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References to information in Technical Annexes of
the Trailer Regulation

Annex Number Further Explanation

Classification of vehicles in Required definitions and classification system for trailers covered by the
vehicle groups Regulation

Requirements and processes for Requirements for the process to be able to determine the official values

the operation of the simulation within the framework of trailer regulation by means of the VECTO Trailer
tool Tool
Input information about the Definitions and precise description of the input parameters into the tool
characteristic of the vehicle and how to determine them

Annex IV Template of the Manufacturer’s Definition of content and structure of the Manufacturer’s Records file

Records file and of the Customer  (MRF) and the Customer Information file (CIF)
Information file

Annex V Vehicle’s air drag data Defines the procedures how the features of aerodynamic devices shall be
determined, either via virtual testing using CFD or by applying standard
reduction rates for aerodyanmic devices fulfilling certain minimum
properties
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Platform requirements

Hardware Requirements
* Microsoft Windows PC running Microsoft Windows 7 or later

Software Requirements
* Microsoft .NET Framework 4.8

Software Requirements to use the pdf function of the tool
* Microsoft Visual C++ Runtime must be installed. If this is not the
case for your computer, it can be downloaded free of charge from
the following links:
* 32 bit: https://aka.ms/vs/17/release/vc redist.x86.exe
* 64 bit: https://aka.ms/vs/17/release/vc_redist.x64.exe
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https://aka.ms/vs/17/release/vc_redist.x86.exe
https://aka.ms/vs/17/release/vc_redist.x64.exe

Installation Options

VECTO Trailer Tool is distributed as a portable application. This means you can simply unzip the archive and directly execute it. This,
however, requires write and execute permission for the VECTO Trailer Tool application directory.

In case you do not have execute permissions, please ask your system administrator to install VECTO Trailer Tool into an appropriate
directory (e.g. under C:\Program Files). Installing VECTO Trailer Tool requires the following two steps:

*  Copy the VECTO Trailer Tool directory and all its files and subdirectories to the appropriate location where the user has execute

permissions
* Editthefile install.ini andremove the comment character (#) in the line containing ExecutionMode = install

If the ExecutionMode is set to install (this is also possible when running VECTO Trailer Tool from an arbitrary directory), VECTO
Trailer Tool does not write its configuration files and log files to the application directory but to the directories $APPDATA% and
$LOCALAPPDATA% (usually C: \User\<username>\AppData\Roaming and C: \User\<username>\AppData\Local).

Important: If the ExecutionMode is set to install it is necessary that you copy the generic VECTO Trailer Tool models distributed with

VECTO Trailer Tool to a location where you have write permissions as VECTO Trailer Tool writes the results to the same directory as
the job files
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VECTO Trailer Tool - Software package

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

Declaration

Generic Vehicles
Generic Vehice \ Example files for trailers, tyres, certified aerodynamic devices and

User Manual XML files of the generic towing vehicles

(5] hashingemd.exe Example XML files and XSD files
¥ HashingTool.exe \
%] VectoCommon.dl VECTO Hashing Tool

|j VectoCore.dll

%] VectoHashing.dl| VECTO Trailer Tool Executable, double-click to start
¥ VECTOTrailer.exe /_

¥ VECTOTrailer.exe.config

|j VECTOTrailer. exe.manifest

* Snapshot shows only a reduced set of data included in the downloadable package
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VECTO Trailer Tool — What to do if tool doesn’t start

Such a behaviour has been observed in cases where the VECTO Trailer Tool software
package was unpacked with the Windows Explorer and marked the executables and

dlls as unsafe (because loaded from the internet).

How to fix this?

Option 1:
Check all exe and dlls and mark them as “safe” = explorer
- right click properties and then in the lower area tick the box that

says “Unblock” (see Snapshot to the right)
Option 2:
Unpack VECTO Trailer Tool with another software (“7zip” for example)

Micros

oft.Expression.nteractions.dll Properties

General Securty Detals Previous Versions

J [Mcrosot. Expression nteractions dl
Type of file:  Application extension (.dl)y
Opens with:  Unknown application Change
Locati C:\Users\stefanpresent\Desktop'2021_09_16-VEC
Size 9.5 KB {91,648 bytes)
Size on disk:  92.0 KB (34,208 bytes)
Created: Donnerstag, 16. September 2021, 14:31:28
Modified: Montag, 11. April 2022, 14:54:10
Accesse d:  Today, 1. April 2022, 14:54:10
Atributes:  []Readonly []Hidden Advanced...
Securty This file came from another
computer and might be blocked to Unblock
help protect this computer.

Concel_| [ fonk
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VECTO Trailer Tool — JobFiles GUI

Toolbar with common
controls like

e add new Job

e search for Job files
e open User Manual
* etc.

Switch between “Job Files”
and “Options” tab

Start button to simulate
active Jobs

Button to activate/stop
background worker

¥Y* VECTO-Trailer 0.8.0.2602-DEV

File Tools | Help

JobFiles option5|

* Start I
Scan Folde ‘

File Path

(C:\Users\stefanpresent\Desktop\VECTO _Trailer_Tool2_Internal_Version_202242022_02_16-
[VECTO-0.8.0.2603\Generic Vehicles\GenericTrailers\3_Axle_DA_dryboxxml

[z]
[

Check Al

Message

| Buttons to handle Job files

Add new Jobs
Edit existing Jobs from Job window
Delete Jobs from Job window
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VECTO Trailer Tool - Options GUI

e At first program start it is recommended to define the default output directory and check the

settings for writing modal results and creating formatted pdf reports
» Settings only affect the handling of input data or results, but do not influence the official

results.
This input can be used to write all simulation result files to a certain
directory. This can either be an absolute or a relative path
If selected, the tool writes modal results JobFiles| Options
(.vmod files) for every calculation run. A Qutput
. . Output Directory
Summary file (.vsum) is always created
Settings
Write modal results
If selected, the tool creates a formatted [J Create PDF reports
pdf report for both the CIF and MRF for Background Worker
every simulated job gt Direciory
Y ) CAUsers\Hamy\source\TrailerTaol2022_02_16-VECTO-0.8.0.2603\Generic Vehicles\testiin

QOutput Directory
C:\Users\Harnp\source\TrailerTooh2022_02_16-VECTO-0.8.0.2603\Generic Vehicles'test\out

