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Abstract

Statistcs confirm that there is a need to study the safetywahs with a permissible maximum
laden mass between 2000 and 3500 &g.well as develop strategies for improvemeiite
number of fatalities in accidents involving vans has been constant during th&Olggarsnot
following the diminishing tendency shown by the general accidéys.only efficient, but also
safer road freight transport is required.

This report analyses the security of the light commercial vehicles across the study of the
influence fom load distribution and the effectiveness of ESC (Electronic Stability Control).
Through the medium osimulations made witlPcCrashsoftware, it has been analysed if the
implementation of ESC in vans can at some extent compensate the influerinacairate

load distributions.

Furthermore,RdzS (2 @FyQa NBflFiA@Ste KAIK OSYyiNB 27
avoidance properties than a passenger caliso (in addition) the differences of braking and
dynamic properties between passenger cansl ight commercial vehicles have been studied.

Neither through literature review nor through own testthe widespread opinion that vans
havemuchworse active safety systems (brakes, driving stability when negotiating a turn) than
passeger cars couldat be verified.

Effectiveness of ESC implementation was proved just on specific load configurations,
highlighting the importance of proper load distributio@n the other hand,CostBenefit
analysis considering theinstallation of the ESCshows positive &ial benefits for both
countries, Denmark and Spain
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Chapter 1. Introduction

1.1 Origin of the project

Worldwide traffic is increasing with more and more vehicles on the road. With further
economical growtH{after the global crisig)t will be possible to see more increase in mobility
and in traffic density throughat the world. This will require efforts to furthermore enhance

the road safetyThus, these changes are having a serious effect on one specific type of vehicle,
the delivery van with anaximum allowedveight between 23,5tons.

The statistics for the Eapean Union demonstrate alarming resulta. 2001, in the UE died

976 occupants of vans. Since that date, this figure fall to 795 deaths in 2005, this means a
decrease of 18.5%. However, this is still far from the reduction achieved on passenger cars,
where the difference between 2005 and 2001 is 25,6% less. A further study has been carried
out comparing the two specific countries where this thesis has been done, Denmark and Spain.

1.1.1 Statistics from Denmark and Spain
- Spain
From the data of 200That hasbeen obtained from theDireccion General de Trafi€GT in
Spain there is a total &.435.706 which means an increase of 50% from 1999. Figure 1 shows
a positive tendeny on the number of registeredans per year.

160.000
140.000 s
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Figurel: Vans registered in Spain per year

On the other hand, by analysing the accident data it can be concluded that the general
decrease on accidents and fatal injuries produced on the last yeaes not been translated to
the light commercial vehicles

Source: [T Injured

Victim role Total Dead Total Severe Slight
Driver 3.534 154 3.380 526 2.854
Passenger 2.679 81 2.598 380 2.218
Total 2004 6.213 235 5.978 906 5.072
Diver 3.543 133 3.410 597 2.813
Passenger 2.452 72 2.380 398 1.982
Total 20 5.995 205 5.790 995 4.795
Diver 4.030 153 3.877 618 3.259
Passenger 2.954 77 2.877 451 2.426
Total 20 6.984 230 6.754 1.069 5.685

Tablel: Van victims in Spain 2006
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Figure2: Van fatalities in Spai Figure3: General fatalities in Spain

During 2006 there were 15% more drivers of vans dead, whilke same period there was a
general decrease of 8%. No further data for years 2007 and 2008 has been found in relation
with drivers and passenger of vans.

- Denmark
Figure 4 shows, as happened in Spaim increase of the number o&ns registered. On 2008
there are a total 0f485.786 vans in Denmarkbviously, the population in Spain is bigger
(44.708.964) than in Denmark (5.4@84) so also the total number of registered vans.
Proportionately, this represents a fatality rate of 9.44°H®ad person per van in Spain, while
in Denmark the number decrease to 4.94°1This may show thais safer to drive a van in
Denmark,but in both countries the samegroblem has been foundVan fatalities do not
diminish or even increase not following the tendency shown by the general accidents.
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Figure4: Total number of vans registered in Denmark

Source: statisk banken Injured

Victim role Total Dead Total Severe Slight
Driver 20

Passenger 2

Total 20 352 22 330 132 198
Diver 21

Passenger 3

Total 20 330 24 306 110 196
Diver 22

Passenger 2

Total 200/ 305 24 281 99 182

Table2: Van victims in Denmark 2006
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The data provided b€ ARE (EU road accidents database) in figures 5 and 6 for Denmark, lead
us to different conclusions but to the same target. While in Spain the general fatalities have
decreased, in D@nmark has increased from 306 fatalities in 2006 to 406 in 2007. On the other
hand, it is possible to observe a decrease tendency between 2003 and Ri@dly the
number of dead persons inside a van remains almost constant between 2005 and 2007 with a
vaue close to 24.

M Driver Passenger H Total

25 450

400 -
20 - 350 -
300 -
15 1 250
10 | 200 -
150 -
5 100 -
50 -
0 A 0 - : : : :
2005 2006 2007 2003 2004 2005 2006 2007
Figure5: Van fatalities in Denmark Figure6: General fatalities in Denmark

1.2 Motivation of the project

The origin of this project has been the increasing concern aadrahative small number of
studies that have been carried out regarding va@tatistics confirm that there is a need to
study the safety of light commercial vehicles, as well as develop strategies for improvement.

The aim is to examine vans securitysimulating the most common accidents suffered by light
commercial vehicles. Often, van accidemisgin with a dangerous sliding, ending with a
rollover, crashing against a roadside barrier or colliding against moving vehicles in the opposite
direction. Wit the Electronic StabilitfControl (ES(, it would be possible to avoid such
accidents, or at least significantly mitigate their effedise main problem is that there is a low
percentage of currently available modelsvans equipped with ESC

1.2.1 Euro NCAP valuation of ESC

By using the data provided by Euro NCAP it is possible to analyse de availability of the ESC for
new cars in Europe. This has been calculated as follows: In each countrgarergodel is
available with two different body, two engds and five different specification levelthis

means twenty alternatives available to the public. The ESC is incorporated in two series (10
percent) of these variants, as an option on ten (50 percent) and is not available in eight (40
percent) [1]. The proportion of the ESC as standard equipment is shown in green, optional
equipment in yellow and if it is not available in red. Figure 7 shows the total of vehicles while
figure 8 shows the proportion of the type of vehicleshagloser properties to light commercial
vehicles.
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Country std| Opt| NA |Average ESC Ratings Country Std|Opt| NA [Average ESC Ratings
Denmark 7] 8 |15 Denmark 80|17
Sweden 741115 Sweden 812 |17
Germany 71118 Germany 83| 0|17
Finland 68 | 15 | 17 Finland 79| 1119
Austria 66 | 15 | 19 Austria ARARY
Latvia 6516 | 19 Latvia 671122
Lithuania 65|15 | 20 Lithuania 67 11|22
Estonia 6515 20 Estonia 67 1122
Italy 64| 16 | 20 Italy 75| 8 |17
Spain 63|18 |19 Spain 64 17|19
France 63 17| 21 France 81)0 |19
Portugal 62| 16 | 22 Portugal 81|3 |17
Slovakia 61|18 | 22 Slovakia 58 [21(21
Luxembourg 61|17 | 22 Luxembourg 591823
Hungary 60 | 21 | 20 Hungary 532819
Poland 59 | 21| 21 Poland 66 | 18| 17
Czech Republic 59 | 20 | 22 Czech Republic |56 |25 | 18
Cyprus 59 | 19 | 22 Cyprus 47[20|33
Slovenia 58 | 22 | 21 Slovenia 50 (30| 20
Belgi 58 | 20 | 23 Belgi 621721
United Kingdom | 57 | 21 | 22 United Kingdom | 54 | 25 | 21
Netherlands 56 | 22 | 22 Netherlands 63 | 17| 20
Greece 56 | 21|24 Greece 60 | 20 | 20
Malta 56 | 20 | 23 Malta 47]2033
Ireland 53 | 19 | 28 Ireland 63|17 |21

Figure7: ESC availability total of vehicles [RACC] Figure8: ESC availability big Minivan [RACC]

There is a big difference bgeen countries. Denmark appears as the first country with 76% of
the vehicles with ESC as standard equipment, whereas Ireland has jusSpaitis in the
tenth position with 63%. Furthermore, it has been found the availability of the ESC for the
most common van models in both countries.

Citroen Jumper Citroen Jumper
Iveco Daily Iveco Daily
Mercedes Sprinter Mercedes Sprinter
Nissan Interstar Nissan Interstar
Opel Movano Opel Movano
Renault Master Renault Master

VW Crafter VW Crafter

Figure9:Vans ESC availability in Spain FigurelO: Vans ESC availability in Denmark

Contrary to what happens on passenger cars, it has been found that regarahs, availability

of the ESC is common for every version of each model. The only difference between countries
has been found on the Iveco Dailhis poor availability of such important system for security

as the ESC has also served as motivatiotheostudy of this project

Finally it has been alsa motivation to involvea human factor on the study of vans security.
Different load configurations and how different positions may aggravate collision
consequencebave been studiedn fact, is the drigr or the personal related with that decides

how the load must be positioned

1.3 Objectives and structure of the project

Paying particular attention tactive and passive safetgeveral tests have been done in order
to understandthe potential improvemets that could be achieved with the introduction of
driver assistance systemiE$Umainly) a correct load distributioror the study of unsecured
load. This has been done by following those steps:
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- Technical description of the vehicle studied. Opel Movano.

- Comparison between the dynamic behavidra Van and adssenger car.
- Study of howESCan prevent an accident or mitigate the consequences for different

cargo configurations.
- Analysis of the consequences of unsecured cargo.

First of all, it has been dedised the most relevant parameters and characteristics of a Van.
Those parameters are required by the software used for all of the simulations, tkzaBh.

This program helps to simulate motions and collisions of vehicles and biomechanical objects
after setting all the parameters necessary

Afterwards, it has been compared the unloaded van in front of four different passenger cars;
urban, compact, sedan and a SUV (Sports Utility Vehidie)the issue offans, has always
been a wigspead belief that theyare much more insecure than a conventional tourism.
Doing a little analysisfdhe results achieved in different simulations, it has been ttiedind

out if this idea is well founded or not.

Moreover, it has been studied how different load configuraidior the van affects to the
dynamic behavior. This has been done by changing the load position along the longitudinal
axle of the vehicle and also varying the height. At this point, it has also been studied how ESC
can avoid or mitigate collision consequees.

Finally, unsecured cargo scenario has been simulated. Two different loads without lashing have
been introduced on a multibody system in order to an analyse changes produced by the
unsecured load on the vehicle. Also, it has been studied thesaating on the partition wall.

1.4  Project limitations

The limitations of this project are basically two reasons. One is the softwat€rdd@, which
despte being considered one of the best systems for the reconstruction of accidents and
validated in numeras studies, must be consider as what it is, a programefioonstruction of
accidents Resultscan be consideredealistic, but these results therefore need to be
interpreted with caution.

On the other hand, studies likdew Sliding Tests and their Evdlaa The ESCSimulation
Model in P&rah [2], carried out by the creators of the software Bndreas Moser and
Dr.Hermann Steffanshows thatthe P@Crash vehicle dynamics model aB&COmodel are
valuable tools in reproducinthe vehicle movement and dynamics for the tests with and
without ESCAIso it shows that xcellent correlationhas been achieved between simulation
and test data.

