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ABSTRACT

Automotive safety regulations vary in fdifent parts of the world. Dynamic side impact regulations, for
example, are diérent than the ones in Europe. United States National Highvedfic SafetyAdministration
(NHTSA) and the European Union (EU) have each produced their own distinct testing procedures such as
different deformable barriers, impact configurations and anthropomorphic test devices (duAithmsyh

both test procedures have the same final objective, estimate occupant responses in side impafgr they dif
greatly in execution. One of the mainfdiences in testing is the Moving Deformable Barrier (MDB) used.

The US MDB is designed to represent an average midsize vehicle in the US market, while the European MDB
represents a mid size vehicle in Europe.

The objective of this paper is to develop a finite element model representing the US deformable barrier for

use in side impact simulations. Special emphasis is made on using the various available material models in
LS-DYNA and the correct adhesive properties to predict the correct behavior of the honeycomb material.

These models are validated to available full-scale tests.

As known by many researchers, the maifiaifty of MDB modeling is the prediction of the barrier complex
failure modes. In side impact tests, the severe shear deformation of the honeycomb material, full densification
of barrier edge, rupture of aluminum cover sheets, and tearing of honeycomb blocks are often dibserved.
complex pattern of honeycomb material failure mode makesficudifto predict. Numerical instabilities,

such as negative volume, sever lghassing, and inaccurate predictions are often experienced.

INTRODUCTION

Automotive accidents account for approximately 41,471 fatalities and 3.2 million injuries per year (average 1988-1997).
The average annual incidence of tow-away light vehicle crashes in all light vehicles is approximately 3 million with about
4.6 million occupants involvedpproximately 600,000 are involved in side crashes exposing 920,000 occupants to such
crashes, and accounting for aboit3DO0 fatalities (30 percent) yearly (NASS/CDS 1988-1997) [2].

The US dynamic side impact requirement, FMVSS-214, is used to evaluate the performance of passenger vehicles in
carto-car side crashes [IThe standard was phased in beginning in 1994 and applies to all 1997 cars. It mimits a car
car side impact where the struck car is stationary and the strikingepegsented by a deformable bayriermoving.The
test configuration as specified by the National Highwagffic Safety Administration (NHTSA) is shown in figure 1.
Schematicallya moving deformable barrier (MDB) is shown impacting the side of a stationary vehicle at 54 km/h (33.5
mph). The MDB is towed at a crabbed angle of 20 its longitudinal axisThis configuration is intended to simulate a
striking generic vehicle moving at 48.4 km/h (30 mph), perpendicular to the side of the struck vehicle traveling at 24.2 km/h
(15 mph).The crabbed angle configuration allows the simulation of a two-vehicle side impact, both in motion condition,
using a simplified test method where only one vehicle is in motion.

NHTSA® Side Impact Dummies (SIDs) are placed in the front and rear seating positions on the struck side of the
stationary test vehicl&.hey represent a 50th percentile male, and are belted. FMVSS-214 injury criteria is as follows [1]:

¥ TTI 85 g& (for 4 door vehicle) of TI £ 90 g6 (for 2 door vehicle)
¥ PelvicAcceleration 130 g (for all vehicles)

Where theThoracicTrauma Index (TTI) is defined as follows:

¥TTI = (G, + G )12,

Where G, is the greater peak lateral acceleration of the upper or lower ribs expressecil gz X is the lower
spine peak acceleration also expressedsn gO
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Figure 1. FMVSS-214 test ppcedure

Impact Point

The NHTSAMDB represents an average passenger vehicle in the US. Figure 2 shows tredd@fations.The
MDB consists of the following components [1]:

¥ Main frame assembly

¥ Barrier face

¥ Hub assembly

¥ Rear guide assembly

¥ Axleassembly

¥ Camera mounts and ballast

The MDB, including the impact surface, supporting structure, and carriage weighs 1,368 kg (3,015 Ibs), has a track w
of 1,880 mm (74 in.) and a wheelbase of 2,591 mm (102 in.). It has the following center of gravity [1]:

X =1,123 mm (44.2 in.) rear of front axle

Y =7.7 mm (0.3 in) left of longitudinal center
Z =500 mm (19.7 in.) from the ground

With the following moments of inertia:

Pitch = 2,263 kg-h(1,669 ft-Ib-seg)

Roll = 508 kg-nmi (375 ft-Ib-seé)

Yaw = 2572 kg-ra (1,897 ft-Ib-seg)
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Figure 2. Moveable Deformable BarriedMDB) specifications [1]



The barrier face is composed of two maAiominum Honeycomb sections, the front bumper and the main bidek.
front bumper is at a height of 330 mm (13 in.) from the ground andfer dtiin the main block, which is at 279 mni (1
in.) from the ground [1]A thin Aluminum face covers the main block and connects to the MDB mounting pllagefront
bumper is sandwiched between two thin aluminum pléteseen in figure 3, the main block face is bonded to the main

block honeycomb at the vertical location, and bolted to the mounting plate at the upper vertical location. No adhesives exist
in the horizontal direction the main block honeycomb and main block face. Bonded to the main block face at the lower

vertical location is the bumper back face, which is in turn bonded to the bumper honeycomBiblaickninum face is
also bonded to the front of the bumper

Figure 3. Barrier face specifications [1]

MODEL DESCRIPTION

In this study an FE model of the US MDB is developdthe model is based on an earlier version that was originally
developed by NHTSAThe following is a brief description of the NHTS#odel as well as the newly developed
FHWA/NHTSA National Crast\nalysis Center (NCAC) model.

NHTSA FE Model

The initial finite element model of the MDB was obtained from NHTB#e model is composed of 8 components, and
17,468 elementsThe total weight of the MDB FE model is 1366 kg (3012 Ibhe barrier face consisted of 3 components,
main block, bumper and aluminum face (figure®)e average element size for the barrier face is approximately 55 mm
(2.16 in.).All 3 components are connected using thegadmodes option.

Figure 4. Exploded view of the NHTSAE barrier face

NCAC FE Model

The NCAC FE model utilizes the same frame, hub and axles assembly as the Nid@i&ATfigure 5). Howevethe
barrier face was re-modeled with an average element size of approximately 25 mm (0T9& imddel is composed of 26
different components and approximately 50,000 elements. Six LS-Div&térial models are used in the MDB FE model.
Table 1 lists the material model used along with the corresponding compbinemumber in parentheses is the material
type number as used in the LS-DYN&uctured format.



Figure 5. NCAC FE model of the NHTSAmoveable deformable barrier

Table 1. FE model information

The new barrier face is composed of 8 components (figure 6). Both honeycomb blocks are covered by shell elen
sharing the same nodes (ged), with null material propertieshe null materials are used instead of solid elements when
defining a contact interfac&able 2 shows the material properties used for both the main block and bumpke[Blmper
uses a stier honeycomb property compared to the main block.

Figure 6. Exploded view of the NCAC FE barrierface



Table 2. Honeycomb material poperties

Two different aluminum material properties are used in the MDB, 2024-T3 and 5052-H34 (figlebl&8)3 shows the
material properties used for tAluminum face.

Table 3.Aluminum face material properties

As previously mentioned, all components of the actual MDB are bonded together with the exception of the main block
face which is bonded to the main block at the lower vertical location, and connected to the mounting block at the upper
vertical location using bolts (figure 7)o simulate these bonded connections, the CAGIT_TIEBREAK_NODESTO
SURFACE option in LS-DYNAIs used.This option allows for modeling normal and shear failure, and thus simulating an
adhesive between two componen#g. this time, the failure parameters are not defined due to the lack of adhesives data.
The bond between the ifent components is assumed not to fail. Howewahe near future testing will be conducted to
extract these parameters and implement them into the FE model.

Figure 7. Barrier face connections

Table 4 shows the center of gravity location (C.G), the moments of inertia and weight for both the FE model and the
FMVSS-214 requirement listed previoushihe FE model is reasonable in comparison with the FMVSS-214 requirement.
This confirms the accuracy of the geometry and weight distribution.



Table 4. C.G. and Moments of Inertia comparison

FE MODEL VALID ATON

As part of the validation process, simulations with the new MDB FE model are compared to available full-scale te
Test numbe¥1068 conducted by NHTSat theVehicle Research af@st Center is used in this stuttythis test, the MDB
was towed into a fixed load cell barrier at a perpendicular ahlgéeimpact speed of the test was 40.2 km/h (25 mph), with
the MDB crabbed at a 26angle.The fixed load cell barrier was composed of 36 loads cells in a 4 rows x 9 column:
configuration (figure 8)The barrier was at 66 mm (2.6 in.) from the ground.

