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INTRODUCTION

During vehicle crashes in which rollover occurs the mo%}gg-of
the vehicle can be quite complex and violent resulting in
extensive motion and multiple impacts with vehicle interior
by the occupant. If the occupant ig unrestrained, the in-
terior motion can be considerable and ejection from the
vehicle is common [Ref. 1J}. Very often rollover occurs after
a serious frontal or side impact which may cause initial
injury to an occupant. An occupant already injured may be
very susceptible to additional injuries during the subsgequent
rollover phase of the crash. It has been observed that there
is a high probability of head}neck complex ;mpact during
rollover and that partial ejection of the head occurs with
approximately equal.treéuency-whether the oqcupant is beit.
regtrained or unrestrained [Ref 1]. Accident investigations
have established that partiai ejection, eséecially of the
head, ig2 associated w;th a high riak for serioug or fatal

injury.

The beat waya to protect an occupant during a rollover crash
need to be investigated. One viable meang for pursguing such
an invegtigation is through computer predictions of an occu-
pant’'s motion during a rollover crach. Sueh predictions can

eastablish how best, for example, to modify belt restraints or

vehicle gtructure 3o that there is iess probability of par-




tial or full body ejection or how best to ume padding to
mitigate injuries. Many other aspecits of body and vehicie

interaction can also be investigated. - -

The altefnaﬁive to computer predictions is extensive full-
scale rollover crash testing of vehicles with dummy occu-
pants. Both the analytical simulation and testing approaches
have their individual shortfalls, but, performed in cenjunc-
tion with one another, these shortfalls are offset. The
analytical simulation approach allcows extensive parametric
investigations with perfect repeatability, while the experi-
mental iesting provides for baseline resgpc¢ases that can be
uged for wvalidation of or interpclation by modeling. .Such
tes£é:are éenerally ékpensive. réquire long set-upliiéeg and
are'ngé sﬁitablé tor-sitﬁations involving a large ﬁuﬁbe; of
variabl: conditions. The modeliﬂg alloﬁs certain specific
questions to be readily answered; such as, how bes£ to min;-
mize the p;obability of partial head ejection; th best to
use padding to decrease the potential for injury or to
evaluate the effect of roaf crush. One of the procblems
during testing is that the motion of a vehicle during a
rollover cragh cannot be zccurately controlled. Without
accurate control of vehicle motions the effect of variation
1t vehicle motion, restraint system design or other protec-
tive measures cannot be agsessed. In contrast, the motion of
a vehicle can be exactly specified during computer predic;
ticna nf an occupant’'s motion allowin¢ varameter studies to

be easily ccnducted and the cost of each prediction is a very
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small fraction of the cogt of full-scale crash testing. It
is essential, of coursgze, to have cenfidence in the accuracy
of the computer prediction of an occupant's motion, thérefore
parallel experimentation, or at least reasonable quantitative

empirical data are necessary.

BACXGROUND

The need to predict an occupant’'s motion during crashes in
general has long been recognized. The National Highway
Traffic Safetly ;dministration {NHTSA) recognized such a need
and initiated and supported the development of the Caispan
Crash Victim Simulater (CVS) [Ref. 2]. The Armstrong Aero-
space Medical Research Laboratory (AAMRL) at Wright-Patterson
Air Force Base has used the CVS to predict the human body's
dynamic response to mechanical forces. Furthermore, AAMRL
has modified the CVS in order that it can better address
specific Air Fcrce concerns [Ref. 3-4). The modified versicn
of the CVS is identified as the Articulated Total Body (ATB)
model. The ATB, having been derived from the CVS, is fully
capable of predicting the motion of an occupant during a
rollover crash. However, to be effectively used for such
gtudies the ATB model must be validated against baseline

¢rash test data.

