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Abstract

In this paper, an investigation has been carrig¢doimprove crashworthiness parameters of a pgesdrain
using the dynamical simulation tool LS-DYNA. Tampgomf a sample passenger train (Iran DH4-1
PARADISE) in Iran railway are modeled and the cvasithiness characteristic of it is improved by @gsihe
crashworthy element behind the set and also vanygnghell material type. Among most important isadin
scenarios mentioned in crashworthiness standdrds;dllision with heavy road vehicle at an intetgcis
considered. The simulation results obtained arelatd by energy ratio and Hourglass energy paemet
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Introduction
Nowadays due to the development of the railway agtwn Iran and tendency of the Iranian railwayustty
to achieve higher transportation speeds as wekrdmncing the quality of services to the intermatio
standards levels, considering safety parameterassaalispensable. One of the most important paemet
which should be considered for this purpose ishwasthiness. Crashworthiness is the ability ofracitre to
protect its occupants during an impact. Dependinghe nature of the impact and the vehicle involved
different criteria are used to determine the crasthiness of the structure. Crashworthiness magdsessed
either prospectively, using computer models (.§-DYNA, MSC-Dytran, MADYMO) or experiments, or
retrospectively by analysing crash outcomes. Sévetaria are used to assess crashworthiness geosgely,
including the deformation patterns of the vehitlecture, the acceleration experienced by the \eldaring
an impact, and the probability of injury predictgdhuman body models.
In the modern design of trains, the vehicle stmecis deformed in a controlled way and the impaetrgy is
exited from the safe area of the passengers [Idrder to study the crashworthiness in the railwelyicles,
four scenarios are taken into account which twthefn are associated with collision of rail equipmeith
each other and the other two are related to tHisionl of train to road vehicles [2].
Among the accidents occurred between 1999 to 20fAfsyin railway network, 65% was the railway
accidents share and 35% was non-railway accidgjisThe railway accidents include train out-of-line
collision of train-to-train, train or wagon ranidiin rail equipment, flooded line, landslide oe time, etc. and
the non-railway accidents include collision of ttaél vehicles with passengers, road vehicles avnestock
and other accidents such as stone throwing leddipgssenger injury, passenger fall from train, etc

Among the above-mentioned scenarios, 16% are celatgail accidents and 33% are related to non-
railway accidents, respectively [3]. Therefore¢din be seen that these two form 10.4% and 11.558eof
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total rail accidents in Iran between 1999 to 20@@rg which is a considerable amount. Thus, invatitig
how to prevent from occurrence of these accidentsraduction of their damages is a crucial issuso A
these statistics clarify the necessity of studyragshworthiness in railway vehicles.

Although the first paper related to the collisiof wains was published in 1960s, the first real
investigations on crashworthiness of railway vetsolvere conducted in 1980s [4]. Between 1995 teemite
due to the massive improvements in computer simaalabols, numerous research works in the field of
crashworthiness of railway vehicles have been coedu Hosseini-Tehrani et al. [5-6] investigate@ th
application of topology, size and shape optimizafar the design of an efficient crashworthy wagdrame
in terms of energy absorption and passenger saféigy also studied different aspects of frontal arutk
impacts in designing of a crashworthy high-speathtnose. They conducted a systematic study to ieeam
possible strategies in order to design crashwaitgrnal and internal structures for a high-spe&id nhose.

In this study, the crashworthiness parameter oflranian railway passenger train is dynamically
investigated using LS-DYNA 3D. The simulations gerformed under the collision of the train set with
heavy road vehicle at an intersection and the t®sfl simulation are validated by two well-known EN
15227:2008+A1 and ECE R 66 standards.

2. Modeling

For modeling, the trainset of the Raja passengendr(lran DH4-1 PARADISE) having higher speed
compared to other trains is selected. The crashimads improvement of this passenger train is stldsing
the EN 15227:2008+A1 standard under the two scestafiontal impact and impact with heavy road vihic
at an intersection [2]. It may be believed that itt@act of train with road vehicles does not caseeere
damages for the passengers. Of course this is Soaté¢wme that the damages caused by this scesdower
than the ones occurred by collision of two traimst, according to the statistical studies in JapaR003, the
aforementioned scenario may cause considerablédgijfor the train passengers as tabulated in Thble

Table 1. Injuries and deaths statistics in Japanese raibvetyyeen 1991 and 2001[7]

Fatalities Injured  Total casualties

Head-on collisions 43 854 897
Level crossing collisions ] 586 587
Collision to natural obstacles 0 54 54
Side-on collisions 5 141 146
Buffer stop collisions 1 467 468
Over turnings 0 54 54
Derailments 0 16 16
Total 60 2172 2232

Due to the lower intensity of the impact &emsections compared to collision of two trains &émel point
that the first part involved in impact processampon which is an energy absorbent mechanismathpdn
of the mentioned passenger train is modeled [89%. obvious that by ameliorating the crashwordsis of
this part against impact at intersection, the arasthiness of the train against collision by othain is also
improved. The selected train and its tampon arevsho Fig. 1.

