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Content / Agenda

= Basic principles of engine test procedure

= Overview of content of engine test procedure
(Annex V to Commission Regulation (EU) 2017/2400)

= Details of engine test procedure

" Engine pre-processing tool (VECTO Engine)
= Description of tool and input data
= Steps of data evaluation

= VECTO Engine software demonstration

= Common mistakes
= Special topic: from measured FC to certified CO2
= Q&A (ca. 15 min)
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Basic principles of engine test procedure

= Close link to emission testing for type approval (EURO VI / UN/ECE R49)

=  minimum additional testing effort
= ascertain compliance with emission limits (trade-off emissions vs. fuel consumption)

= Qverview of necessary testruns
= engine full load curve

= engine motoring curve according to
*  WHTC (cold + hot) UN/ECE R49

dedicated new testrun

= engine fuel-flow map = fuel-flow = f (speed, torque)} for CO. declaration
2

= Boundary conditions for engine fuel-flow map
= stationary measurement of fuel-flow at predefined grid of operation points
= defined sequence of measured points
= compliance with emission limits is checked according to extended WNTE/OCE requirements

= fuel-flow map is valid for whole engine CO,-family
I European
x Commission



Basic principles of engine test procedure

Overview of content of engine test procedure

Details of engine test procedure
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Overview of content of Annex V
to Commission Regulation (EU) 2017/2400

® 1. Introduction Mainly relevant for

® 2. Definitions @ engine testing
@® data evaluation

@ certification issues
® 4. Testing procedure . | (==

4.3.1 Full load curve

® 3. General requirements (for all testruns)

4.3.2 Motoring curve

4.3.3 WHTC

4.3.4 WHSC

4.3.5 Fuel consumption mapping cycle (FCMC)

® 5. Post-processing of measurement data

® 6. Application of engine pre-processing tool
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Overview of Appendices to Annex V
to Commission Regulation (EU) 2017/2400

B w N e

Model of certificate
Engine Information Document
Engine CO2-Family

Conformity of the certified CO2 emissions
and fuel consumption related properties

Determination of power consumption of
engine components

Markings
Input parameters for the simulation tool

Important evaluation steps and equations
of the engine pre-processing tool

Mainly relevant for
@® engine testing
@® data evaluation
@ certification issues
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General information about the engine test
procedure (1/2)

Close link to emission test procedure (EURO VI / UN/ECE R49),
minimum additional testing effort

Amendments of Commission Regulation (EU) 2017/2400 to UN/ECE R49:
= Stricter limits for ambient conditions [Point 3.1.1 of Annex V]

» Engine installation acc. to UN/ECE R49
- correction of AUX (special provisions for add. electric aux and fan — Appendix 5) [Point
3.1.2 of Annex V]

= Special provisions defined for engine cooling system on testbed [Point 3.1.5 of
Annex V]

= Thermostat (or simulated behavior on testbed) shall be used

* |n-vehicle situation shall be reproduced (temperatures, flow rates)

= Extra rules for WHTC cold-start European

Commission




General information about the engine test
procedure (2/2)

Close link to emission test procedure (EURO VI / UN/ECE R49),
minimum additional testing effort

Amendments of Commission Regulation (EU) 2017/2400 to UN/ECE R49:
= Reference fuels of EURO VI regulation used for testing [Point 3.2 of Annex V]

= Procedure and standards for determination of Net Calorific Value (NCV) defined

= Exact same reference fuel shall be used for all testruns of one engine CO2-family

= Special provisions for lubricants used [Point 3.3 of Annex V]
= Regular market oils, no special oils (low-friction) allowed

= More stringent requirements on accuracy of measurement equipment [Point 3.5 of
Annex V]
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Selection of engine to be tested (1/2)

Engine CO,-family concept:

= engine emission family definition existing for EURO VI (acc. to UN/ECE R49)

= engine CO,-family is (smaller) subset of engine emission family

= engine CO,-family is defined by fuel consumption affecting parts

(hardware and controls)

- If any of these parts are changed, a different family is created

engine emission family (acc. to UN/ECE R49)

CO,-family 1

300kW 250kW 200kW

engine C1.1 engine Cl1.2 engine C1.3

CO,-family n

350kW 300kW 250kW

engineCn.1 engineCn.2 engine Cn.3
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Commission




Selection of engine to be tested (2/2)

= for each CO,-family only one engine has to be measured: highest power rating

= all lower ratings of a family use the same measured fuel-flow map
= highest rating defines grid size of fuel-flow map

= on OEM request additional members of a CO,-family may be measured
separately

grid size for engine
with highest power (example)

?

