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WHY conducting structured statistical analysis
using ISO & SAE standards

understand the ability to execute the WLTP cycle
assess variability for key metrics
support the development of PMP protocol



HOW to assess
using GTR, ISO & SAE standards

time-based traces (EED) for speed and temperature 
speed violations, speed error, temperature differences



Time-resolved brake output for slow channels 
VDA 305 – EED file

T1

time BrkSpd Dcl T P Mu R_Rotor E_Rotor OP IP CASpd CATemp CArh

Trip Time / s R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1

1 1 2422 0.16 0.08 2.7 -0.6 0 17.3 23.4 25.8 14.8 18.8 29.1

1 2 2423 0.17 0.01 -0.9 -0.6 0 15.8 23.4 25.8 14.8 18.8 29.1

1 3 2424 0.63 -0.44 0.6 -0.6 0 13.8 23.3 25.8 14.8 18.8 29.1

1 4 2425 2.65 -0.75 4.3 -0.6 0 13.1 23.3 25.8 14.8 18.8 29.1

1 5 2426 5.46 -0.37 4.3 -0.6 0 19 23.3 25.7 14.8 18.8 29.1

1 6 2427 7.87 -0.83 1.2 -0.6 0 9.4 23.3 25.6 14.8 18.8 29.1

1 7 2428 10.97 -0.47 5.5 -0.6 0 20.2 23.3 25.6 14.8 18.8 29.1

1 8 2429 13.51 -1.03 -1.2 -0.6 0 19.1 23.3 25.6 15.8 18.4 28.2

1 9 2430 19.28 -0.88 7 -0.6 0 21.2 23.3 25.6 15.8 18.4 28.2

1 10 2431 21 0.33 4 -0.6 0 15.8 23.3 25.5 15.8 18.4 28.2

1 11 2432 20.94 -0.07 0.3 -0.6 0 14.8 23.3 25.6 15.8 18.4 28.2

1 12 2433 20.68 0.01 2.7 -1.2 0 22.3 23.4 25.6 15.8 18.4 28.2

1 13 2434 20.69 -0.28 2.4 -1.2 0 19.2 23.4 25.5 15.8 18.4 28.2

1 14 2435 20.59 0.62 7.6 -0.6 0 14.7 23.5 25.6 15.8 18.4 28.2

1 15 2436 20.67 -0.06 3.4 0 0 17.4 23.5 25.6 15.8 18.4 28.2

Test



Time-resolved brake output for slow channels 
VDA 305 – EED file as-received with actual test times



EED file organization
align and synchronize runs and trips by inserting or removing time slots
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Speed violations per GTR15 for time-resolved data
count of speed points beyond ± 2 km/h within ± 1 s



EED file metrics for time-resolved speeds only
speed tolerance violations and speed error
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Speed error per SAE J2951 for time-resolved data
root mean square of speed error

3.6



WHAT we found for speed metrics

R1 R2 R3 R4 R5 R6 R1 R2 R3 R4 R5 R6

1 20.1% 7.6% 7.8% 7.7% 6.6% 7.9% 170% 87% 87% 87% 86% 89%

2 11.2% 2.1% 2.2% 2.3% 2.5% 3.0% 526% 87% 88% 89% 89% 93%

3 40.6% 44.0% 42.4% 43.1% 39.8% 43.4% 428% 464% 435% 451% 407% 428%

4 1.0% 0.2% 0.1% 0.0% 0.9% 0.4% 47% 38% 34% 36% 46% 43%

5 1.7% 2.2% 3.0% 2.2% 61.7% 82% 88% 94% 90% 1590%

6 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 15% 11% 21% 18% 19% 14%

7 10.1% 10.2% 10.8% 10.8% 100% 108% 110% 113%

5%-10%

>10%

< 50%

50%-100%

100%-200%

>200%

Speed violations (GTR 15) % of maximum RMSSE allowed (SAE J2951)Lab.