In order to obtain such data a well controlled, fully instru-~

mented cragh tes* was conducted a%t the Soutawesi Research
3




Institute (SWRI). 1In this test a pagsenger car with a belt
restrained dummy wag impacted into the end of a turned down
guardrail at 60 mph. The ramping effect of the turned down
duardrail induced vehicle rotation resulting in four full
rcllovers. Two high speed motion picture cameras, mounted
inside the vehicle, recorded the dummy's motion [Ref. §]. It
wss these data that were used in conjunction with the ATR
model to establish the method of dynamically predicting the
motion of an occupant during a complex rollover crash. The
analytically predicted motion of the dummy agreed quite well

with the dummy’'s motion as recorded on the test film.

Measurements of the vehicle's motion during the SWRI test
were made from high speed motion pictures and used ag input
to the ATB model, as described in Reference 5. The vehicle
intericr and restraint system were defined to match the test,
and an estimate of the interactions to occur was made.
Several gimulations were made to add interactions that were
not originally considered. The final simulation predicted
the motion of the dummy recorded by high speed motion picture

cameras during the 4.5 gseconds of the entire crash.

In o»der to refine and further validate this methodology,
~esults from six controlled rollover tests, conducted by
Transportation Research Center of Ohio [Ref. 6-11], were com-
pared to results from simvlations of the gsame events. These

tests were conducted using a rollover teat device to initiate

rollecver and with a dummy placed in either the driver's or
4




front pasgenger’'s seat. After each of the tegts were con-
ducted, the vehicle motion wag reconstructed from filma of
the test for input intc the ATB model. Other data from the
test were also analyzoad for use by the model and then simula-
tions were made of the occupant motion. The results of the
simulations were then compared with data collected during the

testing.
DESCRIPTICN OF RCLLOVER TESTS

The six rollover crash tests were conducied using a rollover
test device (RTD) developed by the MGA Research Corporation
for NHTSA [Ref. 12]}. The car was mounted on the RTD as shown
in Figure 1, with an initial ¥011 angle. The RTD wheels
could be roiated. allowing the RTD and the test vehicle to be
crabbed at an initial yaw angle (Figure 2). Two pneumatic
cylinders were used t; apply a rotational velocity.to the
platform on which the car was mounted. The test procedure
wag to tow the RTD by cable along the guiderail to obtain an
initial linear velocity. Upon reaching this velocity the car
was released from the platform, the cylinders were actuated
producing angular rotation of the platform and the RTD was
decelerated. The general test layout for the gix tests is
shown in Figure 2. Break-away reference poles were placed
throughout the test area for use in reconstructing the ve-
hicle motion and 500 frame-per-second cameras filmed the test

events from several angles. After release, each of the cars
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landed on their left aide and rclled onto the roof. Some
s8lid to a stop in thig position while others continued to
roll. Accelerometers and angular rate gyros were mounted-on
the cars to provide additional information about the ve-

hicle’'s motion.

Hybrid III and Part 572 dummies were used in the tests.

These dummies have been developed for frontal impact testing
and have not been assessed as being specifically suitable for
rollover testing. However, these dummies were selected since
they represent fhe state-of-the-art, possess adequate instru-
meritation capability, have establisghed use c¢xperience in
automotive testing and since no current dummy exigsts that is
gpecifically designed for roll&ver testiggl

In the test'set-hp. the dummy was positiored in the front
seat of eaéh car aﬁd,-during the firat two tests. was re-
strained by a three-point harness. The dummies waere instru-
mented with head and chest accelerometers and the Hybrid 11I
dummies, additionally with neck and femur load cells. Two
high-gspeed cameras were mounted within the vehicles to film

the dummy's motion during the test.

