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Comparative tests of a passenger car with compressi ignition engine on chassis
dynamometer during NEDC and WLTC tests and during RDE road test

Air pollution is a challenge for municipal authaes. Increased emission of PM10 and PM 2.5 pari@eparticularly noticeable in
Poland primarily the autumn and winter period. Thstdue to the start of the heating season. Acogrdo the above data, road
transport accounted for approximately 5% of theatien of PM, particles, ca. 7% of Ph} and approximately 32% for NOn Poland,

suspended patrticles (PiMland PM ) cause deaths of as many as 45,000 people a Vearissue of smog also affects other European
cities. Therefore, it is necessary to undertakecoete efforts in order to reduce vehicle exhausissions as much as possible. It is
therefore justifiable to reduce the emission ofaes pollution, particularly NQ PM, PN by conventional passenger cars powered by

compression ignition engines. Emissions by thessquager cars have been reduced systematically. &atiye tests of the above
emission of exhaust pollution were conducted ossisalynamometer of such passenger car in NED@ ey in the new WLTC cycle
in order to verify the level of emissions from ttyise of passenger car. Measurements of fuel cgotsomby that car were also taken.
Emission of exhaust pollution and fuel consumptiothe this car were also taken in the RDE roatl tes
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1. Introduction
Air pollution is a challenge for municipal authasg.

It is therefore justifiable to reduce the emiss@nex-

haust pollution, particularly NQ PM, PN by conventional

Increased emission of Rand PMs particles is particu- passenger cars powered by compression ignitionneagi

larly noticeable in Poland in the autumn and wirgeriod.
That is due to the start of the heating season.
According to KOBIZE (The National Centre for Emssi
Management) data [14], in 2016 the main sourceBMf,
PM,s, and PAH (Polycyclic Aromatic Hydrocarbons) emis-
sions were non-industrial combustion processes (4%
and 88% respectively of the total amount of emissiaf such
substances, estimated at 259,156.3 Mg, 145,506.%ihg
146.3 Mg), the predominant share of which came ftbm
combustion of solid fuels by households. In tunrthie case of

nitric oxides (NQ), the industrial sector was the biggest source

of emissions (38% of the total amount of emissiohthese
substances, estimated at 726,431.2 Mg) and roadpte
(32%). Lack of enough airflow causes the above dunst
others to stay suspended above the city, as & reating
smog [1].

According to the above data, road transport acemlnt
for approximately 5% of the creation of Rjparticles, ca.
7% of PMysand approximately 32% for NOIn Poland,
suspended particles (RMand PMg) cause deaths of as
many as 45,000 people a year. The issue of smoga#ds
fects other European cities. Therefore, it is nemgsto
undertake concrete efforts in order to reduce Vehéx-
haust emissions as much as possible [2]. -

In the case of efforts in road transportation sectev- .
eral solutions are possible. One is to utilize elgdsi with .
alternative propulsion systems (electric vehicleshicles
equipped with fuel cells). The use of hybrid vebsgcivould
be justifiable in the meantime. Nonetheless, in&@dr
example, alternative fuel vehicles and those wlitrzative
propulsions accounted for a tiny minority (0.03%)tloe
vehicles registered.

Emissions by these passenger cars have been reslysed
tematically and are tested in laboratory tests (SE&nd
WLTP (WLTC)) and also in RDE road cycles [3-9].

2. Methodology
2.1. Test equipment

For the purpose of studies on exhaust emissions in

NEDC and WLTP tests the equipment of the Centre for
Environmental Protection of the Motor Transporttibuse
was used. For the purpose of the tests there veexdt u

gaseous emissions sampling and analysis system by
AVL; during test was used configuration ,,03 Diluted
Bag Particle Diesel” consisting of:
CFV-CVS exhaust gas sampling system type CVS i60
LD S2 by AVL,
set of AMA i60 D1-CD LE analysers by AVL equipped
with two-range analysers to measure the conceosti
of the following gases:

