Proceedings in
¢ MANUFACTURING
\ SysSTEMS Proceedings in Manufacturing Systems, Volume Qielgs 2014, 239-244 ISSN 2067-9238

CAD-CAEIMPLEMENTATION IN CARGO SECURING SYSTEMSTESTING

loan-Tiberiu GIURGIUY, Petru ROSCA?Z, luliana-Florina PANA®

Y PhD studentFaculty of Engineering and Management of Technokigbystems, University “Politehnica” of Bucharéggmania
2 Dipl. Engineer, Military Equipement and TechnoksjResearch Agency, Clinceni, Romania
% PhD student, Military Equipement and Technologtesearch Agency, Clinceni, Romania

Abstract: The paper presents a comparative analysis betwaererical simulations performed in ANSYS
software and the results obtained in real dynaneistd in order to observe the behavior of a cargo
securing system. After a statistical analysis it && noticed that the number of road casualtidsigher
when discussing about heavy goods vehicle (HGV)paaative to passenger vehicles. And one of the
main reasons for accidents in traffic is the roboweffect caused by the incorrect securing of thesl|
disposed on a truck platform. The subject of thalyasis is a 6x 6 military truck, adapted to carry onto
its chassis a special platform, secured with atgbiconnections due to the complexity of the entire
assembly. Both theoretical and practical informatiegarding the testing procedures are presentba. T
obtained results are also analyzed and the desdribeethods could be useful for vehicle testing
engineers in order to predict the possible failudesing real testing.
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1. INTRODUCTION reason for this phenomenon could be representaticdby

. __permanent progress in automotives and the new
Novyadays, the demand OT the society on th_e traffICtechnologies applied on this type of vehicles ideorto
safety is permanently increasing because of thmggp increase transportation safety.
number of the yehples all around the world. ""!‘3"0“5 Here are some possible causes of heavy vehicles
the}t transportation mfrastructure cannot keep itp the implication in traffic accidents:
rising number of vehicles so other safety measneesl | loaded mass:
to be considered. One of the most important issues over ! ' . ]
related to traffic safety is the presence of heeafyicles ’ mcorreq dlsposa.l of the load (see Fig. 3);
on public roads: trucks, road tankers, trailerssesy excessive §peed, . .
military vehicles, special adapted vehicles andrso * damaged tires, suspension, or braking systems;
According to [1], statistics show that accidentated
to heavy goods vehicle (HGV) are more dangerous tha
those of passenger vehicles. Even if they constibuly
3% of vehicles in traffic, heavy vehicles are inxed in 50
10% of accidents with fatalities. Furthermore, thiality

rate is twice as high when a HGV is implied. Onehaf "

most frequent accidents is represented by roll¢2@9o) - Wi
and causes significant damages to the vehicles and - E3
injuries to its driver and passengers. . | ool O Ol sl
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For a better presentation of this issue, we have average 2007 2008 2009 2010 2011
analyzed a statistical release from 2012, regardiagl B 8us and cosch occupants B Goods vehicle occupants
casualties in Great Britain [2]. As it can be seefig. 1 Fig. 1. Statistic ofkilled peoples in accidents in Great Britain
between 2007 and 2011, seven times more goodsl@ehic (2007-2011).
occupants were killed than bus and coach occupgants ..
traffic accidents. Figure 2 presents the situatimin 790

seriously injured peoples in road casualties, whbaee s00
average value is 1.5 higher when talking about good =
vehicle occupants. a00 -
Though, we can notice that in this time intervak t 300 -
overall number of road casualties is decreasing. main 200 -
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Fig. 3. Methods of disposing the load on a truck platform.

» inadequate cargo securing systems;
« traffic congestions;

« overtaking maneuvers;

» weather conditions;

* bad road infrastructure;
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< the mean fully developed deceleration is greatan th
0.5 g (type 0 test with engine disconnected);

« the mean fully developed deceleration is greatan th
0.4 g (type 0 test with engine connected).

However, even if a vehicle is certified to circalan
public roads (EC type-approval certificate), ipisssible
not to reach a 0.8 g deceleration. This is not an
impediment though in the following context:

e cargo securing equipments are always built and
chosen in compliance with relevant standards and
guidelines. For example, Cargo Securement Rules [4]
stipulates: (senerally, motor carriers are not
required to conduct testing of cargo securing syste
to determine compliance with the performance
requirements. The new rules explicitly state that
cargo immobilized or secured in accordance with the
general securing rules, or the commodity-specific
rules, are considered to meet the performance
criteria.”;

« standard vehicles bodies (side, front and rearsyall
and reinforced vehicles bodies respect the basic
requirements established in EN 12642 [6] and the
verification of conformity to this standard is pided
by static testing.

