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This paper describes a development of the Hydri@iH05%ile dummy FE model to be used for frontalstr simulations. The
precise geometries of the dummy were measuregitheof 1.0 mm using X-ray CT scans. The matgriaperties and the
mechanical responses of the components were mdasstatic and dynamic tests and were used famtbeel validation. The
FE model results showed a good correlation wittkihematics and injury index values to those indleel impact test.
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1. INTRODUCTION
U.S. Federal Motor Vehicle Safety Standard and Ré&gno
(FMVSS  208)
anthropomorphic test dummies. In this standardypenat’s injury

specifies  performance requirements
risks are evaluated with the measured accelerdtiore, moment,
deformation in the attached sensors on the heaH, th®rax, tibia
etc. of the dummy. One aim of developing vehicldetga
performance is to reduce these injury risks by eecihg occupant
restraint systems such as seat belts, airbags, etc.

In recent years, Finite Element Method (FEM) hasygd a
significant role in the development of vehicle brgmerformance.
FEM analysis is an effective approach for clarigythe phenomena
and examining mechanisms in the crash test, sirisecapable of
estimating forces and deformation [1].

A dummy FE model for crash analysis has been desdldy
Moss et al [2]. In addition, Mohan et al. are cotigedeveloping a
FE model for the AF05%ile Hybrid IlI crash test dum[3][4]. In
these developments, dummy geometry is modeled based
geometry data obtained from drawings or 3 dimesidBD)
measuring instruments.

This paper describes the development of an FE moidein
AF05%ile Hybrid lll crash test dummy (Figure 1).i§ummy,
which simulates an American small female, is onthefdummies
used in frontal crash tests. In this developmentay<computed
tomography (CT) scans were used to precisely medsoth the
external geometry and internal structure of the mymThe
geometry of the dummy was then reproduced as fing. g
Subsequently, the mechanical properties of the dunomponent
parts and the stiffness of each joint were invetdig) and then
applied these properties into the FE model. Theefoesponse of the
FE model was then compared with the experimentaltdavalidate

accuracy of the model. In addition, the FE dummyg placed on a
sled FE model and used to analyze the dummy infigghanisms in

for frontal impact tests.

o

Figure 1: AF05%ile Hybrid-1Il Dummy

2. METHOD OF MODELING

2.1. Grid Generation

The development of the dummy FE model was carnigdro3
steps: (a) measurement of the 3D geometry of dqathyrkimmy by
X-ray, (b) generation of grid, and (c) input of eval property and
joint stiffness. The X-ray CT scan system usedis development
[5] is capable of measuring the geometry of the Myrmomponent
parts as 3D data in an assembled state. The CTunmgpesulted in
a large series of 2 dimensional (2D) image sliaégre the images
were obtained with a pitch of 1.0 mm and a pixeé 9f 0.4 mm
(Figure 2). Appropriate setting levels were setbdtr each target
part from the obtained 1,340 sectional image grogwsl 3D
geometry data was created for each metal and ntai-meaterial
group. Then the dummy was modeled using shell alitiedements
(Figure 3). The elements’ size was 3 to 10 mm.ridredeformable
metal parts of the dummy, such as parts of theetkel were
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modeled as elastic element. The FE model considt@36 parts
and 253,000 elements (Table 1). The mass and cgfrdeavity of
each component of the FE model was set based owathes
referenced by the National Highway Traffic Safetyrinistration
(NHTSA) in the U.S. (Table 2).