Input/Output directories for e
the Background worker as well Write modal restlts
. . [] Create PDF reports
as options to write modal
outputs and pdf reports of the
simulation runs
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VECTO Trailer Tool - Background worker

Enables a simple automation of simulation runs

1. The background worker periodically (i.e. every 4 seconds) searches a directory specified
by the user for new input XMLs (Input Directory)

2. If anew file is available, a calculation is automatically started in the background

3. After completion, the result files are stored in another directory to be specified by the
user (Output Directory)*

* Important boundary conditions / information on using the Background worker
* Input and Output Directory must be different folders

* In case an erroneous file is read from the Input directory, the tool will display an error message but still
simulate the remaining valid Job files

*The background worker has to be initiated for a certain input/output directory by pressing the
,Scan Folder” button under ,JobFiles”
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VECTO Trailer Tool - Create or edit trailer job (1/6)

File

1. Open window via veice
*  “EditJob” or

Documentation Classification Masses
® Rig ht cl ic k 0 n J O b Manufacturer Example Manufacturer Number of Axles 2 - Corrected mass in running order 7700 kg
. et e Example Street 1, Example City XY, TelloigE o - TPMLM Trailer 39000| kg
WIndOW Example Country
TPMLM Axle Assembly 24000| kg
”C t T . I Madel / CommercialName Example Trailer Supertco Badywork Type dry box w
rea e ra I e r VIN Example1234567890 e e
” (see Annex |, peint 1{8)) o
J 0 b Legislative Category 04 &
Dimensions Aero feature technologies Axde and Tyre Features
External length of the body 13.685| m () standard aerodynamic devices Axle 1 - Tyre XML
i i i () Certified serad) devi Farer
2. Defl ne main traller External width of the body 2550 m - NE R e Generic Tyre Manufacturer, 385/65 R22.5 =
@ None - b
s peCIfI Cati ons External height of the body 2.850) m ]| Biftable[m] Steeed]Im]
Total height of the trailer 4.000| m Axle 2 - Tyre XML
Length from trailer front end to centre of first axle 8075 m Generic Tyre Manufacturer, 385/65 R22.5 lzl
3 Defi n e Ae ro fe at u re Length between centres of axles 2,620/ m Twin tyres [ Liftable [] Steered []
. Cargo volume 91.000| m3 Aule 3 - Tyre XML
tech n 0 I Og I es Generic Tyre Manufacturer, 385/65 R22.5 Izl
Twin tyres [] Liftable [] Steered [

4.| Define Axle and Tyre

Save As... Save

features

European
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VECTO Trailer Tool — Create or edit trailer job (2/6)

Define Aero feature
teCh n OIOgleS Aero feature technologies

®) Standard aerodynamic devices I

) Certified asrodynamic device Checkbox to declare applicable

Select if standard values for ) None standard aerodynamic device(s)
reduction rates from aero devices Taciomres O S O Note tl'1at not all combinations
are to be applied Long side covers O 1al rear flaps | are valid = see also:
¢ Masterexcel sheet ,,Combination Add-ons”

Standard values as automatically * Trailer_combination_addon.csv in the
allocated by the VECTO Trailer Tool are Declaration folder
documented in: e Task 2 report

* Masterexcel sheet ,Combination
Add-ons” or ,Specific Trailer”
column Y to BH

e Specific_trailer.csv in the
Declaration folder

e Task 2 report

European
Commission

12




VECTO Trailer Tool — Create or edit trailer job (3/6)

Define Aero feature
technologies

Select if certified reduction
rates from aerodynamic
devices are to be applied

13

Aero feature technologies

() Standard aerodynamic devices

® Certified aerodynamic device

O None

Certified aerodynamic device XML

=

Brows button to browse for the
XML file of the certified
aerodynamic device
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VECTO Trailer Tool — Create or edit trailer job (4/6)

Define Aero feature
teChnOIOgieS Aero feature technologies

() Standard aerodynamic devices

) Certified aerodynamic device

ﬁi MNone
Select if the trailer is equipped

with no aerodynamic device(s)

14
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VECTO Trailer Tool — Create or edit trailer job (5/6)

Define Axle and Tyre
features

Checkbox to declare applicable
tyre/axle features

Effects as automatically
considered by the VECTO Trailer
Tool for liftable/steered axles are
documented in:
*  Masterexcel
e sheet ,Specific Trailer”
columnEto P
e Specific_trailer.csv in the
Declaration folder,
e Task 2 report

15

Axle and Tyre Features

Axle 1 - Tyre XML
Generic Tyre Model, 385/65 R22.5

[-]

Twin tyres []

Liftable [ ]

Steered || |

Axle 2 - Tyre XML
Generic Tyre Model, 385/65 R22.5

Twin tyres ||

Axle 3 - Tyre XML

Generic Tyre Model, 385/65 R22.5
Twin tyres [

Liftable ]

Liftable []

Steered
O Browse button to search for

tyre XMLs

]

Steered [ |
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VECTO Trailer Tool — Create or edit trailer job (6/6)

File

Save Job file Veie

Documentation Classification Masses
6 P ress ”sta rt ” i n Jo b fi I e Manufacturer Example Manufacturer Number of Axles 3 - Carrected mass in running order 7700| kg
.
d . Manufacturer Address Example Street 1, Example City XY, Trailer Type o - TPMLM Trailer 39000/ kg
Example Country
e Ito r to Sta rt TPMLM Axle Assembly 24000| kg
. | . f . b Madel / CommercialName Example Trailer Supertco Badywork Type dry box v
simulation of active Jobs
. (see Annex |, peint 1{8)) a
Legislative Category o4 M
Dimensions Aero feature technologies Axde and Tyre Features
External length of the body 13685 m () Standard aerodynamic devices Axle 1 - Tyre XML
Certified aerodynamic device i
External width of the body T390 m 5 y Generic Tyre Manufacturer, 385/65 R22.5 =]
one . )
External height of the body 2.850) m Twin tyres [] Liftable [] Steered []
Total height of the trailer 4.000| m Axle 2 - Tyre XML
Length from trailer front end to centre of first axle 8075 m Generic Tyre Manufacturer, 385/65 R22.5 lzl
Length between centres of axles 2,620/ m Twin tyres [ ] Liftable [] Steered []
Cargo volume 91.000| m3 Aule 3 - Tyre XML
Generic Tyre Manufacturer, 385/65 R22.5 ]
Twin tyres [] Liftable [] Steered [