The difficulty appears when a special charge diedos
0 a truck platform should be secured with specific
elements only, different from the standardized cswed
the vehicle structure differs from the models pnésé in
EN 12642 [6].

Therefore, this paper presents a method of vegfyin
if a special securing system is capable of wittdita;
the force associated with 0.8 g deceleration in the
forward direction, even if the vehicle is not cajgabf
such deceleration. EN 12642 claims tlihe aptitude
for special cargo should generally be proved byvidid
tests” and ,if the vehicle brakes by themselves are
unable to provide the necessary braking decelenatib
0.8 g the required deceleration shall be achieved by

This paper main subject is concentrated on cargydding a complementary braking device independént o

safety issue, especially on finding alternativeusohs
for verifying the conformity of special securingssgms
adapted on trucks designed for public transporatio

2. GENERAL REGULATION

Nowadays, national regulations,
guidelines have been adopted all over the worldbse
of the increasing number of truck accidents whiah be
attributed to inadequate cargo securing. Howewam éf
the rules content and scope slightly differ, mdsthem
require that cargo securing systems should be tapéhb
withstanding the forces associated with followilgete
decelerations/accelerations, applied separately:

» 0.8 g deceleration in the forward direction;
e 0.5 g acceleration in the rearward direction;
e 0.5 g acceleration in a lateral direction.

the track condition” Because the last condition is
difficult to be achieved, we propose that the comiity
verification to be realized through a combined rodth
dynamic driving tests and calculation/simulatiobsth
accepted by EN 12642.

standards and, /o 0 CATION OF CONFORMITY METHOD

The method consists in performing dynamic driving
tests specified in annex B, EN 12642Testing brake
deceleration in longitudinal direction, except B8 g
deceleration value. The vehicle is braking with imaxm
intensity, measuring not only the deceleration &lsb
speed and other parameters that describe the sgcuri
systems elements behavior.

In parallel, the computational model is realizealsdx
on geometrical model and using finite element metho

The first performance requirement was establishedFEM) for the vehicle frame, securing equipments an
taking into account the force exerted by the cargothe load. Having the measured deceleration, a siioul
towards the front of the vehicle during full bragif8, 4]. of the entire assembly will be performed in ANSYS i
On the other hand, in accordance with 71/320/EHEC [5 order to determine the deformations and equivaleests
the performance of braking systems for vehiclesnflé = — deceleration methodrhe purpose of this procedure is
category (vehicles used for the carriage of godds) to validate the computational model. If the resulte
considered adequate if: favorable, another simulation should be perforfioeda
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Fig. 4. Securing in longitudinal direction [7]: blockingettod:
1 — centre of gravity; 2 — load; 3 — blocking devic

value of deceleration of 0.8 g in order to verifythe

cargo securing equipments are capable or not o
withstanding the force associated to this value of

deceleration in the forward direction.

If cargo model is too complex, the method of

calculating securing forces for load restraint tappear
on the blocking devices can be used, as in [7]. @)g

Blocking force in the longitudinal direction
calculated with the equation below:

~Hq R:z)Dml:ga

where: Fg - blocking force;

m - the mass of the load to be secured,;

g - the gravitational acceleration;

¢, — the longitudinal acceleration coefficient;

¢, — the vertical acceleration coefficient;

g — coefficient of friction for dynamic friction.

Using force Fg value from equation (1), a local

simulation will be performed in ANSYS, following ¢h
same steps previously presentefdree method

is

Fs = (C, (1)

3. CASE STUDY

A case study has been developed in order to presen

the accuracy of cargo securing equipments verifinat
by applying driving tests and simulations in ANSYS.

It was chosen a truck that cannot achieve the

deceleration of 0.8 but it has type-approval certificate.
This situation is frequently occurred because dcalp
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Fig. 6. Distance sensor position.