The gix tegsts and their conditions are listed in Table 1.
Film data from each of the 2ix tests were analyzed to deter-
mine the vehicle's motion and then the occupant’'s motion was

simulated using the ATB model. Since this was the first

rollover test study utilizing the RTD, the first test, with
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the 1975 Ford Pinto, was used to identify procedural prob-
lems. The motion of tﬁe Pinto in.the first test could not be
accurately reconstructed or verified because not enough land-
marks had been placed in the test area. This wasg corrected
in subséquent tests, but the results of this first test could
not be used for computer predictions of the dummy occupant's
motion. With this correction and some procedural changes,
data from the remaining five tests were successfully used for
occupant gimulation. Extensive data were collected during
each test and the simulation results were equally voluminous.
Since all five tests and their simulations were :dentically
conducted, only one test and corresponding simulation is dis-
cussed in detail and the results from the other four tests
ere presented in the Appendix. The fourth test, using a 1982
Chevrolet Celebrigy. waé chosen for the discussion [Ref. 8].
This test presented the great«~st challenge “or simulation
because it had an unrestrained occupant, the vehicle rolled
more than in most of the other testsj and it had the longest
duration. This test's occupant motion simulation also

yielded the best results.
VEHICLE MOTION RECONSTRUCTION

To simulate occupant motion, a prescription of the vehicle's
iinear and angular motion is required. Because of difficul-
ties inherent in reconstructing gix degree-of-freedom motion

from accelerometer and angular rate gyro data, as described
10
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in Reference 5, the films of the vehicle motion were choszen
a8 the beat source for obtaining the complete vehicle motion.
The technique for obtaining the vehicle displacements from
the vehicle motion films was developed in the guard rail
rollover study [Ref. 5). It was refined in thig effort by
reducing the number of vehicle landmarks to be digitized from
Six to one and by collecting the angular orientations
directly, rather than calculating them from the digitized
points. These refinements made the process easier and

increadged its accuracy.

The firast atep in the reconstruction process. was to analyze
gelected filw frames from two different camera views. In-
each view, the vehicle width was measured and one point on
the vehicle and one point on a reference pole near the
vehicle were digitized. Parallax error was corrected by
uging the measured vehicle width tc scale the linear posi-
tions obtained from the digitization. These linear positions
were then used to draw a computer image of the vehicle on a
color graphics screen as viewed by one of the test cameras.
The film image from that camera was then projected directly
onto the graphics gscreen and the computer image rotated until
it aligned with the film image. The vehicle orientations
were saved for each film frame. The vehicle width data were
then modified to account for the vehicle orientation when the
width was measured, and the linear position data was rescaled
using the new vehicle widtha. The last step in this process

was to condition both the linear and angular position data to
11




eliminate data collection and round off errors by amoothing
the data with a user-controlled-parameter cubic spline

smoothing routine. < -

Figure 3 shows the film images of the Celebrity at 600 mmec
intervals and the corresponding computer-generated images of
the reconastructed vehicle motion. Time zero for the tests
was defined by the front wheel o0f the RTD tripping a switch.
Thig occured before the vehicle was released or the cylinders
actuated. The Celebrity was released from the rollover
device after GOO.ml.c and impacted the ground on its left,
front side around 1500 msec. It then rolled onto its roof,
slid for some time and finally rolled onto its wheels. There
is no vigible difference between the film and reconstructed

motion.

Accelercometer and angular rate gyro data for the vehicle were
collected and are compared to the calculated values obtained
from the film analysis. The accelerometer data were not
expected to match well due to the fact that acceleration is
the second derivative of displacement, which was the measured
quantity used to reconstruct the vehicle motion. Therefore,
any small difierences from the reconstruction process are
magnified twice when comparing accelerations. The rate gyro
data is considerably smoother than the accelerometer data and

compares much better to the calculated rotation rates from

the reconstructed motion. Figure 4 containa plots of these
12
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Figure 3 - Test No. 4, Celebrity
Test Film and Reconstructed Vehicle Motion
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comparisons from the Celebrity test, with the linear acceler-
ations on the laft and the angular velocitiex on the right.
Ag expected, the acceluorations do not always agree, but the
magnitudes and trends «re generally simiiavr. The laré; i
acceleration spikes in the experimental data were filtered
from the reconatructed motion by the process of collecting
digplacements, and the cffset difference in the Y and Z
accelerations is due to the initial calibration zerocing of
the accelerometers in the test. Accelercmeter meazurements,
ag well as the ATB model calculationg, include gravitational
effects. However, in setting up the vehicls tests, the
accelerometers were rese¢t to zeroc after the vehicle waa put
in its initial roll position, resulting in an ofiset of a
resultant G in the Y and Z directions. Since the ATB model
correctly calculatesg the acceleration values, this offset is=

reflected in the plots. The X axis rate gyro fajiled in this

test, as shown in the plot, but the angu'ar velocities in the

other two directions compare very favorably.




