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Publishable summary

This report contains a summary of the current status of side underrun protection systems of
heavy goods vehicles and addresses the improvement of these systems to supply also
protection to passenger car occupants in collisions between a passerger tte side of a

truck or trailer. Some solutions have been devel@medanalysed, resulting in
recommendations for test procedures and performance critbtia, the work presented here
contributes to 2 Main Results of the APROSYS project: MR 7 @t fethods for (relative)
vulnerable road users and MR 10 on New protection systems

Currently side guards have to fulfill strength/deformation requirements based on the
relatively soft contact with vulnerable road users. In case of collisions with passaing the
strength must be considerably higher in order to meet acceptable deformation requirements,
at the truck/trailer side as well as at the passenger car side.

The possibilities for and limitations to a design applied to current trucks/trailezkan
determined through numerical simulation. It appears that under special conditions the side of
a trailer can be protected for side underrun by passenger cars. It was assumed that the
deformation of the underrun guards should be limited to a maxiofi@®0 mm and that the

energy absorbing structures of the passenger cars are addressed resulting in a deformation of
400 mm on the car front.

In this setup, the maximum forces generated by the passenger car have been determined and
applied to designs @iide guards and pallet boxes. It could be established that a test

procedure similar to the current test procedure could be adopted with some differences
regarding load application device and load levels.

Special attention has to be paid to the factttmasupport of the side underrun protection

device is not a very strong support, but arl[- shaped beam, loaded laterally on one flange.

In fact, it is to the manufacturer to solve this problem, but in this report some ideas have been
investigated anthese appeared to be successful.

In summary it can be stated that a wadhsidered and soundly based test procedure has been
developed on the basis of a component testing, as was already applied by manufacturers. As
an alternative to this physical tagjithe authors of this report suggest to consider a numerical
approach for approval of these systems. The tools for this technique have been developed in
this project and with some more details it may be mature enough for application in this field.
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1 Introduction

The phenomenon of car to HGV underride occurs all around the truck and the trailer/semi
trailer. Of these thre@ront, rear and side) the car to HGV front underrideosst, mostly
because of higher typical impact speeds in k@adollisions. In many cases rear underrun
devices have proved to be not sufficiently robust to withstand the dynamic loadingdsom a

or not positioned adequately to interact with the main structural members of the car. The
improvement of front and rear underrun protection on HGV is dealt with =KCOQTPAT

[2]. Passenger cars are usually less involved in car to truck side colliSidesunderrun
protection (SUP) on trucks/trailers is mainly fitted to deflect (motor) cyclists and pedestrians.
Even these systems might be considered for improvenfdPBOSY SWP 2.2 investigates

the possibilities to improve the side protectidtH&GVs also for the benefit of passenger car
occupants and to develop a test procedure and define performance criteria for side protection
on trucksftrailers.

Side underrun protection, which is obligatory since 1989 (89/297/EC and ECE Regulation
No. 73) nay need renewed attention to evaluate the effect since introduction. Changes to the
design may be necessary to improve the effectiveness.

APROSYSWP 2.2 aimed to address this type of HGV incompatibility and investigated
possibilities of improvemenBased on the results of the previous tagihks current task
focusseson the development ofguideline on advanced car occupant protection sysbems
trucks and trailers, the integration of these systems and the certification.

Thefollowing adivities are performed:
e TNO preparée the guideline on the assessment methodology and prepare the final
guideline.
e SCBprepard the guideline on development on protection systems
e ALTAIR prepard the guideline on numerical methods and \dtcertification
(interlinked to SP7)

A procedure for evaluating and asses$ide Underrun Protection (SUP) systems
addressing passenger cars in collisions with the side of H&)&sding their ability to reduce
injuries to car occupants should be abladdress the following characteristics:

A Does the underrun protection system effectively prevent for underrun by passenger
carsfor appropriatémpact speeds, impact angles, overlaps

A Does the underrun systems prevent for trapping the passenger car HGW
structure.

A Does the underrun protection system provitie structural interactionpotential
necessaryto ensure that the passenger car can activate its energy absorption
capability

A Does the underrun protection system absorb energy, within limifedefermation

These questions were taken into account duringeteng and simulatiomvestigationg3,
9,10,11].

By contrast to front and rear underrun protection devices (FUPD and RUPD), the side
underrun protection device (SUPD) faces the foihg challenges:
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1. Long sections need to be cover&h semitrailers the distance between rear axle of
the tractor and the front axle of the trailer may ex@e®tres. Also long sections
behind the rearmost axle need to be covered for a comprehense&iprotThe
protection device needs to be installed to both sided{gaec1)

e 0 B B e

—

000

Figure 1: Long section to be covered by SUPD

2. While in RUPDs andRUPDs theforces are leading to bending of the longihadi
beamgqseeFigure?2), the impact forces in SURare leading to twisting of the
longitudinal beamgFigure3). The section modulusr twisting generally is smaller
than the section modulus for bendifi@ provide sufficientorsionalresistace, the
longitudinal beams need to be connectaduyre3, right).