0O 0O 0o o o o o o o 0o

A = 85Nm (example)

Engine torque
0O 0O 0o o o o o o o o
0O 0O 0o o o o o o o o
0o 0O 0o o o o o o o 0o
0O 0O 0O o o o o o g
0O 0O o o o o o o g

0O 0o o o o o o
0O 0O 0o o o o o o
O 0o o o o o o
0O 0o o 0o o o o o0

o
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Engine installation on testbed

= Power demand of auxiliaries in VECTO vehicle simulation vs. testbed

= power demand of aux. already installed during fuel-flow mapping is included in FC map

- no additional consideration in vehicle simulation necessary

= power demand of additional aux. not included in FC map is considered in vehicle simulation

- generic* values for each vehicle class and mission profile defined

Auxiliary system VECTO Testbed (acc. to UN/ECE R49)
vehicle simulation FC mapping

fuel pump(s)
water pump
oil pump

generator
(supply of electrical
system)

fan

steering pump
air compressor
AC compressor

no additional consideration
(already included in FC map)

generic power demand per
vehicle class/mission profile
added in simulation *

generic power demand per
vehicle class/mission profile
added in simulation *

installed
(included in FC map)

not installed (or power correction)
(notincluded in FC map)

not installed (or power correction)
(not included in FC map)

* detailed simulation of
aux. power demand for buses

European
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Overview of testruns to be performed

= 5 testruns in total

= 2 of those can be skipped for child engines within same engine CO2-family
= All but one testruns acc. to UN/ECE R49 (no changes)

= EXCEPTION: fuel consumption mapping cycle (FCMC)
- dedicated new testrun for CO2 declaration

Reference to

Required to be run

Required to be run

mapping cycle

Testrun paragraph for COz-parent for other engines
engine within CO2-family
Engine full load 43.1 yes yes
curve
Engine motoring 432 yes no
curve
WHTC test 4.3.3 yes yes
WHSC test 4.3.4 yes yes
Fuel consumption 435 yes no

European
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FCMC (1/4) — Target engine speed setpoints

— Definition of target engine speed setpoints [Point 4.3.5.2.1 of Annex V]
— Standard distribution of 4/4 intervals can change to 3/5 or 5/3 depending on
shape of full load curve

. nildle nIA nIB n9|5h 1. 4 base speeds
max_overall N . - n i dl e
I rjf 0 5 j H\H\ I ™ n_A
I = o | | - n\i . _B
Q | 0 i 0 r!l |! o o o n_
o e Y " n_95h
S bt o o o | d o o o @
2 } o o o & 4 o o o 2. 6 additional speeds
g b o o o § § o o o P (eqUidiStant between
u f o o o ¢ ¢ o o o @ base speeds)
0 F o o o g p o o o §
| 1 1 |
Example for 4/4 distribution European
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FCMC (2/4) — Target torque setpoints

— Definition of target torque setpoints [Point 4.3.5.2.2 of Annex V]

— Points located above full load replaced by full load
(BUT: points at full load only measured once)

Examples of sets of points combined to
one single target torque point at full load
7 ey - 10 equidistant intervals
O- 8 —0— & -3 —0 ‘;\( between 0 Nm and highest
g e torque value that occurs in
(o) = =
5 = e E ; | oeTETE full load curve
+~ C | C = [} = | a ] C
g C | C = ] = | | ] C
CCD = d C = ] = d a1 ] C
L
C | C = ] = d | ] C
c ad C = [m] = a ad [m] cC
O (=) =) it 3 £ £ = 3 £ =)
e European
il Commission
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FCMC (3/4) — Target torque setpoints

— Definition of target torque speed setpoints [Point 4.3.5.2.2 of Annex V]

