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Which vehicles have a DP Bt e et i

verbrandingsmotor met compressintsteking de
deeltjesmassa is gemeten in g/km en de hiervoor
in het kentekenregister vermela:

en niet duidelijk defect zigh €

Limit values type approvaMl dieselvehicles

Euro class ' date PM PN Common used aftetreatment
[mg/km] [#/km] system

Euro 1 1993 140,0 none

Euro 2 1996 80,0 none

Euro 3 2000 50,0 DOC

Euro 4 2005 25,0 EGR + DOC

Euro 5a 2009 5,0 cooledEGR + DOC+ DPF

Euro 5b 2011 4,5 6,0 *E11  cooledEGR + DOC+ DPF

Euro 6a 2014 4,5 6,0 *E11 cooledEGR + DOC+ DPF

Euro 6b 2017 4,5 6,0 *E11 cooledEGR + DOC+ DPENT/SCR

(Adoptedfrom Kadijk et al.,2015)
P
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Brand AVL NANEOS| PEGASOl SENSOR| TESTO TESTO TSI TSI TSI
DiTest _ : -
Type Partector Mi3 APA DiscMini | Nanomet NPET PTI PTI
Counter

Typenumber - - - - - 3 3795 V1 V2

Handheld/ portable portable handheld portable portable handheld portable portable portable portable

Productionor prototype Prototype | Prototype | Production| Prototype | Production | Production | Production | Prototype | Prototype

Working principe DC DC DC CPC DC DC CPC CPC CPC

Unities [#/cm3] [#/cm3] [#/cm3] [#/cm?3] [#/cm3] [#/cm3] [#/cm?3] [#/cm3] [#/cm3]

Minimum readout 10.000 0 300 1000 10.000 10.000 1.000 1.000

Maximum readout unlimited 5,00 E+06 | 1,30 E+09 1,00 E+06| 3,00 E+08| 5,00 E+07| 5,00 E+06| 5,00 E+06

Dilution 101 | Nodilution |  10:1 / 10, 310%00r 100:1 20:1 20:1
Yes ves

Removalvolatile particles ) no yes yes no yes yes no Catalytic

delution .
Stripper
Rangesizeparticles[nm] 20-200 >10 nm 10-90 10- 200 10-700 10-700 23-1.000 | 23¢1.000 | 23¢1.000
M
easurementfrequency 1 1 100 1 1 1 1 1
[HF
Response time T[¥] 5¢10 / 0,2 / <15 <15 8 <15 <15

Equipment specifications (in collaboration with NPTI working group) are available;
Typeapprova)l Initial verification, subsequent verification and routine testing for the

PN equipment are possible; =
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REPARTITION OF THE 1006 VALIDATED TESTS IN

23/06/2019
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TeSt Sam p | e FUNCTION OF EURO CLASS OF THE VEHICLES
Tﬂ o c A
Drivendistance[1.000km] ~
Total
0-50 | 50-100 | 100- 150| 150-200| > 200

<4 8.22% | 451% | 1.39% | 1.04% | 0.69% | 15.86%

4-6 3.13% | 16,20% | 8.45% | 4.40% | 1.04% | 33.22%

Vzg'gle 6-8 139% | 8.33% | 9.14% | 822% | 3.70% | 30,79%
8-10 | 1,85% | 4.86% | 509% | 4.86% | 2.20% | 18,87%

>10 | 0,12% | 000% | 0.00% | 0.23% | 093% | 1.27%
Total 14.70% | 33,91% | 24.07%| 18.75% | 8.56% | 100,00%



Expected rejection rate in function of the limit value for Euro 5b and euro 6 vehicles [#/cm?]
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Limit value

NPTI250.000 #/cm ??
© TNO (3 vehicles) idle limit A A
_ 1 plus NPTI L7
£ BJRC(DPFs, bypass)| | uncertainty "
= ] @
2 A PEMS (Diesels ! ——p
U 1.0E+13 E { ) : I /I
E 1 | % PEMS (GDIs) Lo ' 4
1 1 -
~ ' PEMS (PFis) ! g(o’# X
S @
g + PEMS (LPG) X 1y X
T 1.0E+412 - 7
£ e e T & -- e e R
< ] - Euro 6 limit
o 1 o +)K Lo (with PMP uncertainty)
X o b
1.DE+11 T T llII'I'I'I{ T T T Ilfl.ll I T T T T T TTTT T T T T TTTITIT T 1
1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07
Idle SPN23 [p/cm?3]

Emissiorfactor [#/km] at NEDC or WLTC versasy emissionconcentraties [#/cn¥] measuredat idle.
(Takenfrom GiechaskieB.,LahdeT.,SuarezBertoaR. et al.,2018)
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measurements o Sample of the study

Histogram and rejection rate in function of vehicle age @' oca
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measurements o Sample of the study

Histogram and rejection rate in function of vehicle mileage @' °oen
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Simulation of the total particulate emissions [#/cm3] emmitted
by the Euro 5 and 6 vehicles in Belgium

(6,07x10" #/cm?)
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Simulation of the total particulate emissions [#/cm3] emmitted ?; o e a

by the Euro 5 and 6 vehicles in Belgium, after tested and remedied all vehicles
(5,14x10" #/cm?, reduction by 91%)
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Simulation of the total particulate emissions [#/cm?®] emmitted ?‘u oc a
by the Euro 5 and 6 vehicles in Belgium,
after 1 year tested and remedied of Euro 5b and 6 vehicles more than 4 years old
(3,87x10" #/cm?, reduction by 36%)
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Introduction : Different measurement procedure !

