be performed on the chassis dynamometer as outlined in paragraph 4.3.1.3. The coastdown times shall be recorded.

8.2.4.3. The total resistancesroad loads Fj at reference speed vj in Newton (N), is determined by the equation:

					(14)   	Comment by Rob Cuelenaere: Subject to update  to
final outcome of rotational inertia discussion and latest version of gtr.	Comment by Rob Cuelenaere: On request of IWG#11 the risk of double tolerance (1. derive f’s from c’s and 2. setting of other vehicle) was discussed in Annex 4 TF. No additional provisions proposed.

where:
	Fj  is the total resistanceroad load at reference speed vj, in Newton (N);
	TM is the test mass of the vehicle, kg;
	mr is the equivalent effective mass of all the wheels and vehicle components rotating with the wheels during coastdowns on the road, in kilograms (kg); mr shall be measured or calculated using an appropriate technique agreed by the responsible authority. Alternatively, mr may be estimated to be 3 per cent of the sum of the mass in running order plus and 25 kg for the interpolation family;	Comment by Rob Cuelenaere: Subject to update with new definition under discussion in drafting subgroup
∆v = 10 km/h
	is the coastdown time corresponding to speed , seconds (s).

8.2.4.4. The coefficients f0, f1 and f2 in the total resistanceroad load equation shall be calculated with a least squares regression analysis over the reference speed range.
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[bookmark: Annex_4_RoadLoad_Appendix_1]Annex 4 – Appendix 1	Comment by Rob Cuelenaere: No content left
		Calculation of road load for the dynamometer test
	1.		Calculation of simulated road load using the coastdown method    	Comment by Rob Cuelenaere: Deleted as there’s no reference to this paragraph. Substance partly integrated in paragraph 8.1.3.2.
When the road load is measured by the coastdown method as specified in 4.3. of this Annex, calculation of the simulated road load,  for each reference speed, ,  shall be conducted as described in 1.1. to 1.3. of this Appendix.
1.1. 		The measured road load shall be calculated using the following equation:   
						(1)
where
	is the measured road load for each reference speed , N;
	is the equivalent inertia mass of the chassis dynamometer, kg;
	is the equivalent effective mass of drive wheels and vehicle components rotating with the wheels during coastdown on the road, kg;  may be measured or calculated by an appropriate technique. As an alternative,  may be estimated as 3 per cent of the sum of the mass in running order and 25 kg ;
	is the coastdown time corresponding to speed , seconds (s).
1.2.	The coefficients ,  and  of the following approximate equation shall be determined using a least square regression using the calculated values of  : 
							(2)
1.3.	The simulated road load for each reference speed  shall be determined using the following equation, using the calculated ,  and :
							(3)
2.	Calculation of simulated road load using the torque meter method	Comment by Rob Cuelenaere: Superfluous as text is word for word included in para 4.4.3.1 of Annex 4
When the road load is measured by the torque meter method as specified in paragraph 4.4. of Annex 4, calculation of the simulated road load,  for each reference speed , shall be conducted as described in paragraphs 2.1. to 2.3. of this Appendix.
2.1.	The mean speed ,  and the mean torque, , for each reference speed  shall be calculated using the following equations:
								(4)
and
						(5)
where:
	is the vehicle speed of the ith data set, km/h;
	is the number of data sets;
	is the torque of the ith data set, Nm;
	is the compensation term for the speed drift, Nm, given by the following equation:
							(6)
	shall be no greater than  5 per cent of the mean torque before compensation, and may be neglected if || is no greater than 0.005 m/s2;
	is the equivalent inertia mass of the chassis dynamometer, kg;
	is the equivalent effective mass of drive wheels and vehicle components rotating with the wheels during coastdown on the dynamometer, kg;  may be measured or calculated by an appropriate technique. As an alternative,  may be estimated as 3 per cent of the sum of the mass in running order and 25 kg; 
	is the mean acceleration, m/s2, which shall be calculated using the following equation:
				(7)
where:
 is the time at which the ith data set was sampled, seconds (s);
	is the dynamic radius of the tyre, metres, for the jth reference speed 	given by the equation:
						(8)
where:
 is the rotational frequency of the driven tyre, s-1.  
2.2.	The coefficients ,  and  of the following approximate equation shall be determined by the least square regression using the calculated  and the .	Comment by Rob Cuelenaere: Redundant as Torque Meter method  (para 8.2.3) no longer relies on road load values, but on the running resistance coefficients.
							(9)
2.3.	The simulated road load for each reference speed  shall be determined using the following equation and the calculated ,  and :
							(10)
			
[bookmark: Annex_4_RoadLoad_Appendix_2]Annex 4–- Appendix 2	Comment by Rob Cuelenaere: No content left
	1.	  	Adjustment of chassis dynamometer load setting using the coastdown method	Comment by Rob Cuelenaere: Copied to 8.1.4. (The only paragraph that makes reference to this text)
The chassis dynamometer load setting shall be adjusted using the following equations:


		(1)
Therefore:
								(2)
								(3)
								(4)
The parameters used in these equations are the following:
	is the initial chassis dynamometer setting load, N;
	is the  adjusted chassis dynamometer setting load, N;
	is the adjustment road load, which is equal to  , N;
	is the simulated road load at reference speed , N;
	is the target road load at reference speed , N;
,  and 	are the new chassis dynamometer setting coefficients.
2.	Adjustment of chassis dynamometer load setting using the torque meter method	Comment by Rob Cuelenaere: Copied to 8.2.3.3. (The only paragraph that makes reference to this text)
The chassis dynamometer load setting shall be adjusted using the following equation:


			(5)
Therefore:
								(6)
								(7)
								(8)
where:
	is the new chassis dynamometer setting load, N;
	is the adjustment road load, which is equal to , Nm;
	is the simulated road load at reference speed , Nm;
	is the target road load at reference speed , Nm;
,  and 	are the new chassis dynamometer setting coefficients;
	is the dynamic radius of the tyre on the chassis dynamometer, m, that is obtained by averaging the values calculated in Appendix 1 to Annex 4, paragraph 2.1.


[bookmark: Annex_5_Test_Equipmen]Annex 5	Comment by Rob Cuelenaere: Checked 30 June
		Test equipment and calibrations
2.	Chassis dynamometer
2.1.	General requirements
2.1.1.	The dynamometer shall be capable of simulating road load with at least three road load dynamometer coefficientsparameters that can be adjusted to shape the load curve.
…
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Text for the case of wheels with electric motors will be delivered by BMW
		Calculations
…
3.2.3.2.2.	Road load calculation for an individual vehicle
…
3.2.3.2.2.4.	Calculation of road load for individual vehicles in the interpolation family  
The road load coefficients ,  and  (as defined in Annex 4) for test vehicles H and L are referred to as ,  and ,and ,  and  respectively. An adjusted road load curve for the test vehicle L is defined as follows:	Comment by Rob Cuelenaere:  Work in progress. Not directly torque meter related.
Coefficients could also come from Annex7? BMW will reflect
   	(29)
Applying the least squares regression method in the range of the reference speed points, adjusted road load coefficients  and shall be determined for  with the linear coefficient  set to . The road load coefficients ,  and  for an individual vehicle in the interpolation family are calculated as follows:
	(30)
or, if  = 0, equation 31 below shall apply:
    	(31)
	(32)
	(33)
or, if  = 0, equation 34 below shall apply:
  	(34)
where:
	(35)
	(36)
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