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.0 INTRODUCTICH

The purpose of this project was to combine presentiy availzble ad-
vanced computer modeling techrniques for reconstructing 2 ¢rish sequence ¢
the develapment of methods for determining cccupant contact velgcities,
impact forces and occupant responses in passengrr car accidents. This was
a preliminary study which was intended to develop & methrodelogy to inalyze
real~world zccidents and to investigate the applicability of computerized
vehicle crash and occupant motfon simulation rodeling tachnigques o the
improvement of accident investigation-based biomechanics data and staged

taboratory collision tests.

2.0 BACYGROUND AND METHOOS

For the past 13 ysars, the MYMA has supported field accident investi-
gation under the directicn of Or. Huelke. That investication progrem had
the potential to incorporate biomechanically speciailzed additions to the
ongoing orogram and to provice a trained team for acditional accident in-
vestigations. The gathering of these specialized data from Washtenaw
County accidents could also be enhanced by tha medical alert system used
in the present accident investigation program. Thus, the specialized in-
jury notification and data gathering needs af this project could be added
to the existing emergency room program in the county with a small additional

effort.

In Eurcpe this type of detailed invectigation has been sugcplemented by
actual c¢rash tests with dummies and cadavers to obtain biomechanical data.
This type of approach is relatively costly and only a limited number of
tests heve beer performed. This project was to substitute cosputer simula-
ticns for both the vehicle crash and the occupant moticn phases of the
study. This approgch was excected to be:

- more flexibls in szudying the variables associated with tha cases,

- less costly, and ®

- ultimately of much greater general utility in advancing knowledge
af injury causation, tolerance and protection of gccupants in
crashes.
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The oal of the project was to ¢orbine statg.pf-the-art detafled ac-
cident investigation cata, corputerized sehicle crash and occupant rotion
eodeling, and biomechanical analysis of nuran iajury into a method for ob-
taining greatly enhanced ofomechanical data from venicle crashes, The
findings of the investigations, fn the form of prubable occupant contact
velocities, impact forces and cccupant impact responses, were compared
with existing bicmechanical knowledge for the purscse of cemonstirating the
utflity of the rethods.

Protocol for the computer simulation procedures and specialized in-
vestigation teciniques was developed prior to initiation of the active
accident investigation,

The following criteria were the primary factors in choosing an acci-

- dent for in depth investication:

1. Occupent injuries of particular biomechanical significance;
2. Type or direction of {mpact;

3. Reccostructibility of the crash {in terms of vehigle factors
and kinematics;

4. Comparability to accidents representative or national acci-

dent statistics.

The focus of the project was to understand, as well as possible, the
injuries sustained by the occupant, the sources of the injury and tne cc-
cupant kinematics that were responsible for the injury-producing contact.
Since occupant injuries were the primary concern, initial identification
of a prospective case was through notification that specific types of in-
juries had been sustained by a person who was an occupant in a crashed
motor vehicle. Following this notification, the vehicle and the accicdent
site were investigated in a preliminary manner. Based on the medical fac-
tors, vehicle factors and accident site factors, a review of the case was
made by the principal investigators. [f the predetermined criteria of in-
jury type, source of injury, crash type and probability of accurate re-
construction were met, then the investigation procaeded.

The basic field investigation was carried out by the Huslke team. Or.
Melvin directly assisted in the investication from the stancpcint of injury
sources, contact points, injury mechanisms and other binmechanical factecrs.

T TR
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Or. Rcbbins was dirsctly involved in assessing the reconst getibility of
the accupant kirematics, including occupant anthroporetry egnd pra-crast
geometry,

Following the gathering of the accident dati, work correnced on re-
constructing the vehicle crash factors using the CRASH [[ corputer model,
when suitable simulatien of the vehicle crash was ootained, the resutting
dynamic data were available as input for two- OF three-{imensional dynamic
accupant motion computer siruiation mocels such as those used in ather
MYMA-sponsored studies at HSRI. The HMyMA.2D occupint motion simulation
[1) was used in this preliminary study. The computerized recanstruction
of tre occupant kinematics and contact soints were corpared with the case
gata and judge-ents nade as to the realisw of the simulation.