OCCUPANT SIMULATIONS
SET-UP

Besides the three-dimensional motion of the vehicle, setting
up an occupant dynamics simulation reguires a description of
the dummy’'as characteristica, the layout of the vehicle in-
terior, the force-deflection characteristics for sach pos-
sible contact of dummy segfments and vehicle surfaces and the
seat belt description. A number of simulations of each teat
were necessary to completely define these characteristics.
After 2ll the afocificationa were finalized for a particular

test, the final gimulation was nade.

Dummy 5&-13&
The first three crash tests were performed using an Alderson
Part 572 dummy, while the remaining three tests utilized a
Bybrid 111l dummy. The data set describing the segment pro-
perties and joint characteristics of the Part 372 dummy was
obtained from the Validation of the Crash Victim Simulator
Report, Volume 2 [Ref. 2). However, the unavailability of a

corresponding data set for the Hybricd il dummy dictated that

the Part 572 datas be used in all six simulations.

The ATB dummy model consists of 15 segments connected by 14
joints. The segment geometric and inertial properties, and

joint characteristics of the modasl are the same as thosze of a

Part 572 dummy. The segments are geometrically overlapped
17




and connected to each other at pivot points, or joints, that
remain {ixed relative to their assgociated segments and exhi-
bit ranges of motion and resistive characteristics appropri-
ate for the articulations they represent. Consequently, the
knees are modeled as pin Jjoints; the torso and neck, which
can bend in any direction, are modeled as universal jointsa;
and the hips, shoulders, elbows, and ankles are modeled as
Euler joints, in which some axes are free to rotate and

others are locked.

Vehicle Interior

For each of the mix testg, a lpaéific Qohiclc intarior was
defined. For the Celedrity simulation, as for all the
others, the interior was measured and the data used io define
the contact planes representing sach pogasible interacting
surface. The steering wheel geometry was modeled by an
ellipsoid with the appropriate size and shape. This sane

process wag used for all of the simulations.

The potential interactions between body segments and vehicle
surfaces were identified from the f{ilms of the coccupant
motion, and for each interaction a force-deflection function
was defined. Thseazse tfunctions define the normal and tangen-
tial contact forces applied to the segment as a function of
the amount ofi mutual deflection or, geometrically, the intsr-

section of the segment and plane. The particular functions

used were those which gave good results in the SWRI rollover
18




study [(Bef. 5] and {n a study of child motion during panic
traking (Bef. 13]}. The contact planes and the force-deflec-
tion characteristics were kept constant and not adjusted to

provide a better fit to the observed data.

The 3-point harness restraining the dummy in the firast two
testas wez modeled using the techniques described in Reference
5. The lap and shoulder telts were modeled independently,
with both belts’ endpointas rigidly anchored to the vehicle.
The shoulder belt was attached to the upper, middle, and
lower torso segments, and the lap bdelt to the lower torso and
upper legs of the dummy model. Since the actual seatbelts
were fed out of a reel instead of being rigidly attached to
the vehicle, the ztress-strain functions in the simulations

were adjusted to compensate for this difference.

Initial Balancing

A unique problem associated with seating the occupant in each
of the toyt- was encountered. Initially, the cars were
placed upon the rollover device at approximately a 40 degree
angle. However, it was necessary for the dummy to stay 1ﬁ
the standard seatsd position un*il the vehicle started its
rolling motion. The dummy was kept from falling over in the
actual tests by tying a string arcund the neck, bdbringing it
through the passenger side window, and tying it to the out-
side door handle. The assumption was that when significant

motion of the car began, the string would break and the dummy
19



would be free to move in its natural fashion. Achieving the
same objective in the simulations was more difficult.