— Points located above red tolerance limit replaced by full load
(BUT points at full load only measured once)

’ Examples of sets of points replaced by full load ‘
Tmax_overall
) AR
U = m] =
[ = ] | ‘I;\\]
. .0
() g o = o =g OO0
S .
g = a = = O o eg 0 Q- O Red dotted line =
o .
= c g c = o = = o o o full load torque minus
G) 5% of Tmaxioverall
c E a C = O = | | Oe O
CCD I | I = m| = d | o~ O
L
C a C = m| = d d O== O
[ d [ = [m] = d | [m] [
xx
e European
* * . .
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FCMC (4/4) — Test sequence [point 4.3.5.5 of Annex V]

T = preconditioning of 20 min at WHSC
max_overal preconditioning mode 9
= ramp time of 20 sec for load change
(<)
= at constant speed
S (20-46 sec at speed and load changes)
o
(]
£
2 = 55 sec stabilization time at each point
LLl
0 = 30 sec averaging (measuring) time at
---------------- each point
U N N S S N SN N SN RN N SN SN SN NN SN BN N SN RN SN SN N SN S SN SN N SN R SN SN SN SN N BN M S S N S S S =
1 Phase Phase 1
: start 95+3 seconds end :
| 55+1 seconds ! 30+lseconds | 10#1s. |
: Transition period Stabilization period i Measurement period i Post- Transition period :
oo i @atarecoraing) 1 PUEEEO | came)
l————————————————————————————I——————————I ——————————— J :’*t’; European
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Data post-processing (1

Testrun Input for Input for Other purpose
VECTO Engine VECTO vehicle simu.

Full load curve Generation of input file for VECTO

(acc. to UN/ECE R49) * Full-load curve for simulation of WHTC
(calculation of WHTC-CF)

Motoring curve * Generation of input file for VECTO

(acc. to UN/ECER49 Annex 4« Motoring curve for simulation of WHTC
PRI 7 s o) (calculation of WHTC-CF)

WHTC (cold + hot) Specific FC in g/kWh for

(acc. to UN/ECE R49) calculation of correction factors
1. measured g/kWh FC over 3 separate parts
of hot WHTC

2. measured g/kWh FC over
total cold + hot WHTC

3. CF for periodically regen. DPFs

Fuel-flow mapping * Generation of input file for VECTO

(FCMC) * Fuel-flow map for simulation of WHTC
(calculation of WHTC-CF)

WHSC
(acc. to UN/ECE R49)

Full-load curve for vehicle
simulation

Motoring curve for vehicle
simulation

Correction factors

= WHTC-CFs

= cold-hot balancing

= periodically regen. DPFs

Fuel-flow map for vehicle
simulation

VECTO-Engine pre-processing tool is mandatory for post-processing of measurements

19

Generation of reference cycle for

testbed

Check compliance with emission limits

For conformity of CO, emissions and
fuel consumption related properties
purpose only (Appendix 4 of Annex V)

*
*
*

** ke

*
*

*
* 5 ¥
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Data post-processing (2/5) —
WHTC correction factors

= Purpose to correct stationary fuel-flow in simulation for:
1. transient engine operation

2. inconsistencies in fuel consumption between the WHTC (hot part) and the stationary fuel-
flow map (e.g. optimization at cost of higher pollutant emissions, heating strategies)

" |nput data format
FCin g/kWh as integrated value over 3 different WHTC parts (urban, rural, motorway)

= Calculation of FC in g/kWh as input to pre-processing tool acc. to [Point 5.1 to 5.3.1 of
Annex V]

= 3 WHTC correction factors (urban, rural, motorway) calculated automatically in pre-

processing tool: WHTC — CFi — g/kWh measured
g / kWh interpolated from map

European
Commission
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Data post-processing (3/5) —
Cold-hot balancing factor

Balancing of FC between cold and hot WHTC [Point 6 of Appendix 8 to Annex V]

— penalty factor to avoid shifting pollutant emissions to cold test for lower FC
in hot test

Cold-hot balancing factor calculated automatically in pre-processing tool:

BI:cold-hot =1+0.1x (g/kWh measured,cold g/kWh measured,hot) / g/kWh measured,hot

