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(1) ABSTRACT

The phenomenon of car-to-truck underride occurs all around the truck and the trailer. Of these three, front,
rear and side underrides, the car-to-truck front underride is the worst, mostly due to lack of geometric
compatibility between the car and truck. The fitting of a rear underrun devices on trucks has resulted in a
reduction of casualties in car-to-truck rear end collisions. However, in many cases the rear underrun device
has proved to be not sufficiently robust to withstand the dynamic loading from a car or not positioned well
enough to interact with the main structural members of the car. Cars are usually less involved in car-to-
truck side collisions than frontal or rear collisions. Side protection devices on trucks, which are also
obligatory, are fitted to deflect cyclists and pedestrians. Installing a rigid front underrun protection device to
the truck (obligatory from August 10, 2003 according to Directive 2000/40/EC) has improved the
compatibility of trucks with cars considerably and reduced casualties accordingly. However, it is argued that
additional reductions can be expected from fitting energy absorbing front underrun protection to trucks. The
ultimate aim of the EC 5" Framework Project ‘VC-COMPAT' was to develop a suite of crash test
procedures, which once implemented in legislative and/or consumer testing, will lead to an improvement in
vehicle crash compatibility. The project was initiated by the EEVC Working Groups 14 and 15 and was
viewed as a continuation of their activities.

The aim of this DfT supported part of the ‘VC-COMPAT’ project, reported here, was to conduct structural
analysis of truck/trailer with respect to geometry and underrun protection. For car-to-truck impact the
investigation produced a database of the main truck/trailer structures that are involved in front, rear and side
collisions. It also generated an inventory of current underrun devices. In addition, an objective of the ‘VC-
COMPAT’ project was to determine a methodology for evaluating front and rear underrun devices without a
car. This included simulations to evaluate the effects of parameters such as impact speed, impact angle,
and bumper height that were not considered in component testing. Numerical modelling and simulation
approach was considered as an alternative to testing by the use of simplified means and methods in order
to replace a typical car and a full truck/trailer in future assessments.

(2) EXECUTIVE SUMMARY

The full scope of the VC-COMPAT project was to bring about improvement of vehicle crash compatibility
through the development of crash test procedures”. The project addressed two main compatibility issues;
‘Car-to-Car’ and ‘Car-to-Truck’. CIC was involved in the car-to-truck compatibility work. The basis for the
car-to-truck compatibility consortium was EEVC WG14 relating to the energy absorbing front underrun
protection of trucks. This organisation included government and private research laboratories, an
association of insurance companies and universities.

Collisions between passenger vehicles, as well as crashes of passenger cars with heavy trucks were the
focus of research for development and validation of crash compatibility testing procedures. Compatibility
between vehicles will directly improve the safety of the occupants. The European Community will benefit
from this industry-wide common research through the decrease in severity of occupant injuries and social
suffering which occur as a result of car-to-car and car-to-truck accidents.

The ‘VC-COMPAT’ Project started in March 1%, 2003 and planned for completion in October 2006. It was
split up in two sections. These two sections were a car-to-car part and a car-to-truck part. Both parts
followed separate research trajectories however, with extensive information exchange. Activities included
structural analyses of a selected car fleet and truck/trailer fleet, the later being supported by the DfT as
reported here, and accident and cost-benefit analyses. The project, crash testing and mathematical
modelling will ultimately be used to evaluate test procedures and to determine a relationship between
vehicle damage and injury mechanisms. The aim of the project was also to develop a suite of test
procedures to assess a passenger vehicle’s frontal impact compatibility and to develop a test procedure to
assess truck energy absorbing front underrun protection (FUP) guards.

The main objectives of the DfT funded aspect of the ‘VC-COMPAT’ project was the following:-
Conduct analysis of truck and trailers.
Create a database of Heavy Goods Vehicles (HGV's).
Provide a report on current underrun devices.

Consider the use of numerical modelling as an alternative to car-truck front underrun testing.
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The aim of the structural analysis was to provide relevant geometric information that could be used in the
main ‘VC-COMPAT' project for a subsequent cost-benefit analysis, and also to provide information for
defining tests and the modelling of trucks/trailers in numerical simulations. The geometrical dimension data
gathered by this study related to the front, rear and side regions of heavy goods vehicles.

Based on the collated geometrical information, a database of HGV geometries was created. This database
consisted mainly of dimensions related to the main truck/trailer structures that are involved in front, rear and
side collisions. In order for truck/trailer manufacturers to collect the data, a protocol document was created,
which included a description of each parameter and diagrams of the dimensions required. The database
included information such as manufacturer's name and model, vehicle types such as rigid or semi-trailer
and also some information on EU sales figures for each range.

A detailed report on the current underrun devices was produced. It contained analyses of underrun
devices, as demanded by regulations, described in the literature or currently used in today’s truck/trailers.
The advantages and disadvantages were collated, as well as their experimental behaviour and the way they
have been or can be modelled in numerical simulations. Energy absorption capabilities of these structures
were also documented, where applicable. Front and rear underrun protection devices included both rigid
and energy absorbing types

Also reported was the determination of a methodology for evaluating the potential contribution of modelling
approach as an alternative to testing for assessing compatibility. It contained the outcome of the numerical
simulations carried out by two participants within the ‘VC-COMPAT’ project and reported by CIC. These
simulations evaluated the effects of parameters such as impact speed, movement of vehicles, impact angle
and bumper height that were not included in the main ‘VC-COMPAT’ test programme.

(3) INTRODUCTION

(3.1) Rationale

Traffic-related accidents are still a major threat to life in the European Union, especially when the low
average age of the victims is taken into account. Approximately 50 to 65 percent of all road accident
fatalities are car occupants. The social costs of these accidents are currently evaluated at some 160 billion
Euro per year in the European Union alone. If the additional road toll of approximately 23,000 persons killed
each year in the EU’s associated states is taken into account the annual socio-economic cost would be
around 250 billion Euros.

Following the introduction of the frontal and side impact Directives in October 1998, compatibility offers the
next greatest potential benefit for improving car occupant safety and reducing road casualties. About 50 to
60 percent of all car occupant casualties (i.e. 15,000 casualties) occur in accidents where the car collides
with another vehicle, the type of accident compatibility is intended to address.

Previous studies suggested that improved compatibility could reduce the number of serious injuries and
fatalities by as much as a third in accidents where a car collides with another vehicle. In addition, it should
be noted that structural changes in car design necessary to improve compatibility are also expected to lead
to increased protection in many single vehicle accidents. An EEVC study (reference?) indicates that the
number of fatalities caused by car-truck frontal collisions would reduce by 20 to 30 percent were the truck
equipped with a rigid or energy absorbing underrun device.

Therefore, it was anticipated that it would be possible to develop a suite of crash test procedures, which,
once implemented in legislative and/or consumer testing, will lead to an improvement in vehicle crash
compatibility and subsequently result in a reduction in the number of killed and seriously injured car
occupants.

(3.2) Background

VC-COMPAT is an EC and DfT funded project under the 5™ Framework Programme. The project consists
of 14 partners from 7 European Countries and began on 1 March 2003 and was scheduled to last 3 years.
It was constructed to address the requirements in Key Action 2: SUSTAINABLE MOBILITY AND
INTERMODALITY of Theme 3: ‘Competitive and Sustainable Growth’. Following the introduction of the
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frontal and side impact Directives in October 1998, compatibility offers the next greatest potential benefit for
improving car occupant safety and reducing road casualties.