Finally, this project has tried to reproduce common situation while analyzing vans seCurity.
the contrary, there are multitudes of cases and scenarios, which obviously can not be studied
entirely.
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Chapter 2. General description of a VAN (Opel Movano)

For this project, the Opel Mavano has been chosen to do all the simudatimh testsin PC
Crashregarding active and passive security of Vans.

The Opel Movano is a mgized commercial vehicle sold in Europe from year 1999 and
underwent its first facelift in late 2003. The vehicle is available in a wide range of variants,
including a choice ahree wheelbases, three roof heights and three gross vehicle weights. As
well as cargo carrying panel vans, there are also six and nine seat Combi variants, a seven seat
crew cab and chassis cabs models. A sixteen seat bus model is also available.

The deelopment of Movano was undertaken by French manufacti&®enaultand is also sold
as theRenaultMasterandNissan Interstar

Finally, the model that has been chosen is the Opel Movano 2.5 CDTIR®RId®2ing tables
and schemest®ows the most relevant parameters needed to define each simulation.

2.1 Dimensions

1912/2146

3578 ————»<4— 059> «—1740—> ——17256——»
> 1990 —» +«——2359

Figurell: Opel Movano Schemes in mm. [Opel/Vauxhall]

2.1.1 Exterior

Total length 5399 mm
Total height 2721 mm
Total width 1990 mm

Table3: Opel Movano exterior dimensions

2.1.2 Interior
Effectivefront head space 1216 mm
Effective back space 1708 mm
Effective hips space 1578 mm

Table4: Opel Movano interior dimensions
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2.2 Wheelbase, tracks and free distance to the ground
The distance values between axles, tracks, fromribang and free distance to the ground are
the following:

Wheelbase = 3578 mm
Front overhang = 862 mm
Rear overhang = 959 mm
Trackaxle 1 = 1740 mm

Trackaxle 2 =1725 mm

2.3 Interior distribution and distance from front axle to H point
There is just oneow of seats on the front part of the vehicle. H point distance is referred to
the front axle in x direction and distance to the ground.

I — 5

853

Figure12: Opel Movano H Point [mm]

2.4  Volume and distance from the load space to the fron t axle
In relation with the dimensions of the vehicle, is it possible to calculate the maximum loading
space, which is approximately:

Viota= 12.000 dm?3

NN
2146

>

)
i

541

1253 3134

IE Figurel3: Opel Movano Load Volume [mm] 8;%3
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Figurel4: Opel Movano Load Compartment Dimensions [mm
Where: g P P [mm]

A= 3134 mm;
B= 1764 mm;
C= 2146 mm;

D= 1282 mm.

2.5 Kerb weight and plated we ights
It is important to know the position of the gravity cent@oG)Yor each situation. In this case
when the van is empty and also when it is fully loaded.

2.5.1 Characteristics Kerb weight Van

Plated weights and kerbweights [Kg]
Front Axle Rear Ale Total Payload| GCW
Model | Plated Kerb Plated Kerb Plated Kerb kg
2.5 CDT| 1750 1213 1900 658 3300 1871 1429 5300
L2H2

Table5: Opel Movano Plated weight and Kerbweights

Front axle = 1213 kg

Rear axle = 659 kg

Kerb weight =1871kg

Table6: Kerbweight axle distribution

Those values represent a load distribution of 64,7% for the front axle and 35,3% for the rear
axle.
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Note: Kerb weight for standard vehicles includes coolant, oil, 90% full fuelaamkspare
wheel. The maximum authorised mass should be shown on the departments manufacturing
plate fitted to the vehicle. This means the marking on a goods vehicle, by means of a ministry
plate, showing the maximum weights for that particular vehicle eximum authorised mass,

and in certain cases, train weight.
Kerb=Fg, + Fp,
1213 - Gy¢0= 659 - 3578 Gxeo

Xcoc= 1260mm

419 mm U@H @

Figurel5: Opel Movano Kerb Weight Center of gravity [mm]

CoG position (Kerbweight)

Weight distribution
FA 64,7%
RR 35,3%

Distance [mm]

L1 (CoGto FA) | 1259,6

L2 (CoG tRA) 2319,4

Heoe 0,419

Axle Load [Kg]

FA 1213

RA 659

Table7: Opel Movano Kerweight parameters

oy

R BLBEE D
44 Ay
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2.5.2 Characteristics with a loaded Van

In Chapter 4 iwill be studied how different load positon@a I F¥FSOG =+l yQa Reyl YA
so this point should be taken as an example on how de CoG has been calculated for the
different simulations.

Maximum authorised mass

A1 .‘\\\I'i
| & 2 |] \
1 |

9 L—L » 4
| 1 | |
e | ‘ + 3 ¢ 1 /|
‘" h E— ) /

Figurel6: Opel Movano Load distribution

Figure16 showsa possible load distribution. This vehicle can represent a Van used for road
assistance in case of any mechanic failure on aleahis case, it will be assumed that there
are two occupants on unique row of seats. As mentioned befagloadigures donot allow

for the weight of the driver, or any passengers, which should therefore be deducted from the
figures shown.

Table 8shows that the load admitted on the back part is 1279Bge to the purpose of this
vehicle, there should be some space for arkti@nch, tools or spare parts. This is as example
of the possible load:

1. Space for a compressor and tools = 335 Kg.
2. Weldinghydraulicequipment=335 Kg.
3. Random parts = 149 kg.
4. Spare parts andriés = 460kg.
Kerb weight 1871 kg.
Occupants 2 - 75 =150 kg.
Load 1429¢ 150 = 1279 kg.
Total 3300 kg.

Table8: Total Load
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Zone Mass (kg) Xeoc(mMm)* hcodmm)**
1 335 3352 1041
2 335 3622 1291
3 149 1827,5 1441
4 460 1827,5 1041

Table9: Load Distribution

(*) Referred to FA
(**) Referred to the ground

Center of gravity of the load:

_ 3353352+ 3353622+ 14918275 + 46018275
Xeos = 1279

=26968mn

he..= 3351041+ 3351291+1491441+ 4601041 _ 11531mim

1279

Load distribution

DISTANCE TO FA [mm]

1stROW 753

CoG (Kerbweight) 1259,6

LOAD 2697
LOAD [Kg]

1stROW 150

CoG (Kerbweight) 2182

LOAD 1279

Table10: Load parameters

(*) 100 mm has been discounted from the original value due to normative calculgg]ons
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Kerbweight Load

A L=l I

Nl

ElSo=E .

1260

2697

Figurel7: Opel Movano. Kerbweight and Load CoG [mm]
With those values it is possible to find the Co®lakimumauthorized mas¥an:

150753+18711260+12792697

= =19147mmr
Xeos 3300 4
h..= 1501235+18;;4(1)29+12791153_7801mrr

Now is possible to find the front and rear axle reactions and compare it to the plated values:
MAM = F_, + Fz, =330&kg

_ XeoeMAM _ 191473300 _
RA 1101 3578

1766&g

F.. = MAM - F., =3300- 1766=1534&g

Axle reactions [Kg]
MAM Plated
Front Axle 1534 1750
Rear Axle 1766 1900

Tablell: MAM situation Axle reaction
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Load FA RA
KerbWeight 2182 64,7% 35.3%
MAM Center 3300 46,5% 53.5%

Tablel12: Kerbewwight and MAM weight distribtion
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Chapter 3. Car/Van comparative

About Vans, there has been always a generalized thought that they are much more insecure

than a conventional cgd]. Making an analysis and collecting data from the &itnons done

by PeCrash has been tried to prove if this is true. This analysis is based on the handling and

ON} 1 Ay3 OFLIoOoAfAGASEAY 6KAOK FNB (GKS YIF22N 02 YL

3.1 Tested Vehicles
For that study, lists of the most commonles for 2008 in Europe has been found in order to
make it as more generalized as possible.

Top sales car in Europe 2008 (number of vehicles)
Urban cars Compact Sedan SUVs and 4X4
Fiat Panda 173.026 VW Golf/Golf Plus 428.755 Audi A4 196.578 VW Tiguan 6889
Fiat 500 138.953 Ford FocukC-Max 382.336 VW Passal92.498 Toyota Rav4 50.683
Renault Twingo 100.019 | Citroén Xsara Picasso/C4 302.4 BMW Serie3 192.493 Honda CRYV 44.595
Citroén C182.965 Vauxhall/Opel Astra 279.853 Mercedes Clase C 174.531] SuzukiSX4 43.788
Toyota Aygo 81.923 Renault Mégane/Scénic 269.01{ Skoda Octavia 137.083 BMW X537.919

Tablel3: Top sales car in Europe 2008

One car from each categohas beercompared with the Opel Movanaan.
Those cars are:

-Citroen C1 1.0 55kw (2005)

Weight [ Kg] 790
Length [m] 3.44
Width [m] 1.63
Height [m] 1.47
Distance to C.G. from front axle [m] 0,695
C.G. height [m] 0.498
ABS Yes
ESGCSC) Yes
Front Axle 60.5%
Rear Axle 39.5%

Tablel4: Citroen C1 parameters
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-Ford Focus 1.6 ti. (Sedan 85kw (2006)

Weight [ Kg] 1260
Length [m] 4.47
Width [m] 1.84
Height [m] 1.45
Distance to C.G. from front axle [m] 0,84
C.G. height [m] 0.515
ABS Yes
ESC Yes
Front Axle 62.5%
Rear Axle 37.5%

TaHe 15: Ford Focus parameters

-VW Passat 1.9 Tdi 77Kw (2006)

Weight [ Kg] 1562
Length [m] 4.77
Width [m] 1.82
Height [m] 1.47
Distance to C.G. from front axle [m] 0,99
C.G. height [m] 0.496
ABS Yes
ESC Yes
Front Axle 57%
Rear Axle 43%

Tablel6: VW passat parameters

-BMW X5 3.0d 150kw (2005)

Weight [ Kg] 2230
Length [m] 4.67
Width [m] 1.88
Height [m] 1.71
Distance to C.G. from front axle [m] 1.25
C.G. height [m] 0.43
ABS Yes

ESC Yes

Front Axle 48%
Rear Axle 52%

Tablel7: BMW X5 parameters

Center of gravity and weight distribution of each vehicle has been calcul@texcenter of

gravity height[5], relative to the track, determines thiead transferr YR A G Q& NBf I GSR ¢
weight distribution. Height of the center of gravity ralat to the wheelbase determines load

transfer between front and rear axl&hose values are used to update the rear brake force

distribution.

[O

DanCrash



http://en.wikipedia.org/wiki/Center_of_gravity
http://en.wikipedia.org/wiki/Center_of_gravity
http://en.wikipedia.org/wiki/Load_transfer

Analysis and Improvement oé&urity
Concerning Light Commerciahicles 16

3.2 Simulations
Threedifferent tests have been done in order to represent situations that may occur on daily
use

-Deceleration test

-Lane changing test

-Over steering test

For these tests some values will remain constant:
General conditions for all the tests:

- Friction coefficient: u=0,8

- Maximum deceleratiottherefore: 7.85 m/$

- ABYAssisted Braking Systenl \ehicles

- ESCAIl except the &n

- Suspension properties: normal

- Tire model: LineafAppendices I.5)

- Occupants and cargo: Front Occupant= 75 Kg.

It is important to notie that all vehicles except theam are equipped witlESGystem. This is
due thatESGs ncluded as standard equipment in all the vehicles except the Opel Movano.