Several methods were attempted: inserting, betwsen the upper
torso and the vehicle, an initially locked s'iding joint that
would unlock at a specified force level; applying a time-
dependent force to the neck and relesasing it at the time the
gtring broke; connecting the neck to the door with a barness
belt; and adding small contact surfaces that hold the dummy
in place until the dummy moves sufficiently to slip by them.
The last method, using the small contact planes, was chosen
for moast of the ;inulationl. However, problems in the Omni
test prompted a different approach for its simulation. Care-
ful examination of the film revealed that the string holding
the dummy in place actually never broke, so that its presence
significantly affected the dummy's motion. Therefore, it was
necesgary to simulate the string throughout the simulation,
even though this was not intended and did not represent a
real-world condition. Ths method used to represent the
siring was a harness system consisting of one belt connecting
the neck to the vehicle door. Although this did not pre-
cisely duplicate the string's effect, it sufficed. The bhar-
ness belt did introduce an unexplained ringing effect that ism

evident in the acceleration plots in the Appendix.

Vehicle Deformation

One aspect of the rollover motion is the powmsidbility of

vehicle deformation that results in structural intrusion into

20
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the psssenger compartment. The most common incidence of this
is roof crush. 1In a number of cases, as the car rolled ontec
its roof. the force of the contact with the groung cag:og the
roof to cave in and severely changed the shape of the in-
terior structure. Tkis intrusion often influenced the oacu-
pant motion and it would have been desirabie to duplicate
this situation in the simulations. Although it is possible
to simulate thias effect with the ATB model, it was not per-
formed in this study. Because roof crush was not anticipated
prior to testing, appropriate measurements to accurate.y
describe the motion: of the roof were not made. The test
{ilms could be analyzed tc reconstruct an estimate of roofg
motion, but this nethod would reguire significant additional
efiort to collect the data and manipulate it for input to the
ATE model. Therefore, the simulations were rum only until

the time that roof crush affected the occupant motion.

OCCUPANT RESULTS

VIEW Graphics

For each of the six tests, the dummy motion was recorded by
two motion picture cameras mounted inside the car. The rear
camera, located in the back seat, viewed mainly the head,
shoulder, and arm motion. The front camera was mounted on
the ‘ront edge of the front seat on the mide opposite the
dummy. ft waa positioned to view the majority of the dummy

motion. In general, the front camera view was the preferred
21




one #ince it showed more of the dummy’'s motion. However, in
soxe cases, during the course of the rollover motion, the
dumry moved so as to obscure the front camera lens’ view.
For these tests, the rear view was used. The locations of
the chosen cameras were used as input in the VIEW graphics
program to produce the corresponding pictures of the simu-

lated motion for comparison to the filmed motion.

In the Celabrity test, the vehicle wamx traveling at an ini-
tial speed 5¢ 23 mph and waszs yawed at 45 degrees. The dummy
wag initially seated in the driver’s seat and wag unres-
trained. Figure 5 shows the rear camera view comparison of
the simulated and experimental results in 300 msec intervals.
For the firat 90C msec, there is no nbtico;blc movement as
thl‘Clr‘XI boing.carriod doin the track. By 1200 msec, the
vahicle i; releaged from the rollov;r davice and is falling
0f{ the cart, and the dummy is rising out of the seat and
moving toward the driver’'s side door. The most violent
motion occurs at approximately 1500 msec when the car impacts
the ground. The dummy is thrown against the roof and the
driver's side door and, as the vehicle continues its rolling
motion, the dummy bounces back into the seat and then over
into the passenger gide of the car. Finally, as the vehicle
stops rolling and settles back on its wheels, the dummy falls
cver cnto the bench seat with only its right shoulder visibdle

irom the rear vi . ..