The EC funded ‘VC-COMPAT’ Project was split up in two parts. The aims were to enhance car occupant
safety by defining test procedures and performance criteria to improve the present legislation and to
develop future legislation in this field. The following outlines the objectives of the two parts, a car-to-car and
a car-to-truck of the project.

Objectives for car to car impacts:-

To develop test procedures and performance criteria to assess and control car frontal structures for
frontal impact compatibility

To ensure improvements are not detrimental to side impact, truck, roadside obstacles and
pedestrian impact

To ensure that the number of additional test procedures is a minimum to keep the test burden on
industry to a minimum

To develop a framework for a crash compatibility rating system

To provide general recommendations for the design of a compatible car

To provide an indication of the benefits and costs of improved compatibility

Objectives for car to truck impacts:-

To develop test procedures and performance standards for (energy absorbing) (front) underrun
protection systems for trucks

To define criteria for energy absorbing front underrun protection systems for trucks

To provide guidelines for improvement of existing legislation of rear underrun protection

To provide an indication of the benefits and costs of (energy absorbing) front and rear underrun
protection systems for trucks

(8.3) Purpose of Research

The 'VC-COMPAT’ project was split up in two divisions: a car-to-car division and a car-to-truck division.
The overall ultimate aim of the proposed work was to develop a suite of crash test procedures, which once
implemented in legislative and/or consumer testing, would lead to an improvement in vehicle crash
compatibility. CIC’s activities mainly involved the latter division. An earlier EEVC study had indicated that
the number of fatalities caused by car-to-truck frontal collisions would reduce by 20 to 30 percent were
trucks equipped with a rigid or energy-absorbing under-run device.

The technical objectives of this project for improved car-to-truck impact compatibility are:-
Structural analysis of trucks and trailers.
Creation of truck geometric database.
Provide an inventory of current underrun devices.

To define alternative numerical approach to replace a typical car and full truck/trailer in future
assessment

To disseminate information through publication and workshop venues.

(3.4) Project Overview

The overall view of the EC funded ‘VC-COMPAT’ project describing activities of each workpackage is given
in Appendix A. The relevant part of this project linked to the DfT support for CIC’s activities, e.g. Tasks 1.4-
1.6 and 8.4, are highlighted in this section. Both car-to-car and car-to-truck databases have been created.
Truck structural databases that also had the support of the DfT have been constructed by CIC. In the truck
structural database, the geometry and strength data related to front, side and rear protective devices of 5
from the 7 major European truck manufacturers have been included. Additionally, information from the
major European trailer manufacturers with respect to side and rear protection has been included in the
database. The data is used to investigate geometric alignment of current car and truck structures. The
following diagram, Figure 1 shows the ground clearance for rigid front and rear underrun protection, (FUP)
and (RUP) devices from two of the participating European truck manufactures.
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Figure 1. Car structure height vs. truck underrun guard height

For the introduction of improved car to car compatibility the number of casualties on a European level that
may experience some benefit has been estimated as follows: about 14 - 31% fatally injured car occupants
might be saved by taking compatibility measures and about 29 - 52% seriously injured car occupants might
get less or even no injury.

Benefits have been calculated for the introduction of energy absorbing front underrun protection (eaFUP)
systems and improved RUP systems in Europe. The analysis revealed that about 11% of the fatally and
30% of the seriously injured car occupants could be saved if trucks were equipped with eaFUP systems
instead of rigid devices. Approx. 57% of the fatalities and 67% of seriously injured could be prevented from
injures due to improved RUP devices.

For the truck part of the project, 7 car-to-truck tests using two different cars, a Citroen C2 and an Astra,
were performed to determine the relationship between occupant injuries and the underride protective
structure. The C2 has a single level of load path type of design with Astra having a double load path. In all
the tests the FUPs prevented underrun. In the tests performed using trucks fitted with an eaFUP system no
energy was absorbed by the eaFUPs because the C2 did not apply sufficient force to it to activate its energy
absorbing capability. A major contributory cause of this was the poor structural interaction between the
C2’s single load path level and the eaFUP. Subsequent tests performed with Astra cars having 2 levels of
load path offered improved interaction with the eaFUP and hence activated its energy absorbing capability.

The same vehicle fleet model was used to investigate frontal and rear end car to truck collisions, other than
those tested. For this purpose, a generic truck model with rigid and energy absorbing front and rear
underrun devices was developed. A set of simulations had been run for different purposes. One objective
was to identify possible reasons why the underrun protection devices would not act correctly. It was
observed that problems existed with the rigid structural parts on the truck front which influenced the
interaction with the FUP.

Research in Task 8 of the project, regarding options for replacement of full scale testing for the truck leg is
still in progress. The focus has been both static/dynamic component testing and assessment by
calculation/numerical simulation.

3.4.1 Car-to-Truck Consortium Members

All partners have previously been involved in aspects of car and truck safety research including the
definition of test procedures and regulations for vehicle safety, numerical simulation and component and
full-scale testing. The member companies of the Consortium (involved in the car-to-truck work) come from
6 EC countries and are comprised of:-

TRL (Transport Research Laboratory), UK,

TNO Automotive, The Netherlands,

BASt, Germany,

UTAC, France,

UPM (Universidad Politécnica de Madrid), Institute for Automobile Research INSIA, Spain,
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CIC (Cranfield Impact Centre Ltd), UK,

DC (Daimler-Chrysler AG), Germany,

GDV (Gesamtverband der Deutschen Versicherungswirtschaft), Germany,
VGT (Volvo Global Trucks), Sweden,

SCANIA Trucks, Sweden,

DAF Trucks, The Netherlands.

Ongoing research and developments were communicated through an Internet website: http://vc-
compat.rtdproject.net. In addition, workshops and industrial liaison meetings were organised in order to
keep in touch with associated industry not directly participating in the consortium.

(3.5) Benefits to DfT

The DT, a co-sponsor of the 'VC-COMPAT’ project will be able to use the results from this project to
reinforce the need for improved car-to-car and car-to-truck compatibility, the latter carried out by CIC and
reported here, and to promote the implementation of legislative testing in this area.

The work of the VC-COMPAT project supports the DfT objectives most specifically in the aspect of
generally increasing road safety. This is considered from a number of aspects, all potentially leading to the
prospect of a reduction in the number of casualties and fatalities during vehicle crashes.

(4) METHODOLOGY

CIC activities were mainly concentrated in Work Package (WP1) that deals with the collection of information
about vehicle geometric incompatibility and to give directions for compatibility improvement. CIC was the
leader of car-truck part of WP1. CIC was also involved to a lesser extent in Work Packages 2, 6, 7, 8, 9
and 10, see Appendix A. Involvement in WP2, 6, 7 and 9 was limited to attending meetings and offering
discussion/advice.

CIC’s involvement relating to the DfT support part of the ‘'VC-COMPAT’ included the following:-
Developing a protocol for measuring truck/trailer geometries for input into a database.
Obtaining measurements from trailer manufacturers.
Collating the other partner’'s data for the database.
Creating the geometric database and inputting data.
Conducting literature searches (web search and technical library search) for current underrun devices.
Collating the other partner’s data on underrun devices.
Creating a report on current underrun devices.
Use of numerical modelling and simulation as an alternative to car-truck front underrun testing.
A joint consortium paper.

A mid-term workshop presentation.