Three generations of vanwere manufactuedn the past. At the present, the last two
generations of these vans are common on the rg&d

-1* generaton: rear drum brake, no ABS

-2"generation: vans built between 1995 and 2005 with rear disc brakes, mainly with ABS but
without ESC

-3 generation. Vans built after the 2005, generally equipped with both ABE&ad

During the last five years, differemstitutions conducted breaking tests. These show that the

GryaQ RSOStSNIGA2y OF LI OAdGe frsf @idBihes&end O2y &4 A RS
generation. This fadtas been studied on the deceleration test.
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3.2.1 Deceleration test

Vans are usuallimplicated omaccidents where the impact is against the back of a passenger
car. This fact is well known by the factories and is one of tleamreasons why almost all the
vans build nowadays have ABS as standard equipment.

Theinitial speed has beedefined to 100 km/h for the first test and 130km/h for the second
one. Immediately afterwards, brake sequence has been defined as a fully brake pedal
situation. The same road and load conditions have been deforeall the vehicles

Regarding RCrash, tle stop criterion it is defined to stop the vehicle when it reaches a really
low energy value. This value usually is between 0.3 and 0.4 km/h and is used to avoid the
inexactitude of results in velocities close to 0 km/h. It is possible to notice on atydiowe
diagram that the curve never gets toossthe x-axle.

Thefirst test that has been done is the deceleration evaluation from 100 km/h to 0. Fl@ure
shows Distanc&/elocity diagram.

Velocity : Opel_Mowvano_Kerbwieght, Citroen_C1, Ford_Focus, WVW_Passat, BMW_X5,
| [krg . —i -1 Upel_Movano_Kerbwieght
——F -2 Citroen_C1

80

a0 ¢

70+

60

a0}

30+

20

Figurel8: Deceleration test at 100rk/h. DistanceVelocity diagram.

The breakig distance for the Opel is 55,48. The test starting at 130 km/h shows similar
relatitve results.

Stopping distance [m]
Initial speed 100 [km/h] 130 [km/h]
1- Opel Movano 55,42 93,60
2- Citroen C1 51,82 87,28
3- Ford Focus 50,58 85,49
4- VW Passat 49,99 84,56
5- BMW X5 49,41 83,32

Table18: Braking distance

[O

DanCrash




Analysis and Improvement oé&urity
Concerning Light Commerciahicles 18

Figurel9: Deceleration test at 130 km/h. Distandsetween carsat stopping positon.

This means thiathe van needs a 12.16% longer distance on the-Q@8st and a 12.33% on the
1300 test. This is compared with the vehicle of most braking capability, in this case, the BMW
X5. $opping distance needed by than is really close to the rest of the pasgencars.

It is also imprtant to analyze the maximum deleration that each vehicle can reach. Figure
20 shows Longitudinal and Vertical acceleration for each vehicle. It is important to notice the
ABS regulationesypecially during the building phase. &ig 21 shows how the acceleration
curve would look if no ABS system had been applied.

Accekration

; : — == =
—— i 5 =  —— 7 F = i | 55

-1 [m]

8- 3 Vert

—1Z-4\er

—13-5Lbng

............

2
Figure21: ABS build up phase

Maximum Aceleration [m/s7]
1- Opel Movano -6.96
2- Citroen C1 -7.53
3- Ford Focus -7.62
4- VW Passat -7.72
5- BMW X5 -7.85

Tablel9: Maximum acceleration
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3.2.2 Lane changing test

Afterwards, an evasive action has been done in order to know the dynamic properties that a
vehide can reach on a simple lane changing. It is no rare to drive at more than 100 km/h on a
motorway, and also is not the first time that happens that a heavy truck loses some load on
the causeway or that there is something on the middle of the lane. Witloyttime to stop

the vehicle before the impact, the driver has to react quickly by doing a simple lane changing.
This situation was conducted in this test, defined according to the ISO standard.

Figure shows the structuref the simulation

(@) © (@)
© o i i - O
P Qe OV | am
(@) (@)
10 m 10m 10m

For these tests a rapid steer angle change is required. In order to compare this value between
all the vehicles, speed of 40 km/h has been defined in order to not compromise the stability of
the vehicles.

Steering angle

Opel Movano

Ford Focus
VW Passat
2t j@f BMW- X5

o.fbo 0.500

2t

4t

3

3

Degree

Figure22: Lane Changing Test. Steering angle.

Figure 22shows the steering for both, left and right front wheel. On left turns, a bigger angle
of the left wheel is required.
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It can be observed that the highestegring angle is needed on tharv with a maximum value
of 7.97 degrees on the first turr9.10 on the second and 6,62 on the last o the first

turn, the slope of the curve indicates a steerimggle velocity required on theam of 10,93

degrees/secod.

Byincreasing vehicles speed dtet test, it has been found whas the maximum speed that
each vehicle @an reach without instabilities andithout hitting any of the marksit has been
found thatlateral acceleration increases as velocity does.

Acceleration

Figure23: Lane Changing test. Lateral acceleration

At 55 km/h a maximum lateral acceleration up to 7 fitias been reached on thean. On the
other hand, it is important to notice that at this speed, instabilities were achieved. Tire marks
were visible on the road due to combined longiimal and lateral tire forces. That happens if
those forces are more than 95% of the available frictional force.

It can be predicted that in curves and when negotiating evasive actions, lateral accelerations of
approximately 6m/$without instabilities ca be achieved by the Opel Movano.

Afterwards, speed was raised up until the first vehicle crashed with one of the marg§. A
km/h at the entrance, the an hits the last mark. The crash happens after a sliding movement
of approximately 14 meters. The imgtavith a hypothetic obstacle would occur at 55.24 km/h.

Other vehicles maximum speed:

Maximum Speed
[km/h]
CitroenC1 | 75
Ford Focus | 73
VW Passat | 72
BMW X5 69

Movano 59
Table20: Maximum Speed

Due to the dynamic properties drthe use ofESCvehicles with more weight (like the BMW
X5) can go through the tewith a higher speed than thean. BMW speed is a 15% higher than
the Opel MovanoOn the other hand, and like happened witie deceleration results, thean

is still redly close to the values achieved by the rest of the passenger cars.
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It is important to remark, that by supplyirgSG&ystem to the an, the maximum speed would
have been 64 km/h, which is even closer to the other cars maximum vel@uitthe other
hand, aad as mentioned before,he main target of these tests is to compare common
situations on the road, which means a high percentage of passenger carE3@Hnd a low
percentage of &ns with that system.

Furtherstudies of ESC application haxeendonein Chapter 4.

3.2.3 Over steering test

The following test is based on the exit that can be found in every motorway. Situation can be
described as the event that happens when the driver has not perceived the exit sign with
enough time to reduce the speed madgely. The driver either starts to brake due to the high
lateral acceleration or does not brake. This may cause a loss of grip and over steering.

No brakinghas beerapplied during the movement along the curve.

Followirg tests have been donassuming drconditions, which means coefficient of friction
n=0,8 and maximum deceleration of 7.85 fm/Bigure shows over steering tesitucture.

For the different tests, Opel Movano and Citroen C1 have been used. This is due to the fact
that Opel is the onlywehicle withoutESGand the Citroen C1 is the vehicle with the shortest
wheelbase of all the vehicles testdd.cornering, because of the center of gravity, friveiavy

cars tend tounder steerand rearheavy cars to ovesteer.

Comparing the vehicle withouESCbut with the longest wheelbase (with a higher under
steering tendency) and the vehicle witBiSCbut with the shortest wheelbase probably will
produce the closest vaés betweerpassenger cars and@ms.

*Understeeris a term for acar handlingcondition in which during cornering the circular path of the
vehiclés motion is of a greater radius than the circle indicated by the directiowlitselsare pointed

Test Vehicles Speed
NO1 Opel Movano/Citroen C1| 30
NO2 | Opel Movano/Citroen C1| 40
NO3 | Opel Movano/Citroen C1| 50

Table21: Test vehicles speed
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With increasing vehicle speed the yaw velocity also increases. In ##guhee maximum yaw
velocity at 30 kn/h assumes an asymptotic value-6f4 rad/s.

Yaw angular velocty
—+1 -1 OPEL_MOV “Yaw angular velocty

—1-10PEL_NOV
—+2 -2 CTROEN_ =

020 —-2-2.CTROEN

[radis] *1 E-T Iradis]

Figure24: Over steering test 30 km/h. Yaw velocity.  Figure25: Over steering test 40 km/h. Yaw velocity.

As fgure 25 shows,if the same test is done at 40 km/h it is podsilbo notice that the ¥ Y Q a
yaw velocity increases t®.55 rad/s while on the passengear remains on0.45 rad/s.

Theyaw anglds the angle between a vehicle's heading and a referenceihgaDuring corner
entry the front tires, in addition to generating part of the lateral force required to accelerate
the car'scenter of massinto the turn, also generate a toug about the car's vertical axis that
starts the car rotating into the turn.

Theyaw angular inertia tends t&keepthe geometrical directiorchanging at a constant rate.
This makes it slogr to swerve or go into a tight curve, and it also makes it slower to turn
straight againThose tests define the relation between the steering angle, vehicle speed and
yaw angular velocity. Using these data it is possible to define how the vehicle fiievdeal
trajectory.

Figure27: Over steering test 40 km/h. Trajectory. Figure26:. Over steering test 50 km/h. Trajecton

Fgures26 and 27 shova comparison of the trajectories between vehicles on tesid And

NO3. These trajectories show clearly that the Van can not follow the desired path at 50 km/h.
Thevanwithout ESGRed get into a slide movement wherein the vehicle wEBGwitched

on follows the desired path.

[O

DanCrash



http://en.wikipedia.org/wiki/Center_of_mass
http://en.wikipedia.org/wiki/Yaw_angle

Analysis and Improvement oé&urity
Concerning Light Commerciahicles 23

3.3 Conclusions

The wigspead opinion that vans haveuch worse active safety systems (brakes, driving
stability when negotiating a turn) than passenger cawslld not be verified, neither through
literature review nor through own tests.

3.3.1 Deceleration Test

The results of this study show thahe full deceleration achievable with vans of the 2nd
generation can be compared to the one of modern passenges. taboth simulations ( 100

km/h and 130 km/h) the empty van needs around a 12% bigger distance. These findings of the
current study are consistent with several other stud[d$ [6] [7]. On the other hand, it is
important to mention that for example, on the test with a starting velocity of 100 km/h, while
the BMW has already stopped the Opel Movano still has a residual velocity of 21, 56 km/h.
This can be the difference elween hitting another vehicle or stopping without any
consequences.

This is a very common accident mans especially in queues of traffic congestion on
motorways. In the event of a collision against a passenger car, the loads foc¢hpantsare
very high.

Figure28: RACE Cras-h Test at 60 km/h

Through tests review done by the RAE®al automdvil Club de Espafit)e results were
catastrophic for tourismThe test speed was consideralbligherthan the residualelocity of
the simulation, but it can provide an idea o the possible consequences.

While the van was only slightly deformed in the engine compartment, welds in the roof
supports and feet were separated from tourism to the point where the vehighes
considerably dformed. The driver's seat was completely distorted and twisted. The driver,
sliding backwards, deformed bracket and all of the headrest of the seat frame was badly
damaged. In this casé, has to be assumethat there is a high risk trauma throughout the
area of the spine. In this kind of accident, the risk of serious neck injury is very high. In
addition, injuries can occur in the legs and chest.

Although the deceleration distance needed by the van is close to any passenger car, this
difference may cauwshard injures when colliding against a vehicle with a lower mass.
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3.3.2 Lane changing test

As happened with the breaking distance, in this test the van is also close to the values reached
by the passenger car, specially on thég&neration Van where maximum speed of 64 km/h

was reachedMaximum lateral acceleration of 7 nf/sas been reached by the van but with
important instabilities.