-

Figure 2: RUPD: bending of longitudinal beams

Figure 3: SUPD: twisting of longitudinal beams
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Existing Procedures and Performance Requirements
2.1  DIRECTIVE 89/297/EC AND UN ECE REGULATION 73

A Geometrical requirements

Directive 89/297/EC prescribes minimum technical requirements for side guards. The main
geometrical rquirements for a sideguard are that:
e The device may consist of a flat panebf oneor more horizontal rails, or a
combination of panels and rails.
e The main part of its surface is not more than @20 inboard of the maximum width
of the vehicle.
e The reaward end shall not be more than@é inboard from the outermost edge of
the rear tyres over at least the rearmostragt
¢ Rails shall be not less than:
o 50mm high for N2 and O3 vehicles;
0 100mm high and essentially flat for N3 and O4 vehicle
e The forward ede of the sideguard shall be positioned:
o For arigid vehicle, no more than 300 mm rearwards from the rear of the tyre
in front of the sideguard
o For a drawbar trailer, no more than 500 mm rearwards from the rear of the tyre
in front of the sideguard
o For a &@mktrailer, no more than 2m from the kingpin.
e A continuous vertical member is not required on the rear edge.
e In general, lte upper edge of the guard shall not be more than 350mm below that part
of the structure of the vehicle, cut or contacted by acatiplane tangential tthe
outer surface of the tyres.

The above mentioned dimensions are showfignre4 andFigureb.

¢ ' Iz rﬁ 7 ¢ | Iz r‘ﬁ 7

_—|
Figure 4. Sideguard dimensions for Figure 5. Sideguard dimensions for semi
truck&tra iler trailer
1 N2 and N30300 mm 03 and O% 500 mm 10 250 mm
20 350 mm 2 O 350 mm
30 300 mm 3 O 300 mm
40 550 mm 4 O 550 mm
50 300 mm 5 O 300 mm; O 500 mm if stece
6 N2 and O2 50 mnN3 and 04> 100 mm 6 O3>50 mm 04>100 mm

7> 2700 mm from centre king pin
Sideguards are not required to be fitted behind the rear axle and centre axle trailers are not
requried to fit any sideguards.
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A Performance requirements

According to Directive 89/297/EEC, sideguards shall essentially be rigid, securely mounted
and made of metal or any other suitable material. The sideguard shall be capable of
withstanding a horizontal static force of 1 kN applied perpendicularly to any ptat of
surface. The deflection of the guard under load shall be less than:

e 30 mm over the rearmost 250 mm of the guard, and

e 150 mm over the remainder of the guard.
Components that are permanently fixed to the vehicle may be incorporated into the sideguard,
provided that they meet the dimensional requirements of the regulation.

The 1 kN static force is a minimum requirementthe UK a test with a 2 kN force is
required [12].
2.2 ASSESSMENT PRACTICE

A Testing and certification of rear underrun guards

Accordingto ECE R.58, or 70/221/EEC (with amend. 2006/20/EC), a vehicle of the type to
be approved or a sample of the type of rear underrun protective device to be approved shall
be submitted to the technical service responsible for conducting thapppeval tsts.

In case of relatively easy structures of rear underrun protective devices, tappypeal
may also be carried out through calculation. Notified bodies have calculation programmes
available for this purpose.

A Testing and certification of side protéon

According to ECE R.73, or 89/297/EEC, a side guard may be tested on a vehicle
representative of the type to be approved.

The requirements may be checked by means of calculations. In this case the vehicle
manufacturer or his authorized representativiemits a description of the vehicle together

with dimensional drawings or otherwise of the structure, together with a technical description
of the parts providing lateral protection with sufficiently detailed information.

2.3 LEGISLATION OUTSIDE EUROPE

A Brasil
In Brazil theprivate institute for standardization (ABNTAssociacéo Brasileira de Normas
Técnicas Brazilian Association of Technical Standards) has elaborated the st@Risid
NBR 14148:1998 "Side protectors installed on trailers and s¢énailers” [13] (Based on
ECE R73:1988)At the momentrevision of this standarid under discussionhe idea is to
increase the strength requirements of the side protector in order to avoid the intrusion of a
motorcycle colliding at 50 km/I&andards of BNT are not mandatory in Brazil.
Concerning traffic issues, the ABNT standards become mandatory only when they become
regulations of the Brazilian National Council of Traffic (CONTRAN).