(5) RESULTS

The results of CIC’s activities relating to the DfT supported part of the “VC-COMPAT’ project are outlined
below on a task by task basis. They relate to work carried out in work package WP1, Task 1.4 to 1.6, WPS8,
Task 8.4 and WP10, Task 10.2-10.3.

Task 1.4: Definition of truck database structure and selection of truck/trailers, as outlined in Appendix B.

Task 1.4 included the definition of the database contents related to structural properties of trucks, trailers
and semi-trailers involved in underride (front, rear and side) by road vehicles such as passenger cars,
SUV's, motorbikes, mopeds and cyclists. Truck/trailer makes and models were selected from which
measurements were taken. Definition of Database of main truck/trailer structures involved front, rear and

’ e
CIC Report 572



DfT Support for VC-COMPAT Page 8 of 57
Final Report - Tasks 1.4-1.6, 8.4 and 10.2-10.3

side collisions. The information collated was subsequently used in Task 1.5 concerning the creation of a
database containing HGV geometric data. Dimensions were measured relative to the ground and included
both unladen and fully laden categories. Dimensions also included rigid structure of the vehicles and
chassis rails where energy absorbing front and rear devices could be mounted. The geometry of a ‘generic’
HGV was considered for which a list of relevant dimensions relating to compatibility has been suggested, as
listed in Appendix B.

Task 1.5: Measurement of geometric parameters and generation of database, as outlined in Appendix C.

This task was based on the measurement of the parameters defined in Task 1.4. Sources of data were
truck manufacturers (supplied data from own truck fleets and subsidiary companies), TRL (supplied data
from Truck Crash Injury Study, TCIS, database) and a search by CIC through contacts with 24 European
trailer manufacturers that consisted mainly of semi-trailers and some rigid vehicles. CIC was the partner
responsible for generating the database (using the Microsoft Windows based Access software). HGV
geometric database file “Task1.5_database_V2.2.xIs” was submitted to DfT on schedule. The database
contains information collated in Tasks 1.4 and 1.5. Samples of the generated database containing collated
data are given in Appendix C. The database was created in Microsoft Excel format and contained 86 data
fields grouped under 4 headings, i.e, general vehicle data, front of HGV, rear of HGV and side of HGV. It
contained data on 499 vehicles, 85 different manufactures, and 20 different tractor units, 283 rigid vehicles,
including box, dump trucks, platform trucks, tippers and finally 199 semi-trailers.

Task 1.6: Analysis of current underrun devices, as outlined in Appendix D.

Task 1.6 involved the analysis of currently type approved underrun devices as demanded in (proposed)
regulations, described in the literature or currently used in today’s trucks/trailers as well as devices found in
literature search from 1995 onwards. These devices were categorized as:-

Rigid Front Underrun Protection device, FUP.
Energy Absorbing Front Protection device, eaFUP.
Rigid Rear Underrun Protection device, RUP.

New designs such as Brazilian articulated rear guard, Brazilian ‘pliers’ device and Australian energy
absorbing guard.

The advantages and disadvantages of the different devices were collated, as well as their experimental
behaviour and the way they have been or can be modelled in numerical simulations. Energy absorption
capabilities of these structures were indicated in the inventory of current underrun devices. A
comprehensive HGV underrun (VC-COMPAT, Work package 1, Task 1.6: Inventory of Current Underrun
Devices, Version 1.2), report file “Task1.6_report_V1.2.doc” was submitted to DfT on schedule. An abstract
of this report is provided in Appendix D.

Task 8.4: Simulations to evaluate effect of parameters not included in component testing, as outlined in
Appendix E.

This task involved preparation of FE work, i.e. evaluation of FUP (Front Underrun Protection) subsystem by
simulation and investigation of parameters not covered by evaluation. In addition to component testing,
numerical simulations were planed to examine possible evaluation of other parameters such as impact
speed and bumper height. The aim was to demonstrate that the use of numerical modelling and simulation
could be considered as an alternative to testing. The task of Finite Element (FE) modelling, with some
support from CIC, has been carried out by TNO and UPM(INSIA), the two partners and support from BASt
with the main VC-COMPAT’ consortium. This task has been dependant on the output from these three
partners, i.e. TNO, UPM and BASt. The delay was due to the supply of information and data from Tasks
8.1 to 8.3 on which Task 8.4 depended and also due to possible extensions to the project. Appendix E
contains extracts from reports by either TNO or UPM(INSIA) and BASt. It summarizes the objectives, the
methodology used and the outcome of the tests and analysis activities to investigate both energy absorbing
FUP (eaFUP) and the rigid FUP.

Task 10.2: Preparation of joint consortium papers, as outlined in Appendix F.

A joint paper by CIC and other partners in Task 1 (structural analysis of truck/trailers with respect to
geometry and underride protection, presented at the 20th International Congress on Truck Safety, October
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2003) was reported in the quarterly report for period 1 July 2004 to 30 September 2004. A copy of the joint
presentation in ‘pdf’ format has been supplied to the DfT as a separate file and was included in the quarterly
report for the period of 1 January 2005 to 31 March 2005.

Task 10.3: Project workshops: midterm and final, as outlined in Appendix G.

At the mid-term 24 Month Workshop held on the 23" and 24" February 2005 in Gothenburg, Sweden, CIC
had a joint presentation with UTAC on the work in WP1 concerning structural analysis of cars and trucks.
The analysis involved creation of a database containing measured dimensions of the main car and
truck/trailer structures that are involved in front, rear and side collisions.

Project Gantt Chart and Progress
Highlighted are the completed and reported tasks and the task that is still in progress.
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Figure 2. Project Gantt Chart and Progress

(6) DISCUSSION

Collisions between passenger vehicles, as well as crashes of passenger cars with heavy trucks, are the
focus of research which will develop and validate crash compatibility testing procedures. In essence,
compatibility will ensure that the smaller vehicle is not overwhelmed by the larger vehicle in typical crashes
resulting in enhanced safety for all vehicles on our roads. The geometrical data of on front, rear and side of
heavy goods vehicles collated within this project have been and will be used to address compatibility
between cars and HGV'’s.

Structural analysis revealed that a significant number of rigid and energy absorbing front and rear devices
exist according to new regulations for such devices. New designs include energy absorbing mechanisms
such as collapsing tubes, deforming space frames and honeycomb structures. The definition of 'rigid’ for
the front and rear underrun devices has to be interpreted loosely as it requires the device to deform less
than 400mm when point loads are applied to the centre, the ends and the supported sections of the guard
rail. The potential of Energy Absorbing Front Underrun Protection devices (eaFUP’s) with respect to rigid
FUP’s is to allow for elevated speed possibly 75 kph, as compared to 56 kph for car-to-truck collision,
without causing significant increase to the injuries of the car occupants.

Front underrun devices are similar in design constraints compared to the rear devices because space is
more limited. At the rear of a truck, usually, more space is available for underrun protection devices than at
the front. Therefore, it is easier to account for problems which may arise from Rear Underrun Protection
(RUP) deformation or ground clearance. One problem highlighted with the rear underrun protection system
was the ground clearance. Therefore, to be able to lower the protection device a pivot mechanism may be
necessary in the design, such as an articulated guard.