L0 SUMMARY OF PRELIMINARY CASE INVESTIGATIONS

Eigntoen actual crashes were 1dentified as being of sossinte interest
through the scrcening of cngoing crash investigation infarmatica. The
rrelimirary accicent data were rovieaed and, in sore casss, the team in-
spected the velicles and the c¢rash scere, t2fore coming to a decisicn in
regard o the uttlity 07 wic Irasn. Six 2f tre gighteen cdsss were judged
to have sufficient rerit to e of furtner interest to this sroject. A
capsule cescription of each accicent and tna reasons for rejection frem
further investizaticn or inclusion for further study are given in ine foi-

towing:

Case =1

Cn July 20, 1381 a 1920 ¥4¥ Scirmcco wes struck in th2 left sice Ly a

1280 Olc¢smobile Coega in an intersectinn tyre collision.

Afier {mpact the Oldsmobile swung covpletely argund «itn the Scirpccn
going cver 2 Curd and <own @ slight esfiankment (0 Come 10 rest acainst
o

ned;e. Injuries weres not of a nid AlS.

frap imgact, tre YA Rit 3 curd and then want ICan 20 2T2aniTent 1nl0

igent recocnstruc-

L3

. This cannLy be accounted Tor inotne uomputar 2C

a nedge

ticn program.
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Case #2
On August 20, 198] a four-door Chevrolet Impala went off the road,

crossed a private driveway and struck a tree head-on.

From the accident report this crash Tooked like a possible case for
the model simulation study but upon visiting the scene of the crash it was
found that the car first struck a driveway culvert before continuing on
and striking a tree.

Reason for Discontinuance:
The impact with the culvert preceding the tree impact.
Case 43

On August 24, 1981 a 1979 Pontiac Grand Prix wert off the road and
hit 2 tree head-on.

From the accident report this looked 1ike a ocod cendidate for the
study.

Reason for Discontinuance:

Front center impact with the tree was at a relatively low speed indi-
cated by the minor darage. In addition, the injuries to the driver were
AIS-1. Examination of the interior of the car showed that there were no
occupant contact marks visible anywhere on the interior with the excepticn
of a light smudge on the windshield glass.

Lase #4

On September lst there was 2n intersection collision Detwesn two ve-
nicles in Ann Arbor. Injuries to both parties were minor but had the po-
tential, based on the police report, for medeling,

Reason for Discontinuance:

Damige was relatively minor - the injuries were minor. In addition,
the rest positions of the vehicles indicate that the iliustration by the

poiice was incorrect.
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Case =5

1

This was an unusual accident which had the potential for reconstruc-
tion. 0On Saturday, August 23rd a Buick was traveling thru an intersecticn
when tree removers accidently dropped a tree into the roadway crushing the
roof of the car and burying it underneath the tree. The lap-shouler
beited cccupants of the automobile were trapped within the car for about
an nour and 3 kalf. The intersection was clesed for seven hours.

Reason for Discontinuance:

To extricate the car occupants the fire department cut the A-piilars
and peeled the roof back so that adequate crush measurement could not te
obtained. Also, it was not representative of naticnal accident data sta-
tistics.

Case 76

This was a cross median crash favolving a 1978 Renault and a 1978
Oldemobile. Injury severity af the Renault driver was AIS-3.

Reason for discontinuance:

Oblique crash not easily reconstructed by either of the computer
models. Some invasion and corpromise of passencer compartment. Exact
rest position of vehicle not precisely known. Venicle camage mudified in

extraction of occupant.
Case =7

This case involved a 1380 Chevrolet Blazer that ran off the rpad and
back on striking an approaching 1980 Chevrolet (Citaticn head ¢i. The
force of the impact drove the Citaticn rearward and the Siazer ralled over

it. The Blazer caugirt on fire.
On-scene chotographs and measurerments are available

The driver of the Citation was cead at the sceng while the driver of

the Blazer was transported to the hespital
Reason for Tiscontinuance:

Extrers crush and intrusion of the Citatign. Cannot reconstruct

Blazer roligver onto Citaticn.
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Case =8

A 198] Chevrolet Citation went off the west side of tne road, hit a
raised driveway, bounded over it and struck a large tree. injuries ware
AiS-1.

Reason for Discontinuance:

Double frontal impact {driveway, tree). Low injury level.