A Australia

No standards are available, only design rulass(falian [2sign Rules, BRR). The ADR on

side underrun protectidd4] is in accordance with ECE R73, adapted on ground clearance

and style. It is recommended to use a ground clearance of 350 mm and to use smooth panels
and surfaces only.
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A Japan
Basically, the Europan standards are adopted. In this case also ECE R73.

2.4 CONSIDERATIONS FOR NEW TESTING AND CERTIFICATION

The specifications that the industry will have to observe for the development of a new side
guard assembly will be determined by customer requesthanmdinimum legal
requirements (e.g. EU Directives and Regulations).

The customer benefits regarding the side guard assembly (e.g. by the integration with a pallet

box as shown in this project [10]) through the ability to transport the least possible own
weight (normally pallets). Nevertheless, the
limited, for example, by reducing the ground clearance. The usage of the space equipped with

the guard assembly by other vehicle fittings must also be tal®nansideration, e.g. spare

wheel.

The payload is one of the key components in commercial transport of goods. The

devel opment of a side guard assembly must al
future payload. Additional weight will result in thehsport company facing increased fuel
consumption in addition to the reduction in payload.

Damage to any of the guard assemblybés integr
repairable. At the same time the cost of repairs or the replacemeatadfitiponent must be
kept as low as possible.

The points mentioned above must all be grantable in compliance with the cost effectiveness
of the vehicle construction industry. For example, the production and assembly of the side
guard assembly must be irdteked with the ongoing production process and it should not
have a negative effect on the cycle times.

But then, a new development in this sector can also provide the chance to develop new

shapes. For example, the aerodynamics could be affected adwarsigde the respective
vehicle sectors.
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3 Reflections for New or Adapted Procedures

3.1 TYPE OF PROCEDURES

The following test proceduresn be considered:

A dynamicfull scale testing

dynamic testing using a moving bullet device with a deformable element
dynamic testing using a rigid bullet device

guaststatic(componenttesting

numerical simulation

> > > >

Mainly three types of procedures are suggested.

A Dynamic test procedure

Dynamic test proceduresay use a passenger cadeformable or aigid impactorasbullet
device and a full truck/trailer or isolated SUP system as target device. The test using a full
passenger car (possibly including dummy) and a full truck may provide the most and best
information, but is extremely complicated, extremely expensivéhaadimited generality.

The test with a deformable impactor and a full truck has more potential because of its
generality. The test with a rigid impactor is relatively simple, but is based on many
assumptions.

A Quaststatic test procedure

A relatively sinple way of testing is a quastatic test. Generally no sophisticated equipment

is needed to carry out the test and to register the results. This also makes the test method
relatively cheapA quaststatic tesprocedure similar to the existing procedwgeasy to

apply if only the current requirements can be adapted in such a way that new requirements
can be taken into account. However, a (slightly) different method may be necessary to cover
more comprehensive requirements.

A Numerical simulation

Numerial methodge.g. based on full finite element or multibody analyses) may turn out to
be satisfactory. However, the method needs validated models of cars (or other impact
devices) and trucks/trailers equipped with SUPs. The availability of a wide rangalelsm

of current cars may not be trivi#. procedure for numerical simulation needs a setup from
scratch. In this respect joining with other research activities in this area may be appropriate
(e.9.APROSYSSP7 and CEN/TC226/WG1/TG1/CMES]).

3.2  ADVANTAGES AND DISADVANTAGES
The main advantages and disadvantages have been summaiiaéteit.

Application of a quasstatic test or numerical approach is already used in RUP and SUP
approval according to B8 and R.73. Extension of this line would@ausible and may meet
the fewest opposition.
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Tablel Summary of advantages and disadvantages of test procedures for SUP evaluation

Advantages

Disadvantages

Test procedure

Numerical
simulation of
full scale test

(*)

All test procedures and
parameters can be simulated
Detailed information can be
obtained

Detailed car models not
generally available (applies to
dynamic testing with a
complete car only)

Uniform car models have to b
developed and are therfore
extremely expensive

Models must be validated

Numerical e Simple No dynamic influence is taken
simulation of |e Cheap into account
quaskstatic e Already widespread iR.73
test approval
e Simple Outcome dependent on size G
e Cheap rigid pusher plate
: . e Universal inpact device No dynamic influences
t%l;?SFStaUC e Levels of energy absorption measurable
measurable Correlation with dynamic test
e Already widespread in HGV may be questionable with son
testing SUP designs
¢ Relatively simple Outcome dependent on size ¢
e Relatively cheap rigid impactor face
Rigid sled tes |e Universal impact device Rigid impactor hitting rigid
e Dynamic influence is covered truck/trailer structure may leag
to unacceptable damage
e Universal impact device Relatively comptated
¢ Dynamic influence is covered Relatively expensive
e Same type of procedure is Complicated relationship
Moving considered for determining ear between barrier deformation
deformable to-car compatibility and energy absorption by

barrier test

Structural interaction can be
evaluated

Acceleration data barrier relate(
with average passenger car

barrier

Full scale test

Real life situation and results
directly visible; performance is
demonstrated

Information on underrun and
compatibility

Data on severity and injury

Complicated

Expensive

Outcome dependent on car ar
test specification/parameters
Grading of SUPs only possibl¢
if same bullet device is used
each test