Save Save

European
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VECTO Trailer Tool — Result files (1/2)

Outputs created by the VECTO Trailer Tool including the corresponding

Job file*

3_Axle_DA_drybox RSLT_CUSTOMERxmI —— CIF/ Customer Information File

3_Axle_DA_drybox RSLT_MANUFACTURER.xxmI

E 3_Axle_DA_drybox.vsum

3_Axle_DA_dryboxxml \ :
vsum File

E DA_drybox_3_Axle_LongHaulLowlLoading_referenceTrailer.vmod

E DA_drybox_3_Axle_LongHaulLlowlLoading_specificTrailervmod Job-File
E DA_drybox_3_Axle_LongHaulReferenceload_referenceTrailer.vmod

E DA_drybox_3_Axle_LongHaulReferenceload_specificTrailervmod \
E DA _drybox_3_Axle_RegionalDeliveryLowloading_referenceTrailervmod . .
E DA_drybox_3_Axle_RegionalDeliveryLowlLoading_specificTrailer.vmod speC|f|c trailer
E DA_drybox_3_Axle_RegionalDeliveryReferenceload_referenceTrailer.vmod

E DA_drybox_3_Axle_RegionalDeliveryReferenceload_specificTrailervmod

VectoReportsTrailer.css

* Snapshot doesn't show all .vmod files calculated for this particular trailer configuration as well as the optionally created
pfd-file

T~ MRF/ Manufacturer’s Records File

vmod File per mission and payload
combination for the reference and
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VECTO Trailer Tool — Result files (2/2)

e ommin

Manufacturer‘s
Records File (MRF)

Customer
Information file (CIF)

Pdf-output

vmod-file*

Output for regulatory purpose in XML format

a file produced by the simulation tool which contains manufacturer related information, a documentation of the input
data and input information to the simulation tool, and the performance of the vehicle with regard to its influence on
the CO2 emissions and fuel consumption of motor vehicles, and which takes the form of the template laid down in
Annex IV, Part |

Output for regulatory purpose in XML format

a file produced by the simulation tool which contains a set of vehicle related information and the performance of the
vehicle with regard to its influence on CO2 emissions, fuel consumption, of motor vehicles, and which takes the form
of the template laid down in Annex IV, Part |

Formatted printable output of the customer information file

Output for engineering purposes in csv-format.
Single line of results per each simulated combination of trailer, mission profile and payload with aggregate and or
average values

Output for engineering purposes in csv-format.
Single file per each simulated combination of trailer, mission profile and payload with time-resolved simulation results
from the VECTO core.

* A documentation of the results contained in the vsum and vmod files can be found in the help file for the VECTO
calculation core (help.html), which is also included in the VECTO Trailer Tool release.

18
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What is the "Efficiency Ratio”? (1/2)

The Efficiency Ratio (ER) is a dimensionless characteristic value for the rating of a (semi-)trailer with regard to
its influence on CO, emissions, fuel emissions and energy consumption of the towing vehicle.

Where:
COy, spec(syr -+ CO, emissions with the generic towing vehicle and the specific (semi-)trailer
COy refs)r - CO, emissions with the generic towing vehicle and a reference (semi-)trailer

Co
Efficiency Ratio = ———2<&T
COZ, ref(S)T

Accordingly, an ER of 0.95 indicates that CO, emissions are 5% lower with the specific (semi-)trailer than with
the reference trailer.
ERs are provided:

el

* For CO, emissions in the units “grams per km”, “grams per ton-km” and “grams per m3-km”

* For each relevant mission profile and payload combination and for the weighted-mix of mission profiles
and payloads
Reference (semi-)trailers are defined for all vehicle groups currently covered by the Regulation and represent
typical configurations (mass, dimensions, rolling resistance) as of approx. the year 2020. The specifications of
these reference (semi-)trailers are documented in the VECTO Trailer Tool Masterexcel. However, their
knowledge is not essential for the interpretation of the ERs.
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What is the "Efficiency Ratio”? (2/2)

Further information for individual use of the results from the VECTO Trailer Tool:

Since fuel consumption and CO, emissions correlate linearly, the results as indicated by the ERs also apply
to fuel consumption. For energy consumption of fully electric vehicles, at least similar trends apply.

If (semi-)trailers in different groups are to be compared with each other (e.g. a standard variant with a
volume-oriented variant), this cannot be done using the ER, as the reference (semi-)trailers are different.
Such a comparison can be made using the results for fuel consumption (lit./100km, g/km) or CO, emissions

(g/km). For a direct comparison, it must be ensured that the assigned generic towing vehicles are also
identical on the basis of Annex |.

Results for fuel consumption in the units lit./100km, g/km and CO, emissions in the unit g/km can be
interpolated or extrapolated to other payload conditions in a specific mission profile in a very good

approximation via the linear trend established by the results for the two fixed payloads as provided by the
VECTO Trailer tool.
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What is the "Reference Ratio”? (1/4)
Basics

The "reference ratio" is the ratio between two CO, emission values simulated with a generic towing
vehicle, once coupled to the reference trailer as defined for each trailer vehicle group and once coupled to
the standard trailer as defined for the towing vehicle group in Regulation (EU) 2017/2400.

Where:
COy, refsyr - CO, emissions with the generic towing vehicle and the reference (semi-)trailer
COy, standcsyr - CO, emissions with the generic towing vehicle and a standard (semi-)trailer

Cco
Reference Ratio = ——22/&T

02, stand(S)T

The reference ratio is a numerical value that allows a vehicle operator to combine the results from the
motor vehicle VECTO for the towing vehicle with the results from the VECTO Trailer Tool for the trailer to
produce specific results for the combination of both. How this is done is explained on the following slides.

The reference ratio is a fixed numerical value per trailer vehicle group, mission profile and payload and
completely independent of the inputs for a specific trailer.

The reference ratio is purely a "service" for a vehicle operator and has yet no application within the
framework of a Regulation.
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What is the "Reference Ratio”? (2/4)
Basics

Calculation of fuel consumption and CO, emissions for a specific vehicle combination for which VECTO results
for both the towing vehicle and for the (semi-)trailer are available:

FCor CO, = FCor CO, - Reference Ratio - Efficiency Ratio

For the specific vehicle VECTO result for the VECTO Trailer Tool results
combination specific towing vehicle for the specific (semi-)trailer
Units: lit./100km; g/km Units: 1it./100km; g/km

The following constraints need to be considered:

* The towing vehicle must be of the same vehicle group (e.g. “9”) as the generic towing vehicle defined in
Annex | for the (semi-)trailer.

