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Abstract
fine dust generated by brake wear under various driving cycles. WLTC (word harmonized light-duty vehicle test cycle), Novel
braking cycle which was specialized for brake particles measurement, and NIER (national institute of environment research)

Brake wear particles (BWPs) were measured using a brake dynamometer to understand the characteristics of

driving cycles which was used to determine the exhaust emission factor in Korea were utilized. The experimental results
showed that emission factors of PM;y and PM, 5 in three driving modes were ranged with 0.21~0.61 mg/km/brake and
0.12~0.36 mg/km/brake, respectively. NIER driving cycle showed the highest number of braking among the three cycles,
which caused the highest emission factor. However, the braking dissipation energy of each stop in the test cycle rather than
the number of braking had a greater effect on the generation of BWPs. Although the same pad and disc were used, it was
confirmed that the particle size distributions were different for each test cycle. The BWPs showed a unimodal distribution
with mode diameter of around 2~3 pm based on aerodynamic diameter and showed a bimodal distribution with mode
diameters of 600 nm and 2.8 um based on optical diameter. Comparing the 15 NIER test cycles classified by average driving
speed, the faster the speed, the smaller diameter of BWPs generated. The ratio of BWPs generated by brake drag varied by
4~53% according to the steps of NIER test cycle. Specialized new driving cycle or modified NIER driving cycle in consideration
of the driving speed and brake dissipation energy are required to measure the emission factor of BWPs.
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Fig. 1. Schematic of the brake dynamometer for measuring brake wear particles.
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Table 1. Characteristics of each test cycles
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National Institute of

Novel real-world World harmonized light-duty

Name Environmental Research mode braking cycle test cycle

Abbreviation NIER (mode) Novel braking WLTC

Base data Established by government Brake duration, distance, 700,000 driving data of USA,
institute of Korea number, initial velocity etc. Europe, Japan, Korea and India

data of WLTP

Purpose Evaluating exhaust pollutant Evaluating braking particle Evaluating exhaust pollutant
emission in Korea emission emission

Test time 6 hours 9 hours 30 minutes
(including soaking time) (including soaking time)

Driving distance (km) 146 191 23

Braking frequency (brake/km) 3.1 1.6 2.5

Total dissipation energy (kJ) 2360 1978 404
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Fig. 2. Comparison of particle mass concentration between
gravimetric method and particle measurement instruments.
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Fig. 3. NIER driving test cycle (a) schedule and temperature variation, and (b) part of particle concentration change according

to elapsed time.
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Fig. 4. Novel braking driving test cycle (a) schedule and temperature variation, and (b) part of particle concentration change

according to elapsed time.
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Table 2. Emission factors of PM,, and PM, 5 for NIER, Novel
braking, and WLTC test cycles.

mg/km/brake NIER 1-15 Novel braking WLTC
PM;, 0.40 0.12 0.72
APS PM, 0.26 0.08 0.49
PM,s/PM;,  65.0% 66.7% 68.1%
PMo 0.72 0.31 0.43
opPC PM, 5 0.33 0.11 0.32
PM,s/PM;y  45.8% 35.5% 74.4%
PMo 0.40 0.19 0.43
DustTrak PM, 5 0.24 0.09 0.31
PM,s/PM;y  60.0% 47.4% 72.1%
PMo 0.61 0.21 0.41
Gravimetric  PM, 5 0.30 0.12 0.36
method
PM,s/PMyy  49.2% 57.1% 87.8%
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Table 3. Information of brake wear particle characteristics and dissipation energy of each NIER test cycle steps.

PMio PM, 5
Dissipation
energy (kJ) Total BWP Ratio of Total BWP Ratio of PM,5/PMio
mass (mg) brake drag mass (mg) brake drag
NIER1 30.66 0.32 49% 0.11 53% 33%
NIER2 64.09 0.35 32% 0.17 28% 49%
NIER3 86.68 0.72 18% 0.37 11% 51%
NIER4 91.33 0.66 30% 0.37 24% 56%
NIER5 120.77 0.63 20% 0.37 18% 58%
NIER6 132.67 0.38 21% 0.21 19% 55%
NIER7 170.76 2.24 8% 1.09 7% 49%
NIER8 180.30 2.30 4% 1.10 4% 48%
NIER9 204.09 2.96 8% 1.69 7% 57%
NIER10 224.39 6.09 10% 343 8% 56%
NIERT1 186.34 3.24 12% 2.03 12% 63%
NIER12 190.35 494 15% 3.42 14% 69%
NIER13 227.70 9.28 21% 6.35 17% 68%
NIER14 139.00 5.40 42% 3.90 39% 72%
NIER15 311.06 19.73 30% 14.28 25% 72%
(a) 14 10
12 4 SO g';sc o ] O PM;o-without brake drag -
T 10F 5 _ - DustTrak : 1 . A PM, s-without brake drag NIERES
g M g ® PM;o-with brake drag NTER13 é
S 08 = 10' £ | A PM,s-with brake drag R g 4
£ 7
< 06F z 2 é A
=
& 04f .§ = 'A NTER7-12
02k é 100 | NIER3 njgRs  4b |
S NIERT 8
0.00 % o L] £§ A8
@ 5 S NiERs A
B0k A B NIERG 4
'9 NIER2
(b) 0.7 r " . i
06F | —e— Aps ]
= E 0 OPC E 107 L
£ 05 —¥— DustTrak o 10! 102 103
> 04Ff g b
E’ Total braking dissipation energy (kJ)
= 03} ]
g 02f k| Fig. 9. Comparison of BWPs emission mass quantity and
01F E total braking dissipation energy of each NIER test cycle
0.0 ‘ ‘ : . : steps.
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Fig. 8. Emission factor of (a) PM;, and (b) PM, 5 variation
according to each NIER test cycle steps.
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