Lower limit for BF 4, Setto 1

European
Commission




Data post-processing (4/5) —
Correction factor for periodically regen. DPFs

= Consider additional FC for periodically regenerated DPFs

= Definition of periodically regenerated DPFs acc. to UN/ECE R49

Repeat WHTC tests until regeneration occurs

=  Correction factor “CFRegPer” has to be calculated acc. to [Point 5.4§Annex V] :

L

1. WHTC 2. WHTC 3. WHTC
1
| Reg.

nx (avg g/kWh all WHTC w/o_reg) +n,x (avg g/kWh all WHTC with_reg)
CFRegPer = n+ n
r

n ... number of WHTC hot start tests without regeneration

n, ... number of WHTC hot start tests with regeneration (minimum number is 1) European
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Data post-processing (5/5) —
Emission monitoring in the engine test procedure

= Part 1: Tests in WHTC must comply with Euro VI limits for pollutant emissions

= Part 2: Screening of FCMC according to extended WNTE/OCE [Points 4.3.5.6 and 4.3.5.7 of Annex V]
= For each cell the measured specific emissions in g/kWh for each FCMC point are averaged
= Each cell is evaluated independently
= Averaged emissions of each cell must comply with Euro VI WNTE/OCE emission limits

= Lower boundary of control area defined by engine with lowest rating in CO2-family

o R
o : o
% z o o Den o
S | o o 5] o I:Iel:l
@) H
£ o o o DOD o o
=y a a a E a a
5 20s | @
o8 booaraadn nn
(m] a [m] [m] [u] o a
0 e REEEn European
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Basic principles of engine test procedure
Overview of content of engine test procedure

Details of engine test procedure

Engine pre-processing tool (VECTO Engine)

Common mistakes

Special topic: from measured FC to certified CO2

Q&A (ca. 15 min)
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VECTO Engine — Basic features

= Written in VB.net
= Portable application (i.e. no installation required)

= File format conventions [Point 6 of Annex V]
= CSV (Comma Separated Values) file type

o

= List separator is Comma “

owy$

= Decimal separator is Dot “

» According to Commission Regulation (EU) 2017/2400 the use of VECTO Engine is
mandatory
= Qutput is one single XML file
= File already hashed
= Ready for use in VECTO vehicle simulation for declaration

European
Commission
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VECTO Engine — Overview input ©

= [nput files required [Point 6 |
= FC map of CO2-parent engine
® Full load curve of CO2-parent engine
= Full load curve of actual engine to be certified
= Motoring curve of CO2-parent engine

= [nput values required in GUI [Point 6 ]

Manufacturer
Engine model name
Certification number
Type of test fuel

NCV of test fuel

Idle speed of the CO2-parent engine
Engine idle speed

Engine displacement

Engine rated power

Engine rated speed

Ot Doy

Specific FC figures in g/kWh

CI:RegPer

European
Commission



VECTO Engine — Input file
“FC map of CO2-parent engine”

= CSV file type
[Point 6.1.4 of Annex V]

Example

Number of

decimal places [ Demo_Map_v1.4.cev E3 |

rpm [1/min], torque [Mm],FC [g/h]
e00.01,0.01,767.01
600.01,89.91,5936.44
600.01,1759.81,1768.68
600.01,265.71,2505,.28
600.01,355.61,41658.45
g00,01,4459,51,5390.11
e00,01,539,41,6629.59
e00.01,586,.01,7422.T71
813.01,0.01,551.01
818.01,89.91,1189.27
818.01,179,.81,2335.40
818.01,269,71,3700.35

Engine speed [min] 2 -

Engine torque [Nm] 2 -

Fueimassfow  JCL 2 -

i [y
O N S = - IS - T BT U Ry

7 European
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VECTO Engine — Input file
“Full load curve” and “Motoring curve”

= CSV file type
[Points 6.1.1 to 6.1.3 of Annex V]

Number of Example
decimal places || Demo_FullLload_Parent_v1.4.csv E3

b in rpm,M max in Hm
589.1%5,586.01
g0l1.15,587.48
g03.15,588.59
605.15,590,53
607.159,5982.11
g09,.1%,593,74
gll.15,5595,.41
gl3.15,597,12
£15.15,598.83
617.159,600.53
gl9.15,602.22
621.15,603.51