As was reported in the previous quarterly report, following the 24 Month progress meeting, the consortium
agreed to ask the EU Commissioner for a possible extension of 9 months to the project. The
Commissioner accepted the extension to the project. This was necessary in order to complete the
remaining activities in Task 6 and Task 8. This extension only affected CIC’s progress reporting to the DfT
on Task 8.4 in which CIC was acting as a support role to TNO and UPM. Tasks 1.4 to 1.6 were the major
CIC’'s commitment in the ‘VC-COMPAT’ project. Reporting on the outcome of Task 8.4 was a small
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proportion of CIC’s reporting commitments to the DfT. Due to the delays in the main ‘VC-COMPAT’ project,
this final revised report by CIC to the DfT on modelling aspects in the Appendix E includes extracts from
information obtained from partners Task 8.4 rather than as an addendum as was originally planned.

DfT had considered the dissemination of the results from the ‘VC-COMPAT’ project to be important. A joint
paper by CIC on truck/trailer compatibility with cars and related topics that covered the work carried out by
CIC in Tasks 1.4 to 1.6 of the 'VC-COMPAT’ together with a presentation at the mid-term 24 Month
Workshop, held on the 23™ and 24" February 2005 in Gothenburg, Sweden, completed CIC’s commitment
in Task 10 of the DfT supported project.

(7) CONCLUSIONS

The ‘VC-COMPAT’ Project started March 1%, 2003 and was split up in two parts. They were a car-to-car
part and a car-to-truck part. Both parts followed separate research trajectories, however, with extensive
information exchange. Activities included structural analyses of the car fleet and truck/trailer fleet, the later
being supported by the DfT as reported here, and accident and cost-benefit analyses. The project, crash
testing and mathematical modelling will be used to evaluate test procedures and to determine a relationship
between vehicle damage and injury mechanisms. The aim of the project was to develop a suite of test
procedures to assess a passenger vehicle’s frontal impact compatibility and to develop a test procedure to
assess truck energy absorbing front underrun protection (FUP) guards.

(7.1) Review of Project Aims and Objectives

Compatibility between vehicles will directly improve the safety of the occupants and has been the focus of
research for development and validation of crash compatibility testing procedures. The work reported here,
concerning CIC’s involvement in the ‘VC-COMPAT’ project, addressed compatibility issues for car-to-truck.

The main objectives of the DfT funded ‘VC-COMPAT’ project was to the following:-

Conduct an analysis of truck and trailers. The aim of the structural analysis was to provide relevant
geometric information that could be used in the main ‘VC-COMPAT’ project for a subsequent cost-
benefit analysis, and also to help in defining tests and modelling trucks/trailers for numerical
simulations. The geometrical information related to data for front, rear and side regions of heavy
goods vehicles.

Create a database of Heavy Goods Vehicles. A database of HGV geometries based on the collated
geometrical information was created. It consisted mainly of dimensions related to the main truck/trailer
structures that are involved in front, rear and side collisions. A protocol document which included a
description of each parameter and diagrams of the dimensions was created by CIC. This approach
assisted truck/trailer manufacturers in collecting the appropriate required data. The database included
information such as manufacturer’'s name and model, vehicle types such as rigid or semi-trailer and
also some information on EU sales figures for each range.

Provide a report on current underrun devices. A detailed report on the current underrun devices was
produced. It contained an analysis of underrun devices, as demanded by regulations described in the
literature or currently used in today’s truck/trailers. It included both rigid and energy absorbing types.
Energy absorption capabilities of these devices were also documented. The advantages and
disadvantages, as well as their experimental behaviour and the way they have been or can be modelled
in numerical simulations, were collated.

Use of numerical modelling as an alternative to car-truck front underrun testing. The aim was to
develop a suite of test procedures to assess a passenger vehicle’s frontal impact compatibility by
determining a methodology for evaluating the contribution of modelling factors such as impact speed,
movement of vehicles, impact angle, bumper height, etc, as an alternative to testing. The task of
numerical modelling, with some support from CIC, has been carried out by TNO and UPM, the two
partners with the main VC-COMPAT’ consortium.

Dissemination of the results from the ‘VC-COMPAT’ project to a wider audience was one of the objectives
of the project. To this effect, a joint paper by CIC and other partners in Task 1 (structural analysis of
truck/trailers with respect to geometry and underride protection) was presented at the 20th International
Congress on Truck Safety, October 2003 in Hungary. Additionally, at the mid-term 24 Month Workshop
held on the 23" and 24" February 2005 in Gothenburg, Sweden, CIC had a joint presentation with UTAC on
the work in WP1 concerning structural analysis of cars and trucks. The analysis involved creation of a
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database containing measured dimensions of the main car and truck/trailer structures that are involved in
front, rear and side collisions.

In view of the above, apart from reporting on the findings of the modelling aspect in Task 8.4, it is
considered that the aim and objectives of the project were met in overall terms.

(7.2)  Further Work

Enhancement of Truck Database for Improvement of Vehicle Crash Compatibility is a possible area for
further work. Frontal and rear car-to-truck collisions are of major problem in accidents involving trucks,
since such accidents normally occur at higher relative speeds than the one defined in the ECE-Regulation
93 (EC Directive 2000/40/EC) and ECE-Regulation 58 (Council Directive 70/221/EEC), respectively,
concerning mandatory rigid underrun protection systems.

There is scope to expand the existing database, created almost two years ago in the VC-COMPAT project,
Improvement of Vehicle Crash Compatibility, by CIC. The database is on car-to-truck crash compatibility in
connection to front, rear and side truck underruns. It can be expanded to include measurement of data on
vehicles in relation to positions and dimensions of the underrun devices. The database will include new
vehicles (tractor units, semi-trailers and rigid units such as dump trucks, platform trucks and tipper trucks)
and different manufacturers.
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APPENDIX A

GENERAL OVERVIEW OF VC-COMPAT PROGRAMME FOR ALL WOR K PACKAGES
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General Overview of ‘'VC-COMPAT’ Programme for all W ork Packages

The EC funded ‘VC-COMPAT’ programme is divided into two sections, namely car to car impact and car to
truck impact. Each of these sections has a technical leader to oversee the technical direction of the work
and ensure a good interchange of information between each section. The sections are divided into eleven
work packages. Where limited synergies have been identified and to prevent duplication some work
packages contain both the car-to-car and car-to-truck sections.

WP1, “Structural Analysis of car and trucki/trailer f leet with respect to geometry and underride
protection”

For car-to-car impact this work package will measure the data and create a database of the positions and
dimensions of the main car structures involved in frontal and side impact. This database will be used to
study current car-to-car geometric compatibility. For car-to-truck impact this work package will measure the
data and create a database of the main truck/trailer structures that are involved in front rear and side
collisions. Active devices will not longer be studied. Specific prototypes will not be designed and built, but
standard devices will be supplied by the manufacturers and modified if necessary.

WP2, “Accident analysis and cost benefit studies”

For car-to-car impact, this work package will estimate the benefits and costs for improved car-to-car
compatibility on a national and EU basis. For car-to-truck impact, this work package will estimate the cost
and benefit of having a truck equipped with effective underride protection. For the analysis of the in-depth
data, only countries where such data already exist will be involved. There will be no new in-depth accident
data generated. The effect will be that fewer countries will be represented in the analysis. It is possible that
if special conditions exist in a particular country no longer represented, they will be missed.

WP3, “Crash Testing and analysis to support develop ment of crash test procedures for car to car
impact”

This work package will perform crash tests and associated analyses to complete the development and initial
validation of a suite of test procedures to improve car to car impact compatibility. Modelling work to support
this activity, such as performing parameter sweeps to optimise barrier properties and assess the sensitivity
of evaluation criteria, will be performed in WP4. In addition, this work package will analyse crash test data
to provide an indication of a car crash characteristics for the development of a deformable element for the
truck underrun test procedure.

