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4Factors to Account for in Emissions Inventories for HD Truck Brakes

Activity
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5Brake Temperature Evaluation

Vehicle Load Vocation 

Dryage Delivery Long haul Towing Refuse U.Bus

Class 8 - Air Disc Brake Full • • •
Unloaded •

Class 8 - Drum Full • •
Uloaded • •

Class 6
hydraulic 

26k lbs
• •

Refuse Full •
Bus 37.5k lbs •



6Drive cycles
U s i n g  2 0 2 1  f i e l d  s t u d y  f r o m  U n i v e r s i t y  o f  C a l i f o r n i a  –  R i v e r s i d e  ( U C- C E R T )

Drayage Northern CA

Local moving

Beverage distributionUrban busRefuse 

Long-haul out-of-state

Cement mixer



7Emissions Test Matrix
C o m b i n i n g  v e h i c l e s ,  b r a k e  t y p e s ,  c y c l e s ,  l o a d i n g ,  a n d  r e p e a t a b i l i t y  t e s t s

Vehicle Brake/axle Cycle 1 Cycle 2 Cycle 3 Load Repeat EMFAC class

Class 8 drum steer Drayage N* Cement LH OOS** 1 T7

drum drive Drayage N Cement LH OOS 2 Yes

ADB steer Drayage N Cement LH OOS 2 Yes

ADB drive Drayage N Cement LH OOS 1

Refuse ADB steer Refuse 2 Refuse 

ADB drive Refuse 1

Urban bus ADB steer Urban bus 1 Bus 

ADB drive Urban bus 1

Service Hyd. Disc 
steer

Beverage Delivery 1 T6

Hyd. Disc 
drive

Beverage Delivery 1 yes

*Northern CA Drayage ** Long-Haul Out-of-State



8Brake Temperature Modeling

U p d a t e d  U M T R I  m o d e l  w i t h  t r a c k  d a t a

𝑇𝑇 = 𝑇𝑇𝑖𝑖 � 𝑒𝑒− ⁄𝑡𝑡 𝜏𝜏 + ⁄𝐻𝐻𝐻𝐻𝐵𝐵 ℎ(𝑣𝑣) + 𝑇𝑇𝑎𝑎 � 1 − 𝑒𝑒− ⁄𝑡𝑡 𝜏𝜏

Adaptations:
─ Braking events v. coastdowns
─ Estimation of braking power

Target temperatures for emissions tests

Temperature 
Initial temperature

Braking horsepower

Ambient temperature

Time
Heating/cooling constant

Cooling coefficient 2



9Example Brake Temp Results
e . g . ,  Te s t  t r a c k  m e a s u r e m e n t  o n  C l a s s  8  d r u m  b r a k e  o n  b e v e r a g e  d e l i v e r y  c y c l e

Thermocouples in primary brake 
shoes of all wheel ends per 
FMVSS 121



10Brake configurations
E n v e l o p e  d i m e n s i o n s  s i g n i f i c a n t l y  l a r g e r  t h a n  l i g h - d u t y  v e h i c l e s

Air-disc brakes 
L2 [450…650 mm], D2 [450…600 mm]

Air-drum brakes 
L5 [550…850 mm], D4 [380…520 mm]



11Brake Dynamometer Test Setup
C a l t r a n s  s e t u p  w i t h  s e t u p  a l i g n e d  w i t h  P M P  s a m p l i n g  ( p r e - G T R )

brake assemblybrake enclosuresampling tunnelPM + PN systems 
+ EEPS + APS + QCM

climatic unit + HEPA filters inlet ducting



12Total Truck PM10
T h e  P M 2 . 5 / P M 1 0  f r a c t i o n  e x h i b i t e d  d i f f e r e n c e s  a c c r o s s  b r a k e  t y p e s

0

50

100

150

200

250

U
rb

an
 B

us

Re
fu

se

Be
ve

ra
ge

Lo
ca

l M
ov

in
g

1_
Dr

ay
ag

e

2_
Ce

m
en

t

3_
LH

 O
O

S

1_
Dr

ay
ag

e

2_
Ce

m
en

t

3_
LH

 O
O

S

Air Disc Air Disc Hyd Disc Air Disc Drum

Bus Refuse Class 6 Class 8

To
ta

l T
ru

ck
 B

ra
ke

 P
M

 (m
g/

m
i)

PM2.5 PM10 - PM2.5

PM2.5/PM10 
~ 27 %

PM2.5/PM10 
~ 30 %

PM2.5/PM10 
~ 40 %

PM2.5/PM10 
~ 50 %



13Brake dynamometer for commercial vehicle applications 
A d a p t i n g  t h e  P M P  G R P E - 8 7 - 4 0  s y s t e m  s e t u p

inlet cooling air from 
CCU + HEPA Filter box

electric drive, controls, 
and dyno instrumentation

brake 
enclosure

Motor with electric inertia + 
mechanical inertia disks + CE 
emergency brake

isokinetic 
sampling plane

GRPE-87-40 
sampling system

return cooling air 
+ airflow sensor

brake tailstock
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— Cimatic conditioning
— Sampling system
— Emissions measurements

A d a p t i n g  t h e  l i g h t - d u t y  m e t h o d  G R P E - 8 7 - 4 0  +  C V  a p p l i c a t i o n s

Brake dynamometer for commercial vehicle applications 
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