< 2.5%

2-5%-5%



WHAT we found for rubbing temperature measurements
difference to the vehicle temperature

L1 L2 L3 L4

L5 L6 L7 L8



HOW to assess
using GTR, ISO & SAE standards

time-based traces (EED) for speed and temperature 
speed violations, speed error, temperature differences

stop-based metrics for speed, torque, deceleration, 
temperature, and μ (EEC)
repeatability, sample, laboratory, and reproducibility 
standard deviations



Stop-based values for deceleration events
VDA 305 – EEC files as-received for each 

Lab. Plan Completed

Test 1 Test 2 Test 1 Test 2

R1 R2 R3 R4 R5 R6 R1 R2 R3 R4 R5 R6 R1 R2 R3 R4 R5 R6 R1 R2 R3 R4 R5 R6

1

2

3

4

5

6

7



Stop-based values for deceleration events
VDA 305 – EEC files as-received for each test and each lab

Sect Stop Stop Stop Time Date Brk Spd Brk Spd Rel Spd Rel Spd Decel Decel Torque pressure mu Initial Final Max Initial Final Max Initial Final Max Initial Final Max ClSpdA Air Temp Humidity

# # Stop Time of stop of stop Setpoint Setpoint Setpoint avg - dist avg - dist avg - dist avg - dist Rotor Rotor Rotor Rotor Rotor Rotor Out pad Out pad Out pad In pad In pad In pad

sec kph kph kph kph m/s² m/s² N·m kPa µ °C °C °C °C °C °C °C °C °C °C °C °C kph °C %

R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1

100 1 3 5.8 3:33:16 PM 12/20/2018 20.42 20.51 0.50 0.47 1.24 1.25 170.3 1154.4 0.256 21.3 24.0 24.7 18.9 21.4 21.5 18.8 21.6 21.6 19.3 20.6 20.6 22.5 16.0 47.8

100 2 4 7.0 3:33:55 PM 12/20/2018 22.70 23.00 5.60 5.57 0.87 0.87 118.2 861.7 0.238 23.3 26.8 26.9 19.5 23.7 23.8 20.6 24.5 24.5 21.9 22.7 22.8 24.1 15.6 50.8

100 3 5 4.0 3:34:22 PM 12/20/2018 15.06 15.29 4.40 4.39 0.99 0.99 134.2 1013.1 0.230 25.9 27.4 27.7 21.7 23.3 23.3 22.9 24.0 24.0 23.1 23.4 23.5 24.1 15.4 52.0

100 4 6 6.0 3:34:40 PM 12/20/2018 25.22 25.61 7.20 7.23 1.05 1.05 143.1 1066.6 0.233 27.1 31.8 31.8 22.6 27.7 27.7 23.5 27.3 27.3 24.2 25.2 25.3 25.7 15.3 52.7

100 5 7 3.0 3:35:06 PM 12/20/2018 24.37 24.66 16.70 16.72 0.95 0.94 127.7 958.8 0.231 29.4 32.0 32.2 24.9 27.4 27.4 25.5 26.7 26.7 26.3 26.6 26.6 25.7 15.2 53.5

100 6 8 8.7 3:35:17 PM 12/20/2018 18.36 18.61 0.50 0.47 0.73 0.73 99.2 762.4 0.225 31.1 32.9 33.3 26.5 28.7 28.9 27.7 30.2 30.2 26.8 27.0 27.1 25.7 15.1 53.9

100 7 9 5.9 3:35:53 PM 12/20/2018 31.85 32.37 0.50 0.47 1.93 1.93 261.5 1981.0 0.229 33.8 40.1 41.0 27.5 35.1 35.1 26.5 31.7 31.7 28.2 30.2 30.3 25.7 15.0 54.5

100 8 10 4.9 3:37:55 PM 12/20/2018 27.13 27.39 11.80 11.74 1.09 1.09 147.9 1131.1 0.227 29.3 34.0 34.1 25.3 30.5 30.5 24.9 28.7 28.7 26.8 28.0 28.0 24.1 14.9 55.2

100 9 11 6.0 3:38:11 PM 12/20/2018 29.00 29.28 9.70 9.72 1.16 1.16 157.5 1183.9 0.231 32.6 38.5 38.5 28.5 34.9 34.9 29.0 33.4 33.4 29.0 30.3 30.3 24.1 14.9 55.2

100 10 12 5.9 3:38:38 PM 12/20/2018 31.14 31.65 9.50 9.48 1.34 1.34 182.2 1338.3 0.236 36.3 43.0 43.2 31.3 38.9 38.9 30.9 35.9 35.9 32.1 33.5 33.5 25.7 14.9 55.2

Sect Stop Stop Stop Time Date Brk Spd Brk Spd Rel Spd Rel Spd Decel Decel Torque pressure mu Initial Final Max Initial Final Max Initial Final Max Initial Final Max ClSpdA Air Temp Humidity