Engine speed [min]

(S
I I T < "I . T RS U K

I

i
L

European
Commission
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VECTO Engine — Overview evaluation algorithms

(1/3)

1. Reading of input files and automatic check of input data as set out in Annex V to
Commission Regulation (EU) 2017/2400

2. Calculation of characteristic engine speeds (for denormalization of testcycles)
from full load curves of CO2-parent engine and actual engine for certification

3. Processing of fuel consumption (FC) map
= Add FCvalues below n,y, to the map
= Add FCvalues above ngy, to the map
= Extrapolation of FC values to cover knees in the full load curve
= Adding of FC = 0 g/h at motoring curve at all engine speed setpoints in the map

= Adding of FC = 0 g/h below motoring curve at all engine speed setpoints in the

map

European
Commission
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VECTO Engine — Overview evaluation algorithms

(2/3)

4.

Simulation of FC and cycle work over WHTC and respective subparts for actual
engine for certification

Calculation of WHTC correction factors

Calculation of cold-hot emission balancing factor
Correction of FC values in FC map to standard NCV
" FCoorrecteq = FC 4 XNCV__. ./ NVC,,

= No correction performed for Diesel fuel (B7)

measure meas

Conversion of engine full load and motoring curve data to a logging frequency of
the engine speed of 8 min! for the XML output
(only if average logging frequency of input data is < 6 min)

European
Commission




VECTO Engine — Overview evaluation algorithms

(3/3)

- Example of data processing through VECTO Engine for FC map

® FC map measured - FC map VECTO Engine output —full load curve  ---motoring curve
o a a a a a 2 °
a a a o a a a a 2
a a a a a a a a o
T o ] o o o o o o o
T a o o o o o o o o
g ’ a a a -] o a a a o
a a a a a a a a o
e o o -] o o o o a o
a o o o o o o o o
CR - S — B B8 __®m o o o o o
----------------------------
_______________
o 0 00 100 1808 2 2 2800 O
gine speed [rpm]

European
Commission
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VECTO Engine — Software demonstration
Download package

Content of VECTO Engine package as downloaded from JRC server
can be copied to any place on a PC/server

Dermo input data /_ User Manual
- TUG_VECTO_Engine_Manual pdf
[ VectoCommon.dll

Y& VECTO-Engine.exe «————— Executable, just double-click to start
|%] VectoHashing.dll

32

Q

Storyline for live
demonstration and
(maybe with reduced
content) for video

European
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VECTO Engine — Software demonstration

General

Input fields for
component data

Input fields for
component files

—

Input field for
output directory

Message window \
33

GUI elements

¥E VECTO-Engine 1.4.3.1355 —

Input
e

Component data

Manufacturer |

Model |

Certiication Number |

Idie speed of CO2parentengne | | [i/min] S
Engine idle speed |:| [1min] NCV of test fuel |:| MJrka]
Engnedsplacement | | feem]
Erradzovs [ ] 0
Engneratedspeed | | [1/min]

[y pp—p——

e e

P A—

I
b o o o o e e e e e e ol

m——————

e e e e e e e e e e e e e
e T B A e
1 1
| Fusl consumption map of CO2-parent engine: [

‘? Fuldoad curve of COZparent engine |
1 Fuldoad curve |
I Motoring curve curve of CO2parert engine | |G !

]

Specic fusl consumption measured Correction factors

WHTCUban | | lakWh
WHTCcdldstattotal | | la/kWWhi
N e 17 - e—

WHTChotstarttotal [ | lg/kh] WHTCMotoway || la/kWh]
Precalculate characteristic engine speeds
and grid for fuel map

=
Output Directory I

Ll o o o o e e

Message

o o o o e e -

v

Q

Storyline for live
demonstration and
(maybe with reduced
content) for video

Control buttons

European
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VECTO Engine — Software demonstration

Test eva

uation (1/3)

¥E VECTO-Engine 1.4.3.1355 —

Input

1.
Input all component
data

Component data

Manufacturer | |

Model | J

Certiication Number | J

Idie speed of CO2parentengne | | [i/min] S ~

Engine idle speed |:| [1/min] NCV of test fuel |:| [MJskg]
Engnedsplacement | | feem]
Engreratedpower | | kW]
Engneratedspeed | | [1/min]

2.