On the other hand, on the"2generation van (without ESC) the maximum speed stays at 59
km/h. In curves and when negating evasive actions lateral accelerations up to 6°rh&ve

been achieved without causing instabilities. Due to the low weight and short total length, the
best vehicle in this test has been the Citroen C1 with a maximum entrance speed of 75 km/h.

3.3.3 Over steering test

This is one of the most demanding teftr a light commercial vehicle. Due to this fact, in this
simulation there is a bigger difference with the other cars. Maximum velocity of 40 km/h can
be reached by a"dgeneration van on a 5. radius curve. Yaw angle velocity increases faster
on a van than in a passenger car, which makes more difficult to followldhiged path. At 50
km/h the Citroé C1 keeps a safe trajectory whereas the Opel Movano invades the opposite
direction.

Resuls show that even the van is in the last position in all the simulations that have been
done, the values obtained can be compared to the one of a modern passenger car. This does
not mean that light commercial have similar dynamic properties than the retiteovehicles,
specially when it is loadedubindeed contradicts the widespad opinion that they are really

far from a passenger car.
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Chapter 4. Load Distribution/ ESC influence on Vans

In spite of improvements in passive safety and effartalter driverbehavia, the absolute

number of van fatalities has increasddy’ 2 NRSNJ (2 GNEB G2 AYLNRGS Oy
have been done to understand how a bad load distribution may affect in a possible crash

situation. Also, the propertiesra influence of the ESC has been studied in these simulations.

For these test, Van described athapter 2has been used. The four possible loagmces
created provides the opportunity to change the center of gravity of the total vehicle. By doing
that, it has been studied how different load position affect to the vehicle stability and also how
GKA&E FIFOG OFry AyONBIaS 2N RSONBI&asS +FyQa aS0OdzNg
CAdINIKSNXY2NB> (GKS (g2 f1ad 3ISYySNIiAz2ya 2F zlyaQ
pretends to show howetive systems (likESEcan avoid or reduce collision consequences.

-1S‘generation: rear drum brake, no ABS

-2"generation: vans built between 1995 and 2005 with rear disc brakes, mainly with ABS but \@8©ut

-3 generation. Vans built after the P8, generally equipped with both ABS #BEC

4.1 Load configurations
CoG position of tht1AM Vans used on the simulations

Center load: ‘ High Center load:

Xcoglmm] = 1914 Xeoglmm] = 1914

Heoc[mm] = 780 Heodmm] = 969

Load on rear axle: | High load on rear axle

Xcoglmm] = 2000 Xcog[mm] = 2318

Heoglmm] = 814 Heoglmm] =1017

Front load: High front load: “ Q
Xcoglmm] = 1576 Xcoglmm] = 1576

Heoglmm] = 805 Heoglmm] =1012

Figure29: CoG of the ifferent load distributions
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The total load capacity is 1279 Kg. and has been positioned in different places, a%gure
shows. The new centers of gravity have been calculategoitioningthe load on the empty
spaces designed oBhapter 2Due to the elevatedenter of gravity found on the vans with a
high load position, which augments the susceptibility to rollover, vans are the preferred target
for ESGpplicationsFor examplein the rearconfiguration loa has been distributed between

1-2:

-  '“ |l

Figure30: Rear axle load configuration

Zone | Mass (kg)| Xcoa(Mm)* | heodmm)**
1 639.5 3352 1041
2 639.5 3622 1291
3 0 1827,5 1441
4 0 1827,5 1041

(*) Referred to FA**) Referred to the ground

Center of gravity of the load:

_ 63953352+ 63953622+ 018275 + 018275

X = =348

coe 1279
heye = 63951041+ 63951291+ 01441+ 0-1041: 1116mm

1279
CoG oMaximum authorized Mss(MAM) Van:
= 150753+1871260+ 12792697: 210amm
3300
+ +

h., = 1501235+1871419 12791153: 814mm

3300

(*)150 kg refers to the two front occupants.

The same procedure has been used for the front cargo configuration, but in this case loading
spaces 3 and 4High load positiorfred) has been reached by summin@@®Gmm. to the CoG of

each place anty repeating the calculations

Zone hcodmm)
1 1041 1641
2 1291 1891
3 1441 2041
4 1041 1641
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By comparing the new CoG it is possibleotserve the big difference with the kerbweight
situation where the center of gravity high is 0,419 m. and theadist to the front axle is
1,259n.

4.1.1 Validation of CoG

In order to verify if those n@ CoG are feasable it has been obtairdata from maiknum
permitted height forcentre of gravity. It has not begoossible to find for the exactan used
on the simulations (Opel Movano) but it has been passifor a an with similar
characteristics, the Volkswagen Transporter T5. The total length isrGg9@ front of the
5399 mm of the Opel. Widtls ialmost the same between botlars whereas the Transporter
heightis 200 mm lower. Tabl22 shows other important data.

Opel Movano | Volkswagen T#

Wheelbase [mm] 3578 3400
Front overhang [mm] 862 894

Trak-Axle [mm] 1740 1724
Kerbweight [Kg] 1871 1860
Of which on front axle [Kg] 1213 1162
Of which on rear axle [Kg]| 658 707

MAM [kg] 3300 3200
Perm. axle load front [kg] | 1750 1650
Perm. axle load rear [kg] | 1900 1720
Load capacity [kg] 1279 1331

Table22: Opel Movanog VW T5 comparative

Due to the similarity between both models, and also the fact are using similar technical
systems, following data can be extrapolated to the Movano. The following table sth@ws
height of the cetre of gravitypermissible on vehicles with standard equipment.

Version Centre of gravity on Gross centre of gravity] Max. perm. height of CoG
chassis< [mm] of vehicleY1 [mm] for body and load [mm]
VWT5 730 920 1375

Table23: VW T5 CoG position

VW Note:Subject to errors and technical amendments.

Figure3Ll: VW T5

There is a strong advise by VW tlta¢se heights should not be exceedé&sh the other hand,

in none of the three configurations with a high load, the CoG exceeds the maximuenofa
1375 mm. The highest one, which is the load on the rear axle is still 358 under the limit fixed
by Volkswagen
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4.2 Introduction to the Electronic Stability Control

One of the main purpose of these test is to analyse how the presenceB$&ysem aid the
driver in maintaining control of the vehicle in different load conditions and how this can avoid
or reduce collision consequenced herefore it is importaneinalyze the concept of stability
and describavhat iSESGs and how it works.

4.2.1 Sabilizing concept

In critical driving situations most drivers are overburdened with the stabilizing task. The
average driver can neither judge the friction coefficient of the road nor the grip reserves of the
tires [8]. The divers are typically startled by the altered vehicle behaviour istéble driving
situations; as a result, a well considered reaction of the driver can not be expected.

For that reason th&SQas to be designed to stabilize the vehicle even in situatisith panic
reactions and driving failures like exaggerated steering. On these tests, this has been
represented by the fact that the driver does not press the brake pedal after the risk feeling has
been surpassed. The first reaction of the driver is tkenan abrupt steering.

The characteristiside slip angles, where the steerability of the vehicle is vanishing, are
dependent on the rod friction coefficient. On thaimulationsdone the specified slip angle is

10°. For the linear tire model (which is tlome used)ifferent surface friction coefficients have

no effect on the stiffness of a tire, and thus a lower coefficient of friction, which cannot
produce as much side force on a tire, will result in a lower maximum slip angle. For example,
with a speciied maximum tire slip angle of 16n a surface with a coefficient of friction of 0.7,

the maximum tire slip angle possible i5 This is the angle at which the maximum lateral tire
force will be reached, which will be 70% of normal force in this case.

The reason why stabilizing a vehicle in critical situations is so challenging can be shown by
considering the physical effects. Steering of a vehicle yields in a yaw moment which results in
a directional change. The effect of a given steering angle depemdse actual side slip angle

of the tires Only slight alterations of the yaw moment are possible at large side slip angels
even for extensive interventions which can be seen in fig2e

Yaw moment [Nm]
6000

4000

L~ .j°_

2000

g Teed
\

=

13

-2000

-4000

fa°

-6000
o 2 4 6 g 10°
Side slip angle p

Figure32: Influence of side slip anglon yaw moment for different steering angles at high tiread friction
[Convergence Transportation Electronic Associafion
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4.2.2 Brief explanation of ESCsystem technical aspects

It is important to describe how aBSGystem works in order to understarftbw it benefits
crash avoidancelhesystem igperformed onlimit situations and tries not to exceed the limits
of control. By serving on the following variables:

- Steering angle, wheel velocity.
- Lateral acceleration.
- Angle with respect to the verdal axis (Yaw)

The ESC aims to enable the driver's intention is translated into a dynamic performance of the
car adapted to the characteristics of the road.

ElectronicEstability
Control

sl;/éia:ﬁ]ur:rr]n Ie; ;?]f d Measuramenbf lateral Measuramenbf yaw
wheglsp?eed acceleration velocity
Recordingf the | Recordingof the
intendedvehicle @S KAdothab Q &
direction behaviour

Calculatiorof the

deviationbetween
actual anddesired
vehiclebehaviour

Tocounteract
oversteer breakingis
appliedat the front
axtle

Tocounteract
—understeer breakingis|
appliedat the rear axtle

Figure33: Operation of the ESC

The ESC includes the capabilities of AM&8ilock Brake System) and TCS (Traction Control
System), allowing an active braking on four wheels with a high dynamic sensitivity. Control
with braking force and the lateral force is the main objective of the ESC in an attempt to
converge into an idealehicle's behaviour. The management system can vary the engine
output torque for adjust the ratio of the drive wheels slip. ESC allows to ali@songitudinal

and lateral forces acting on it each wheel separately.

As figure33 shows,ESGystems are @ised on steering angle, wheel spe&teral acceleration

YR @l g @St20A0e (2 YI 1S I OFf Odz I G A\ayieso SG oSSy
were measured alsin the chapter Car/Van Comparatiy€eThis tries to makes closely as

possible the esponse of the vehie to the conditions respnse in the normal driving

As you can not directly change the lateral force, it is impossible to varatidw@l acceleration

and slip angle However, the lateral force caused by Yaw moment (which can be gedgra
leads to the variation of the optimal slip anglehe ESC may also intervene in the relationship
of the sliding tires indirectly influence the longitudinal and transverse forces acting on each
wheel, which is done by the subordinated controllers ABSECS.

« “‘%;ﬁé*
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To generate the necessary Yaw angle the ESC transmits the necessary adjustments to the
wheels slip selected. ABS and TCS starts the actuators that control the hydraulic braking
system and engine management system using data generated by the ESC.

The ESComplete control system is usually based on those components:

1- Wheel brakes

2- Wheel speed sensors

3- ECU

4- Steeringwheel sensor

5 Hydraulic modulator with primarpressure sensor
6- Yaw sensor with lateradcceleration sensor

Figure34: ESC control system

The hydraulic modulator with primaigressure sensor uses thiecognition of the emergency
braking as a step to increase the braking pressure beyond the call of the dkoteally, it
increases braking pressure on all the wiset® reach the threshold of the block. At this point,
is when the AB&cts. Regarding theidrarchy of controls, thé&eSChas total priority, meaning
that defines the relationship of the sliding tires ideal for the ABS and TCS.
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4.3 Description of the simulation

Thosetests pretend to representa common situationThe event occurs on a two lane road
(one for each direction) with a width of 3.3 meters for each lane. There is also left and right
margin, in this case with 1.7 meters each. Furthermoreaalside barrier has been positioned

in order to represent possible afbadway crashes, in where the first harmful event occurs off
the roadway after a vehicle departs the travel road due to loss of control or crossing the edge
of the roadway. Those barne have a length o1,9 meterseach with a weight of 1755 Kg.

each. Road section parameters have been taken from the Vasc Country government, just as an
example of realistic values.