# # Stop Time of stop of stop Setpoint Setpoint Setpoint avg - dist avg - dist avg - dist avg - dist Rotor Rotor Rotor Rotor Rotor Rotor Out pad Out pad Out pad In pad In pad In pad

sec kph kph kph kph m/s² m/s² N·m kPa µ °C °C °C °C °C °C °C °C °C °C °C °C kph °C %

R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2

100 30 336 5.8 ####### 12/20/2018 20.14 20.51 0.50 0.47 1.24 1.25 171.0 683.2 0.436 13.9 16.3 16.3 22.6 25.5 25.6 25.4 27.3 27.3 27.4 30.1 30.1 24.1 14.0 51.3

100 31 337 7.0 ####### 12/20/2018 22.70 23.00 5.60 5.57 0.87 0.88 119.6 494.6 0.421 15.9 18.4 18.4 23.7 27.7 27.7 25.5 28.0 28.1 28.4 31.4 31.5 25.7 14.0 51.4

100 32 338 4.0 ####### 12/20/2018 15.06 15.29 4.40 4.39 0.99 1.00 136.0 528.7 0.447 18.5 19.6 19.6 25.7 27.5 27.5 26.7 27.5 27.5 29.4 30.5 30.5 25.7 14.0 51.4

100 33 339 6.0 ####### 12/20/2018 25.22 25.61 7.20 7.23 1.05 1.06 144.1 583.8 0.430 19.6 21.9 22.5 26.1 31.1 31.2 26.9 29.7 29.7 30.0 32.7 32.7 24.1 14.0 51.5

100 34 340 3.0 ####### 12/20/2018 24.37 24.66 16.70 16.72 0.95 0.95 129.2 534.9 0.419 22.3 23.9 23.9 28.4 31.5 31.5 28.3 29.2 29.2 31.6 32.9 32.9 24.1 13.9 51.5

100 35 341 8.7 ####### 12/20/2018 18.28 18.61 0.50 0.47 0.73 0.74 99.9 387.5 0.449 23.6 24.6 25.3 29.8 31.5 32.0 29.7 31.3 31.4 32.7 33.8 34.1 25.7 13.9 51.5

100 36 342 5.9 ####### 12/20/2018 31.42 32.25 0.50 0.47 1.93 1.95 263.8 1052.7 0.436 24.9 31.6 32.0 30.0 37.8 38.0 28.7 33.1 33.1 32.9 36.1 36.1 24.1 13.9 51.6

100 37 343 5.0 ####### 12/20/2018 26.88 27.39 11.80 11.74 1.09 1.10 149.9 600.1 0.434 23.5 26.2 26.3 27.6 33.2 33.2 27.5 29.9 29.9 30.5 32.8 32.8 25.7 13.8 51.6

100 38 344 5.9 ####### 12/20/2018 29.00 29.28 9.70 9.72 1.16 1.17 158.6 612.6 0.450 26.0 30.2 30.3 30.4 36.9 37.1 29.9 33.2 33.2 32.8 35.7 35.7 25.7 13.8 51.7

100 39 345 6.0 ####### 12/20/2018 31.44 31.77 9.50 9.48 1.34 1.35 183.3 698.7 0.456 29.9 34.7 35.2 32.9 40.8 41.0 31.1 35.2 35.2 35.6 38.7 38.7 24.1 13.8 51.7

Run 1

Run 2



Stop-based values for deceleration events
VDA 305 – EEC files organized with runs side-by-side

Sect Stop Stop Stop Time Date Brk Spd Brk Spd Rel Spd Rel Spd Decel ClSpdA Air Temp Humidity Sect Stop Stop Stop Time Date Brk Spd Brk Spd Rel Spd Rel Spd Decel ClSpdA Air Temp Humidity

# # Stop Time of stop of stop Setpoint Setpoint Setpoint … # # Stop Time of stop of stop Setpoint Setpoint Setpoint …

sec kph kph kph kph m/s² … kph °C % sec kph kph kph kph m/s² … kph °C %

R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 R1 … R1 R1 R1 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 … R2 R2 R2

100 1 3 5.8 3:33:16 PM 12/20/2018 20.42 20.51 0.50 0.47 1.24 … 22.5 16.0 47.8 100 30 336 5.8 9:18:14 PM 12/20/2018 20.14 20.51 0.50 0.47 1.24 … 24.1 14.0 51.3