WP4, “Car to car and car to barrier crash modelling”

This work package provides modelling support to the improvement and initial validation of the crash test
procedures and cost benefit analysis for car to car impact. The work comprises of:

1) improvement and initial validation of the crash test procedures and assessment criteria;

2) vehicle fleet modelling studies to estimate the benefits of improved compatibility;

3) investigation into the relationship between crash test results and real world crash behaviour as well as
preliminary investigations of future vehicle structures.

WP5, Synthesis of test procedures and performance ¢ riteria for car to car impact”

This work package comprises of:-
determination of the test procedure strategy for car to car compatibility;
draft test procedure outlines with recommendations for performance criteria, develop a framework
for a car crash compatibility rating system and collate car design information to provide general
recommendations for the design of a compatible car.

WP6, “Determination of injury mechanisms & the rela  tion with underrun protection for car to truck
impact”

In this work package the relationship between occupant injuries and the underride protective structure will
be determined. The work consists of:

preparation of test objects;
collection of data from tests in order to determine injury mechanisms under specific circumstances;
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determination of the relationship between injury data and the performance of protective devices.

Tests have been removed compared to the original proposal: these are car to the front and rear and/or
motorbike to side, with the exact configuration to be determined based on the results of WP1 and WP2.
Crash tests have been carried out by other organisations around the world recently. These results and any
others available will hopefully be obtained and used to replace the crash tests originally planned.

WP7, “Mathematical Modelling”

This workpackage deals with mathematical modelling to support car to truck crash test investigation and to
establish reference baseline for evaluation of test procedures. This workpackage is also to support the
actual testing in WP6 and evaluates parameters not involved in testing. Therefore, the overall package has
been increased as a compensation of deleted work in WP6.

WP8, “Determination of Methodology”

WP8 will develop a method to evaluate underrun protection systems without using cars and complete
trucks. Compared to the original proposal, in order to reduce costs, the number of different bullets and
targets that will be tested has been reduced.

WP9, “Synthesis and validation of Test Procedures”

To collate the results from all relevant work packages to draft the test procedure with recommended
performance criteria for truck energy absorbing front under-run guards and rear underrun protection. After
having released a first draft of the recommendations, 9 tests would then be carried out to validate it for
repeatability and reproducibility. This has been reduced to 5 tests, three at one facility and one each at two
others. In order to complete the programme on rear protection, test work has been added to this package.
Two rear underrun guards will be supplied by industry that are designed to meet the new requirements
suggested by the theoretical work in WP1, 2, 6 and 7.

WP10, “Industrial Liaison and Dissemination”

This WP will communicate research findings and get feedback form industry via a project kick off meeting
and two workshops as well as using the Passive Safety Network. Additional dissemination activities will
include regular reporting of results at EEVC Working Group 14 and 15 meetings and conference
presentations.

WP11, “Project Management”

This WP is dedicated to project planning, monitoring and control.
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APPENDIX B

VC-COMPAT
Workpackage 1

Task 1.4: HGV-CHASSIS GEOMETRIC PARAMETERS COMPATIB ILITY
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HGV-CHASSIS GEOMETRIC PARAMETERS THAT INFLUENCE COM PATIBILITY

The geometry of a ‘generic’ HGV was considered for which a list of relevant dimensions relating to
compatibility has been suggested. The main focus was on the front and rear of the vehicle as this data will
be directly used by WP2. Less detail has been given to the side dimensions as it is not a requirement of the
deliverable, although this information can easily be obtained during the collection of data and may prove
useful later on.

GENERAL VEHICLE DATA

Gl Manufacturers name
G2 Model number/name
G3 Type of vehicle (rigid truck, tractor, trailer, etc....)
G4 Axle configuration (the type of suspension of each axle should be specified)
a Front axle 1
b Front axle 2
c Pusher axle
d 1% drive axle
e 2" drive axle
f Tag axle
G5 Tyre sizes (axle definitions as for G4)

al Front axle 1 minimum diameter
a2 Front axle 1 maximum diameter
a3 Front axle 1 minimum width
a4 Front axle 1 maximum width

bl etc.
G6 Vehicle mass
a Unladen
b Fully laden

FRONT OF HGV

For the front end of HGV's, the suggested primary chassis dimensions of relevance are listed (see Figures
B1 and B2). FUPS will also be commonplace on vehicles as they will shortly be required by legislation, and
so their dimensions have also been considered.

For each of the parameters below that is a measure of height relative to ground, the dimension when the
vehicle is fully laden and unladen should be taken. The appropriate parameter will then have the suffix ‘-I
(fully laden) and ‘-u’ (unladen).

Fla, b, c Height from ground to lower surface of front bumper (a-left side, b-right side, c-centre).
F2 Maximum vertical dimension of front bumper.

F3 Width of front bumper.

F4 Width between outer faces of longitudinals at front bumper connection.

F5 Height from ground to lowest surface of longitudinals at first cross member behind bumper.
F6 Vertical dimension of longitudinals at first cross member behind bumper.

F7 Width between outer faces of longitudinals at first cross member behind bumper.

F8 Longitudinal distance from front surface of bumper to centre of front axle.

F9a, b, ¢ Height from ground to lower surface of FUP (a-left side, b-right side, c-centre).

F10 Maximum vertical dimension of FUP front face.

F11 Longitudinal distance from front surface of FUP to centre of front axle.
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F12 Width of FUP front face.

REAR OF HGV

For the rear end of the truck, the suggested primary chassis dimensions of relevance are listed (see
Figures B3 and B4). Rear underrun guards will also be commonplace on vehicles as they are required by
legislation, and so their dimensions have also been considered.

Due to the fact that all new trailers use air suspension, no discrimination is necessary between the fully
laden and unladen states, as the trailer height will remain the same for both cases.

R1 Height from the ground to the lower surface of the main chassis longitudinal.

R2 Maximum vertical dimension of the chassis longitudinals at rear end.

R3 Width between outer faces of longitudinals at rear face.

R4 Width of rear load deck.

R5 Height from ground to lower surface of rear guard.

R6 Width of rear guard.

R7 Maximum vertical dimension of rear guard.

R8 Longitudinal distance from rear face of rear guard to centre of rear axle.

R9 Longitudinal distance from the rear face of the chassis longitudinals to centre of rear axle.
R10 Longitudinal distance from the rear face of the load bed to centre of rear axle.

R11 Height from ground to the lower surface of rear load bed.

R12 Names of other components mounted in the space between the rear axle and rear of vehicle

(fuel tank, spare wheel, tool box etc.).

SIDE OF HGV

For the side of the truck, chassis and sideguard dimensions concerning side underrun have been listed
(see Figures B5 and B6).

Due to the fact that all new trailers use air suspension, no discrimination is necessary between the fully
laden and unladen states, as the trailer height will remain the same for both cases.

S1 Longitudinal distance between axle centres.

S2 Height from ground to lower surface of loading bed.

S3 Maximum height from ground to lower surface of sideguard.

S4 Length of sidegaurd.

S5a, b Lateral distance between outside of loading bed (or vehicle body if no bed) and chassis
longitudinal (a-left side, b-right side).

S6a, b L_a(tjte)ral distance between outside of sideguard and chassis longitudinal (a-left side, b-right
side).
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FIGURES

Flabc

Figure B1. Side view of HGV front region.

Figure B2. Front view of HGV front region.
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Figure B3. Side view of HGV rear region.