$ 1,7m

I 3,3m

|> Roadside barrier
=3 - —

Figure35: Road dimensions

The coefficiat of friction is 0.7, which means that this test has been done in dry conditions.
Also, no wind or weather effects have been applied. Maximum deceleration that can
be reached in those conditions is 6,87 fa/Bhe scenario represents an overtaking by a
BMW 320 Ci to a Mazda 6. Meanwhile, from the other lane, the Opel Movano is
cruisingat constant speed.

Simulations proceeds as follows:

- At 0.6 seconds after the simulations has started, the BMW begins the overtake
maneuver

i=0.600
[ 3=65.0 [km/h]
[+4=81.E [lkm¢h]

Mazda

Bmw ‘

Figure36: Simulation. Start of the overtake.

The overtake done bthe BMW can be considered as standard regarding dynamic aspects. The

lateral offset is 3 meters with a maximum lateral acceleration of £ni/is acceleration is far

inside apad SY3SNJ OF NDa OF LJ 6 Af A (A SrwilbnbtibéNéxeeted O2 Y LI N.
while the steering wheel angle is being increased at the start of the lane change maneuver.

Steering angular velocity of 5 deg./s has been defined with a lateral rise distance offTB&%.

Lateral Steer Rise Distance, expressed as a percentage dfatbml Offset, is the lateral

distance the vehicle moves while the steering angle of the front wheels is being increased.

Usual range for this value is 1%0, considering 1% smooth and 4% abrupt

[O
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- At 1.4 seconds, the Van's driver starts evasive acti@ctfos time 11.2 sec).

=141 5

Van

Figure37: Simulation. Start of evasive action of the van.

- At 2.1 seconds, the BMW is totally invading the opposite lane with a speed of 84.8
km/h.

B v= 64.8 [kn/h]
=210

Van

Figure38: Simulation. Invasion of the opposite lane.
Constant values fovelocity and acceleratin have been defined for both, Mazda and BMW

cars. Mazda has a constamlocity of 65 km/h while the BMW starts the simulation at 80
km/h and accelerating. The shift has been defined between 1500 and 5000 rpm with a time
delay of 1 second. This time delaydue to the time that the driver needs to change the gear

On the other hand, as figur® shows there is no gear change while overtaking. The Bmw can
proceed with themaneuver in the same gear. Figuté correspnds to an acceleration test
done to theBmw starting from 0 km/h. It is possible to find that this car can reach up to 105
km/h in third gear, which proves the fact explained before. The horizontal slopes of the curve
correspmnd to the time delay between geardhe throttle pedal position is ab0% of
maximum.

Velocity v. Time : BMW-320 Ci- -1, Velocity v. Time : BWW-320 Ci- -1,
Tkm/h] < BT Ci- 1 [kmih] —1 -1 BMw-3z0[ci- 1
80 120

100
60
&0

40 60

20

sec
0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 2 4 6 8 10 12 14 16

Figure39: Bmw Velocity Figure40: BMW acceleration test

-At 3.6 sec after avoidance actions, Van's driver presses fully the brakes.
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Results

It has been found two very cleéendencies on the results achieved in this simulations. On the
Vans where the lah has been positionated as loas possible, the main cause of accident is a
sliding situation followed by a crash against therier (except at highvelocity on rear axle)

On the other hand, on the Vans whith a higher center of gravity, rollover has been found as
the result of the evasive action described before. Due to this situation, it has been decided to
study both caseseperately.

Load
distribution
|
I ]
Low High
| |
Rear Rear
| H Front {H Center |-
Front Center axle axle

| I J
L sliding + rollover

barrier crash

Figure42: Simulation Results tendency

Different methodology has been used. Firstly, on the sliding crashe§raBb provides
different parameters that help to understand the crash severity. On the other hand, when a
rollover situation appears, less information is proxddey the software, which lead us the
opportunity toanalyse the stability from a more theoretical point of view.

The first crash type that has been studied is lth& cargo configuration.

4.4 Low load distribution: Sliding + barrier crash tendency

As mentoned before, it has been found that the first three loading configurations (center load,
load on rear axle and front load) have a higher tendency to commit sliding followed by a crash
against the roadside barrie©On the other hand, some results shown than the rear axle
configuration also can commit rollover. This is considered after irsthdy.

Firstly,it is important to define the collision parameters that have been used. This means that
once the proper options have been entered and vehicle nmotgmulation started, the
program have calculated the values of collision parameters as soon as it recognizes that there
was a contact (with a vehicta a barrie}.

4.4.1 Crash Parameters
As indicated in the program for the analysis of vehiclesdaots doneby Dr. Andreas Moser
from DSD, the general questions in accidents are:

-Impact constellation (vehicles positions, pre and {fimgtact directions, damage location,
impact velocities and initial velocities )

[O
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The driving conditions for both vehicles lealieen specified before the crash. Then,
from conservation of linear and angular momentum and the use of the Newtonian
Crash Hypothesis, the peshpact conditions are determined.

Below this heading the values provided by@ash for the posimpact phaseare
shown:

- Vel.is thevelocityof the vehicle.

- Dir. is the velocity vector direction of the vehicle.

-n @ the velocity change.

The crash model used is characterized by the definition of the point of impact. The
point of impact is the point where the crash force is assumed to be exchanged.

-Accident Severity (EES, deformation depth)

As a control, thaleformation depth of each vehicle, based on the defined positions of

the vehicles and point of impact, is also indicated. The deformation depth of each
vehicle, calculated in the direction of the crash force vector, is the distance from the
point of impactto the outside of the undeformed rectangular vehicle outlimiee time

from the first contact between the rectangular vehicle outlines to when the impact is

calculated is from 30 to 60msec .

Furthermore, calculation of the deformation energy (EES, oivatpant Energy Speed)

in the crash has been obtained. The total deformation energy will be distributed
between thevehicle and the barrierbased upon the relation of the masses of the
vehicles as well as of theegpective deformation depths. The distriban of the
deformation energy between two vehicles in collision depends on the vehicle masses
and the deformation depthdAppendices 1.10]

In addition, pictures of real Van accidents have been found in order to represent the
EES value obtained on themsilation. Those pictures have been provided by
AutoExpert Hungary @nd AGU ZiricHatabase, where is possible to choose crashes
between different vehicle class, place of damage, product, type and obviously EES

Deta | Ficture | Options | Video | ] T Ml =] M i | N IR
_ [
[Product = [Model ~|[Place of Damage  ~|[EES -] Vehicle class a
Floco of Damage A P
[¥[Barkas B1000 shead 153 | ¢ egee -
| |Bakas B1000 shead 1051 - etoreycte
| |Berkas B1000 sidewaps 3| | po
Bedford 270 shead 5 S . ||
— - @ :
| chewrolet Astio LS chead G -:-g-mk?'f'f"--tf"-t-k- E
| chyster Wopag shead 56 e
[ |Ester Chiysler shead 7 ®E=
| Chayster Voyager 2570 shead &1
[ |cioen Berlngo X 1.4 shead 50
[ [ciuoen Pioasso 1.6 L% shead &0 .
| [t Minivan shead = Cvue ]
Daihat Minivan sidemaps 2
H ? Hel
Dodg Girand Caravan SE ahead g1 - E
== — Eo=]
Mass: 1540kg Overapping 4 es

Figure43: Capture of the EES 2005 [DSD]
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-Injury

[O

DanCrash

Finally, the elasticity of the collision is considered, based on a coefficient of restitution
(k). For most high energy impactskavalue of 0,1 can be used. If there is an unusual
deep penetration of a vehicle e.g. ifatk hits a Citroen 2CV it is possible to specify a
negative value. Higher positive values can be specified for low emappcts (speeds
below 2030 kmh) This model also considers the sliding of one vehicle along another
vehicle or a fixed object, basesh a contact plane angle and friction coefficient.
[Appendices 1.9]

potential (damage, injuries)

On the load distribution simulation, it has been calculated the acceleration suffered on
the vehicleby dividing thevelocity changgn @y the known time of a crash, which is
between 0,12 and 0,14 seconds.
W= —

0

Where,
n @ vedcity change

t: estimated value for a collision (0,414 secondand also related to the EES v3glue

Afterwards, those values have been compared vddily living accelerations suffered
by a person in order to understand the magnitude of the crash. Those data have been

provided by a DSD study done in 2005 where it is possible to find five daily actions like:

Sit on a chair Get down fran a chair

Down stair Lay on the bed

Hit by a football ball

Figure44: Dally living accelerations
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There were measured T(heck area)chest, and righteft head accelerations for each

action. It is important to mention that accelerations kgetaken on the three axis

directions (X, Y and Z) and measured in g faieash test was realized to people with

different weight and height, starting from a subject of 1,60 height and 60 Kg. to

another subject of 1,88m height and 96 Kg. According to Eheopean average

(1,75m), it has been choosen the number 7, a 33 year old man of 1,74m height and 76

13 ¢KAA &adzoa2SOG OFy FR2dzad G2 | £l yQa RNAOD

4.4.2 Center load

The firstdistribution that has beerstudiedis the Van loaded on the center. i$hmeans a &
of 780 mm. and a distance to the front axle of 1914 mm. Those valuesspond to the
following loadingposition:

= 1 :
Figure45: Center load configuration

The total load capacity (1279 Kg) is distributed in all fheces describedh point 2.3 This
provides a CoG as much centered as possible. Furthermore, same loaded Van has been tested
with and withoutESGn order to understand how this system helps in critical crash situations.

The first thing that has been fodnis the maximum entrance speed that both Vans (the only
difference is theESE can reach without crashing. The Van without the stability system can
handle 89 km/h while the "8generation an (ABSESE can reach up to 108 km/h. This means
a difference 1%m/h.

Figure 46 shows the simulations tiftopping velocities. By comparing the final position of both
Vans after the simulation, it is possible to observe that even though the Van wiE®Qias
not crashed, this fact is more due to the braking caligbthan the ability to follow the
desired path. The8generation Van would still have been able to continue the trip without
any additional maneuvers. It is also possible to observe the tire marks left by both vehAgles.
mentioned before,tire markswere visible on the road due to combined longitudinal and
lateral tire forces. That happenas defined for these simulations$,those forces are more
than 95% of the available frictional force.

DanCrash
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In order to understand why theBgeneration Van is capable to pass through the critical
situation without crashing against the roadside barrier (while tAtg2neration does), it has
been simulated both & passing at the same entrance speed of 90 km/h.

2" and 3% Generation vans at starting velocity of 90 km/h
It has been analysed how the ESC prevents the accident by comparing the lateral acceleration,
yaw rate and the brake factors. As was explainad the Electronic Stability Program
introduction, the main target of the ESC is to calculate the deviation between the actual and
desired vehicle behavior. In this case, ESC counteracts oversteering by applying brakes at the
front axle. Figurel8 shows thebrake factors diagram for both Vans, understood brake factor
as the brake/acceleration forces applied to each wheel, in % of normal static force

- -

Figure47: Center load configuration. ESC interaction.
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Figure48: Center load. Brake Factor. Figure49: Center load. Yaw angular velocity.