carbon dioxide C®

nitrogen oxides N

carbon monoxide CO,

total sum of hydrocarbons THC,
- methane CH
particulate sampling system PSS i60 SD by AVL,
particle counter AVL489 APC ADVANCED by AVL,
microbalance MT5 by Mettler Toledo,
M type thermo-hygro-barometer type LB-701, with
a read-out LB-702B display by LABEL,
Electronic scales PBD655-B120 by Mettler Toledo
Company.
For RDE tests mobile analysers were used to measure

hazardous RDEs — i.e. Engine Particle Sizer Mo@&l03

and mobile analyser of exhaust emissions SEMTECH DS
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(Fig. 1) of US Sensors Inc. [10]. An exhaust ensissam- at a test temperature of 20-30°C. Since 2000 dleeoeri-
ple is taken by a mass exhaust emissions condentratod has been eliminated, i.e. the engine starts s ahd
probing device and delivered to the system thraupkated sampling begins at the same time. This modified ctért
path maintaining temperature of 191°C. Exhausfiieeed procedure is referred to as the New European Oyiycle

to remove particle matter (in case of self-ignitemgines) (NEDC) [3].

and the concentration of hydrocarbons is measurdatia The Extra Urban Driving Cycle (EUDC) segment was
Flame lonization Detector (FID). Next, the sampke iadded after the fourth ECE cycle to account foreveggres-
cooled to 4°C and Non-dispersion Detector Ultral&tio sive high-speed driving modes. The maximum EUDGecyc
analyser (NDUV) the concentrations of nitrogen exahd speed is 120 km/h. An alternative EUDC cycle wes al
nitrogen dioxide are measured, while the Non-dsper determined for vehicles with low energy consumptisith a
Detector Infra-Red (NDIR) measures the concenmatib maximum speed limited to 90 km/h [3].

CO and CQ@. The measurement of oxygen is made through Emissions are collected during the cycle in acaocda
an electro-mechanical sensor. The device allowsemord- with the Constant Volume Sampling technique (CVS),
ing the parameters read from the vehicle’s diagoasts- analysed and expressed in g/km for each pollutatile 2
tem and the geographical location via a GPS modidble summarizes selected parameters for ECE 15, EUDC and

1) [11]. NEDC cycles [3].
Table 1. Characteristics of SEMTECH DS mobile exdh@amissions Table 2. Characteristics of UDC, EUDC and NEDC [8Ft
analyser [11] - -
Characteristics Unit ubC EUDC NEDBC
P t Test method A
arameter est metho couragy I pistance km 0.9941 6.9549 | 10.93]4
1. Concentration of ;
co NDIR — non-dispersive (infrared)| ~ +3% Total time s 195 400 1180
range 0-10% Idle time S 57 39 267
THC FID — flame ionisation, +2.5% Avera
ge speed
range 0—-10,000 ppm (incl. StOpS) km/h 18.35 62.59 33.35
NOyx = (NO+NQ,) NDUV - non-dispersive (ultravio- +3% —
let), range 0-3000 ppm Average driving km/h 25.93 69.36 43.10
CO, NDIR - non-dispersive (infrared)]  +3% speed (excl. stops
range 0-20% Maximum speed km/h 50 120 120
O, Electrochemical, range 0-20% +1%
— = Average mig 0.599 0.354 0.506
2. Exhaust emis- Mass flow intensity +2.5% acceleratioh ' ' ’
sions flow Tmaxdo 700C +1% ;
max Maximum
3. Heating time 15 min - acceleratioh m/s 1.042 0.833 1.042
4. Response time of<ls - 2 Calculated using central difference method
5 Diaanostic SAE J1850/SAE J1979 (LDV) ® Four repetitions of UDC followed by one EUDC
- 1ag SAE J1708/SAE J1587 (HDV) -
systems operated| -\ SAE 31939/32284 (HD ” -
(HOV) WLTC - Under conditions defined by EU law, the
Worldwide Harmonised Light Vehicle Test Cycle (WLIC
1910 laboratory test is used to measure fuel consumpiiot
PobGr jmmmp|  Filtr el FID (THC) | CO, emissions from passenger cars, as well as théir-po
spalin tant emissions [4-5].
- WLTC replaces the European procedure based on
Chiodnica |« . . . .
4oC = NEDC for light vehicle type approval tests, witlettransi-
tion from NEDC to WLTC in 2017-2019 [3-5].
A WLTP procedures include several WLTC test cycles
0O, C(";D(':% N"(‘)Dlh"\(/) applicable to the vehicle category with differemtyer to
(€0, CO,) (NO, NO,) mass ratio (PMR), Table 3. The PMR parameter isddf
as the ratio of rated power (W)/curb mass (kg).bQuass
| e | (or curb weight) means "unloaded mass" as defindsldE