Germany

pu o |

Recommended The Netheﬂands

SnapAccalarstion”

Recommel
because of
particles, ¢
behaviour PN(n1

wn. il VVNIChmeasurementprocedure/schedule average
Recommel to use’) over 15 s

to have an
EGR

Snap Accelg

rRecommer SO Many difference:

from avers ASnapaccelerationor not;
AFastPass and/oFastFait

e  AWaitingtime or not;

#.5  AMeasurementtime, etc X

Andstill they are subjecto OK I y3S X

unter

Jium

Orwill there a specificone for eachcountry ?

If PNave after one or more rounds of

T ﬂ - R optimizing the test conditi
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PN Measuremenprocedure

Measurement procedure

do some device testing before starting measuring procedure, if necessary;
Select vehicle category, if necessary (not needed if there is only one category):
Applya snap acceleration if necessary;

Start themeasurementthe vehicle will be running at low idle.

W

Devicetesting, \
if applicable Which measurement schedule to use ??

Select A,Bor C
if applicable




PN Measurement procedure use of parameters

Device testing,
if applicable

Response PN(n1)
SelectA,BorC
?fzc Ii‘caI:;f:_- ‘ time averageover | FP?/FF? JYES /NO YES /YES
PP Rt [s] tnl(s]
E NO/NO

Ll PN(n1) <= FP,y(FPg,) (FP.y) ' PN(n1) <= FPy; (FPy) (FPes) ]J
Snap acceleration
i applicable LR e i) >= ) (57)

PN(n1) > FP,,(FPs,) (FPc) ] [ FPa1 (FPgq) (FPcq) < PN(n1) < FFL (FFg,) (FFe) ]J

PN(n2) PN(n3)
el w1 [s] average over J w2 [s] average over }
tn2 [s] tn3 [s]
\ PN(n1,n2,n3) = Average MeasurementPN(n1), PN(n2) & PN(n3) }

f

YE
PN(n1,n2,n3) <=ThresholdA? 4 -

(ThresholdB) ?

(Threshold C) ? b& -

@BOCA



PN Measurement procedure use of parameters

Designation Value (Still subject to change)

GOCA RDW BASt Switzerland
A Def. for a certain vehicle category or class (A) Text / +euro5b <1.1.2015 euro6? + euro 5b
B Def. for a certain vehicle category or class (B) Text / / >1.1.2015 / /
C Def. for a certain vehicle category or class (C) Text / / / / /
Threshold A Def. for a certain vehicle category or class (A), defa 0¢ 5x1¢ #lcm? 2,5x10 1x10 2,5x1G7? 2,5x10
Threshold B Def. for a certain vehicle category or class (B) 0¢5x10 #/cm3 / 2,5x16 / /
Threshold C Def. for a certain vehicle category or class (C) 0¢5x10 #lcm? / / / /
FP? Instaling a Fast Pass procedure ? Y or N / N N ? N
FF? Installing a Fast Fail Procedure ? Y orN / N N N N
FPR,; Fast Pass value for vehicle cat A after sample n1 0¢5x10 #/cm3 / / ? /
FFR, Fast Fail value for vehicle cat A after sample nl 0¢5x10 #/cm3 / / / /
FR, Fast Pass value for vehicle cat B after sample n1 0¢5x10 #lcm? / / / /
FR, Fast Fail value for vehicle cat B after sample nl1 0¢5x1C #lcm? / / / /
FR, Fast Pass value for vehicle cat C after sample nl 0¢5x10 #lcm? / / / /
FRe, Fast Fail value for vehicle cat C after sample n1 0¢5x10 #/cm3 / / / /
Rt Response time 0-120 s 15 15 307? 0
nl First measurement sample / / / / / /
n2 Second measurement sample / / / / / /
n3 Third measurement sample / / / / / /
tnl Time first measurement sample 0-120 s 5 15 607? 5
tn2 Time second measurement sample 0-120 S 5 0 607? 5
tn3 Time third measurement sample 0-120 S 5 0 60? 5
PN (n1) Average of first measurement sample 0¢5x10 #/cm3 calculated calculated calculated  calculated
PN (n2) Average of second measurement sample 0¢5x10 #lcm? calculated calculated calculated  calculated
PN (n3) Average of tird measurement sample 0¢5x10 #lcm3 calculated calculated calculated calculated
PN (n1,n2) Average of first and second measurement sample  0¢ 5x1¢ #lcm? calculated calculated calculated calculated
PN (n1,n2,n3) Average of first, second and tird measurement sam 0¢5x1¢ #/cm3 calculated calculated calculated  calculated
wl Waiting time 1 0-120 S 0 0 0 5
w2 Waiting time 2 0-120 S 0 0 0 5