100 2 4 7.0 3:33:55 PM 12/20/2018 22.70 23.00 5.60 5.57 0.87 … 24.1 15.6 50.8 100 31 337 7.0 9:18:52 PM 12/20/2018 22.70 23.00 5.60 5.57 0.87 … 25.7 14.0 51.4

100 3 5 4.0 3:34:22 PM 12/20/2018 15.06 15.29 4.40 4.39 0.99 … 24.1 15.4 52.0 100 32 338 4.0 9:19:19 PM 12/20/2018 15.06 15.29 4.40 4.39 0.99 … 25.7 14.0 51.4

100 4 6 6.0 3:34:40 PM 12/20/2018 25.22 25.61 7.20 7.23 1.05 … 25.7 15.3 52.7 100 33 339 6.0 9:19:37 PM 12/20/2018 25.22 25.61 7.20 7.23 1.05 … 24.1 14.0 51.5

100 5 7 3.0 3:35:06 PM 12/20/2018 24.37 24.66 16.70 16.72 0.95 … 25.7 15.2 53.5 100 34 340 3.0 9:20:03 PM 12/20/2018 24.37 24.66 16.70 16.72 0.95 … 24.1 13.9 51.5

100 6 8 8.7 3:35:17 PM 12/20/2018 18.36 18.61 0.50 0.47 0.73 … 25.7 15.1 53.9 100 35 341 8.7 9:20:14 PM 12/20/2018 18.28 18.61 0.50 0.47 0.73 … 25.7 13.9 51.5

100 7 9 5.9 3:35:53 PM 12/20/2018 31.85 32.37 0.50 0.47 1.93 … 25.7 15.0 54.5 100 36 342 5.9 9:20:51 PM 12/20/2018 31.42 32.25 0.50 0.47 1.93 … 24.1 13.9 51.6

100 8 10 4.9 3:37:55 PM 12/20/2018 27.13 27.39 11.80 11.74 1.09 … 24.1 14.9 55.2 100 37 343 5.0 9:22:52 PM 12/20/2018 26.88 27.39 11.80 11.74 1.09 … 25.7 13.8 51.6

100 9 11 6.0 3:38:11 PM 12/20/2018 29.00 29.28 9.70 9.72 1.16 … 24.1 14.9 55.2 100 38 344 5.9 9:23:08 PM 12/20/2018 29.00 29.28 9.70 9.72 1.16 … 25.7 13.8 51.7

100 10 12 5.9 3:38:38 PM 12/20/2018 31.14 31.65 9.50 9.48 1.34 … 25.7 14.9 55.2 100 39 345 6.0 9:23:35 PM 12/20/2018 31.44 31.77 9.50 9.48 1.34 … 24.1 13.8 51.7

Run 1 Run 2



Stop-based values for deceleration events
VDA 305 – EEC files sorted by measurand

Measurand: Braking Speed - Actual

Test

Trip R1 R2 R3 R4 R5 R6 R1 R2 R3 R4 R5 R6 R1 R2 R3 R4 R5 R6 R1 R2 R3 R4 R5 R6

1 1 1 20.78 20.78 20.90 20.90 20.90 20.90 20.90 20.90 20.90 20.90 20.90 20.90 20.51 20.75 20.63 20.63 20.75 20.87 20.75 20.63 20.75 20.75 20.75 20.75

1 2 2 23.39 23.39 23.39 23.27 23.27 23.27 23.39 23.39 23.27 23.39 23.27 23.39 23.12 23.12 23.12 23.24 23.12 23.12 23.12 23.12 23.24 23.12 23.12 23.12

1 3 3 15.67 15.67 15.67 15.56 15.56 15.67 15.56 15.56 15.56 15.67 15.56 15.67 15.29 15.41 15.41 15.29 15.41 15.41 15.41 15.41 15.41 15.41 15.41 15.41

1 4 4 25.89 26.01 25.89 26.01 25.89 26.01 26.01 25.89 25.89 26.01 25.89 26.01 25.85 25.85 25.85 25.73 25.85 25.73 25.61 25.73 25.85 25.73 25.85 25.85

1 5 5 25.06 24.94 24.94 25.06 25.06 24.94 25.06 25.06 25.06 25.06 25.06 25.06 24.66 24.90 24.78 24.78 24.78 24.78 24.78 24.78 24.78 24.78 24.78 24.78