22




Figure 5 - Test No. 4, Celebrity
Test Film and Simulated Occupant Motion
23
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“Figure 5 - continued
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The simulated motion matches very well with the actual
motion. The only major discrepancy occurs when the dummy"
bounces off the left side door. The simulation reacts more
slowly than does the experimental dummy, indicating that the
force-deflection functions for those contacts may not be
stiff enough. Another contributing factor to this difference
could be a result of the vehicle motion reconstructiocn pro-
cess itself. The procedure used for reproducing the vehicle
notion hag the inherent effect of filtering out acceleration
‘peaks which may lead to small phase shifts in the occupant
meiicn. - In spite of this inconsistency, the simulation is
vory good. At the 1500 msec mark, both the simulation’gra-
phi~s an3 the actual rollover test photographs show the hesad
"Bitting Lias Foof, the left shoulder and upper torsé impacting
<the'window, #nd the middle and'lower torso segments impacting
‘the door. As the dummy rebounds into ths passenger side of
the car; the body turns to face the left A-pillar, first in
" the experimental test and then in the simulation. ' The last
one and one-half{ seconds of the test are very well matched,

a3 demonstrated in Figure 5.

Transducer Time Histories

Triaxial sécolcromotor- mounted in the head and ugpper tério
and logd cells mounted in the ﬁock of the dummy moauQ§¢d the
accelerationa, forces, and torques, respectively, pro&ucod in
these segments during the rollover tests. Corresponding

quantities from the simulations were calculated by the ATB



model and are plotted with the experimental data. Figures 0O
and 7 show these plotsg for the Celebrity test.

These couyparisons clearly indicate that the gimulation
process was not able to accurately predict the internal dummy
forces or accelerations. The best that can be said is that
the magnitudes of the prodictod responses are at least
similar to the observed response magnitudes. Probab.y the
two main reasonz for the poor agreement are that simulated
and observed body with vehicle contacts do not occur at the
same time and the contact force-daflection characteristics
used i{in the simulation do not precisely represent the body
segment and vehicle contact surface compliance propcrties.
The first probloq is duv to #light differences in predicted
and observed motion which result in the body contacting the
intcrior_q-urtqcoa at clightly different times. The specifi-
cation of an improper force-deflsction characteristic will
not generally modify gross body motion substantially, but it
will change the profile of the contact force and the resul-
ting local accelsration. Generally, a more compliant force-
deflection characteristic will result in a lower peak contact
force of longer duration. A stiffer characteristic will
produce a higher peak and shorter duration contact force.

The observed gross motion may not, however, be perceptibdly

different.
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s

The purpo!o of thit progr;m LEY to r;fino and furthor vali-
date the methodology for using the ATB mcdcl to simulate
occupant lotion during rollover crashes. Five rollovor tegts
were luceas:tully nimul;tod dnmonltrgting the capability ot
the model to simulato complex rollovor crashes for belt

rcltrainod and unroltrainod occupantl. and itg value as a

tool in studying occupant motion during rollovor.

It was found that the %testing configuration created some
problems in accurately simulating the occupant motxon In

particular, the method of maintaining the dummy in an upr ight

position untll the vohiclo wi.8 rolcalod -al 1nconliltont

[ - - = - - % e -

n&king }t di{tiqult to know how tho ltring a!fcctcd tho.
1n1t1a1 dunny notion Son. of to. dif!oro;cen bot-oon tho 7
1nit1a1 tont and -iuulatod motion are most likgly duc to tbxu
problon -incc. it the initial motion is not w.ll dofincd

subzequent motion is modified. It is recommended that 1n
future tests a more reliable method be used for inftially

-

restraining the dummy.