R83. The cycle definitions may also depend on tlaeim
* Wireless LAN mum speed (v_max), which is the maximum vehicleedpe

Sal declared by the manufacturer (ECE R68) and notutiee
limitation or safety-related restriction. Cyclicaedodifica-
Fig. 1. Operating chart of SEMTECH DS analyser [11] tions can include steering problems for vehicleth wiower
to mass indicators near boundary lines or at maximu
2.2. Test cycles —NEDC, WLTP speeds limited to values below the maximum speed re
NEDC — The UDC+EUDC test cycle was used to tes&uired by cycle [4-5].
emissions and fuel consumption of light duty vedsclin- With the highest power-to-mass ratio, Class 3 fsae

der EU type-approval [3]. The test is carried autaochas-  geniative of vehicles driven in Europe and Japdass<C3
sis dynamometer. The entire cycle includes four B€& | epicles are divided into 2 subclasses accordinghéir

ments repeated non-stop, followed by one EUDC segme oy imum speed: Class 3a with v_max < 120 km/h and
Before the test, the vehicle must remain for astl@€hours -
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Class 3b with v_max 120 km/h. Selected parameters of

the Class 3 cycles are shown in Table 4, and thicbee WLTC and NEDC tests.
speed for Class 3b is shown in Fig. 2 [4-5].

Figure 3 shows the most important differences betwe

Table 3. Characteristics of ECE15, EUDC and NEDE [#e-5] TEST CYCLE
Category PMR V_max Speed Phase Sequence
[Wikg] [km/h] NEDC WLTP
- Dynamic cycle more
Class 3b PMR > 34 V_max Low 3 + Medium 3-2 + Single test cycle representative of
120 High 3-2 + Extra High 3 real driving
Class 3a V_max < Low 3 + Medium 3-1 +
120 High 3-1 + Extra High 3
Class 2 34 PMR - Low 2 + Medium 2 + High 2
>22 + Extra High 2
— " NEDC WLTP
Class 1 PMR 22 Low 1 + Medium 1 + Low 1 11 kilometre 2325 kiometre

140

120

100

Speed, km/h
8

8 3

=]

0
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Medium

High Extra High

T
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T T T
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Fig. 2. WLTC cycle for Class 3b vehicles [4-5]

Table 4. WLTC Class 3 cycle: selected parameterS][4

WLTP
46.5 kilometre
per hour

INFLUENCE OF OPTIONAL EQUIPMENT

NEDC

Impact on CO2 and
fuel performance
not considered
under NEDC

WLTP

Additional features
(which can differ per
car) are taken into
account

The homologation tests carried out in laboratonydio

tions in the chassis dynamometer are aimed atrdigtieg

- o |- NEDC wLTP
. '5 8 - g 8' é § " = ol © é 20 minutes 30 minutes
= S 8 o2|e g E
8 Slgsl 2| 2| B lzglzg o5
I REL I B IR LA
S S m km/h | km/h|km/h| m/s2 | m/s
Class 3b(v_max 120 km/h) NEDC WLTP
2 phases, 66% 4 more dynamic
Low3 | 589 | 156| 3093 26.5% 56.5 | 25.7| 18.9-1.47|1.47 urban and 34% phases, 52% urban
Medi non-urban driving and 48% non-urban
%_gjm 433 | 48| 4756 11.1% 76.6 | 44.5| 39.5-1.49|1.57
High 3-2| 455 | 31| 7162 6.8% 97 4 60/8 56-71.49|1.58
Extra-
highs | 323 | 7 | 8254 22% 1313 940 92.0.21/103 o e
120 kilometre 131 kilometre
Total | 1800| 242 | 23266 per hour per hour
Class 3a(v_max < 120 km/h)
Low 3 589 | 156 3093 26.59% 56.5 | 25.7| 18.9-1.47(1.47
Medium | yaa | ag | 4721 11.1% 76.6 | 44.1| 39.8-1.471.28
3-1 NEDC WLTP
High3-1| 455 | 31| 7124 684 974 605 5¢-4.49/1.58 Mariposivis LT
Extra- points vehicle
: 323 | 7 | 8254 220 1313 940 92:41.21/1.03
High 3
Total | 1800| 242 | 23194