Fig. 1. The passengef tain Trainset Iran H4-1 RBFSE and its tampon
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The mentioned tampon is composed of three mais:petitelds, housing and spring. The shields andihgu
are modelled in SolidWorks and the meshes are pemtusing Abaqus/CAE. Then by using FEMAP the
meshes are transformed to LS-DYNA3D (Fig. 2).Coasity the European standard EN 15227:2008+A1 to
investigate the crashworthiness at an intersectidn)l train is collided by a deformable lorry. &lmass of
this lorry is 15000 kg and the impact velocity i80lkm/h [2]. Due to the complexity of model solutiby

deformable lorry, a rigid wall is used for the miwg. Moreover, to simplify the model, constrainacke
applied on the rear of tampon.
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3. Simulation validation

Fig. 3 shows the total displacement of the modelising, shield and spring displacement respectivighe
red, green, dark blue and light blue curves (A,(B,D) depict the total tampon, tampon shield, tampo
housing and tampon spring displacements, respéctiVée overall displacement is about 28 centinseter
which most of it is because of shield displaceméatording to the UIC-528 standard, 11 centimetsrs
ordinary stroke of the tampon, hence the overahimd deformation is 17 centimeters and based @n th
standard the model is correct. Furthermore, acogrth the ECE R 66 standard, the simulation isceddi

when the energy ratio parameter and Hourglass gremplies with this standard and their value stidad
in the range of. 005and lower than 5% of total energy [10-11].
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Figure 3. Displacement versus time in total tampon modelitmdomponents

Fig. 4 shows the energy ratio during the modelfkg .can be seen, the energy ratio is within the idensd
range and ECE R 66 standard conditions are met. Fitjustrates the total energy, kinetic energyal

energy absorption of the model and Hourglass endrgan be seen that the amount of Hourglass grierg
trivial and the model complies with the ECE R &énstard conditions.
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Figure 4. Diagram of energy ratio versus time
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Figure 5. Diagram of energy versus time for different enesgi

4. Results and discussion

The energy absorption status by the model anditgonents is depicted in Fig. 6.The red, greerk dare
and light blue curves (A, B, C, D) show the shi¢ldusing, spring and total energy absorption byntloelel,
respectively. The shield and housing deformatioashown in Fig. 7.
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Figure 6.Energy absorption versus time in total tampon madel its components
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Figure 7. Tampon'’s shield and housing deformations
It should be mentioned that the cast steel GS %2 Wed in Iran for manufacturing of tampon shallthis

paper, the GS 70 N and GS CrNiMo 6 V are chosenhfarsing material in order to improve energy
absorption parameter and crashworthiness of thpdaras shown in Fig. 8.

Figure 8. The improvement in energy absorption of housimgugh material change

Furthermore, according to the EN 15227:2008+A1dsaah which allow the rear of tampons to be designed
crashworthy, a thin-walled crashworthy element wébtangular cross section can be embedded bdtenad t
in order to increase energy absorption signifigagfig. 9).

Figure 9. The embedded crashworthy element in tampon reheaergy absorption improvement by it
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Conclusions

In this paper, the tampon of a passenger trainirgSe& Iran DH4-1 PARADISE) was modeled using LS-
DYNA 3D finite element package and was analyzedeuride collision of it with heavy road vehiclesaat
intersection and the results of simulation werdfieer by two well-known EN 15227:2008+A1 and ECEBR
standards. According to the results obtained, theumt of energy absorption in tampon spring waselow
compared to other components. Moreover, the eraoggrption was initially higher in housing and attee
collision of shield with the main structure of ttrain; its energy was higher than housing’s. Reiggrthis
issue that no special force was applied to the ihgusthe energy absorption and crashworthiness
characteristics of the tampon was ameliorated bying the housing material. It is also found thgtdalding

a crashworthy element in the tampon rear, energgration was considerably increased. It can beladed
that by varying housing material and adding cragtiwo element, the tampon’s crashworthiness
characteristics was successfully improved in théh bzases of impact at an intersection and impact of
transporter equipment.
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