Browse for input files

3.

Input all values for
specific FC figures

and CI:RegPer

4,

Browse for output
directory

34

Datafies
Fuel consumption map of CO2parent endine | ]
FulHoad curve of CO2-parent engine | ]

Fuldoad curve | ~ r)

Motoring curve curve of COZparert engine | ~ )

Specic fusl consumption measured ction factors

WHTCUban | | lakWh]
WHTCcoldstattotal | | la/kWWhl
Y e 17 L —

WHTChotstattotal [ | la/kwh] WHTC-Motorway

Precalculate characteristic engine speeds
and grid for fuel map.

Cutput

Output Dirsctory

Message

Q

Storyline for live
demonstration and
(maybe with reduced
content) for video

Press green “Start” button for
full data evaluation

OPTION: “Precalculate”
- see next slide

Status of evaluation displayed
in message window

- Upon completion a VECTO
XML input file is created

[€]

x European

Commission



VECTO Engine — Software demonstration

Test eva

For precalculation of
grid for fuel map before

FCMC testrun:

Only 2 inputs needed:
= jdle speed of
CO2-parent engine

= full load curve of
CO2-parent engine

35

uation (2/3)

¥E VECTO-Engine 1.4.3.1355

Input

Component data

Manufacturer | |

Model |

Certiication Number | |

—
I Idie speed of CO2parentengne | | [i/min] I
Ergne despeed | ] Umn]
Engnedsplacement | | feem]
Engnertedpower | | kW]
Engneratedspeed | | [1/min]

Type of test fuel ~

NCV of test fuel |:| [MJskg]

Data files

Fuel consumption map of CO2-parent engine |

FulHoad curve |

|
I FulHoad curve of CO2-parent engine | |
|
|

Motoring curve curve of CO2parert engine |

Comection factors

O —

Specic fusl consumption measured

WHTCcoldstattotal | | la/kWhi
WHTChotstarttotal [ | la/kwh]

Cutput

WHTCUban | | lakWh
WHTCRudl [ | lo/kWh
WhCHdmy [ gk

Precalculate characteristic engine speeds
and grid for fuel map.

Ouiput Dirsctory |

Message

Q

Storyline for live
demonstration and
(maybe with reduced
content) for video

4

Press press grey “Precalculate
button to precalculate grid for
fuel map from CO2-parent
full-load curve

- result is displayed in
message window

et European
Commission



VECTO Engine — Software demonstration R
Test evaluation (3/3) e

content) for video

Further important remarks:

= Messages displayed

Clear explanations for all relevant errors (ref. to regulation or indication of datapoint)
= Warnings vs. Errors:

A valid XML results file is only created if no errors occur (non-conformity with
requirements in regulation)

Warnings give a hint that something might be wrong with the input data
= XML result file is valid despite warnings

- BUT: warnings should be investigated together with TAA / technical service

= Only one single XML file is created as output

= File already hashed .
uropean

36 Commission

=  Ready for use in VECTO vehicle simulation for declaration
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VECTO Engine — Software demonstration
Example XML input file for VECTO

|<: ?xml version
<tns:VectoInputDeclaration schemaVersion="1.0" xmlns:xsi="http://www.w3.orq/2001/XMLS|
<tns:Engine>

1.0" encoding="ptf-8"2>

<Data 1d="ENG-cfZbbB42aZbdd4bcfacda">
<Manufacturer>gfidsofi</Manufacturer>
<Model>fdskifksds /Model>
<CertificationNumber>1kfdsiflk</CertificationNumber>
<Date>2018-03-26T11:48:25.28163672</Date>
<AppVersion>VECTO-Engine 1.4.3.1043</AppVersion>
<Displacemsnt>12000</Displacsment>
<TdlingSpeed>600</IdlingSpeed>
<RatedSpeed>2200</RatedSpeed>
<RatedPower>130000</RatedPower>
<MaxEngineTorque>899</MaxEngineTorque>
<WHTCUrkan>1.0000</WHTCUrban>
<WHTCRural>1.0423</WHTCRural>
<WHTCMotorway>1.0776</WHTCHMotorway>
<BFColdHot>1.0000</BFColdHot>
<CFRegPer>1.5000</CFRegPexr>
<CENCV=>0.9953</CFNCV>
<FuelType:Diesel CI</FuelType>
<FuelConsumptionMap>
<Entry en