NEDC
Measurements
at 20-30°C

WLTP

Measurements at
23°C, CO2 values
corrected to 14°C

the average exhaust gas emission and fuel consormipti
newly produced vehicles. So far, the NEDC cycle len
considered too "easy" to reflect real road condgioFor
this reason, works have begun on a new WLTC testing
procedure.

Fig. 3. Differences between NEDC and WLTC [12]
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Comparing WLTC with NEDC, you can see that many The works on outlining the test route were perfatrbg
changes have been made. First, the effect of additi the Motor Transport Institute. To have the testempeci-
equipment and different engine configuration versisvas fied was a priority because of the further postibibf
taken into account, as well as the type of geadsed in conducting the tests (Fig. 4).
the vehicle (the gearbox change in the case ofrtheual
gearbox is calculated). But it is not everythingeTistance
and duration of the cycle have been extended. Nibig,
extended by 10 minutes (WLTC — 30 minutes, NED®- Z
minutes) and longer by 12 km (WLTC — 23 km, NEDC -&

have shown that in real traffic conditions, theick#s idle
time is shorter than previously assumed. For théson, it g
was reduced from 25% in NEDC to 13% in the WLT(®#
cycle [3-5]. An important change is the introduetiof yi el . 28
differences in the cycle depending on the vehigle\wer “ESSEEEEE S G g "8 S ] GoogleEdrth
and the mass ratio in the tested vehicle. Threegoaies ' ' '
were distinguished. It should be noted, howeveat th a
larger number of cases, the third category appiiesehi- 3. The object of tests

cles sold in Europe — above 34 kW/ton [12]. The tests were performed with the use of M1 categor
vehicle with a self-ignition engine complying wiffuro 6
emission level. Key technical parameters of thecletare
presented in the Table 6 below and the vehiclédsva in
Fig. 5.

Fig. 4. RDE test route

2.2. RDE cycle —real driving emissions

The presented tests are supplemented with reahgriv
emissions (RDE) tests. To perform those tests firsttest
route had to be specified that would be representéior
the tests and fulfil the requirements [6-9]. Theuieements

. h Table 6. Chosen technical parameters of the vehide in the tests
set forth by the legislator are presented in thalel's. P

Parameter Unit Value
. . Length mm 4855
Table 5. Requirements regarding the RDE test 18] Width mm 1860
Parameter Requirements Height mm 1465
Ambient tempera- | normal range: 6C T, < 30°C Wheelbase mm 2805
ture (Ty) lower extended range: °C T,<0°C Engine Combustion, piston,
upper extended range: 30 < T, 35°C B R4 16V, self-ignition
Topographic normal range: h 700 m a.s.| Engine displacement ¢m 1598
height (h) extended range: 700 < h1300 m a.s.| Power KW/rpm 136/4000
Impact of external | accumulated height: less than 1200 m/100 km Max. rotational speed Nm/rpm 320/2000-2250
weather and road | (RPA): greater than RRA (in all driving condi- Compression ratio - 157
parameters and the tions)
driving style product of acceleration and speed &é9:

less than V g min (in all driving conditions)
Thermal condition | cold start: coolant less than 70,
of the vehicle prior| time of at least 300 s,

to tests emission upon cold start not included in RDE test
Single vehicle stop  no more than 180 s

Exhaust after- single regeneration of PM filter can result in RDE
treatment system'’s test repetition; two regenerations are included in
operation the results of exhaust emissions in RDE test
Driving comfort used normally according to purpose (e.g. air-
system operation | conditioning system)

