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updates to brake emissions factors
need to reflect vehicle population, driving activity, and current braking systems



why assess the temperature on 

representative vehicles?



brake emissions levels
particle number is sensitive to brake temperature
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Brake temperature

Data courtesy of Ford Motor Co. – Europe – EB2018-VDT-027



WLTP-Brake dynamometer cycle speed trace
~310 brake events; 10 trips; ~6 hours; (40-130) km/h; (0.5-2) m/s²

Mathissen et at., WEA102468 – A novel real-world braking cycle for studying brake wear particle emissions



vehicle class application
brake and wheel design, brake size, axle position, and vehicle type determine 
the thermal regime of the brake



WLTP-Brake cycle needs to be dyno agnostic
the cycle needs to run on different dyno designs and layouts

A B C



what process did we follow?



main steps utilized to select vehicles for PG testing

model 
updates

dyno 
testing

PG for 6 
vehicles 

BWI 
ranking

stats on 
top 

15+1



Brake Wear Index
for top 15+1 vehicles per VIO statistics

𝐵𝑊𝐼 = 𝑉𝐼𝑂 ∙ 𝑀𝑎𝑠𝑠𝑤𝑒𝑎𝑟 ∙ %𝑟𝑒𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡

vehicles in operation

total wearable mass

replacement rate



Brake Wear Index
for top 15+1 vehicles per VIO statistics

BWI vehicle

BWI front

friction 

disc 

BWI rear

friction

disc/drum



statistics for Vehicles in Operation in California



WLTP-Brake test procedure for Proving Ground testing
including vehicle preparation, instrumentation, speed error limits, burnish, 
WLTP cycle, heating and cooling, and coastdown



WLTP-Brake test procedure for Proving Ground testing
test mass comparable to EPA and WLTP cycles

Test mass = RM + 0.15(GVWR – RM)

RM = unladen + 100 kg



vehicle test masses / kg
per GTR 15 loading conditions

TM GVWR



WLTP-Brake test procedure for Proving Ground testing
vehicle instrumented for temperature measurements and braking activity

Brake pressure
2 x Trotor + 2 x Tpad

Twheel well

2 x Trotor + 2 x Tpad

Speed &
Deceleration 



some initial results from the proving 

ground temperature measurements



rotor/drum thermal masses
the thermal model is more predictable after removing 
the mass not in the vicinity of the braking surface

total mass thermal mass



rotor/drum thermal masses / kg
reflect different design and sizing approaches

front axle rear axle

thermal mass thermal mass



WLTP-Brake cycle
used to extract bedding cycles and entire cycle for temperature regimes



speed trace error tolerance for test driver
per GTR 15 – WLTP and programmed on vehicle Heads-up Display

minimum speed within 1 s minus 2 km/h 

target speed per WLTP-Brake cycle
actual speed

maximum speed within 1 s plus 2 km/h 



root mean square of speed error / km/h
per SAE J2951:2014 for drive quality evaluation



2016 Toyota Prius Base – cooldown time for front axle

standstill55 km/h
90 m/h

120 km/h



2015 Ford F150 XLT – cooldown time for front axle

standstill55 km/h
90 m/h

120 km/h



2016 Nissan Rogue S – cooldown time for front axle

standstill55 km/h
120 m/h

90 km/h



2013 Honda Civic LX – cooldown time for front axle

standstill55 km/h
90 m/h

120 km/h



2011 Toyota Camry LE – cooldown time for front axle

standstill55 km/h
90 m/h

120 km/h



2013 Toyota Sienna LE – cooldown time for front axle

standstill55 km/h
90 m/h

120 km/h



2013 Honda Civic LX
Front axle disc

Rear axle drum

Front axle wheel well

Rear axle wheel well

Vehicle speed

Trip #



2016 Toyota Prius Base  
Front axle disc

Rear axle disc

Front axle wheel well

Rear axle wheel well

Vehicle speed

Trip #



2011 Toyota Camry LE
Front axle disc

Rear axle disc

Front axle wheel well

Rear axle wheel well

Vehicle speed

Trip #



2016 Nissan Rogue S
Front axle disc

Rear axle disc

Front axle wheel well

Rear axle wheel well

Vehicle speed

Trip #



2013 Toyota Sienna LE
Front axle disc

Rear axle disc

Front axle wheel well

Rear axle wheel well

Vehicle speed

Trip #



2015 Ford F150 XLT
Front axle disc

Rear axle disc

Front axle wheel well

Rear axle wheel well

Vehicle speed

Trip #



300250200150100500 300250200150100500 300250200150100500

1 Hz average temperature front axle discs / °C
left side and right side brakes

Honda Civic

Nissan Rogue

Toyota Prius

Toyota Sienna

Toyota Camry

Ford F150



300250200150100500 300250200150100500 300250200150100500

1 Hz average temperature of rear axle discs/drums / °C
left side and right side brakes

Nissan Rogue Toyota Sienna Ford F150

Honda Civic Toyota Prius Toyota Camry



300250200150100500 300250200150100500 300250200150100500

1 Hz average temperature of front axle pads / °C
left side and right side brakes

Nissan Rogue Toyota Sienna Ford F150

Honda Civic Toyota Prius Toyota Camry



300250200150100500 300250200150100500 300250200150100500

1 Hz average temperature of rear axle pads/shoes / °C
left side and right side brakes

Nissan Rogue Toyota Sienna Ford F150

Honda Civic Toyota Prius Toyota Camry



ultimate use of thermal regimes for 

vehicle, brake and dyno combination



laboratory system

TSI Instrument cluster 6 nm – 18 μm

Electropolished 
brake test enclosure

Return air

Isokinetic & electropolished 
CVS tunnel

HEPA 13 filters

Climate control unit
20 °C & 50% RH

Incoming air

air speed sensor

air temp and 
humidity 
sensor

air temperature sensor



laboratory system
Climate control unit
20 °C & 50% RH

airflow set-point



next phases for the project

model 
updates

dyno 
testing

PG for 6 
vehicles 

BWI 
ranking

stats on 
top 

15+1



Thank you