torgque="-108.88" fuel
="-8.88" fu

Consumption="0.00" />

Vi
Vi

Speed="2920.00"
ngineSpeed="2920.00"
Speed="2920.00"
< /Faelﬁmsmp:mqpiap

<FullLoadAndDragCurve>

<Entry /=
<Entry />
<Entry 1= Speed="608.00" /=
<Entry Speed="616.00"

<Entrv encineSpesd="624.00"

2624.00"
2e632.00"

<Entry
<Entry

<Entry 2640.00"
<Entry 2648.00"
<Entry 2656.00"
<Entry 2664.00"
<Entry 2672.00"
<Entry 2680.00"
<Entry 2688.00"
<Entry 2696.00"
< /FJllLoad.A:dexagC urves
</Dataz
<Signature>

<Reference URL
<Transforms:>
<Transform A
<Transform

"#ENG-cf2bb842a2bd4bofasda” xml:

am="urn:ygqeke:¥mL: 2017:canonicalization” />
="http:

(maybe with reduced
content) for video

113.39" />

maxTorgu dragTorgue: f=

maxTorque="287.46" dragTorgue: >
dragTor f>
dragTor: f>
dragTorgu >
dragTor f>
dragTorque="-113.39" /.
dragTorg -113.39" />
dragTorgue="-113.39" />

="http://www.w3.org/2000/03/xmldsigs">

www . w3 .org/2001/10/xml —exc-cl4ng" />

</Transforms>

'_ E}ﬁfﬂ“ﬁ‘iﬂﬂ.&-ﬁﬂn&ﬂ

<./5:Lg:xar..n’e.»
</tns:Engine>
</tns :VactDInputDEclaIation>|

U R 0 L U QAL TSI, L m g

Beginning of section
for FC data

Beginning of section

for full

load and

motoring data

XML file already hashed by VECTO
Engine pre-processing tool
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Common mistakes (1/2)

9

9

Correct distribution of intervals for target engine speed setpoints (/Point 4.3.5.2.1 of Annex V])
is checked by VECTO-Engine using points at 0 Nm torque

Points outside of the measurement tolerance range ([Point 4.3.5.5 of Annex V) are not
considered

Error message states that “number of points located in interval ‘n,y . —n,’ or ‘ng —nyg,” is
incorrect” (additional hint to check tolerance for 0 Nm points is given)

Nigle Ny Ng Ngsn
Tmax_overall | . | | |
.
I o o |!| ! n\a\ I
I [l [l I!I I!I [ ] [ I X X .
[ [! r!l area where correct distribution of
% T T T T T 7 intervals is evaluated
=) u] u] u] 4 d o o o
49 [I] [m] [m] [m] [II EII [m] O a [I]
GC" tf o o o 1§ d o o o & tolsrance range for eEgine spe(ec)i
ks and torque acc. to subpoints 1(a
UCJ i - o o i L and 1(b) of point 4.3.5.5 to Annex
[I] O O O [|| t|| o o o vV
0 p_ 0 o o 3 g o 4 ¥
T e T !
: : : i :
| I I Y | e
Example for 4/4 distribution sl Eu ropean

Engine speed . Commission
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Common mistakes (2/2)

- Correct location of measured FC map points is checked by VECTO-Engine ([Point 4.3.5.2.2 of
Annex V])

- Points located very close to full load (above tolerance limit) are replaced by full load

- Otherwise error message states that an “invalid torque value in FC map (at xxx [rpm] yyy [Nm]”
exists and that the “expected torque value = full load”