Figure B4. Rear view of HGV rear region.
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Figure B5. Side view of HGV side region.

Figure B6. Rear view of HGV side region.
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APPENDIX C

VC-COMPAT
Workpackage 1

Task 1.5: MEASUREMENT OF DATA AND CREATION OF DATAB ASE CONTAINING POSITIONS
AND DIMENSIONS
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APPENDIX D

VC-COMPAT
Workpackage 1

Task 1.6: Inventory of Current Underrun Devices

(Version 1.2)
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SUMMARY OF VC-COMPAT
Workpackage 1

Task 1.6: Inventory of Current Underrun Devices
(Version 1.2)

Prepared by:

J Anderson
Cranfield Impact Centre (CIC)
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1 Introduction

This summary report on Task 1.6 is based on the full report that was submitted to the DfT. It sumarises the
structure of the full report and the methodology used for collecting information on truck underrun devices.
The report shows an inventory of current underrun protection devices found worldwide. Only devices either
currently in production or that have recently been researched (>1995) were included in this survey.

The devices have been found using the following methods:-
Internet search
Library search

Data received from consortium members

This inventory report has been split into two main parts:-

A summary section below briefly explains the basic design, experimental behaviour and FEA
possibilities.

The Appendices, which show all the detailed device information, including drawings, photographs,
test data etc. Some relevant facts have been highlighted in red.

2 summary of devices

The summary descriptions in this section briefly explain the basic design, experimental behaviour and FEA
possibilities. Each device has a number which references more detailed information in the appendices.

2.1 FUP devices (16 devices)

2.1.1 EU Type Approved Devices
The detailed documentation for these devices is shown in full report, Appendix A , numbers F1-F14.

F1: Mercedes-Benz Actros front guard

The design is a rigid drop down guard from the chassis rails. The construction is formed steel components
bolted together which lend itself easily to FEA, although no modelling results are known.

Test data showed; 80kN applied at centre deformed the guard back by 10mm; 160kN at support deformed
the guard back by 30mm; 80kN at outer edge deformed the guard back by 50mm.

F2: Mercedes-Benz Atego front guard

The design is a rigid guard attaching directly to the front of the chassis rails. The construction is a formed
steel cross beam bolted to the chassis rails. This design could be easily and accurately modelled using
FEA.

In it's worst configuration (Ausf. E), test data showed; 77.8kN applied at centre deformed the guard back
135mm; 157.4kN at support deformed the guard back 70mm; 77.8kN at outer edge deformed the guard
back 28mm.

F3: DAF CF65/75/85 front guard

The design is a rigid drop down guard from the chassis rails, constructed of formed steel components
bolted together. The drop down brackets vary in strength depending upon the vehicle suspension. FEA
possibilities look good although none are available.

Test data showed that when subjected to 80kN applied at centre and outer edge of guard and 160kN at the
guard supports, the maximum deformation back was 48mm.

F4: DAF LF45 front guard

The design is a rigid drop down guard from the chassis rails. The construction is from formed steel
components bolted together with an I-beam main cross member. No FEA is known but the design looks
relatively easy to model.
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Test data showed that when subjected to 60kN applied at centre and outer edge of guard and 120kN at the
guard supports, the maximum deformation back was 42mm.

F5: DAF LF55 front guard

The design is similar to F4 above. Test data showed that when subjected to 80kN applied at centre and
outer edge of guard and 160kN at the guard supports, the maximum deformation back was 42mm.

F6: DAF LF55+ front guard
The design is similar to F4 above. Test data showed that when subjected to 80kN applied at centre and
outer edge of guard and 160kN at the guard supports, the maximum deformation back was 64mm.

F7: DAF XF85 front guard

The design is a rigid drop down guard from the chassis rails, constructed of formed steel components
bolted together. The drop down brackets vary in strength depending upon the vehicle suspension. FEA
possibilities look good although none are available.

Test data showed that when subjected to 80kN applied at centre and outer edge of guard and 160kN at the
guard supports, the maximum deformation back was 48mm.

F8: Scania front guard

The design is a rigid drop down guard from the chassis rails. It is constructed of a formed steel cross
member and cast iron brackets for attaching to the chassis rails. The castings make the guard slightly
more difficult for accurate FEA due to their irregular volume and unpredictable material properties.

Test data showed that when subjected to 80kN applied at centre and outer edge of guard and 160kN at the
guard supports, the maximum deformation back was 142mm.

F9: Volvo front guard

The design is an EA drop down guard from the chassis rails. The formed steel cross beam is pivoted to the
front of the chassis rails and also attached further back to the rails via two tubes, that are designed to
crumple and absorb energy during vehicle impacts.

FEA has been performed using RADIOSS. The simulations varied parameters such as vehicle
weight/height, overlap and angle of impact during the device development.

Static test data showed; 88kN applied at centre deformed the guard back 21mm; 178kN at support
deformed the guard back 6mm; 81kN at outer edge deformed the guard back 50mm.

A full-scale crash test was performed showing successful deformation of the underrun device and the car’'s
deformation zone, resulting in low injuries to the car occupants at 65kph closing speed.

F10: Renault Magnum front guard
The design is a rigid drop down guard from the chassis rails. The construction is formed steel components
bolted together which lends itself easily to FEA, although no modelling results are known.

Test data showed; 85kN applied at centre deformed the guard back by 82mm; 169kN at support deformed
the guard back by 30mm; 82kN at outer edge deformed the guard back by 22mm.

F11: Renault Premium front guard

The design is a rigid guard attached to the chassis rails in a forward position using two brackets formed
from bent circular tubes. The construction is formed steel components bolted together which lends itself
easily to FEA, however, the design of the circular brackets may lead to instability during an impact.

Test data showed; 81kN applied at centre deformed the guard back by 154mm; 170kN at support deformed
the guard back by 89mm.

F12-14: Renault Midlum (B, C and D) front guard

The Midlum range of tractor units possess a similar rigid guard for each model (B, C and D). This consists
of a square tubular cross beam attached to the chassis rails via different configurations of formed steel
components. Test data showed:-
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Midlum B; 61kN applied at centre deformed the guard back by 29mm; 122kN at support deformed the
guard back by 24mm.
Midlum C; 80kN applied at centre deformed the guard back by 35mm; 160kN at support deformed the
guard back by 20mm.
Midlum D; 81kN applied at centre deformed the guard back by 52mm; 161kN at support deformed the
guard back by 25mm.

2.1.2 Other Devices
The detailed documentation for these devices is shown in full report, Appendix A , numbers F15-F16.

F15: Generic rigid front guard

Generic rigid guard designed for geometric compatibility between trucks and small-large cars. Twenty two
full-scale tests were performed with the car impacting a stationary truck. Impact speed ranged from 40-75
kph, overlap 1/3 — 2/3, weight of truck 7.5 — 18 tonne.

The study confirmed a fundamental trade-off in vehicle crashworthiness design. Whilst the FUP prevented
the cars from underrunning the front of the truck this was at the penalty of inducing higher levels of
deceleration and dummy injury scores. Without the FUP, the cars experienced greater structural intrusion
but at lower levels of deceleration. It was concluded that increase in injury criteria from using the FUP were
below or close to protection criteria limits.