It is possible, by observing the red and dark blue curves, that the brakes are only applied on
the Van number 1. Thiis due to the ESC function because the driver does not press the pedal
brake until 3.6 seconds after the start of the simulation. Three different phases can be
perceived. On phase number two, from 1,67 to 2,29 seconds, instability can be perceived by
measuring yaw angular velocity. To counteract this fact, brakes are applied on tHeolsft
wheel. Afterwards, an opposite yaw angular is detected, so this time brakes are applied on the
right front wheel from 2,33 seconds to 3,6 second. At this momenhefsimulation, and like

was defined on poin#.3, brakes are applied by the driver. Finally, tH& generation Van
keeps a safe position and ready to continue after avoiding the critical situadorthe other

hand, the 2 generation Van has sufferedcaash against the barrier.

IE Figure50; Center load. ¥ (red) and 3" Generation (blue) final position.
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Below it has been done a further study of’ Zyeneration vancrash following the most
important questions regarding accidents.

- Impact Constellation

This crash occurs at 6.42 seconds with aipmeact velocity of 18.6&km/h. After avoiding the
BMW, the van enters in a sliding movement that ends up with the front part colliding against
the roadside. Theelocity vector directiorDir of the vehicleis -21.77°, which shows that the
severity of the crash is reduced by trecf of having a velocity almost parallel to the roadside
barrier. The velocity change @ 6.93 km/h. This value has been also used to calculate the
acceleration suffered on the crash.

=y ’% Cortact plane
fffff L__P@mlnf' pact=>/_1L __ _|
| P iy e [y

Figure51: Center Load. 2nd genetian van impact.

-Accident Severity

Due to the low speed crash, the elasticity of the collididmas been considered by using a
coefficient of restitution of 0.2, which is higher positive value than the 0.1 used for high energy
impacts. If the vehicle @hthe barrier are still engaged and approaching each other, secondary
impacts appear. In this simulation 8 secondary impacts have been found. It has been defined a
value of 45 msec between each impact if the vehicles are still engaged and approaching each
other, which seems to be realistic.

The @formation depth of each vehicls the distance from the point of impact to the outside

of the undeformed rectangular vehicle outlingéhe total deformation energys distributed
betweenthe van and the barriertbased upon the relation of the masses of the vehicles as well
as of the espective deformation depthsTaking into account that the mass of the Van is 3300
kg. and that each barrier portion is 1755 kg. the EES value results bigger on the roadside
barrier. h this simulation, EES value of 5,61 km/h has been obtained for the Van whereas the
barrier has registered 8,89 km/h. Those valuegeal that this is not a severe acciddmit

both, EES and acceleration, have been compared with real crash tests.
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Real Crsh figures show the postrash situation between a Ford Galaxy and a Peugeot 206. In
GKAa Ol aSys -inmpgast vah8itkwa®14$ Kith tHaiNéSulted on EES value of 6 km/h.

Vehicle Ford Galaxy Peugeot 206
Year 1996 2000
Weight 1770 kg 988 kg
Pre-Impact Velocity 14.6 km/h 0 km/h
Velocity changgn @ 6.8 km/h 12km/h
Acceleration 1.79 3.1g
Place of damage Front Back
Collision direction -90° 90°

EES 6km/h 8km/h

Table24: Real crash parameters

Vehicle Simulation: Opel Moano Roadside Barrier
Year 2005 -

Weight 3300 kg. 1770 kg.
Prelmpact Velocity 18.65 km/h 0 km/h
Velocity changgn @ 6.93 km/h -
Acceleration 1,64g -

Place of damage Front Front
Collision direction -21.7P -90°

EES 5,61 km/h 8,89 km/h

Table25: Simulation parameters

Due to the difficult task of finding an identical situatibm the simulation, this is theeal
accident that most resemblesThere is an important difference of the total weight of the
vehicle, and also, in one @& the impact is against a roadside barrier while in the real scenario

is against another car. On the other hand, velocity change, acceleration and EES are
parameters with similar values.

Figure52: Center Load. Possibl@fﬁgeneration van crash consequences.

[Wintherthur Versicherungen, Accident Research WPCA]

Pictures should have been taken as a possible damage cautiesl dgcident.
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-Injury potential

By knowing thevelocity changgr @nd theestimatedtime value for a collisionit is possible to
calculate the average acceleration suffered by the vehikte velocitichange iy @.93 km/h

(1,93 m/s) and the timesi0,12 seconds. Thisvolves an acceleration of T& m/s or 1,64g.

This values can be compared with the data obtained from real crash tests made by crashtest
service.com ® for DanCrasthgpendice$

If this value is taken to the daily living situatioris is possible to compare the average
acceleration suffered by the vehicle (1,64g) with the quotidian action of sitting. On the data
provided, it is possible to observe that the mawuim acceleration is reached at 0.8299 sec.
with a value of ®1596 g. Itis important to notice that when talkingbout peak values in a
short time, which is an impulse, it isot considereda force as conventionally used. The
impulse is not as damaging, e.gpiéot can handle only about 99 in het over a few seconds,
while ahummingbird smashed in the head doing 120 mph hardly affects him.

Due to this fact, has been calculated the average of acceleration dilmingame length D

time thanthe impact(0.12 sec.). It has been found that while sitting, an average accelarati

of 0.79gis suffered between 0.7619 and8819 seconds. This means that on the crash the
driver suffers an acceleration just almost the double acceleration suffered while sitting, which
probably might not cause injuries. On the other hand, and wheringlkbout accelerations,

the position of the body is very importaat the instantof impact.

—T1X[g]
—T1Y[g)
T1 Z[g)

acceleration [g]
o

time [s]
Figure53: T1 acceleration suffered while sitting [DSD tests 2005]

4.4.3 Frontload

Theseconddistributionthat has beerstudiedis the Van loaded on thigont. This means adge
of 805 mm. and a distance to the front axle 0646 mm. Those values casppond to the
following loadingposition:

Figure54: Front load configuration.
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The total load capacity (197g) is distributedust on the front spacesAs was done in the
previous simulation, the same loadedrn/has been tested with and witho@SGn order to
understand how this system helps in critical crash situations.

By trying to reach the maximum entre@ speed that both Vans can handle, it has been found
values really close to the center load configuratidhe Van without th stability system can
handle 87 km/h while the 3 generation Van (ABESE can reach up tdl05 km/h. It is
possible to observehat the speed it is just 2 km/h and 3 km/h under compared with the
previous caseAfterwards it will possible to observe thahese similarities also occurs on the
high load configurations (point 4.,5which may lead to the conclusion that there is notig b
difference between center and front configuration in this criticedsh situation.

On the other hand, and also like in the previous cargo configuration, the use of ESC allows the
Van an entrance speecbnsiderably higher. In this case, a range of 80hkabove the 2°
generation Van can be perfectly corrected by the sole fact of equidp8@.

A further study of this configuration crash has been carried on at the end of this chapter in
order to compare the three different load options.

4.4.4 Rear axle load

Thelastdistribution that has been studied the Van loaded on thear axle Thisresults ona
heocof 814 mm. and a distance to the front axle 8818 mm. Those values caspond to the
following loadingposition:

e
Figure55: Rear axle load configuration.

The total load capacity is distributexvenlybetween the two back spaces, which means 639.5
in the space number 1 and 639.5 Kg. in the number 2.

A has been done with the two previous cargo configurations, maximum recgrapeed of the
Van with and without ESC has been found. In this case/dhewithout the stability system
can handle72 km/h while the 3 generation Van (ABESC can reach up t®4 km/h. It is
possible to observe a big difference between this loaafiguration and the center load
scenario. For example, by comparing th® generation vehicles, there has been found a
reduction of 19% of the maximum allowed spg@® km/h center- 72 km/h rear) whereas on
the 3%generation it is even bigger 22% (10@/h centerg 84 km/h rear).

That prove the loading aan on the rear part is the worst option foun@his statement is
increased by the fact that it has been found the rollover as cause of the accident instead of an
impact against the barriett is imprtant to note that injury in such vehicles tend to be much
more severe in case of overturning, since in many cases the airbag for example, loses its
effectiveness as an element of passive safety.
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It is true that many passenger vehicles are equipped tghamount airbag or near windows,
which provides a degree of security in the event of overturning. Instead, this option is not
provided or extra equipment for commercial vehicles.

4.4.5 Center load vs. Front load vs. Rear axle load at 90km/h

Finally, simlation has been carried comparing the three possible load configurations 6h a 2
generation Van. At 90 km/h, the three vehicle crash against the roadside babmepoint
4.4.2has been studied how ESC can avoid an accitiatibwing the same proceduré has
been proved that the load distribution may affect even in a harder way.

This test has been realized comparing the crash severity of three Vans with exactly the same
technical properties and entrance speed. The only difference between them iso#te |
distribution. It has been used the same methodology than before, which means that the
impact constellation, the accident severity and finally the injury potential parameters have
been measured.

-Impact Constellation

Center load

Crash values for centévaded Van were obtained on poiAt4.2 This crash occurred at42
seconds with a prémpact velocity of 18,65 km/h. Theelocity vector directiorDir of the
vehiclewas-21.77° with a velocity change pf .93 km/h.

Front load

On the other hand, witha front load the crash occurs at@®l5 seconds ith a preimpact
velocity of 2964 km/h. After avoiding the BMW, the van enters in a sliding movement that
ends up with the front part colliding against the roadside with 11 km/h higher speed than in
the previous simulation. It is important to notice that the front load distributisanbtracts
braking capabilityto the rear axle of the vehiclélThe brake force distribution between the
front and rear wheels for each vehidleenter load: Red, front load: bluean beobservedin
figures56 and57.

gh gh

04 04

0.3 0.3

0.2 0.2

0.1 01

1} 0.5 1 0 D5 1
z z
phi: 0.4 z1: 05 m: 0.16 phi: 0.31 21: 05 m: 0.08

Figure56: Brake force distribution. Center load. Figure57: Brake force distribution. Front load.

These parameters identify the defined brake force distribution, as follows:
wPhiSlope of the first line

wz1Point where slope changes

wm Slope of the second line.
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Graphs show the proportion of rearrdke force (gh) to the front brake force (z). The
theoretically ideal curve as well as the assumed or defined distribution is shown. Immediately
after entering a C.G. height a suggested distribution curve is calculated. This is because many
modern vans arequipped with automatic readjustment of brake distribution as a function of
vehicle cargoFurther explanation of correction of braking forces has been explained on point
Appendices 1.4

080 =—==1.-1.0pel Mavana_MAN
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Figure58: Yaw angular velocit. Front load (blue). Center load (red)

Start of theBrakesequence
Due to the different braking distribution mentioned before, it is possible to observe on figures
58 and59the relation between the yaw angular velocity and tragey that has followed each
van. At 3.6 seconds the brake sequence starts (start is marked in both figures). After that point,
the blue curve (front cargo) separates from the red one (center cargo) showing the lower
capacity of the front cargo van toounteract the negative yaw velocitfthe smaller braking
capacity on the rear axle causes greater tendency of this to advance the front axle, thus the
ability to follow the desired path is reduceBigure58 showshow both vehicles are following
exactly the sme path just until the point where the brakes are applied. This is one of the
reasons of the increase of the damage suffered by the van with front cargo.

The velocity vector directionDir of the front load vehicleis -18.15°. As happened on the
simulationwith center cargo, the vehicle and the barrier are still engaged and approaching
each other after the first impact, which means that 7 secondary impacts have been found. On
the second one, the highest velocity charg&s produced with a value of 81 km/h.