An accurate prescription of the vehicle motion waa also found
to be very important for acourate predictions of the dummy's
motion. Although the reconstruction process was refined for

this study, it is still a tedious tark to digitize locations
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and orientations frame by frame. This process can be im-
proved by the use of graphics workstations with image over-

laying that are currently nvallablo 7 - -

An optién Qddod to the ATB model &llowing the prcléription of
the.motion of tho ioof ;ith“rolpoét to'tho vehicle would
allow the model to simulate rollover tests with structural
intrusions. A method of determining the roof motion from the
test filme would alsoc have to be dcv‘iopod. bat this capabi~
lity would expand the applicability of the model to many
crash situction; where intrusions to the vehicle interior
affect the occupant. |

The timuiated dumny kinon&tici ot ouoh ot thc tostn agr-od
well wifﬁ\iﬁ; ;Si;rvod tolt kinomaticl oonzié&ring the cou-w
ploxity ;; th- rollovor motion and thc longth of the simula-
tiona. Most o! tho 1nconuistonciol can bo a*'vi"t a *a té:
sehiclg-motion roconatruction process. In general ‘the ATB
model wai'ablo ié ;tfoctivoly simulate the dummy motion'in
the tests. The success of these simulations and the earlier
guardrail impact rollover simulation doﬁonltrato the capl--
bility to predict cccupant dynamics during rollover crashes.
Theze studies show that the methodology of using the arB
model to predict occupant motion haw developed into a useful

tool for rollover research, especially in investigating the

effectiveness of restraint system and vehicle padding modifi-

cations in preventing ejection and mitigating injury.
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The input data sets for each of the six ATB occupant simula-

tiong are voluminous. Therefore they have not been included

in this report. Much of the input is the same as that prin-

ted in Reference 5. The specific simulation input data for

these zimulations is available from the authors at:
Armatrong Aerospace Medical Research Laboratory
Modeling and Analysis Branch (AAMRL/BBM)
Wright-Patterson AFB OB 45433-6573. .

(513) 255-3665
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APPENDIX

TEST NO. 2 - PLYMOUTH RELIANT

In this test, the vehicle is initially yawed 42 degrees,
rolled 41 degreeg, and has an initial velocity of 21 mph.
Aiter release, the car rolls one and one-half times, and
stops on its roof. The Part 572 occupant dummy is seated in
the driver's seat and is restrained with a 3-point belt.
Figure 8 contains the vehicle positions from the film and
recongtructed motion at 600 msec. intervals. 1In Figure 9,
the plots of the vehicle accelerometer and rate gyrc data are
ghown. Both figures indicate that the reconstructed vehicle
motion compares quite well with the aciual vehicle motion.
The film and simulated occupant motion is shown in Figure 10.
It is clear that the simulation matches very well with the
actual motion. The torso motion is especially good, except
that the simulated dummy tends to move with greater lateral
displacements than does the tegst dummy. Thig can be attri-
buted %o differences in the stress-strain characteristics of
the scatbelt. Figure 11 shows the head and chest accel-
erometer data from this test. As with the Celebrity data, it
is8 very difficult to derive much meaningf{ul information from

these plots, except to show that the magnitudes are of the

same order.
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Test Film and Reconstruct:d Vehicle Motion
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Figure 10 - Test No. 2, Reliant
Test Film and Simulated Occupant Motion

37




TIMZMSECY» 1200

Figure 10 - continued
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Figure 10 - continued
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TEST NO. 3 - HONDA ACCORD

< T
5.
-4

This teat uses a 1084 Honda Accord which i inxtially yuwod
,44 degreesg, rolled 36 degrees. and given an initial velocity
of 21 mph. The vehicle rolls one-half revolutlon upon re-

lease and ends up on its roof. An unrestrained Part 572~i

oummy is placed in the driver’s seat. The [i.x and recon-
structed vehicle motion is shown in Figure 12 anq ploves of
the_vehicle accelerometer and rate gyro data compér;sons are
sﬁown in Figure 13. The agreement ig good, but the X-axis
angular velocity plot shows that either the rate gyrc or its

data line was not working correctly. A comparison of the

film and sxmulated occupant motion 15 in Fidgure 14. Thig

-.a;:..».—: . R

occupant sxmulatxon agrees qu1te well with the actual dummy

motxon. as they both impact the driver’s door and .then, aa;
the car rolls onto itg roof, come out of the seats, rotate,

‘,.

and fall agalnst ‘their backs onto the ceiling. The simuia-
rtion is stopped at 2400 msec becau;e the vehicle’'s roof
-crushed at this time. Figure 15 shows the plots of the h;;d
and chest accelerometer data from both the experiment and the

simulation. As with the previous tests, it is difficult to

make any concrete conclusions-from the accelerometer data.