1 6 6 18.88 18.88 19.00 18.88 19.00 19.00 19.00 19.00 18.88 19.00 19.00 19.00 18.61 18.73 18.73 18.73 18.73 18.73 18.73 18.73 18.73 18.61 18.73 18.73

1 7 7 32.66 32.54 32.66 32.66 32.66 32.66 32.66 32.66 32.66 32.66 32.66 32.66 32.48 32.72 32.60 32.60 32.60 32.60 32.72 32.60 32.60 32.60 32.60 32.72

1 8 8 27.79 27.67 27.67 27.67 27.67 27.79 27.79 27.67 27.67 27.79 27.67 27.79 27.51 27.62 27.62 27.51 27.62 27.51 27.62 27.51 27.62 27.74 27.74 27.62

1 9 9 29.57 29.57 29.57 29.57 29.57 29.57 29.69 29.69 29.69 29.57 29.57 29.57 29.40 29.52 29.52 29.52 29.40 29.40 29.40 29.40 29.52 29.52 29.64 29.52

1 10 10 32.06 32.06 32.06 32.06 32.06 32.06 32.06 32.06 32.06 32.18 32.18 32.06 31.89 31.89 31.89 31.89 31.89 32.13 31.89 32.01 31.89 31.89 32.01 31.89

L1 L2

Trip 

event Cycle event

T1 T2 T1 T2



Standard deviations per ISO 5725-5 for heterogeneous parts
standard deviations for repeatability, Sample, Lab, and Reproducibility

Robust algorithm S for between-runs results

Robust algorithm S for between-sample results 

Robust algorithm A for between-lab results 



Standard deviations per ISO 5725-5 for heterogeneous parts
standard deviations for repeatability, Sample, Lab, and Reproducibility

Average-by-distance μ

Average-by-distance decel

Average-by-distance torque

Braking speed

430 C x 303 R spreadsheet

Average-by-time air humidity

Average-by-time air temp.

Maximum embedded TC

Maximum rubbing TC

430 C x 303 R spreadsheet



Standard deviations for braking speed

srj sHj sLj sRj

Braking speed km/h 50th 0.03 0.01 0.65 0.65

Braking speed km/h 95th 0.04 0.03 0.73 0.73

Standard deviationMeasurand Unit Percentile



Standard deviations for average-by-distance torque

srj sHj sLj sRj

Avg-by-Distance Torque N∙m 50th 0.15 0.11 5.696 5.698

Avg-by-Distance Torque N∙m 95th 0.31 0.39 10.236 10.239

Standard deviationMeasurand Unit Percentile



Standard deviations for average-by-distance deceleration

srj sHj sLj sRj

Avg-by-Dist. Deceleration m/s² 50th 0.001  0.001  0.165    0.165    

Avg-by-Dist. Deceleration m/s² 95th 0.002  0.005  0.301    0.301    

Standard deviationMeasurand Unit Percentile



Standard deviations for average-by-distance μ

srj sHj sLj sRj

Avg-by-Distance μ - 50th 0.006 0.005 0.028 0.029

Avg-by-Distance μ - 95th 0.022 0.012 0.079 0.082

Standard deviationMeasurand Unit Percentile



Standard deviations for maximum rubbing rotor TC

srj sHj sLj sRj

Rotor max temp rubbing TC °C 50th 0.56 3.30 4.97 5.03

Rotor max temp rubbing TC °C 95th 1.14 5.77 9.55 9.58

Standard deviationMeasurand Unit Percentile



Standard deviations for maximum rotor embedded TC

srj sHj sLj sRj

Rotor max temp embedded TC °C 50th 0.57 1.31 8.64 8.66

Rotor max temp embedded TC °C 95th 1.13 2.19 9.91 9.93

Standard deviationMeasurand Unit Percentile



Standard deviations for cooling air speed



Standard deviations for cooling air temperature

srj sHj sLj sRj

Cooling air temperature °C 50th 0.121 0.113 4.942 4.945

Cooling air temperature °C 95th 0.185 0.259 5.087 5.089

Standard deviationMeasurand Unit Percentile



Standard deviations for cooling air relative humidity

srj sHj sLj sRj

Cooling air relative humidity % 50th 1.07 -   3.44 3.67

Cooling air relative humidity % 95th 2.03 0.82 4.39 4.51

Standard deviationMeasurand Unit Percentile



NEXT aspects to consider
required to complete a laboratory protocol

conduct additional and specific tests
evaluate WLTP cycle for critical trips or events
define temperature control strategy