RearaxleLoad

On the rear cargo configuration, it has been found a critical rollover situation. As mentioned
before, PeCrash provides less information regarding this type of accident, so is not possible to
provide the same parameters than in the center and front configuration. In this scerlagio,
lateral forces create a large enough moment around the longitudinal roll axis, causing a
rollover instead of a sliding cradinecessary friction is availabl&/ith an entrance velocity of

90 kmh the van commits rollover at 2.9 seconds with a speed of 8h/h. Coniglering a
friction between the an body and the ground of 0.5,has been found that once theam hits

the asphalt slides for 34.44 m. until it geg®pped on the opposite lan&his crash has some
particularities in common with the high cargo configurations, which have been studied in point
4.5.
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-Accident Severity

Center load

Longer description has been done in podd.2 but in order to compare ith the other cargo
configurations,the most important parameters are remembered. The collision parameter
considered has been 0.2. Thenave been 8 secondary impact$he EES obtained has been
5.61 km/h.

Front load

Even the speed in thisrash is 60% higher than on the center load \the, elasticity of the
collisionk has been considered the same by using a coefficient of restitution of 0.2. This is due
to the fact thataccelerations are only comparable using EES if the coefficienstifuten is

the same in both (every) crasklso, with an impact speed still lower than 30 km/h is still
feasible to us&=0.2.

As in the center load simulation, the vehicle and the barrier are still engaged and approaching
each other after the first impa. In this case, 7 secondary impacts have been found.

EES value of 8 km/h on the 2" impact has been obtainedt refers to the most severe
impact which in most cases is the sum of the deformation energy e.g. if a car hits a tree
with 45 km/h the defomation will not get any deeper by hitting the tree another 10 times
with 10 km/h.It has not been possible to find a real crash test with similar characteristics as
happened on the front load configuration. On the other hand, on the Spring Seminar in Linz
organized by DSDAppendicedl], it was possible to obtain data from a front collision 4t 3
km/h which is close to the 284 km/h preimpact velocity registered in this configuration.

It is important to mention that thesled test done in DSD facilgievas performed with a
reinforced car body which means a total mass 570 kg. Also, it is possible to observe by
comparing figure$9 and 60 the difference between the angle of incidence of the real test and
the simulation.

. PcCrash simulation  Figure60: Sled test at DSD

Figure59

There is a difference of approximately 20° between both contact planes. Therefore, both
simulations should be compared cautiously.
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RearaxleLoad
Finally, the rollogr situation for the rear load configuration is shown on fig&& This proves
again, that the rear load configuration produce much more severe consequences than the

center and front cargo positioning.

By comparing the accident severity based on the ltesobtained in P«&rash, it is possible to
observe the differences between de crash consequences on the three different configurations.
On figure62, inside de the red box, slight damage is produced mainly on the-fright side
whereas on figure6l the damage is more severe. Also, it is possible to see a bigger
deformation on the roadside barrier in the front load configuration.

\

Figure62: Center Load crash Figure61: Front Load crash

Figure63: Rear axle load crash
Rollover is represented also in 3D view due to the complexity to understand 2D sketch

Injury potential

Center load
Previously, it has been found that with a center load distribution, the crash of the vehicle

against the roadside barrier produces an average acceleratiorbdf1As mentioned before,
this means almost the double of the acceleratisuffered while sitting, which is hardly
probable that may cause severe injuries neither on the driveromoahypothetic passenger.
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Front load

The injury potential for the front load configuration has been compared with the data
obtained from the sledest carried out by DSD at the Spring Semiflavo tests have been
performed, with a belted/unbelted Dummy on the driver se#t. both cases it has been
analysed the saxleacceleration suffered on the head and chest.

In the belted Dummyras been found peak value of &g on the head and 10.1g on the chest.
As has been done on the center load distribution, the average acceleration suffertte on
estimated crash duration (02 seconds) has been calculated. The acceleration suffered during
the collision ime is 2.5g on the head whereas in the chest is 2.7g

In the unbelted Dummy accelerations increase considerablyeal value of 13.1g on the head
and 15.@ on the chest has been foundhd average acceleration suffered on the estimated
between 0.0459 seand 0.1659 sec. of the crash the head suffers 8,189 whereas the neck gets
6,7g.

Figure64: Belted Dummy rest position after 30 km/h crash.

Doing the analysis with the data obtained on the simulation, it is possibliedade average
deceleration by dividing therelocity changen @.31 km/h by the collision time. Using the
formula p @t it has been found an acceleration of 05g. This value is close to the ones
provided by the real sled test.

Finally, and again comparing shvalue with the daily living accelerations, it has been found
that the acceleration suffered in the front load distribution is almost 10 times the acceleration
suffered while sitting. In this case this may produce more severe consequences.

Rear Load

Agan, due to the lack of information on rollover situations provided byd?&sh, is not
possible to give data of the injury potential. Injuries in this type of accident depdotbn the

use of the belt. If the driver is belted, the main injuries are cduse the head whereas if it is
unbelted, the accelerations may move the body along the inside the vehicle causing major
injuries.
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4.5 High load distribution: R ollover tendency

4.5.1 Rollover and Static Stability Factor

The rollover occurs when the latdr forces create a large enough moment around the
longitudinal roll axis of the van for a sufficient length of time. Critical lateral forces can be
generated under a variety of conditions. The vast majority of rollover crasheplade after a
driver log control over the varj8]. By skidding off the road, the van may get in lateral contact
with a meclanical obstacle like a curb,hmle or a plowed furrow which yields a sudden large
roll moment. This results in a so callegpéd rollover.

On the other hand, an utripped or friction rollover is the one that has been studied on the
simulation. This one takes place during severe steering maneuvers solely as a result of the
lateral cornering forces. Although the ratio of-tmpped to tripped rollovers is small, the un
tripped rollovers account for the most severe crashes.

Has been found that the ratio of the track width T and the height of the center of graagty h
gives a first indication for the rollover propensity of véédc

“y

2 Qeo

The Static Stability Fact@8] is an important parameter affecting vehicle rollover risk and is
both relevant for tripped as well as ttripped rollover. The trackvidth is a fixed parameter
(T=174m) while the center of gravity height varies with subject to different load conditions.

Load Position SSF | Star
Center load 1,13 ***
Load on rear axle 1,07 | **
Front load: 1,08 | **
High Center load 0,90| *
High load on rear axle | 0,86 | *
High front load 0,86 *

Table26Y =l yaQ f2FR RA&AGNRAROodziAz2Yy {{C

Therefore, the SSF is used to get the star rating for a single vehicle according to the following
table:

SSF Star
> 145 *kkkk
[1.25; 1.44]| ****
[1.13; 1.24]| ***
[1.04; 1.12]| **

<1.03 *
Table27: Star Rating [NHTS]

Just the &n with center load, with a limit value of 1.13, can reach three stars. From that point,
the rest of vans (load on rear axle and front load) with a low load positiachrévo stars.

«E g‘\gé';“gy
C \
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On the other hand, all the vehicles loaded with an increaseédafrB. on the load heightave a
SSF value under 1.03. It can be predicted a really high rollover tendency for those vans.

How the load condition influence on the rollover grensity is shown in figuré5 in a
simplified manner for different types of vehicles and loading conditions. The static stability
factor for typical passenger cars is far above the lateral acceleration which can be transferred
by the maximum tire grip. Tiis the reason why passenger cars are usually not subject-to un
tripped rollovers even in extreme loading conditions. If the adhesion limit between the tires
and the road surface is reached before the lateral acceleration gets rollover critical, théevehic
starts to skid over the front wheels. The situation is differengecially for light commercial
vehicles, where elevated loading may play a major role.

4
SSF | lateral

acceleration [g]

represents quasi-stationary
driving situations

Suv

maximum
tire grip

06

light truck/

light commercial vehicle

/| limit lateral
acceleration
to avoid
rollovers

vehicle
empty

vehicle
loaded

with center of gravity
roof load height (relative)

Figure65: Typical critical lateral accelerations to commit rolloven different types of vehicles. [NHTSA]

Figure shows that the lateral acceleration between a passenger car and a light truck in empty
conditions is not as big as in loaded situation. This is also reflected onJBinwhere the
empty van was close tde registers obtained by passenger cars on the over steering and lane
changing tests.

On the other hand, and by analyzing the results that have been obtained from tidations
done by P«Crash, it has beepossible to see if high load configuratiorencbe handled and
corrected byESGystems.

4.5.2 High Center load

The first configuration has a-f0f 969 mm and a distance to the front axle of 1914 mm. This
means an increase of 189 mm. compared with the same load position but positioned as low as
possible. As observed in poidt4.2 the van with a low configuration was able to bypass the
critical situation described without crashing or committing rollover at a maximum initial speed
of 108 km/h. This speed was reached uda®System, while the mamum speed without it

was 89 km/h.

| L
| ———

Figure66: High center configuration.
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On the contrary, results have changed significantly in high load configuration. As mentioned
before, the lateral forces create a large enough moment arothml longitudinal roll axis,
causing a rollover instead of a sliding crash if necessary friction is availainieilation has
been done comparing high and low cargo configuration.

High center configuration vs. Low center configuration

- With ESC

=238+
[v1=101.4 [keo/h]
/3-65.0 [km/h]
[v4-85.5 [k/h]

Van

Mazda = =

Bmw

Figure 67: High center configuration with ESP. Entrance speed=108 km/h. t= 2,38 sec

By using the same maximum speed reached for the low cargo simulation (with and without
ESCit has been found that with an entrance velocity of 108 kmaftd equipped withESCthe

van with a high centered load @38 seconds commits rollover with a speedl6fi,4 km/h.

That provesthat the speed that was possible to reach with the load in the same longitudinal
position but lower, is not possible to reawlith a higher center of gravity even if the vehicle is
equipped withESC

i L LF
2~ TRF

0.000 0.200 0400 0.600 0.300 1.000 13200 1400 1.60021.800 2000 2.200 2.400 2600 2300 3000 3.200 3.400

Figure68: High center configuration.Tire normal forces.

Figure68 shows the instant where both, leftont and leftrear tires lose contact with the
ground. At 2.38 seconds, the leftont wheel is the first one that reaches a noal force equal

to 0. Is it possible to observe also the force transfer to the right side wheel. Just before the 3
seconds all curves cross theaxis which means that the vaa on the groundSnce is the

major parameter to recognize rolloveriticalin driving situations the lateral acceleration has
been also measured relative to the center of gravity. The vehicle reaction is usually expressed
in terms of lateral acceleration and yaw rate.

Acceleration
Jafms —2-1Lat

12

[N
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00 0200 0.400 0.600 0.800 1U0B-1200 1.400 1600 1.800 2000 2200 2400 2600 2:80
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IE Figure69: High center configuration. Lateral acceleration
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At 2.6 second, a lateral acceleration of 10 fis reacheé which is far above from the
maximum lateral acceleration to avoid rollovef the van. As seen i@hapter 3and as a
reference,the van in empty conditions was capable of doing the lane changing test with a
maximum laeral acceleration of Tn/s?.

- No ESC

Similar situation has happened in the simulation without ESC. It has been proved that the van
loaded in a higher way can not handle the situation with an entrance speed of 89 km/h. In this
case, the van commits rollover at 2.81 seconds with a speed 8fk@d/h.