MU
Laptop
L N—
ﬁ DC Power |
g g )
]
SCE R e

@CELOGIC

VBOXGSi

GPS antenna

Fig. 7. VBOX 3idata logging system configuration

At the braking test (Fig. 8) an average value of
decelerationX_Accel= 0.43 g was obtained durirane
secondinterval (1.5-2.5 s, see the highlighted zone),

loaded vehicle would not be expected to achieve awith minor influences given by pitching oscillat®r

deceleration greater than 0.6 g on a dry road T4k
truck frame (1) was specially adapted to carryadfpim
(2) with different equipments on it. The blockingseem
(3) for cargo securing in longitudinal directionnsists in
a pad with bolt (4) element fixed on an angle &)
welded to vehicle frame (see Figs. 5 and 6).

3.1. Dynamic driving test

A dynamic driving test was performed, as specified
annex B, EN 12642 "testing brake deceleration in
longitudinal direction"”.

To measure the parameters of interes¥BOX 3i
data logging system with an inertial measuremerit un
IMU 02 was used (see Fig. 7.).

As it concerns the simulations on virtual modeltad
acquisition was needed regarding the deformatioarof
element from the securing system.

Thus alL-600 Keyencelistance sensor (6) with analog
output was mounted in front of the angle iron, wiitie
laser point (7) at 10 mm bellow the upper margintas
can be seen in Fig. 6.

average value ofZ_Accel is 0.997 g. The average
distance between sensor and angle iron is 255.7 mm,
with 0.401 mm lower than in vehicle static positidior
these values, there were no permanent deformations
cargo securing equipments or on the vehicle frame.

3.2. ANSYSsimulation

On a 3D geometric model several simulations were
performed using ANSYS software in order to analyee
behavior of securing elements in longitudinal diat
during a deceleration similar to real braking tesis the
studied phenomena’s duration is only 1 secondaticst
analysis is enough to describe what happens.

The materials used for the simulations have a finea
behavior: the majority of the pieces are made d3552
steel with235 MPayield stress, except the bolts that are
made of steel with 800 MPa yield stress. The sitiarla
purpose is to obtain the values of equivalent stregtal
deformations and safety factor.

A) Deceleration methadn this case, the force to be
applied was generated from a value of deattar of
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Fig. 9. Deceleration methada - static structural Fig. 10. Force methoda - static structural representation;
representatiory — angle iron deformation. b — angle iron deformation.

0.43 ¢, obtained at real braking test. Becausehef t B) Force methodin this second case, the forces to be
complexity of the equipments disposed on the piatfo applied were calculated according to EN 121954inta
they were all converted to a point mass. in consideration a value of 0.43 farand a value of 0.1
Figure 9 presents the static structural representda)  for py. Both the platform and the equipments disposed on
and the angle iron deformation (b). According to it were converted to a point mass, maintaining rewed
simulations, the obtained deformation (in elasbendin)  support surfaces. The point mass definition is iregu

is about 0.402 mm in the interest zone (10 mm hello because of the influence of vehicles frame defaonat
the upper margin of the angle iron). under load action. This method’s advantage isithels
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fication of the 3D model and ANSYS simulation adlwe « maximum deformation: 0.57 mm;
Figure 10 presents the static structural repreienta « maximum equivalent stress: 92.75 MPa;
(@) and the angle iron deformation (b). Accordimg t « minimum safety factor: 2.69.

simulations, the obtained deformation (in elastiendin) As it concerns the entire assembly (see Fig. 1®), t
is about 0.419 mm in the interest zone (10 mm bello obtained results are also satisfying:
the upper margin of the angle iron). * maximum deformation: 8.42 mm;

o e maximum equivalent stress: 187 MPa;
3.3.Modd validation , « minimum safety factor: 1.59.

Both previously mentioned methods provided close Analyzing the previously mentioned values, it ¢en
results to those obtained in real braking testsafogle | icoqd “that the maximum equivalent stress does not
iron defgrmation. Howevedeceleration methots more .. yield stress value (235 MPa) so it can be
appropriate because in this case the simulatiappied  .,hgidered that all the deformations are in elastic
to the entire assembly in comparison fetsce method domain.
where there are two actions in parallel, namely the
platform mass on the vehicle frame and forces énfae 4. CONCLUSIONS
on the securing system in longitudinal direction. '