Figure 8. Load cell barrier configuration

Using the RIGIDVALL_PLANAR_FINITE option in LS-DYNA, a load cell barrier composed of 36 rigid walls was
created to replicate the load cell barrier in ¥5068. The simulation was performed on a Silicon Graphics Origin 2000
system shared memo@i$MPsuper computer consisting of 16 processdise SMPversion of the LS-DYNA, version 950
was used.The simulation was run for 150 milliseconds of impact using 6 processbes CPU time for the run was 10
hours. The simulation was performed using a fixed time step of 1 microsecond wa3lisedceleration records and rigid
wall forces were computed every 0.05 milliseconds. SAE-60 filter was used to reduce numerical noi$eces in the
simulation.

The general deformation of the barrier in the simulation can be compared visually to the images captured from the
scale crash test with the high-speed cameras. Figures 9 and 10 show side and top views of the MDB at the initial sta
msec., and 150 msec. It can be observed from the figures that finite element model accurately represents the b
deformation seen in the full-scale crash test



Figure 9. Side view of the MDB deformation folFE model and test

Figure 10.Top view of the MDB deformation for FE model and test

The next level of comparison is the velocity and acceleration time histories at the MDB center of gravity location.
Figures 1 and 12 show the comparison of the acceleration and velocity records respectively between test and simulation.
It can be observed from the curves that the simulation results are in excellent agreement with the full-scale crash test data

Figure 1. MDB centerof gravity acceleration



Figure 12. MDB centerof gravity velocity

The final level of comparison is the load cell for&s.previously mentioned, the fixed load cell barrier is composed of
36 load cells in a 4 rows x 9 columns configuration (figure 8). In the data analysis, the forces from the load cells dre grot
as follows:

¥ Group 1 B1 thruA9

¥ Group 2 b B1 thru B9

¥ Group 3 b C1 thru C9

¥ Group 4 b D1 thru D9

Figures 13 shows the simulation and full-scale crash test forces collected for group 2. Here, the forces are the sum
total forces measured by the 9-load cell array in the secondarmlvepresents those forces normal to the impacted fixed
barrier The comparison shows a reasonable agreement between the test and simulation., HuevE#femodel is less
compliant.This could be attributed to the material properties used in the nfdgemaximum force seen by the load cell
barrier is 272 KN for the FE model compared to 231 KN for the test (table 5).

Figure 13. Gioup-2 load cell foce comparison

Table 5. Load cell barriersummary

Figures 14 shows the load cell force comparison of group 3 between test and simulation. Sihaléokges are the
sum of the total forces measured by the 9-load cell array in the thirdmowepresents those forces normal to the impacted
fixed barrier The curve shapes and peak values show reasonable correlation and consistemsgximum force seen by
the load cell barrier is 122 KN for the FE model compared to 146 KN for the test (table 5).



Figure 14. Gioup-3 load cell force comparison

Figures 15 shows the total load cell force comparison between test and simuilagidorces are the sum of the total
forces measured by the 36-load cell arrayd represents those forces normal to the impacted fixed bérgan be
observed that the curve shapes and peak values show good correlation and caridistemeyimum force seen by the load
cell barrier is 384 KN for the FE model compared to 380 KN for the test (table 5).

Figure 13.Total load cell force comparison

CONCLUSION

A finite element model of the US MDB was developed and the simulation results were compared to the full-scale crash
test.The simulation showed consistent results compared with the full-scal& hessimulated overall profile of the barrier
section matches that of the test very wdlhe magnitude of the acceleration curves from the simulation compared very
favorably with those obtained from the test. Similathe general trend of the load cell forces compared reasonably well
with those obtained from the test. Observations of the crash test film and rendered simulation playback (not included in the
paper) indicate that the model captured the motion and characteristics of the surrogate vehicle.

The simulation results presented in this paper are preliminary and show a first attempt at such prediction. Further
improvement in the model, and validations against other tests, will enhance its fidelity and its ability to accurately predict
the behavior under various impact conditions.
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