* The calculation must be carried out separately for each combination of mission profile and paylaod.

e The calculation can only be performed for the units specified above. For the Efficiency Ratio the
"kilometre-based" value is to be used.
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What is the "Reference Ratio”? (3/4)
Application example

* Vehicle configuration: Group 9 lorry with drawbar trailer

Vehicle

configuration as
Mission in VECTO for
profile motor vehicles
Long Specific group 9
haul lorry + T2

standard trailer

(type DC)

Regional
delivery Specific lorry as

“rigid solo”

Results VECTO
Trailer Tool

Results motor
vehicle VECTO

Vehicle
configuration as FC (1/100km)
in VECTO Trailer towing Reference Efficiency
Tool Payload vehicle ratio ratio
Generic group 9 low 26.8 0.929 0.973
lorry + specific
DB trailer rep. 34.8 0.949 0.965
Generic group 9 low 20.1 1.282 0.976
lorry + specific
DB trailer rep. 23.5 1.368 0.972

FC (1/100km)

specific
combination

24.2

31.9

25.1

31.2

Other mission profiles are not of relevance (urban delivery is not simulated for group 9 vehicles by motor vehicle VECTO, municipal

cycle is not relevant for trailers)
23
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What is the "Reference Ratio”? (4/4)
Background information: Formulas and validation

With this approach one does
not get exactly the same result

24

FC or CO,

For the specific vehicle
combination
Units: lit./100km; g/km

= FCorCO, *

VECTO result for the specific
towing vehicle and standard
(semi-)trailer
Units: lit./100km; g/km

Reference Ratio * Efficiency Ratio

VECTO Trailer Tool results for the
specific (semi-)trailer

Reference Ratio Efficiency Ratio

as if one would have the
specifications of both the
specific towing vehicle and the
specific trailer available with a
single VECTO simulation. The
reason is that the "correction
factor" (in green, calculated by
the VECTO trailer tool via the
reference and efficiency ratios)
can only be determined based

E;,ref(S)T COZ,Spec(S)T on the specifications of the
FC or COZ = FC or COZ * co ¥ generic towing vehicle. This
L 2,Stand(S)TJ results in principle-related
deviations, which are also
accepted in the factor method
( CO (S)T ) used for heavy buses in VECTO.
2,spec
FC or CO, = FCorCO, = .
CcO The calculation example shown
2,stand(S)T / on slide 25 was compared with
For the specific vehicle VECTO result for the specific \ o P

combination
Units: lit./100km; g/km

towing vehicle and standard
(semi-)trailer
Units: lit./100km; g/km

Correction factor, how much FC / CO2 of the specific
towing vehicle changes as the specific trailer and not

the standard trailer is coupled

results from a single VECTO
simulation for validation
purposes. The deviations were
below 1%.
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Hashing (1/2)

The following hashing functions are integrated into the automated programme sequence of the
VECTO Trailer Tool:

*  The trailer input XML is hashed before the simulation and the hash is written to the MRF.
e  The hash of the trailer MRF is calculated and written to the CIF.
e The hash of the trailer CIF is calculated and written to the CIF.

—> This means that in the official application of the tool for calculating the "Performance of
new vehicles with regard to their influence on CO, emissions and fuel consumption“ all
steps with regard to hashing are automated. The separate VECTO Hashing Tool is not used.
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Hashing (2/2)

The VECTO Hashing Tool shall be used in the context of certified input XMLs:
e  Creation of the component hash

e Verification of the component hash

This process is demonstrated on subsequent slides on the example of certified aerodynamic
device input XML.

For tyre input XMLs, the entire process is completely identical to Regulation (EU) 2017/2400.
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Plausibility checks for input data

F_ [THEN
Number of Axles = 1 No Type DB allowed

. Axle 1: steered and not liftable
=] + =]
e e Axle 2: not liftable and not steered

Axle 1: steered and not liftable
Trailer Type = DB + Number of Axles = 3 WAV RN (o 5 (=IIL<Te |

Maximum 1 axle is liftable
Trailer Type = DC + Number of Axles = 1 fr _
Trailer Type = DA + Number of Axles = 1 Lkl Ceyely = 08
WEERR e N\ [Pl S WAVAESEREY Axle 1: not liftable and not steered
WEERE L IeE NNl S PAVAESSPA Axle 1: not steered

. . . Axle 1: not steered
URILEARTE SISl HAE LA = Axle 2: not liftable and not steered

Axle 1: not liftable
Axle 1: not steered
No Side covers long
No Side covers short
No Side covers long
No Side covers long
No Rear flaps long
No Rear flaps short

TPMLM Axle A ly < TPMLM
Trailer Type = DC . xle Assembly
Trailer
Trailer Type = DA TPM LM Axle Assembly < TPMLM
Trailer

27

17 characters

Mass in running order, TPMLM Trailer and
TPMLM Axle Assembly >1.000kg

External width of the body 1000 mm< x < 2.600mm
Total Height of the Trailer 1000 mm< x £ 4.000mm

External height of the body < Total height of the Trailer

< Max. length per type:
Body DA < 14.000mm
Body DC £ 12.000mm
Body DB < 12.000mm

External length of the body

Important note:

The listed checks can only catch gross implausibilities in the
inputs to the tool. More subtle errors, e.g. typos in the numbers,
in the input will remain undetected. In any case, within the scope
of the official application of the tool, the user of the tool must be
responsible for the correctness of the entries. Compliance with
the corresponding quality standards is the subject of the process
certification according to Annex Il of the regulation.
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Options for automation

The process for generating official results of the VECTO Trailer Tool
can also be fully automated.

«  Generation of input XMLs
. E.g. create it out of your product database system

. XML schema files are distributed with the tools
(see snapshot)

«  Running the simulation

«  Use the “background worker” feature as shown in the live
demonstration and described in the User Manual

+  Use the command-line tool vectocmd. exe as distributed with
the archive.
- vectocmd.exe —-q <XML-File>

«  Use the argument —pd£f to export the record files in pdf as well.
«  Calling VECTO from your own application is also possible.