(*) Numerical simulation may also be based on an impéetir
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4 Estimation and Validation of Impact Forces

In the EC funded project VMCompat a number of UNCAP crashtests against a loadcell

wall were analysefl,2], in order to find the maximum instantaneous contact force and the
so-called average height of force (AHOF). Thedings of tls study helped in designing
appropriate side underrun protection structures, providing compatibility between car and
truck or trailer. The V& ompat study revealed an AHOF between approx. 400 and 580 mm,
depending on car make and model. Assult, the load bearing structures of the side
underrun protection devicesusthave a ground clearance of 4800 mm, to provide

protection for most car models.

The maximum instantaneous total contact force in theQé@pat study (56 kph impact
velocity) was found to be between 480 to 1057 kN. For designing a SUPD, these values are
of little help, since:
- the SUPD will not be totally rigid, while the loadcell wall (used in-€8mpat)
almost is. Also the truck or trailer has a finite mass.
- the impact speeith the VGCompat study (56 kph) is not equivalent to the design
impact speed of the SUPD (65 kph).

Hence the following assumptions were made, when developing asgatsitest procedure

and when designing the structure of a SUPIRE crash equivalent brd assumes a passenger
car having a mass of 1300 to 1500 kg, impacting perpendicularly at velocity of 65 kph. The
total aush depths assumed to BBO0Omm. The deformation is split in equal parts by the
passenger car and the SUPD (both 400 mm). Furtbenstant deceleration (and hence
contact force) is assumed. The loadigributed on an area having a heighaias) of250

mm and having a totakidth (x-axis of the trailerpf 1500 mm. The load isapplied for about
80-100ms

These assumptions letwlthe following results: To stop the car within 800 mm a constant
deceleration of 21 g is required. A force of 270 to 300 kN is required to decelerate the car.
These forces are alsm accordance witthe maximal transferable loaaf a fully loaded
trucktrailer combinationassuming a static coefficient of friction of 6068 between tires and
dry road and further assuming a total weight ofatst(truck+trailer), the required forces
amount240to 320kN.

After having designed a SUPD, the assumptionsfcrash equivalent load were checked for
validity in numerical simulationg3] (seeFigure6). The medium sized GCM2 (Generic Car
Model II) led to a SUPD deflection of 354 mm. The car itself was deformed by 364 mm (the
car isstopped within 714 mm). The average force was faarime273 kN. The maximum
instantaneous force was found to be 375 kN. A summary of forces and deflections is shown
in Table2.
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Figure 6: Force-Deflection Curves: GCM1, 2 and 3 versus Concept B1.6

Also moveable sidempact barriers were considered for the testing of SUPD. Therefore the

MDB and AEMDB were used for dyaimic impact tests against a SUPD. Both barriers
bottomed out, leading to peak forces at the end of the crush phased€&fiecton curves

can be found ifrigure?.

MDB: 950kg AE-MDB: 1500kg
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Solution n.6 - TEST MDBSNEWA
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Figure 7: Force-Deflection Curves: MDB and AE-MDB versus Concept B1.6

Table2 summarizes the characteristics of the dynamic impact test with various bullet
vehicles against theéesigned SUPD.

Table 2: Summary of dynamic numerical tests of concept B1.6

Acronym GCM1 GCM2 GCM3 MDB AE-MDB
Mass [kg] 1010 1200 1410 950 1500
Mean Force [kN] 204 273 303 290 349

Max. Force [kN] 325 375 510 525 600

Max. Deflection SUPCOmm] 299 354 423 285 375

@[ms] (90ms) (80ms) (80ms) (70ms) (85ms)
Max. Defl. Bullet Vehicle 215 364 203 407 467

[mm]

Sum Deflection [mm] 514 714 626 692 842
Remark Bottom out Bottom out

The simulations show that the designed SUPD fulfills the assperéafmance regarding

load anl deformatior(see also [11]JHowever this appliesonly to the simulations with the
passenger car modelkhe moveable barriers were not found appropriate for testing the
SUPD, since the barriers bottomed out. Table 1 suggests a component test wathar gy

as another alternativelowever, this possibility is rejected. The rigid baradows SUPD
deformation only, and the distribution of load and deformation is far away from what realy is
generated by a (deformable) car front structure. pnéggtion of the results may be difficult.

The next focus will be on a quastatic test procedure.
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