F16: NHTSA EA front guard

The device comprises a metal honeycomb energy-absorbing element sandwiched between two relatively
rigid plates. The plates are angled at the outer edges and the system is designed to rotate upon offset
impact. The primary purpose of the device is to deflect the car away from the truck in a frontal collision and
with this in mind, it is intended that the front plate remains flat during the impact so as to promote sliding of
the car as much as possible. By deflecting the car, the energy change of the collision can be reduced and it
should be possible for the eaFUPS to absorb a greater proportion of that energy change.

A series of simulations suggested that the concept bumper should rotate about 45° during impact and that
in a 50 mph impact the change in speed of the car should be around 30 mph.

Crash tests with the device mounted on a truck showed a reduction in the severity of offset collisions.
However, excessive deflection and too high an exit velocity are undesirable because of the subsequent
danger posed by secondary impact of the car.

2.2 RUP devices (11 devices)

2.2.1 EU Type Approved Devices
The detailed documentation for these devices are shown in full report, Appendix B , numbers R1-R3.

R1: Mercedes-Benz Actros rear guard
The design is a rigid guard attached to the chassis rails via different formed steel brackets of varying size
and shape. Maximum underhang from rear of trailer = 370mm.

Test data showed; 25kN applied at centre deformed the guard back 3mm; 100kN at support deformed the
guard back 60mm; 25kN at outer edge deformed the guard back 42mm.

R2: Mercedes-Benz Atego rear guard
The design is a rigid guard attached to the chassis rails via different formed steel brackets of varying size
and shape. Maximum underhang from rear of trailer = 380mm.

The worst-case test data showed; 15.8kN applied at centre deformed the guard back 18mm; 52.5kN at
support deformed the guard back 38mm; 15.8kN at outer edge deformed the guard back 34mm.

R3: Volvo rear guard

The design is a rigid guard attached to the chassis rails. The guard is either rigidly attached to the rails via
a formed steel bracket or is pivoted on a torsion spring mechanism, allowing rotation backward (in case of
driving over/hitting obstacles). Maximum underhang from rear of trailer = 362mm.

No test data is available; however, the spring pivot device looks weaker than the rigidly attached one.
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2.2.2 Other Devices
The detailed documentation for these devices are shown in the full report, Appendix B , numbers R4-R11.

R4: Brazilian standard guard

The design is a rigid guard attached to the chassis rails via formed steel brackets. The guard conforms to
the Brazilian standard CONTRAN Reg 805/95 (same as ECE R58). No static test data is available for the
guard. Maximum underhang from rear of trailer = 400mm.

A full-scale impact test involving a 1,400kg car at 50kph, 50% offset, showed the car to severely deform the
guard and underrun the trailer. The car windscreen was broken and further car deformation was prevented
due to impacting the truck’s rear wheels. The maximum longitudinal deceleration of the car was 13g.

R5: Brazilian articulated guard

The design is a rigid guard attached to the chassis rails, constructed from formed steel components. The
outer edges of the guard are diagonally attached back to the chassis frame for additional stiffness for offset
impacts. A pivot mechanism allows the guard to rotate back when hitting ground obstacles.

Test data showed that no permanent deformation occurred when applying; 100kN at the guard centre and
outer edges; 150kN at the guard supports.

A full-scale impact test involving a 1,200kg car at 50kph, 50% offset, showed; no underrun; car windscreen
intact and a maximum car deceleration of 61g.

R6: Brazilian pliers device

The design consists of a low-mounted rear beam, which, if impacted by a car from behind, is drawn
upwards by the impact and wedges the car-front in a pliers-type action. Rather than absorbing energy itself,
the device helps to fully utilise the energy absorbing capacity of the car-front. The pivoted lower mechanism
allows it to rotate upward when overriding ground obstacles.

Test data showed that no permanent deformation occurred when applying; 150kN at the guard centre and
outer edges; 200kN at the guard supports.

A full-scale impact test involving a 1,500kg car at 64kph, 50% offset, showed; no underrun; car windscreen
intact, car occupant compartment space intact and a maximum car deceleration of 32g. The HIC of the 3-
point belted car occupant was 381.

R7: Brazilian EA rear guard

The design is an EA rear bumper attached to the chassis via formed steel brackets and circular steel tubes.
The energy absorption comes from the guard cross member being constructed from two separate U-
channels with axial crush tubes between them. The outer edges of the guard are diagonally attached back
to the chassis frame for additional stiffness for offset impacts.

A full-scale impact test involving a 1,500kg car at 64kph, 50% offset, showed; no underrun, car windscreen
intact and the car occupant compartment space intact.

R8: Hope Safe-T-Bar

This system can be fitted to rigid and semi-trailer vehicles. There are 2 basic versions of the guard. The
first type uses rubber springs and complies with EEC E11-011 and E11-013. The second type uses friction
plates and complies with FMVSS 223 and 224. For both versions, energy is dissipated by rotation of the
vertical pivot arms at each end of the guard beam. This rotation is resisted either by the rubber spring or
friction plates according to the version used.

For the rubber spring version, full compression of the system is reached after 75mm displacement reaching
a peak of 30kN.

For the friction plate version, 181kN applied at centre deformed the guard back 128mm (13.2kJ); 66kN at
supports deformed the guard back 19mm (5.1kJ); 55kN at outer edge deformed the guard back 52mm
(5.7kJ).

R9: Australian rigid rear guard
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The design is a rigid frame, constructed of square steel tubes, attached up to the chassis and the sides of
the load platform. A good degree of connectivity and support exists along the whole length of the guard rail.
Static test data showed that no permanent deformation occurred when applying; 100kN at the guard centre
and outer edges; 150kN at the guard supports.

Two full-scale tests (centred and 50% offset) involved a 1,400kg car at 50kph impacting a 10 tonne truck
fitted with the guard. Both tests showed no compartment intrusion in the car, with estimations for the peak
crash forces being 300kN (centred) and 310kN (50% offset).

R10: Australian EA rear guard

The design is a steel tubular frame hinged onto the chassis rails. Energy absorbing axial crush tubes are
attached to the lower guard rail and back diagonally to the chassis frame. The axial crush tubes are
constructed from a fibreglass reinforced epoxy (38x38x3.2mm) placed inside a 65mm square steel tube.

Four full-scale impact tests showed the device to have energy absorption levels of approximately 50kJ for
the offset test and 60kJ for a centred impact. It is recommended that rear underrun devices should have a
load capacity in excess of 350kN for both offset and centred impacts.

MADYMO was used to simulate a car impacting the EA device at 48 and 75 kph. The results were
compared against those from the full-scale crash tests, with good correlation for car deceleration and
occupant injury criteria. The emphasis was on the occupant injuries and impact cases where air bags were
deployed were also studied. The study concluded that the software could be successfully used in future
designs of rear underrun guards.

R11: Krone Safeliner

In place of the conventional twin longitudinal I-beam semi trailer, Krone have used a truss frame type
structure. The truss frames are located along the side and rear edges of the semi trailer. The frames,
covered by outer metal skins, provide a continuous surface between the wheels and at the rear of the
vehicle. The frames are designed to prevent side and rear under running. The overall design is reported to
weigh 5-10% less than an equivalent conventional design.

The design has been impact tested by running a small car into the side of the vehicle at a speed of 60 kph
and at an angle of 30 degrees. A similar car was also rear impacted into the design at 50 kph. Both tests
were reported as successful though no technical details were included.

2.3 SUP devices (2 devices)

2.3.1 EU Type Approved Devices
The detailed documentation for these devices are shown in the full report, Appendix C , numbers S1-S2.