2.7 Model_CommercialName

v1.0 ModeMype

2.7 Date

[v1 0 DateTime\WanTimez
2017.01-0
oTeZ

427 LegislativeCategory

v2 7 TralerLegniatroeCategoryT.

2.7 AxteCount

V2.7 TraderAxieCountType
1 4

+2.7:CormectedMassInRuaningo...

v2.7 TraderiassType
x| 0

2. 7. TPMLMTrader

va 7 TraderNassType
0

X TPMUMAKeAs sembly §
ot 1
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Generation of input XML for a certified aero device (1/4)

* The XML needs to be created by the supplier within a separate
certification process

* A template of the XML is located in the downloadable VECTO Trailer
Tool package in the “Generic vehicles” folder

* The XSD file is located in the downloadable VECTO Trailer Tool
package in the “XML” folder



Generation of input XML for a certified aero device (2/4)

* At the start screen click ,,Hash Component Data“

* then click the browse button to search for a non hashed XML = XML will be
hashed automatically once loaded to the hashing tool

] X W& Vecto Hashing Tool 0.2.0.2547 / Hashing Library 1.2.0.2547 - O X
SN
) 1
1 )
e .
3 hi |
¢ &2 VECTO Hashing Too
Vehicle Enargy Consumptio: (<2 tis
Hash Component Data
Companent d
Hash Component Data Verify Component Data 0 Warnings/Errors —
Date:
Canonicalization:
Digest Method:
Digest Value:
Verify VECTO Job Verify Result Data
Note: The generated companent file contains the current date (and in most cases a f
random identifier). Thus, the digest value is different every time the file is hashed!
User Manual About
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Generation of input XML for a certified aero device (3/4)
Hashing example

xml version="1.0" encoding="UTF-8"72>
<tns:VectoInputDeclaration xmlns="urn:tngraz:ivt:VectoAPI:DeclarationDefinitions:DEV:v2.7" xzmlns:-
="nrn: tugraz:ivt:VectoAPI:DeclarationDefinitions:v2.1" zm Ha "arn:tugraz:ivt:VectoAPI :DeclarationDefinitions:v2.2"
="nrn: tograz:ivt:VectoAPI:DeclarationDefinitions:DEV:v2.7" =zml nz="nrn: tugraz:ivt:VectoAPI :DeclarationComponent:DEV:v2., 7"
xmlns:di="http://www.w3.0org/2000/09/xmldsig#" schemaVersion="2.0" xmlns:xsi="http://www.w3.orqg/2001/X¥MLSchema-instance"
x=i:schemalocation="urn:tugraz:ivt:VectoAPI:DeclarationComponent v:\VectoCore\VectoCore\Resources\X5D/VectoDeclarationComponent.xsd">
<tns:CertifiedhercReduction >
= <Data =si:type="CertifiedAercDataDeclarationType" id="AERO-asdf":>
<Manufacturer>Generic Manufacturer</Manufacturesr> V& Vecto Hashing Tool 0202547 Hashing Library 1202547 - oo
<Model>Generic Aero Model</Modesl: ! ~
<CertificationNumber>el2*0815/8051%2017/05TO0000*00</Certificationiumber:
<Date>2022-04-12T11:00:00Z</Date>
<heroReductionYawhngle(>1.00</AeroReductionYawhngle(d>
<heroReductionYawhngle3>2.00</heroReductionYawhngle3s>
<heroReductionYawhAngleé>3.00</ReroReductionYawAngle&> HashComponentDah
<heroReductionYawhngled=4,00</heroReductionYawhngleds
<hpplicableVehicleGroup>132</ApplicableVenicleGroup>

O="nrn:tuograz:ivt:VectoAPI:DeclarationDefinitions:vz.0"

£ VECTO Hashing Tool

‘Vehicle Energy Consumptic: I 1% 237 1250

Component data:

CAU fanpresent\Desktop\VECTO Trailer_ToohAercdynamicDevice_132.xm XML
F </Data>
- </tns:CertifiedAeroReduction> 0 Warnings/Errors
~</tns:VectoInputDeclaration> Date: 2803.2022 13:05

Canenicalization: | urnivectomml:2017:cancnicalization; https//www.w3.0rg/2001/10/xml-exc-c14n#
Digest Method: hittp:/www.w3.0rg/2001/04/xmlencsha2 56
Digest Value: Nwljk22fUPBKP6XEnb0zMeqXx08kC6QaxddsJcavgw— -

After succesfull hashing of the
component XML click ,,Save e et s

Component Data“
[ P

Save Component Data | | Back
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Generation of input XML for a certified aero device (4/4
Hashing example

* Hashed component File

<2xml version="1.0" encoding="UTF-8"2>

<tns:VectoInputDeclaration xmlns="urn:tugraz:ivt:VectoAPI:DeclarationDefinitions:DEV:v2.7" xmlns:v:

O="urn:tugraz:ivt:VectoAPI:DeclarationDefinitions:v2.0"

Z="urn:tugraz:ivt:VectoAPIl:DeclarationDefinitions:v2.2"

ns:cns="urn: tugraz:ivt:VectoAPI:DeclarationComponent:DEV:vz. 7"

"2.0" xmlns:xsi="http://www.w3.orq/2001/XMLSchema-instance"

urn: tugraz: ivt:VectoAPI:DeclarationComponent v:\VectoCore\VectoCore\Resources\X5D/VectoDeclarationComponent . xsd">

<tns;:CertifiedheroReduction >

ttype="CertifiedAeroDataDeclarationType" id="AERO-asdf":
<Manufacturer>Generic Manufacturer</Manufacturesr>
<Model>CGeneric Aero Model</Modesl>
<Certificationtumber>el2+%0815/8051%2017/05TO000*00</CertificationNumber>
<Date>2022-04-12T11:00:00Z</Datex
<heroReductionYawhngle(>1,00</AeroReductionYawhngleld>
<heroReductionYawhngle3>2,00</AeroReductionYawhngled>
<AeroReductionYawhngle&»3.00</AeroReductionYawhngleds
<AeroReductionYawAngle9>4.00</AeroReductionYawhAngleds
<hpplicableVehicleGroup>132</ApplicakbleVehicleGroup>

r </ Datas

—| <Signature:>

<di:Reference URI="#AERO-asdf">

= <di:Transforms>

<di:Transform Algorithm="urn:vecto:xml:2017:canonicalization"/>

<di:Transform "http: //www.w3.0org/2001/10/xml-exc-cldni" />

- </di:Transforms:

<di:DigestMethod Algorithm="http://www.w3.org/2001/04/xmlencfshal56" />

<di:DigestValus>Nwljk22fUPBKP6XEn50zMegXx08kC6Qaxd4sJoavxgw=</di:DigestValus>

- </di:Reference>

- </Signature>

- </tns:CertifiedAeroRedUCtlon>

Xm B ="urn:tugraz:ivt:VectoAPIl:DeclarationDefinitions:v2.1" x
xmins: urn:tugraz:ivt:VectoAPI:DeclarationDefinitions:DEV:v2. 7" =m
http: //www.w3.org/2000/09/xmldsigi" schemaVersion
xsi:schemaLocatior

xml

= <Data xsi

“oftns:iVectoInputDeclarations
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Verification of component hash for a certified aero
device (1/3)

* At the start screen click ,Verify Component Data“

* then click the browse button to search for a hashed XML - Digest values will
only match if nothing was changed after hashing

_ o % ibrary 12.0.2547 - 0o X

' VECTO Hashing Tool

Verify Component Data

Hash Component Data Verify Component Data

Verify VECTO Job Verify Result Data

User Manual About

European
Commission




Verification of component hash for a certified aero
device (2/3)

* Example verification of an unchanged XML

n="1.0" encodil

'"ntf-8"2>
1s5="urn:tugraz:ivt:VectoAPI:DeclarationDefinitions:DEV:v2.7" zmlns:v ="uarn:tugraz:ivt:VectoAPI:DeclarationDefinitions:v2.0"

<tns:VectoInputDeclaration x
<tns:Certifiedherolevice>

<w2.T7:Data xsi:type="CertifiedAercDataDeclarationType" id="AERO-asdf">
<v2.7:Manufacturer>Generic Manufacturer</v2.7:Manufacturer> ¥
<vZ.7:Model>Ceneric Aero Device Model</vwZ.7:Model:
<wZ.7:Certificactionfumber>el2+%0815/8051%2017/05TO000%00</vZ. 7:CertificationNunber>

:Date>2022-04-13T11:21:11.8581891%</v2Z.7:Date>

<w2,.7:heroReductionYawhngleO>1.00</v2,.7:AeroReductionYawhngleO>

<wZ.7:heroReductionYawhngle3>2.00</v2.7:AeroReductionYawlhngle3s>

:AeroReductionYawhAngleé>3,00</v2 . 7:AeroReductionYawhAngle 6>
T:heroReductionYawhngle9>4,00</v2, TiAeroReductionYawhingle o

<w2.7:BhpplicableVehicleGroupss Companent data:
-

wons |
168116 1
sor 10 !
06, 481
~eie
‘Vehicle Energy Conpumptior 1%-4% %5 T

VECTO Hashing Tool

Verify Component Data

w2, TiApplicableVehicleGroup>422</v2.7:ApplicableVehicleGroup>
<vZ.7:LpplicableVehicleGroup>112</v2.T:ApplicableVehicleGroup>

CAUsers\stefanpresent\Desktop\VECTO Trailer_TooMAerodynamicDevice_132_originalxml

</v2.7:hpplicableVehicleBroups> 0 Warnings/Errors Detals
</w2.7:Data>
cv2.7:5ignature> Certification Number: £1270815/805172017/05T0000700
<di:Reference URI="#AERO-asdf"> Component: Tyre
<di:Transforms> Canonicalization methads: urnvecto:xml:2017:canonicalization; httpi//www.w3.0rg/2001/10/xml-exc-c 14n#
<di:Transform AL 'urn:vecto:xml:2017:canonicalization" /> Digest method: hitpu Avwwav3.0rg/2001/04/xmlenc#sha2s6
<di:Transform Alg 'http: //www.w3.0org/2001/10/xml -exc-cldn#" />
</di:Transforms> Digest Value read: Q8VeyIylCVVVNSF1FE/GIWVXZWLZCghUQVDE/YnlW2o0=

<di:DigestMethod Rlgorithm="http://www.w3.org/2001/04/xmlenc#sha?56" /= Digest Value computed: Q8VeyIylCVVVNSF1FBR/GIWVXZWLZCGhUQVDE/YnlW2o0=
<di:DigestValus>Q8VeyIylCVVVNSF1FB/GIWVXEZWLZCghUgqvDE /YnlW2e=</di:DigestValus>
</di:Reference>
</w2.7:5ignature>
</tns:CertifiedAcroDevice>
</tns:VectoInputDeclaration>

XML

Date: | 12.04.2022 14:49
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Verification of component hash for a certified aero
device (3/3)

* Example verification of a modified XML

2aml version="1.0" encoding="utf-8"32>
<tns:VectoInputDeclaration xmlns="urn:tuongraz:ivt:VectoAPI:DeclarationDefinitions:DEV:v2.7" xmlns:v2.0="urn:tugraz:ivt:VectoAPI:DeclarationDefinitions:v2.0"
<tns:CertifiedheroDevice>

<wv2.7:Data xsi:cype="CertifiedAercDataDeclarationType" id="AERO-asdf">
<v2.7:Manufacturer>Generic Manufacturer</vZ2.7:Manufacturer> Y& Vecto Hashing Tool 0.2.0.2547 / Hashing Library 1.2.0.2547
<vZ.7:Model>Generic Aero Device Model</vZ.7:Model: [
Certificationiumber>el2%0815/8051%2017/05T0000%00<,/v2.7 CertificationNunber>
7:Date>2022-04-13T11:21:11.8581891%</v2.T:Date>
iheroReduction¥YawAngle! Z/VE .TiheroReductionYawAngled>
:heroReductionYawhAngle3>2.00</v2.7:ReroReductionYawhngle 3
AeroReduction¥YawAngle L00</w2 ZAeroReductionYawhAngle
theroReductionYawhAngle .00</v2,7:heroReductionYawhAngle

.7:ApplicableVehicleGroups> Compenent data:

\ ~
1

£%' VECTO Hashing Tool

-

‘Vehicle Energy Consumptio: <-.-

Verify Component Data

<v2.7:ApplicableVehicleGroup>422</v2.7:ApplicableVehicleGroup>
<vZ.T7:LhpplicableVenicleGroup>112</vZ.7:ApplicableVenicleGroup>
<fv2.7:ApplicableVehicleGroups>
</v2.7:Data>

CA\Users\stefanpresent\Desktop\VECTO_Trailer_Teol\AercdynamicDevice_132_modified.cml

0 Warnings/Errors

<vZ.7:5ignature> Certification Number: £1270815/805172017/05T0000700
<di:Reference URI="H#AERO-asdf"> Compenent: Tyre
<di:Transforms: Canonicalization methods: urnvecto:xml:2017:canonicalization; http://www.w3.0rg/2001/10/xml-exc-c14n#
<di:Transform "urn:vecto:xml:2017:canonicalization" /> Digest method: it fonarwn3.0rg/2001 /0 amlencsha256
i s - —n . _ _ "o
) /diz.:;;:z;z:i;im Algor http://www.w3.0rg/2001/10/xml-exc-cldn#" /= Digest Value read: Q8VoyTyl SF1FB/GIWVAZWLACGhUQVDE/YnlW2o—
<di:DigestMethod Algorithm="http://www.w3.org/2001/04/xmlenc#sha?56" /> Digest Value computed: | CM*HKINZThjCsCAcKeztqssiHASES1ZIOXIVOOKVEck=

<di:DigestValus>Q8Vey Iy ICVVVNSF1FE/GIWVRZWLECGhUgqvDE /YnlW2o=</di : DigestValus>
</di:Reference>
</v2.7:5ignature>
</tns:CertifiedAercDevice>
</tns:VectoInputDeclaration>

XML

Date: | 12.04.2022 14:49
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Standard aerodynamic devices - for DA trailers

Allowed configurations

ACdxA reduction rates [%]

Combination

Side cover

Side cover

Rear flaps

Rear flaps

Number SHORT LONG SHORT LONG Yaw00 | Yaw3.0 | Yaw60 | Yaw9.0
0 0.0% 0.0% 0.0% 0.0%
1 1 1.4% 2.7% 3.0% 3.7%
2 1 4.0% 3.4% 3.5% 4.7%
3 1 2.8% 3.2% 3.8% 4.9%
4 1 3.9% 4.1% 5.1% 6.0%
5 1 1 3.8% 5.8% 8.3% 8.7%
6 1 1 4.7% 6.8% 9.2% 10.1%
7 1 1 6.5% 6.4% 7.8% 9.4%
8 1 1 7.6% 7.7% 9.2% 10.9%
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Standard aerodynamic devices - for DAvol trailers

Allowed configurations

ACdxA reduction rates [%]

Combination

Side cover

Side cover

Rear flaps

Rear flaps

Number SHORT LONG SHORT LONG Yaw 0.0 Yaw 3.0 Yaw 6.0 Yaw 9.0
0 0.0% 0.0% 0.0% 0.0%
1 1 1.1% 1.5% 2.9% 4.3%
2 1 2.4% 2.0% 3.5% 5.3%
3 1 3.5% 3.0% 3.8% 5.8%
4 1 4.4% 4.1% 5.5% 7.8%
5 1 1 4.4% 4.6% 6.4% 8.6%
6 1 1 5.5% 5.6% 8.1% 10.3%
7 1 1 5.7% 5.6% 8.1% 9.7%
8 1 1 6.9% 7.4% 9.8% 11.5%
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Standard aerodynamic devices - for DB trailers

Allowed configurations HERETS TEC IEIER (i [%]
C°|’\‘I‘ubr::‘|::'r°" S':: 3;‘;” S'T;\fé’ er R‘;?_:J:‘fs Re:(;:l'gps Yaw0.0 | Yaw3.0 | Yaw6.0 | Yaw9.0
0 0.0% 0.0% 0.0% 0.0%
1 1 3.7% 1.3% 2.1% 2.7%
3 1 4.0% 3.4% 3.8% 3.1%
4 1 4.0% 4.8% 5.0% 3.9%
5 1 1 5.5% 5.5% 5.8% 6.5%
6 1 1 6.3% 6.0% 6.6% 7.3%
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Standard aerodynamic devices - for DBvol trailers

Allowed configurations HERETS TEC IEIER (i [%]
C°|’\‘I‘ubr::‘|::'r°" S':: 3;‘;” S'T;\fé’ er R‘;?_:J:‘fs Re:(;:l'gps Yaw0.0 | Yaw3.0 | Yaw6.0 | Yaw9.0
0 0.0% 0.0% 0.0% 0.0%
1 1 1.0% 0.5% 0.3% 1.5%
3 1 2.6% 2.5% 3.2% 3.5%
4 1 3.4% 3.5% 4.5% 5.1%
5 1 1 3.2% 3.6% 4.6% 6.0%
6 1 1 4.1% 4.6% 6.1% 7.4%
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Standard aerodynamic devices - for DC trailers

Allowed configurations HERETS TEC IEIER (i [%]
C°|’\‘I‘ubr::‘|::'r°" S':: 3;‘;” S'T;\fé’ er R‘;?_:J:‘fs Re:(;:l'gps Yaw0.0 | Yaw3.0 | Yaw6.0 | Yaw9.0
0 0.0% 0.0% 0.0% 0.0%
1 1 2.4% 1.0% 0.9% 1.4%
3 1 2.2% 2.8% 4.1% 4.6%
4 1 2.3% 3.8% 5.3% 5.7%
5 1 1 3.9% 4.1% 5.0% 5.9%
6 1 1 4.4% 4.8% 6.2% 7.0%
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Standard aerodynamic devices - for DCvol trailers

Allowed configurations HERETS TEC IEIER (i [%]
C°|’\‘I‘ubr::‘|::'r°" S':: 3;‘;” S'T;\fé’ er R‘;?_:J:‘fs Re:(;:l'gps Yaw0.0 | Yaw3.0 | Yaw6.0 | Yaw9.0
0 0.0% 0.0% 0.0% 0.0%
1 1 0.7% 0.7% 0.9% 2.2%
3 1 2.6% 3.7% 4.1% 4.4%
4 1 3.7% 5.2% 6.3% 7.1%
5 1 1 3.2% 4.7% 5.1% 5.8%
6 1 1 4.4% 6.2% 7.1% 8.2%
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Bonus factors for liftable and steered axles -
Overview

* In order to model the effect of liftable and/or steered axles on fuel consumption

and CO, emissions, generic bonus factors are applied in the VECTO Trailer Tool.