Vehicle load mass of vehicle: driver (and passenaed test

equipment; max. load < 90% of the sum of
weight of passengers and vehicle's usable mags
Test requirement duration 90-120 min

Requirements for | 29-44% of the entire test length

the urban test part| distance more than 16 km

speed (v): v 60 km/h

average speed: 15-40 km/h

break: 6-30% of the total urban time
Requirements for | 23-43% of the entire test length

the rural part distance: greater than16 km

vehicle’'s speed(v): 60 km/h < v90 km/h
Requirements for | 23-43% of the entire test length

the motorway part| distance: greater than 16 km

vehicle’s speed(v): v > 90 km/h

driving speed of more than 100 km/h for at least
5 min
driving speed of more than 145 km/h for at least
3% of the time

Fig. 5. Vehicle used for tests — overview
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4. Test results
4.1. NEDC and WLTP cycles

During the tests of the tested vehicle attentios gigen
to differences in emission of CO, N@nd THC. It has been

Multiple tests performed on the chassis dynamometebserved that in WLTC the tested vehicle charoggeri

allowed for determining not only the average exhauosis-
sions but also the concentration of pollutants xtiagist
emissions and the number of particle matters.

with a higher emission of those gases.
As regards carbon oxide the difference was equapto
prox. 1% to the disadvantage of NEDC (Fig. 8). égards

Figures below (Figs 6-7) present for example resofit nitrogen_ oxides (NQ the difference was 2.6% and was
the number of PM in respective phases for NEDC argfeater in WLTC. As regards hydrocarbons thoseediff

WLTC cycles. It can be noticed that the result BDC is
smaller than in WLTC. The differences are alsocsatble
in respective phases. In the urban part (UDC — NEDE
Low — WLTC) those differences are considerable.nTime
NEDC a much lower emission of particle matters whs
served in EUDC — rural part as compared to thd pad in
Extra High of WLTC cycle.
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Fig. 7. Particle numbers in WLTP and its phases

&)
T
K
NP
140 ot P
NN
80
60
A
S
40 A
’ I.
0
co2 co NOx

Fig. 8. Comparison of emissions in the tested YehitNEDC and WLTC
cycles

=WLTC

<
Ny
" éb@
N O
II =2
-

THC+NOx Fuel consumption

mNEDC

8

8

CO2 [g/km], CO, NOx, THC+NOx [mg/km],
fuel con. [dm3/100 km]

ences are even greater.

4.2. RDE cycle

The tests performed on the chassis dynamometer were
supplemented with RDE tests along a test routenaatlin
accordance with the requirements. The vehicle ested in
terms of hazardous exhaust emissions. The analyses
made based on window averaging method. The tests fo
cused on the average emissions 05,00, HC, NQ, PN
and fuel consumption. The analyses allowed forrdéte
ing the emissions of respective gases in a breakdoto
cycle phases and for determining the average emniséis
regards C@- its emission in RDE cycle was equal to 187.6
g/km.

250

203,3

Motorway

199,9

1

Urban

N
o
<]

187,6

RDE

Fig. 9. Emissions of C{n respective phases of RDE cycle and average
CO; emission in this cycle

159,2

Rural

CO, [g/km]
a

o
o

The fuel consumption of the tested vehicle remaiated
a relatively even level (Fig. 10). Only in the rupart the
tested vehicle characterised with considerably fofuel
consumption. The average fuel consumption accorting
the test was equal to 7.05 Hper 100 km.

10

7551 7,64
6 5,98
4
2
0

7,05
Urban Rural Motorway RDE

FC [L/100 km]

Fig. 10. Fuel consumption in respective RDE cytiages and average
fuel consumption in this cycle

During the RDE cycles of the tested vehicle meabure
were emissions in respective phases and averagsiemi
of CO and hydrocarbons. In the first case the doriss
levels were almost constant for all cycle phasesréfore,
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also the average value did not differ from thoseespec-
tive phases. For the purpose of analysing datayrdo@mi-
ty Factor (CF) was determined for every substaBesed
on that it was possible to determine whether ttastér
falls within the limit. As regards the tested veaithis was
achieved in case of CO (Fig. 11).