Figure 2: Thorax 2D image by CT with X-ray

(@) CT Scan Data (b) FE Model
Figure 3: Comparison of Thorax Section

Table 1: The Number of Elements for FE Model

Part 334
Node 29371p
Solid 253577
Beam 89
Shell 230282

Table 2: Comparison of Mass distribution

Assembly Released Valup  Modsd|
(kg] (ka]

Head 3.37 3.74
Neck 0.9] 0.89
Upper Torso 12.0R 11.96
Lower Torso 13.2¢ 13.32
Upper Arm 2.34 2.3B
Lower Arm & Hand 2.3 2.3p
Upper Legs 6.2p 6.43
Lower Legs & Feet 8.12 8.13
Total 49 48.97

2.2. Material Properties

Dummy materials, such as the steel used for skqlatss, the
vinyl or urethane used for the dummy skin, andrthber used for
the neck, lumbar spine, deform in frontal crash. f€se accurate
material properties had to be integrated into tiie rrodel to
reproduce the deformation of each part of the dumimythis
development, the material properties of 49 matenieled in the
dummy were measured in static tension or compreg3iable 3).
Additionally, dynamic mechanical properties wereamged for 7
materials identified as being strain rate dependent

The measurement was performed using a Tensilon UCT-
universal tester. The static tensile test was pedd at 0.8 mm/s
and the dynamic tensile test was performed at 10 Tide test
specimens were prepared by analyzing a new phyhicamy and
cutting out material with the required length foreasurement.
Figure 4 shows an example of an extracted tesirsprcThe force
and deformation properties from the measured dat recorded
and used to extract the necessary parameterefordterial model.

Table 3: The number of Test Specimens

Material Type
Stee
Aluminum
Dumping Materie
Rubbe
Vinyl
Ensolite

Specimen

(&)
& | | = Dynamic Test
5 K ===« Static Test
ot :
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Strain [%)]
Figure 5: Relation between Stress and Strain of Lumber Spine
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2.3. Joint Stiffness

The dummy has 27 rotatable joints that simulaterdtetion of
joints in a human body. The torque of these joistthought to
influence dummy kinematics response and force rimesson. In
this development, the dummy joints’ torque andtimtaangle limits
were measured. The joint torque was obtained wsipgish-pull
gauge to measure the reaction force generated thieeoverall
center of gravity of the movable portion was pullgdas shown in
Figure 6. The joint torque value was then calcdldg multiplying
the measured reaction force by the distance fr@mjdimt to the
center of gravity. At the same time, the rotatiogla limits were
calculated. The average of 15 data obtained frasurmies that
were measured 3 times each was used in this develtp

£

Figure 6: Measurement of Joint Stiffness

3. MODEL VALIDATION

3.1. Method of FE Model Validation

The FE model was validated to the standard cetiific tests
recommended in the Code of Federal RegulationsrutRleCFR
Part 57%). To ensure consistency with the verification testch
material model of the FE dummy and the minimum gkanin
material properties were applied. For examplep#teéc inner foam
material was converted to a material model capableflecting
strain rate dependence, and the properties bepenstrain region
obtained in the material tensile tests were apjti@bnsideration of

calculation stability.

3.2. Head Drop Test

Figure 7 shows the verification FE model used ahkad drop
test. The aluminum skull was modeled as solid ehtsneThe
material type 77 (Ogden_rubber) is used to model gkin. In
compliance with the Part 572 standard, the vetifinaFE head
model was dropped from a height of 376 mm onto facEntly
wide 50.8 mm thick steel plate with nodes constciim 6 degrees
of freedom (DOF). The obtained deceleration wavefevas run
through an SAE class 1000 filter.

The time-history comparison for the drop test antukation are
shown in Figure 8. The deceleration results udiegRE model are

consistent with those from the test. Peak value taméhg are
consistent with the test. In addition, the maximusasultant

deceleration fits the predefined response corridor.

Figure 7: Head Drop Test
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Figure 8: Comparison of Deceleration

3.3. Neck Extension and Flexion Test

Figure 9 shows the verification FE model used ia tleck
pendulum test. The 5 metal discs comprising th& nete modeled
using shell elements designated as elastic eleniémt. rubber
between the discs was modeled as solid elememnig th& material
type 77 (Ogden_rubber). The holes and slits ofrteek in the
dummy were also expressed. The pendulum with aHesfdl,867
mm and a mass of 29.57 kg was modeled as elasficetment.
The pendulum side and dummy neck lower bracket yeéred to
ensure the same rotational movement. The obtaieegform was
run through an SAE class 1000 filter.