* The general formula how to apply these factors (“bf..”, “bf ... ; unit = %,
"-" means reduction) is shown below:

_ . m . bfsteer
FCeorr, CO2¢0rr = FC,CO2 (1 + 100) (1 o steer )

* In cases where there is more than one liftable or steered axle on a vehicle,
special rules apply.
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Bonus factors for liftable axles

Trailer Classification

Liftaxle bonus factor

Long Haul Regional Delivery | Urban Delivery
Bodywork | Volume Number of | payload | payload | payload | payload | payload | payload

type orientation | Trailer type axles low rep low rep low rep
DA 2 -0.8 -0.3 -2.3 -1.6 -3.2 -2.1

3 -0.6 -0.2 -3.6 -2.4 -5.3 -3.5

all No/Yes DC 2 -0.6 -0.2 -2.2 -1.5 -3.1 -2.0

DB 3 -0.6 -0.2 -2.1 -1.4 -3.0 -2.0

DC 3 -0.6 -0.2 -3.6 -2.4 -5.2 -3.5
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Bonus factors for steered axles

Trailer Classification

Steered axle bonus factor

Long Haul Regional Delivery | Urban Delivery
Bodywork | Volume Number of | payload | payload | payload | payload | payload | payload
type orientation | Trailer type axles low rep low rep low rep
DA/DC 1 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 -1.5 -1.5 -2.3 -2.3
all No/Yes
DA/DC 3 0.0 0.0 -3.0 -3.0 -4.5 -4.5
DB 3 0.0 0.0 -1.5 -1.5 -2.3 -2.3
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Bonus factors for liftable and steered axles —
Special cases

* Special case #1: 1 liftable and 1 steered on different axles

bfl be eer
FCeorrs CO2¢orr = FC,CO2 + (1 +21ft) . (1 4 0.5 - 2-steer)

* Special case #2: 1 liftable and 1 steered on the same axle

maX(bflift, bfsteer)
100

FCeoprs CO2¢oprr = FC,CO2 - <1 +

The generally valid formulas implemented in the code are documented here. For some cycles, some bonus factors are 0.
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Bonus factors for liftable and steered axles —
Special cases

* Special case #3: 2 liftable axles

bfji¢
Payload “low”: FCfeopp» CO2.orr = FC,CO2 - (1 +1.5- n 0‘(;)
“ ” _ bfllft
Payload “rep:”: FCeorr, CO2.orr = FC,CO2 - | 1 + 100

» Special case #4: 2 steered axles

bf,
FCCOI‘I‘I Cozcorr = FC, COZ . (1 + 1.2 . Steer)

100

» Special case #5: In case more than 2 features are present on the vehicle (could
theoretically only be the case for a 3-axle trailer and comprising at least a single
steered axle), the rules for special case #1 are applied.

The generally valid formulas implemented in the code are documented here. For some cycles, some bonus factors are 0.
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Overview content of Masterexcel (1/4)

The VECTO Trailer Tool Masterexcel is an integral part of the tool documentation and fulfils

the following functions:
*  Documentation of the classification matrix used internally in the tool, which is more detailed than
the classification according to Annex I.

*  Documentation of all generic data stored in the tool, e.g.
* mission profile and payload allocation
* specifications of reference trailers
* standard values for reduction rates of aerodynamic devices
* bonus factors for liftable and steered axles
* Interactive documentation of the formulas for calculating the air drag for the various combinations
of generic towing vehicles and trailers

The content of the individual sheets is described in overview on the next slides.

In the context of a normal application of the tool, it is not necessary to engage with the Masterexcel.
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Overview content of Masterexcel (2/4)

e

Classification General information stored in the tool for each trailer configuration
* Vehicle group acc. to Annex 1

* Information on the allocated generic towing vehicle

* Mission allocation + weighting for aggregated results

* Payload and axle weight shares per mission

Generic CAD Main dimensions and air drag values of the generic CAD models used as a starting point to calculate the air
vehicle drag of trailers with different dimensions (could be the reference- or the specific trailer)
CEEEG RIS Information on the reference trailers for each trailer configuration

* Curb mass and cargo volume

* Tyre specifications

* Main external dimensions to calculate the air drag

* Indication on which aero corrections are applied to which trailer configuration

»1“ means aero correction is applied
* ,0“ means aero correction is not applied
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Overview content of Masterexcel (3/4)

e

Specific trailer Information on technologies that may be present on a specific trailer

* Bonus factors for liftable and steered axles depending on trailer configuration, mission and payload
* These factors are to be understood as reduction factors on overall fuel consumption / CO,

* Indication on which aero corrections are applied to which trailer configuration
* ,1“ means aero correction is applied

» ,0" means aero correction is not applied
The individual aero correction formulas can be viewed in the “Reference/Specific Trailer Aero" sheet and are
documented in detail in Task 2 report section 2.4.5.

* Aero reduction values for standard aerodynamic devices acc. to sheet ,,Combination Add-ons DX*“

SELCEICRIEIEES | formation on the standard trailers also used in Regulation EU 2017/2400 to calculate the reference factors

*DX... Placeholder depending on trailer type
DA... Semi Trailer
DB... Drawbar Trailer

DC... Centre axle Trailer
European

Commission
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Overview content of Masterexcel (4/4)

e

Reference (Specific) Main dimensions and air drag values of the generic CAD models used as a starting point to calulate the
Trailer Aero air drag of trailers with different dimensions (Reference/Specific trailer)

Step by step calculation process on how to apply the individual aero corrections to get the final air drag
values for a reference/specific trailer

In the columns AN to AX, the aero-relevant data can be entered for the individual trailer groups. The
results for CdxA(0) as well as the polynomial coefficients of the polar can then be found in the columns
DT and EB to ED.

S ELLEIGIEGILEN TR Air drag reduction in % for the specific combination of standard aerodynamic devices (the reduction
D values can also be found in the sheet ,Specific Trailer”
SHEELERERCERLLEE  Eyample on how the individual and weighted efficiency ratios are calculated based on a DA trailer

*DX... Placeholder depending on trailer type
DA... Semi Trailer
DB... Drawbar Trailer
DC... Centre axle Traielr

European
Commission

50