Fig. 11. CF for CO emissions in respective pha$&E cycle and
average CO emission in this cycle

A similar situation related to emission of hydrdoanrs.
The highest emission of hydrocarbons was recordetie

motorway phase. However, the differences between t

phases are minor. This can be seen in Fig. 12 miegeCF
for hydrocarbons.

1,0

0,8

0,6

CF HC

0,4

0,16

Motorway

0,2

0,14

Urban

0,14

RDE

0,0
Rural

Fig. 12. CF for hydrocarbons in respective phas&DE cycle and
average emission of hydrocarbons in this cycle

The emissions of nitrogen oxides in the tested olehi
fell within the limit CF = 1.5. The result was eveignifi-
cantly lower. The tested vehicle with a self-igmitiengine
meeting the Euro 6 emission level standard, alffdléd
the requirements of RDE cycle. Moreover, the lovessis-
sion of nitrogen oxides was recorded in the motgrpart
of RDE cycle (Fig. 13) and the highest — in theatyrart.
CF for the entire test was 0.39.

Also, it should be noted that the requirementseimts
of PN emissions were fulfilled (Fig. 14). Therefoiecan
be concluded that modern self-ignition engines ololrave
problems in fulfilling the exhaust emission stardalin
relation to PN emissions.

2,0
1,5 CF=15 —
x
o
Z 1,0
w
(8]
0,49 ﬁo,sg
’
0.5 0,39
0,09
0,0
Uban Rural Motorway RDE

Fig. 13. CF for nitrogen oxides in respective plsasfeRDE cycle and
average emissions of nitrogen oxides in this cycle
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0,0 I . l .
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Fig. 14. PN emissions in respective phases of Rpfe@nd average PN
emissions

On Fig. 15 are given a comparison between thetgesul

of road emissions and fuel consumption of the tesehi-
cle in respective driving cycles.
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Fig. 15. Comparison of chosen results of road déoissand fuel con-
sumption in the tested vehicle in respective dgwgcles.

4. Conclusions

The results of the exhaust emissions in comparative
cles (NEDC, WLTC and RDE cycles) prove that those
obtained in RDE cycle — in the case of the testelicle
with a self-ignition engine — are relatively monefavoura-
ble, though often similar to the results in othesttcycles.
The tested passenger car fulfils the requiremesrtserning
RDE tests on the tested route for such cycle, aedtdst
route is consistent with the requirements regardingh

COMBUSTION ENGINES, 2019, 178(3)
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routes. Also, the requirements regarding the dynafithe sions tests on a chassis dynamometer is therefdhe f

vehicle’s trip along the route have been met. Thliea- justified.

tion of the RDE cycle to verify the results of exsaemis-

Nomenclature

CAN Controller Area Network RDE Real Driving Emissions

CF Conformity Factor WLAN  Wireless Local Area Network

GPS Global Positioning System WLTP  Worldwide harmonised Light duty Vehicle Test
NEDC  New European Driving Cycle Procedure
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Regulation (EC) No 692/2008 and Commission Regumiati
(EU) No 1230/2012 and repealing Regulation (EC) No
692/2008 and Directive 2007/46/EC of the European P
liament and of the Council as regards real-driwngjssions
from light passenger and commercial vehicles (Byro
Commission Regulation (EU) 2018/1832 of 5 Nubeer
2018 amending Directive 2007/46/EC of the Europear
liament and of the Council, Commission Regulati&C)
No 692/2008 and Commission Regulation (EU) 20171115
for the purpose of improving the emission type apal
tests and procedures for light passenger and cocrahee-
hicles, including those for in-service conformitgdareal-
driving emissions and introducing devices for mariitg
the consumption of fuel and electric energy.

Semtech DS: On Board Vehicle Emissions AralydJser
Manual.
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Commission Implementing Regulation (EU) 20182 of
16 July 2018 amending Implementing Regulation (EU)
2017/1153 to clarify and simplify the correlatiorogedure
and to adapt it to changes to Regulation (EU) 20157Y.
Wdro enie procedury dotyczej przejazdu dla realizacji
bada emisji zanieczyszczespalin (RDE). Praca statutowa
06/18/ITS/008. Instytut Transportu Samochodowego.
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