Figure 12 - Test No. 3, Accord
Test Film and Reconstructed Vehicle Mot

ion
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Figure 14 - Test No. 3, Accord
Test Film and Simulated Occupant Motion
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Figure 14 - continued
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Figure l4 - continued
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TEST NO. 5 - DODGE OMNI

The vehicle used in thisg test ig a 1978 Dodge Omni, which has
an initial orientation of 45 degrees yaw and 39 degrees roll.
It is given a velocity of 23 mph and, when released, rolls
one-half revolution, stopping on its roof. For this tesi{, an
unrestrained Hybrid III dummy is placed in the front passen-
ger seat. The film and reconstructed vehicle motion is
presented in Figure 16 and the vehicle accelerometer and rate
gyro data 18 shown in Figure 17. Thesge figures illustrate
that the reconstructed vehicle motion matcher quite well with
the actual car motion. The film and simulated occupant
motion is shown in Figure 18. The occupant simulation is
stopped at 1200 msec. During the test, the vehicle roof
collapsed and impacted with the dummy after 1200 msec. Up
until this time, the agreement is fairly good, with both
dummieg leaning toward the right aide at 600 mmsec and then
s8liding up and off the seat. This motion is due, as disgcus-
sed previously, to the force of the string that joins the
dummy to the car door. The head and chest accelerometer data
is shown in Figure 19, and the neck icad cell data is shown
in Figure 20. These plots jllustrate the effect of including
the “string” in the simulation, ag diacussed in the section

on the initial balancing of the dummies.
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rssr NO. 6 - MERCURY ZEPHYR -

Tha gixth teat uses a 1982 Nercury Zephyr in which a Hybrid

.

III dummy is seated unrestrained in the front. passenger seat

Thg:vehicle, initially oriented at Bo_degrees yaw‘and 35'

=3

degrees roll and with an initial velocity of 23 mph, rolls
one-half revolution and lands on its roof. Figure 21 con-
tains the film and reconstructed vehicle motion, while Figure

22 presents the vehicle accelerometer and rate gyro data.. As

with the previous testg, there is no vigible difference in
the vehicles’' motions and the data plots agree reasonably

well. The only significant dlfference 13 in the yaw rate .

. L= - s .

gyro data Thxs dxscrepency may help. explaxn the\dztterence

EgIN WSV
ozt

bétween the film and simulat1on occupant motxon, which ig;?

o H — &

shown in Figure 23. For the first 900 msec, the vehicle, i%

sxmply being towed along the. track and so the dummies have
ligtle motion. Starting at 1200Amsec.'a major dxf!erence ;
bgéoses Apparent;' Tﬁe simulated dummy slides along the bench
geat to the driver’'s side with little angular motion, while
in the actual test, the dummy tOpples over onto its left '
gs8ide. They both subsequently fall onto the vehicle's roof as
§$e éar becomes inverted. There is one major problem with
this particular test which probably accounts for this dis-
agreement. Because of a malfunction in a triggering system,
tﬁ;.films of the actual vehicle motion, which are used to
d;fine the reconastructed vehiéle-motion. have no marks to
indicaiertime zero; Therefore, it is not possible to pre-

cisely aynchronize the linear and angular displacements as
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Figure 23 - Test No. 6, Zephyr
Test Film snd Simulated Occupant Mction

53




TIME (MSEC) 1500

TIME (MSEC) 1800

TIME (MSEC) 2i00

Figure 23 - continued
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seen from thé variocus viewing angles and, consequently, the
réconstfuc%ed-vehicle moticn ia probably incorrect. Figure
2475hows the dummy head and chest acceleration plots, and

Figure 25 shows the neck load cell forces and torques.

Again, they dc¢ not reveal much useful intormatjion.
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