The time-history of the rotation angle comparisantfie test and
simulation are shown in Figure 10. The simulatiesufts show
good correlation between the test and simulatigultelt was
confirmed that the maximum rotation angle and timee t of
intersection with the 10 Nm point fits the predefinresponse
corridor. It was also confirmed that the resultanment was within
the corridor.

—

Figure 9: Neck Pendulum Test
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Figure 10: Comparison of Rotation Angle

3.4. Rib Impact Test

Since ribs play a major role in frontal impact fgenerating
reaction force among the parts comprising the claeserification
test was conducted using a single rib from theathbefore carrying
out the thorax impact test. In the FE rib moded, tthin outer metal
sheets of the rib were modeled as elastic shetesles, and the
inner mass damper portion was modeled as solideesmThe
spine box was also modeled as elastic solid eleméot the rib
impact test, this development applied originalistadrizontal load
test on a dummy rib and then compared with sinarlatn the test,
the spine box was constrained to the jig by a Bbke rib impacted
with the impactor at 20 mm/min. In the simulatitime spine box
node was constrained in 6 DOF. A plate comprisingetal sheet
and a buffer modeled from foam material were coetbito the
front of the rib. The rib impacted with the impacad 0.1 m/s in the
same way as in the test (Figure 11). Figure 12 eosspthe results
from the simulation and test. The simulation resshow good
correlation to the test.
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Figure 11: Rib Impact Test
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Figure 12: Comparison of Rib Force

3.5. Thorax Impact Test

Figure 13 shows the FE model used in the thoraadtrgest. In
addition to the ribs and spine structured as deetrabove, the
thorax also consists of a jacket, bib, sternum, athér parts. The
material type 77 was used to model the jacket SKie material
type 57 (Low density foam) was used to model tlekgainner
urethane. A volumetric strain-dependent viscoelasiodel was
adopted for the bib to ensure accuracy under casipee force.
The parts were joined by beam, rigid, and jointnelets. The FE
dummy was seated on a rigid surface and impactea ggndulum
with a mass of 13.97 kg at 6.7 m/s. Furthermoiginal verification
test was also carried out at 2.7 m/s, equivalerihéodeformation
rate of the thorax surface in a 56 km/h frontaklerarhe obtained
results were run through an SAE class 180 filter.

Figure 14 compares the chest deflection wavefomos fthe
simulation and the test. Although the maximum vadueithin the
corridor at initial speed of 6.7 m/s, the differeris observed in the
transitional characteristics between the simulato the test.
However, both the maximum value and
characteristics of the simulation results are goatelation to the
test at 2.7 m/s. The results indicate that the BHeincould be used
for the impact analysis.
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Figure 14: Comparison of Chest Deflection

the transitiona
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3.6. Torso Flexion Test

Figure 15 shows the FE model used in the torsiofietest. The
lower torso is the most complex assembly in therdynThe main
parts in the lower torso are as follows: lumbansplumbar spine
mount, aluminum girdle, outer vinyl, inner foamgdabdomen. The
lumbar spine was modeled as solid elements, amghadsmaterial
type 77. The lumbar spine was connected to thes @it and the
lumbar spine mount using the nodal rigid body. Wiire rope used
in the lumbar spine was modeled as beam elemehés.pélvis,
lumbar spine mount and inner foam were modeledlabaements.
The inner form was assigned material type of FU GIGAFOAM.
The material type 77 was used to model the outst.\inally, the
abdomen was modeled as solid elements. The maigr&@l’7 was
used to the abdominal skin, and the internal abdonas modeled
as airbag defining stiffness. A rigid jig attachedhe upper spine of
the seated dummy on the rigid table was connedtécdcable to the
pulley on the table. Apply a tension force in thielsagittal plane to
the pull cable at 57.3rad/s. FE simulation was ootatl based on
the test procedure outlined in the 49 CFR Part 312. obtained
data were run through an SAE class 180 filter.