PMP 47th, May 16-17, 2018

Special thanks to: Annika Tonnius, 

Alejandro Hortet, and Tyler Odom



PMP 47th, May 16-17, 2018

Part 2: 

Some Aspects of Brake Temperature

Evaluation in TF1 Testing
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WHY are the findings about temperature so important

brake temperature level is OUTPUT for TF1 work
but it is
INPUT variable influencing emission generation (TF2)



HOW reproducible did we measure the rotor temperature

Big variation of rotor temperatures Lab-to-Lab
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HOW high were the temperature differences between the labs
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WHY got temperature differences between the labs

for same brake:

• different energy/power dissipated/absorbed?
• different cooling conditions?



WHY got temperature differences between the labs

different energy/power dissipated/absorbed?
• same inertia 
• speed trace by time (decel) slightly different
• all labs used scripts including driving resistances 

(but tb re-checked)

different cooling conditions?
To be checked for:

• cooling air temperature
• cooling air speed



Rotor temperature - cooling adjustment

TF1 approach for cooling setup
• adjustment of two cooling curves within the Trip 10 

of the Brake-WLTP cycle to vehicle measurement
• cooling adjustment done specifically for every

dynamometer
• Agreement on cooling air temperature @20°C

time
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at
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Trip 10



Example with Cooling Curve 1: calculation of cooling rate
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Measured and 
approximated

Approximated: Start at 
same temperature

Calculated cooling 
rate over time

Calculated cooling rate 
vs. brake temperature

Lab A @50°
0,12 [°C/s]

Lab B @50°C
0,17 [°C/s]

𝑇 𝑡 = 𝑢 + 𝑎 ∙ 𝑒𝑏∙𝑡 [°𝐶]

𝑣𝑇 𝑡 = 𝑎 ∙ 𝑏 ∙ 𝑒𝑏∙𝑡 [°𝐶/𝑠]

𝑣𝑇 𝑇 = 𝑏 ∙ 𝑇 − 𝑢 [°𝐶/𝑠]

𝑇 𝑡 = 𝑢 + 𝑎 ∙ 𝑒𝑏∙𝑡 [°𝐶]

approx. 50% difference in 
cooling rates between labs*

• Cooling adjustment improvement is possible: use higher number of 
stops/sections for cooling air adjustment 

• Must: stick to agreed cooling air temperatures

* Lab with highest cooling rate used 

lower cooling air temperature than 
agreed

different starting 
temperatures mean generally 
different cycle temperatures 

at different labs

different asymptotes mean 
different cooling air 

temperatures at different 
labs or dragging brakes



Influence of cooling air speed: Confirmation of TF1 findings
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Trip 4 Trip 10

• Tests run with 5 cooling air speed levels, same cooling air temperature
• Significant influence of cooling air speed at sections with low energy input into brake, 

especially in stand still and low speed phases



Influence of cooling air speed: Confirmation of TF1 findings
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Trip 4 Trip 10

• In Trip 4 with one, in Trip 10 with two areas of special interest (elevated temperatures beyond 
130°C):

• At higher energy input there is low influence of cooling on maximum brake temperatures 
(influence remains below 20°C). 

• Does this fact reduces the risk for measurement of too high emissions at inaccurate set cooling (?)



Implications of TF1 work on thermal subjects

• Take care about energy input and cooling conditions
• Stick to agreements regarding driving resistances and cooling air conditions  
• Use longer brake event sequence for cooling air adjustment: e.g. one specified sections 

instead of cooling curves only 
• Investigate the possibility of reducing the influence of cooling setting on cycle temperature:

• Shorten standing still phases?
• Consider optional cycle execution temperature controlled for companies having 

thermal models of brakes in WLTP cycle
• Embedded thermocouples are easier to use and provide less variability – use them
• Re-run the Focus test with embedded thermocouples (begin of May) 
• Evaluate additional vehicles for confirmation of findings



How to avoid differences in temperatures vehicle vs. dyno
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Shortening the standing still phases does not influence number of stops/km, driving distance 
etc.
It may influence friction (tbi?).
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