Therefore, the analyzed model in ANSYS (especially Most states have legal requirements regarding the
deceleration method) is adequate and can be used tmpability of cargo securing systems to withstahd t
validate the case of a 0.8 g deceleration (see Hy. forces associated with 0.8 deceleration in forward
where, at the level of studied angle iron, the rege  direction. Details about restraining methods arstesys
parameters have the following values: are found in EN 12195-1 and EN 12642. However, none

| A
b 025154

0,19574

0.13994Min

Cc Cc
Fig. 11. Simulations results for a 0.8 g deceleration dkier Fig. 12. Simulations results for a 0.8 g deceleration dkier
angle iron:a —Total deformationp —Equivalent stress; entire assemblya —Total deformationb —Equivalent stress;

¢ —Safety factor. ¢ —Safety factor.



244 T. Giurgiu, P. Reca and F. Paii/ Proceedings in Manufacturing Systems, Vol. 8,452014 / 239-244

of these standards refers to the special situatioen the  and performing dynamic simulations to analyze the

vehicle is not capable to reach a 0.8 g deceleratitd  behavior of cargo securing systems when braking.

the cargo securing systems are not standardized

(blocking case, especially). ACKNOWLEDGEMENTS: This work has been
This paper provides a method to prove thefunded by the Sectorial Operational Programme Human

performance criteria that combine dynamic driviegtt Resources Development 2007-2013 of the Ministry of

with simulation method in ANSYS. The first step was European Funds through the Financial Agreement

validate a virtual model by real dynamic drivingteefor
the value of deceleration provided by the analyzed
vehicle — in this case smaller than 0.8 g

Comparing the measurements made in real brakin%
driving test for 0.43 g deceleration, with the siations 1
on the developed model, it can be noticed thatdbalts
are satisfying. Therefore, the proposed model can b
validated and afterwards the capability of meetihg
performance criteria for 0.8 g deceleration is fiedli
using the same principles.

All vehicle structures, systems, parts and comptsnen
used to secure cargo must be in proper workingrorde
when used to perform that function with no damaged
weakened components that could adversely affedt the

(2]

performance. Therefore, in ANSYS a smaller valuanth [3]
the yield stress must be obtained for the equivadrss
and at least 1.5 for the safety factor. [4]

The case study presented in this paper demonstrates
that this method is viable. Moreover, a comparison
between 2 methods of generating forces was perfibrme >
in ANSYS:

» by applying deceleratiordéceleration methqgd
* by applying forces calculated according to EN 12195

(force methoyl

As expected, the first method provides better tesul
by perceiving the components as an entire assemhly.  [7]
second one, though, presents the advantage of
simplifying the 3D model and ANSYS simulation by (8]
reducing the entire load to a point mass.

Future research could provide even better restilts i
creating a model in Multi-Body System (MBS) softear

(6]

POSDRU/159/1.5/S/138963.

REFERENCES

Y. Sellami, H. Imine, B. Jacob, F. BernardirC.JCadiou,
Rollover risk prevention of heavy vehicles by tality-
based analysis, Proceedings of the International
Conference on Heavy Vehicles HVParis 2008, Eds: B.
Jacob, E. O'Brien, P. Nordengen, A. O’'Connor, Mohamed
Bouteldja, Paris, May 2008.

Reported Road Casualties in Great Britain: Main Rissu
2011, Department for Transport, 28 June 2012,
https://ww. gov. uk/ gover nment / upl oads/

syst enf upl oads/ attachnent _data/fil e/ 9066/ rep
orted-road-casual ti es-in-great-britain-nmain-
resul ts-2011. pdf.

** European Best Practice Guidelines on Cargo
Securing for Road Transport

** Cargo Securement Rules-ederal Motor Carrier
Safety Administration, U.S. Department of Transatioh,
Publication No.: MC-P/PSV-04-001.

** COUNCIL DIRECTIVE of 26 July 1971 on the
approximation of the laws of the Member States irgiatio
the braking devices of certain categories of metgricles
and of their trailerg(71/320/EEC).

*** European Standard EN 1264&ecuring of cargo on
road vehicles. Body structure of commercial velicle
Minimum requirements

** Eyropean Standard EN 12195-1 Load restraint
assemblies on road vehicles. Safety. Part 1: Caionlaf
lashing forces.

*k%k

http://ww. vel oci t ybox. co. uk/ i ndex. php/ conpo
-nent/content/articl e/ 39-applications/129-

coast down-t esti ng- equi pnent .