The torso flexion angle versus pulling force cureesnparing
between the test and simulation result are shovifigare 16. The
Figure shows good correlation between the tessamalation result.
It was confirmed that the force at 45 degrees @ flaxion was
within the corridor.
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Figure 16: Comparison of Pulling Force

4. APPLICATION TO FRONTAL IMPACT SLED FE MODEL
4.1. Model Description

Figure 17 shows the sled FE model that was ust imalidation
calculation. The sled model was based on the namlatioped by
Shirooka et al [1]. The components that affectihematics of the
dummy, such as instrumental panel, airbag, seatieelt foam, were
modeled.

The dummy FE model was placed in the front passeses of
the sled model and applied a 35 mph sled pulsefifBdalf of the
simulation was used to seat the dummy in the tggstion. After
reproducing the reaction force from the seat dirdxetfore the crash,
the deceleration generated during a crash testheasapplied to the
sled body.

Figure 17: Sled FE Model

4.2. Model Validation

Comparison of the dummy kinematics between the telstdand
the simulation at the timing of maximum chest dersgion (70 ms)
is shown in Figure 18. As examples of injury criiterthe
time-history of chest deceleration comparisondst &and simulation
are shown in Figure 19. The simulated dummy kinesiznd
maximum values of chest deceleration well coincidih the test
results.

(B) Test
Figure 18: Comparison of Sled Test Kinematics (70 ms)

() Simulation
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Figure 19: Comparison of Chest Deceleration at the Sled Test

5. DISCUSSION

Figure 20 shows the time-history of chest decétgraand
seatbelt shoulder force. Chest deceleration bégirise up at 20ms
with the seatbelt pretensioner on. Then, the aestleration starts
to increase, while the shoulder seatbelt force kegmstant from
38ms with the load limiter. This phenomenon wadyaed using
the FE model. Figure 21 and 22 show stress comatesitupon the
upper thorax loaded by the seatbelt force at 38rtecstart timing
of load limiter and at 70ms of the timing of maximuchest
deceleration respectively. Comparing the strestouombetween the
two timings, the shoulder and the stress in theld#b the 5th keeps
low level, while the 6th rib is increasing. Theulegndicates that the
force loaded on the shoulder and upper ribs areadied by the
load limiter, meanwhile, the force on the lower sthis rising up
with the torso forward. The results show that tbiglied force to the
lower chest transmitted to the spine box thorobgtrib induced the
increase of the chest deceleration.

- Chest Deceleration
1.2 frer=e- Seatbelt Shoulder For e 18 =

1.0

Deceleration
(Normalized Chest)
99104
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Figure 20: Comparison of Chest Deceleration
and Seatbelt shoulder Force

Figure 22: Contour of Von Mises Stress (70ms)

6. CONCLUSIONS

The detail geometry of the assembled dummy was ureghs
using X-ray CT, and from the data, the FE modahefAF05%ile
Hybrid Il dummy was modeled.

Material properties were optimized by cutting asttspecimens
from dummy component parts and performing statat dynamic
tests. The identified material properties weregagsl to the FE
model.

The developed detail FE model showed reasonabielaiion for
head drop, neck extension and flexion, thorax imparso flexion
tests.

It was concluded that the FE model was effectiveaftalyzing
the internal deformation and load transfer durirgydrash test.

REFERENCES

1. Masakazu, S. et al. : Reduction of UnevennesSdcupant
Injury Index on Passenger Side in Frontal CollisidBAE,
Vol.39, No.6, 20086031, (2008)

2. Moss, S. et al. : Development of an Advancedd-Element
Model Database of the Hybrid Ill Crash Test Dumnaynifly,
SAE Paper No. 971042

3. Mohan, P. : Development and Validation of HyHltidCrash
Test Dummy, SAE Paper 2009-01-0473

4. Mohan, P. : LSTC / NCAC Dummy Model Developmérith
International LS-DYNA User Conference, (2010)

5. Okada, T. : Three-Dimensional Shape Measureridit
High-Energy X-Ray CT-Scan, SAE Paper No. 2003-03310

6. http://www.access.gpo.gov/nara/cfr/waisidx_02fir2_02