S1: Mercedes-Benz Atego side guard

Articulated device, allowing rotation about the longitudinal axis for opening/closing.
Test data showed a maximum permanent deformation of 16mm for a 1kN load applied to the various guard
positions.

S2: Volvo side guard
Double rail guard constructed from aluminium extruded section. Pivot mechanism for opening/closing.
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APPENDIX E

VC-COMPAT
Workpackage 8.4

Task 8.4: Simulations to evaluate effect of paramet  ers not included in component testing

“Extracts on modelling aspects from partners within ‘VC-COMPAT’ project
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Overall Objective of Task 8

The main objective of this task was to define alternative and simplified means and methods in order to
replace a typical car and full truck/trailer in future assessment of underrun protection systems. To achieve
evaluation of this approach a test matrix consisting of a maximum of nine static and dynamic component
tests, was devise to define a means or object as a bullet to replace the car. Also defined would be the
proportion of the underrun protection system with its attachments in order to evaluate the system separated
from the truck/trailer. In addition to component testing, numerical simulations were used to evaluate other
parameters, such as impact speed, movement of vehicles, impact angle, bumper height, etc. The aim was
to establish effectiveness of numerical modelling and simulation as an alternative approach to testing.

Task 8.4: Simulations to evaluate effect of parame  ters not included in component testing

The prime aims of this sub-task was, based on matrix of static and dynamic tests, to evaluate the influence
of additional parameters, which were not yet taken into consideration in the overall objective of Task 8 and
to see if the use of numerical methods could be appropriate. The component tests were carried out in order
to evaluate three different bullet devices and three different truck replacement methods with a matrix of nine
component tests. Bullet and target devices were developed by UPM(INSIA) and tested by BASt, TNO, TRL
and UMP(INSIA). Test and simulation results from UPM(INSIA) and BASt are extracted and selected for
reporting to the DfT as part of Task 8.4. Figure E1 depicts the four of the test methods devised to extract
information of the energy absorption capabilities of both rigid FUB and energy absorbing eaFUP.

Figure E1. Static and Dynamic Test Parameters Defined for FUP Energy Capability (INSIA, Ref. E1)

BASt considered two test configurations for evaluating the energy absorption capability of both rigid and
energy absorbing FUPs using a Mobile Barrier. Test parameters for two dynamic tests are given in Figure
E2. Intest VCC6MBTV a Mobile Progressive Deformable Barrier (MPDB) was used to investigate the
performance of an energy absorbing front under-run (eaFUP). Whereas in the test VCC7MBTYV the eaFUP
was replaced by a rigid FUB. Table below outlines the impact parameters.

The objectives of these tests within the Workpackage WP8 were to:-
Calculate the energy absorbed by the FUP, based on known stiffness and deformation of MPDB, to:-
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Compare the systems of eaFUP and rigid FUP.

Compare both accelerations and the deformations of the two FUP systems.

Provide test data - in the absence of truck parts like chassis beams, pulling anchors, steering gear
and brackets — relating to the effect of a special designed eaFUP device tested with a mobile
barrier.

Compare differences between dynamic and static test results.

Figure E2. Dynamic Test Parameters Defined by BASt for FUP Energy Capability (BASt, Ref. E1)

The impact velocities for both tests VCC6MBTV (MPDB and eaFUP), Figure E3 and VCC7MBTV (MPDB
and rigid FUP), Figure E4 were 55.9 km/h representing the initial kinetic energy of 124.2 kJ.

Figure E3. BASt — Right Side View of eaFUP Mounted to the Block - Test VCC6MBTYV (BASt, Ref. E1)
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Figure E4. BASt — Right Side View of Rigid FUP Mounted to the Block - Test VCC7MBTV (BASt, Ref. E1)

The calculated energies against deflection of 651mm for the eaFUP and 513mm for the rigid FUP are
depicted in Figure E5. The energy absorbing FUP proved to be more compliant than the rigid FUP. The
longitudinal acceleration traces at the C of G of the FUP devices are shown in Figure E6.

Figure E5. BASt — Calculated Energy vs. Deflection (BASt, Refs. E1 and E2)

Figure E6. BASt — FUP X-Acceleration C 0o G (BASt, Refs. E1 and E2)

It was assessed that a test configuration with higher initial crash energy would have been possible regarding
the energy absorbed by the barrier. The results showed that the benefit of energy absorbing structures can
be seen in terms of lower acceleration/force levels, although this difference was greater than in the MPDP
vs. truck tests. It was also concluded that the Abbreviated Injury Scale (AIS) values were lower in the test
with the eaFUP system. However, it became apparent that future investigations will require further analysis
about later increase of acceleration/force level and its influence on occupant loads.

UPM(INSIA) conducted the quasi-static test with the rigid FUP and with a maximum applied force of up to
600kN.

Also conducted were two simulations, one with a "very rigid" test rig and one where the stiffness of the rig
was adjusted so that the first part of the curve coincided with the curve from the actual test. Energy
absorbed by the FUP beam was 7.9 kJ in both simulations.
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A further simulation based on modelling an "aluminium foam - FUP" was conducted. This option, however,
did not provide extra information about the FUP, since the only difference is the aluminium foam.

Figure E7. Simulation of Quasi-Static FUP Tests — Rigid FUP Deformable Status (INSIA, Refs. Eland E2)

Figure E8. Simulation of Quasi-Static FUP Tests — Rigid FUP Deformable Status (INSIA, Refs. E1 and E2)

Conclusions

The general conclusions on the setup of an assessment procedure for energy absorbing front underrun
protection systems were:-

Since the stiff surrounding components may have too much influence on the of the FUP system,
only a complete system can be assessed effectively.

The dynamic test using a PDB showed differences between an eaFUP installed on a complete
truck, an isolated eaFUP and a rigid FUP (on a truck or isolated).

36
CIC Report 572



DfT Support for VC-COMPAT Page 37 of 57
Final Report - Tasks 1.4-1.6, 8.4 and 10.2-10.3

A quasi-static test is relatively cheap compared to a dynamic test. However, when a PDB is used,
due to the piston stroke becoming a limiting factor, the stability at high loads then may become of a
major concern.

The results showed that the benefit of energy absorbing structures can be seen in terms of lower
acceleration/force levels, although this difference was greater than in the MPDP vs. truck tests.

The Abbreviated Injury Scale (AIS) values were lower in the test with the eaFUP system compared
with the rigid FUP.

Although one aim of this sub-task was to establish effectiveness of numerical modelling and simulation as
an alternative to testing, the modelling approach conducted by UPM (INSIA) did not provide enough
information regarding use of numerical simulation to evaluate other parameters, such as impact speed and,
bumper height. Further work with respect to assessing the influence of such parameters to replace a typical
car and full truck/trailer in future assessment of rigid and energy absorbing underrun protection systems will
be a step forward.
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APPENDIX F

VC-COMPAT
Workpackage 10

Task 10.2: Preparation of Joint Consortium Papers

“Truck/Trailer Compatibility with Cars and Related Topics from
VC-COMPAT”

Joint Paper at 20 ™ International Congress on Truck/Trailer Safety, Bu  dapest, Hungary, October 2003
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APPENDIX G

VC-COMPAT
Presentation of Workpackages 1.4-1.6, 8.4 and 10.2- 10.3

Task 10.3 Mid-Term and Final Project Workshops

Slides from Mid-Term Workshop, Gothenburg, Sweden, 23" and 24™ February 2005
and
Quarterly Meeting PowerPoint Presentation, October 2005
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