’ Examples of sets of points replaced by full load ‘
Tmax_overall
) AR
2" = m] =
[ = O e = - ‘I;\\]
. .0
() a o = o =g OO0
S =4 .
g =t ) C = o = g 0 Qe O Red dotted line =
o .
] = o o = O = o O o o full load torque minus
q" 5% of Tmaxioverall
c [ | C = O = | | Oe O
CCD I | I = m| = d | o~ O
(N1
C a C = m| = d d O== O
[ d [ = [m] = d | [m] [
**
e European
* * . .
Commission

Engine speed
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From measured FC to certified CO2 (1/3)

Engine component certification VECTO vehicle certification

VECTO-Engine (automatically)

Standardization to reference
NCV for engine test *

Measured FC
in engine test

Standardization to reference
NCV for vehicle simulation

FC

meas

N CVmeas

x N CVStdEngine
N CVStdEngine

F Ccorr_l = FCipeas F Ccorr_Z =F Ccorr_l X

1
1
|
|
|
|
|
1
1
1
1
|
|
|
|
1
I NCVsiavEcro
1

* Not performed for Diesel fuel (B7)

NCV s - Net calorific value of the fuel used during testing [Point 5.3.3.1 to Annex V]
NCVsigengine - Standard net calorific values of fuel types [Point 5.3.3.1 to Annex V] European
NEY,yecro - Net calorific value defined as reference value for vehicle CO, certification Commission




From measured FC to certified CO2 (2/3)

VECTO vehicle certification

Standardization to reference Application of Application of CO2
NCV for vehicle simulation correction factors factors
= WHTC-CF (weighted*)
= cold-hot balancing kg CO2 per kg fuel used
M = periodically regen. DPFs

F Ccorr_Z =F Ccorr_l X

NCVstavicro F Ccorr_3 =F Ccorr_Z X CF; Cozfinal =F Ccorr_3 X fcoz

* explained on next slide
NCVsigengine - Standard net calorific values of fuel types [Point 5.3.3.1 to Annex V]
NCVvecro - Net calorific value defined as reference value for vehicle CO, certification

CF,

i ... Combined correction factor (= WHTC-CF x BF 4 ot X CFregper)

£ European

43 feo ... Standard factors for kg CO2 per kg fuel combustion in VECTO " Commission
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From measured FC to certified CO2 (2/3) —
Details on WHTC correction factor

= WHTC-CFs calculated for 3 different WHTC parts (urban, rural, motorway) in VECTO-
Engine automatically (see slide 20)

= Weighted WHTC correction factor calculated for each vehicle automatically in VECTO
vehicle simulation by using WHTC weighting factors defined for each mission profile

CF = CF x WF + CF, X WF, ., + CF X WF

vehicle urban urban rura rura motorway motorway
 mission profile | WFnoiomay | W | WFuban
long haul 89% 0% 11%
regional 53% 30% 17%
urban 4% 27% 69%
municipial utility 2% 0% 98%
construction 6% 32% 62%
citybus 0% 0% 100%
interurban bus 19% 36% 45% European
Commission

coach 78% 22% 0%



Annex: Fuel properties

Commission Regulation (EU) 2017/2400

Table 4 of Annex V

Table 4

Standard net calorific values of fuel types

Fuel type | engine type

Reference fuel type

Standard NCV [M][kg]

Diesel | CI

B7

42,7

Ethanol | CI

ED95

257

Petrol | PI

E10

41,5

Ethanol | PI

E85

29,1

LPG | PI

LPG Fuel B

46,0

Natural Gas | PI

Gas

45,1

Gy, as reference fuel for NG proposed by draft Commission
Regulation amending Regulation (EU) 2017/2400

45

Values in VECTO until V3.3.0.1250

Lower

Engine Fuel
Type (]

Diesel / CI
Ethanol / CI
Petrol / PI
Ethanol / PI

LPG / PI

NG/ PI

Reference
Fuel

[-]

B7
ED95
E10
E85

LPG Fuel B

G25

Density

[kg/m?3]

836
820
750
786
not
required
not
required

(fuel for testing)

Figures might be revised
in release Dec 2018.
LNG to be added

€0, Heating
content
Value
[8_CO,/8_

Fuel] [M)/ke]
3.13 42.7
1.83 25.7
3.04 41.5
2.09 29.1
3.02 46.0
2.54 45.1

(representing typical
CNG real world fuel)

European
Commission
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