One diffence that has been found between those two tests is the relative position of the Bmw
and Mazda due to the variation of the entrance speed. It is possible to see in Tigthat the

. Y8 Qa 2 @SN Irdg &lvadcéd situgfion lwhery thean rolls over the ground. In
addition, the distance traveled once the rollover has occurred is also different.

k]
kmh]
Tkméh]

Figure70: High center configuration simulation at 2.81 sec

2AGK F FTNROGAZY O28FFAOASYG 2F nop RSFAYSR
with ESG@nd an entrance velocity f 188n/h travels 66 meters along the ground invading the
opposite lane. On the other hand, the vehicle with&gut with a lower entrance speed of

89 km/h leaves marks on the ground on 51,5 m. Those values are directly related with the
entrance speed.

Highcenter configuration with ESC vs. low cargo configuration without ESC

Aferwards, it has been simulated if the high center loaded van can avoid the rollover if it is
equipped withESCand starts at the same entrance velocity that was reached by the van
whitout ESCbut with a lower CoG. (89 km/h).Results show that even at 89 km/hEHRE
system is not able to reconduct the rollover critical situation. It has been found a lateral

accelerations still close to 10 ni/swhich as mentioned before, is still fabove ¥ N2 Y @I y Q&

limit.
Maximum entrance speed." generation vs. 8 generation

Finally, it has been found in which speed range B&Qesults effective with a high center
load configuration. After adapting the simulation to the considerably reductioentfance
speed, it has been found that 55 km/h is the maximun speed in which the van equipped with
ESds able to avoid the collision. On the other hand, the van witie8Ctan only reactb3

km/h.
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If two vans, one equipped witBESQvehicle 1 red) anadne without it (vehicle 2 blue), are
launched at the same initial speed of 55 km/h it is possible to obserfigure 71 how the

first one keeps following the path whereas the second one enters in rollover situation.
Important to mention that at this spek both vehicles are reaching limit situations, and that
the van withES@ven lose contact with the ground on the two left side tires.

=517 =

w1=20.4 [km/h]
v2=21.4 [km/h]
w3=65.0 [km/h]
4B 3 lkn/h]____

Figure71: High center configuration. ¥ generation vs. &' generation

Figures71 and 72show how the curves are similar until the phase close to the 3.5 seconds of

the simulation. Inthat moment, which is represented by figurd, the highest values of yaw

angular velocity and lateral acceleration are reach®d3.5 seconds, the vamumber twogets

into a yaw angular velocity of 0,55 rad/s whereas the mamber oneremains at 0,50 ra's.

Those can be compared with the results obtained on the -@teering test (poinB.2.3 where

gryQa tAYAOG adloAtAde 61 & NBIFIOKSR taz2 +d nZpp

Lateral accelation of 7.91 nf/ss suffered by van number two. On the other hand, the van
equipped withESQets a lateral acceleration of 7.03 r/Jhis can also be compared with the
tests done between cars and the van. In this case, on the lane changing simulation, the van
was capable to pass through the marks with an acceleration up to 7 m/s

“Yaw angular velocity
[rad/s] *1.E-1 -1 Opel_Movana_MAM L

5 Oel_Movana_MAM_Jfigh_center
4 X
3
2
1
Sec

odoo oS znnn 2500 3000 3500 |4000 *, 4500 \Tnn”n
-

Figure72.H|gh center configuration. Yaw angular velocity
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Figure73:High center configuration. Lateral acceleration

%E?"

Figue 74: High center configuration. Position.
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4.5.3 High load on rear axle

In point4.5.2it has been demonstrated that is not possible to reach the same speed on the
simulation by positioning the load on a higher centered position. In this case, same results are
found. Thevan with high load on rear axle configuration is not able to achieve the same
results than the rear load configuratioraw.

]

Figure75: High rear axle configuration

Afterwards, it has been fond the maximum speed that theam with a high rear position load
can achieve without committingollover. With ESC, the an can pass through the critical
situation at 46 km/h whereas witholESGhe speed is 45 km/h.

1 Opel_Move ~ | |2 Dpel Move +| 3 Mazda® 2 ~| [4 BMw-320( ~|

46 kmn/h 45 krnh E5 kmdh 20 kmn/h

Figure76: Maximum speed of the vans.-ESC -No ESC.

As it can be predicted, with a really high CoG value, thezeskight differences between am
equipped whitESGnd one withait it.

On the other hand, a much important difference has been observed within the load
positioning. On the previous simulation, a maximum speed of 55 km/h has been reached
whereas in this case is 46 km/h. This makes a difference of almost 10 km/h ng&lening a
different load position.

High center load van configuration at maximum speed reached by the high load on rear axle
configuration

It has been proved that the simple idea of loading the van in the center instead than in the rear
part allows reahing up to 10 km/h more on the same rollover critical situation. Because of it
it has been decided to study the difference between both loading options at the speed where
the rear load configuration commits rollover. (47 km/h)

Both vans are equipped witthe sameESGind ABS configuration. Also have the same tires,
suspension and geometry. All the parameters are exactly the same except the load positioning.
On the rear configuration, the CoG it is just 48 mm higher but with 404 mm more of distance
to the front axle (2318 mm against 1914 mm of the high center configurat®eg. figurs 77

and 78
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Impact parameters

I Stability control

Rear Brake Force

Tmier |  Vehicle Shape

Impact parameters

| Stability control

Rear Brake Force

Vehicle Geometry | Suspension Properties | Occupants & Cargo

1 Opel_Movano_MAI +
pel_Movano_high_cente

Driver

HNo. of &des: 2
Length: 539
Width: 1.59
Height: 272

Front overhang: 0.86

Track - Ade 10 174
Track - A&de 22 173

m

m

Type: Truck -
Total Weight 3300 kg
Distance of C.G. from front ade:

15 m
C.G. height: 0963 m
l{Def) = m*{Length ™2+ Width "2}/ 12
Yaw: 90734 kam™2
Rol: 21781  kgm™2
Pitch: 90784 kgm™2
ABS 01 S8C

Wheelbase 122 358 m

Vehicle Geometry | Suspension Properties I Occupants & Cargo

Trmiler | Vehicle Shape

Driver

No. of axdes: 2

Length: 539 m
Width: 195 m
Height: 272 m

Front overhang:

Track - Aude 1:
Track - fude 2:

173

m

m

Type: Truck -
Total Weight 3300 kg
Distance of C.G. from front ade:
2318 m
C.G. height: 1.017 m
|{Def) = m*{Length™2+Width"2)/12
Yaw: 30784 kgm™2

Roll: 21781  kam™2
Pitch:  9073.4  kgm™2
ABS 0.1 sec

Wheelbase 1-2. 358 m

Figure77: Highcenter load parameters

Figure78: High rear axle parameters

The program automatically calculates the moment of ir@eusing the formula describedah i

[Appendices I.7]All the moments of inertia in this dialog box represent the unloaded vehicle.

Figure79 shows how the red an (with center load) matains control whereas the bluean
(rear load) commits rollovett is imprtant to mention that thered van does not even invade

the opposite lane, so there are no injuries or damages caused by the evasive attisn.

simulation proves how @roper load distribution can hplto avoid a really rollover critical

situation.

1=4.205

1=31.4 km/h]
2=32 3 [ken/h]
3550 [ken/h]
=503 fkm/h]

Figure79: High center configuration vs. High rear axle configuration

4.5.4 High front load
Fnally it has been studied theam reaction with the load on a high front positioning.

As previous simulations, thems are not able to reach the same speed than with a lower load

positioning.
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Due to this fact, it has been studied further the different reactions with and witlEs€and
also how this new loadimconfiguration affects to thelvy’ Qa Re&y | YA O 0 SKI @A 2 NI

In this case, it has been found again a slightly difference enmtaximum spe& reached by
the van equipped withESCThe van equipped with the stability program can reach 53 km/h
without committing rollover while the an without it can reach 51 km/h.

On the other hand, those values are similar to the results that have been foonteofirst
simulation with a high center load configuratiorhis can be compared with the similarities
that were found while comparing low center and low front cargo configurations. Again both
achieve similar results, leaving the rear as the worst optmload a light commercial vehicle.

On the other hand, while talking about high load configurations, rear positioning does not
mean a different type of crash as happened on the low configurations.
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4.6 Conclusions

4.6.1 Regarding ESC

The resultsof several studies show a consistent picture of the ESC with remarkable safety
benefits and proof the positive impact, especially on the low cargo configurations. On the
other hand,one of the more significant findings to emerge from this study is thétstitfect

on the high CoG configurations, where ESC has not been able to counteract the high rollover
tendency.

Max. entrance speed [km/h
Center ESF : : : : : : : : : I108
Center no ESF | | | | | | | | 89
Front ESP | | | | | | | | 105
Front no ESF | | | | | | | I87
Rear ESF | | | | | | | 8|4
Rear no ESF | | | | | | 72I
High center ESF #
High center no ESI 53
High front ESF #
High front no ESF 51
High rear ESF #
High rear no ESI : : : 45
0 10 20 30 40 50 60 70 80 90 100 110

Figure81: Maximum entrance speed comparing load distribution and the use of ESC

These conclusions can be draworfr figure81, where it is possible to observe that in all the
low cargo configurations the use of ESC allows to reach between 12 km/h and 19 km/h more
than on the 2° generation an. This means that in that range of velocities, by just introducing
ESC adandard equipment of the vehicléhere would be no sort of consequences, neither for
the vehicle nor the passengers.

In contrast, on the high load configurations it is possible to observe that the difference of
adopting the stability system it just betwa 1 km/h and 2 km/htherefore it seems that there
is not a positive effect of the ESC.

An implication of this is the possibility that, even the use of ESC results effective for some
cases, something else is needed to counteract the influence of theltgghon the rollover
propensity. In highly dynamic manoeuvres like the simulation that has been done, a hybrid
dynamical system is required for a suitable aotlover control.
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4.6.2 Regarding ESC:Possible solution

The Bosch Rollover Mitigation Functso(RMF) is based on the standard ESC sensor set and
provides a scalable structure concerning the determination of rollover critical situations as has
been found on the high load configuratiori8]

Figure82: Structure of the Rollover Mitigation System

Figure82 shows the structure of the entire vehicle stabilizing system with the basic Electronic
Stability Program (ESC) and the Hybrid Rollover Mitigation Controller (HRMC). This system is
based on tle statement that each turn or even a subset of the espnding time interval is

OKI N} OGSNAT SR o0& I aSid 2F GeLAOlIf espNRISNDA
Consequently, each dynamic steering maneuver can be divided into several time lsicts w

follow each other in a specific manndio get an appropriate stabilization, the controller must
provide suitable intervention strategy.

This is why for the detection of severe steering maneuvers and a suitablelotier control,

a hybrid dynamdal system is usedrigure 82. The input, output and state of such a system is
composed of a discrete and a continuous part; the discrete dynabhiasd the continuous
dynamicsC.

Transitions between the discrete states are essentially influenced bRtN® @S N a A y LIdzi
vehicle reaction. Continuous states vary over time dependent on the discrete state. They are
influenced by continuous inputs like the steering wheel angle, the lateral acceleration, the yaw
rate, the longitudinal velocity, the bodslip angle, and other reference variables essential for

the rollover prediction

In summary, the&eSQvith Rollover mitigation functions helps the driver to stay on the road and
to avoid obstacles, e.g. a car overtaking, by a specific yaw control. sghports the driver
with an optimized lateral acceleration control to manage rollover critical situations.

This research has thrown up many questions in need of further investigation. For example
deeper look intothe Hybrid Rollover Mitigation Contrell. Also, a reasonable approach to
tackle this issue could be to assess the effects of the use of the HRMC in the high load
configurations. As RCrash does not offer the possibility to simulate this sysyetn probably

this should have to be studied bygaucing real tests.

[O

DanCrash