"

Case =9

A 1381 Mercury Lynx driven by a 35-year-old male was on the expressway
when it struck the rear of a 1972 Chevrolet Nova that was stopped on the
paved right shoulder of the roadway. The driver of the Nova was looking
for something in his glove box. The driver of the Lynx apparentiy fell
asleep and rear-ended the Nova directly in the rear.

Useful Case

Point of impact and point of rest of the venhicles are known, This was
a direct frontal collision with the ful) rear-end of the Hova. Detailed

injury description was available.

The driver was extremely cooperative and volunteered to come in for
anthronometric measurement and photography.
Case =10

A 1577 Oldsmobile Cutlass S was forced off the roadway and struck a
56 cm diameter tree directly head-on. Frontal crush of the car was 93 cm.
Useful Case

Point of impact and venicie ceformation as well as cetailed injury
description are available.

Oriver indicated that he would cooperate fully in this study.

Case =1]

A 1980 V4 Rabbit went ¢ff the road and struck a tree in the right
Zront corner at approximately a 45 degree angle. The 73-year-oid mafe
was wearing tne passive restraint system. The driver had multiple frac-
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tures of the right ribs, multiple contusions, . fracture of the right
femur, a contusion of the right kidney as well =35 other minor injuries.
He died 54 hours later due tc cardiac arrest.

Reasun for Discontinuance: :

This was an oblique right frontal collision with the vehicle spinning
away from the tree after impact but the exact position of rest was unknown. g

Lase =172

A 2-vehicle intersection collision occurred between a 1969 Cadillac
&-door DeVille and & 198] 3-door hatchback Fscort. The approximate rest
position of the Escort is known. The Cadillac was left at the scene and

[T

the owner/driver picked it up or had it picked up sometime later and
driven out of the county.

The Escort driver had minor injuries including contusions and lacera-
tions of the top of the head and lacerations about the forehead from
striking the sunvisor, header and windshield. The damage to the Escort
was concentrated in the right front corner area.

Reason for Discontinuance:

The occupant dynamics were fairly chbvious but, as indicated abeve,
the rest position of the Cadillac and the darage to the Cadillac were not
available.

Case 213

This was a two-vehicle offset head-gn crash between a 1979 Blazer and
3 1580 VW Rabbit. The Blazer was traveling downhill in an area that was
covered with ice near a right hand curve in the rocad. The Blazer slid
over the centerline and impacted the Rabbit, ceverely damaging the left
front area hood and the wheel, Eoth occupants in the YW were wearing
their automatic shouider belts.

The male driver hid extensive injury to both knees fram contact with

the lower instrument panel/knea balster 3resx.

- et e e e Ak bl e
e S A & kot e o Ak LA A i AR S e




f,_i

R S TR

T TN M TR e Tt ot e n e oan o

e et Aol R B ST T g T

The female passenger flexed forward to strike her left cheel on the
instrument panel causing a depressed and displaced fracture of the left

zygoma along with other minor injuries.

Useful Case

Very specific details on the injuries were available, although the
rest position of the vehicles was not well documented. The nature of the
injuries and the type of crash were judged to be interesting enough to

retain this case for further investigation.
LCase #14

A 1980 Chevrolet Chevetite was struck broadside by & 1977 Chevrolet
C/20 Chevy Van. Intrusion on the passenger's side was extensive. The
driver was wearing a lap-shoulder belt and sustained but minimal (AIS-1)
injuries,
Useful Case

The point of impact and point of rest can be determined Significant
Crush with lap-shaulder belt being worn makes this an ideal case for re-

construction.
Case 415

On March 12, 1981 a 1982 Plymouth T0-3 was involved in a rear-end
collisicon with another car. The driver's injuries were muitiple but pri-
marily of AIS-1. However her unconscicusness raises the leve! to AIS-2.

Reason for (iscontinuance:

Although this was a good flush barrier type frontal collision, the
exact point of impact and point of rest of the venicles cannot be deter-

mined.

Case #16

This case involved a 1980 Mercury Caori running of f the roadway and
striking the left rear corner of a parked 1974 Dodge van. There were no
skid marks prior tc the impact. The unrastrained driver of *he Capri

sustained minor and moderate injuries.
Useful Case

The rest positica of *he vehicles and the detziled infury information

are available.

5
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Case #17

A 1974 Mystang struck the hooper wheels of 2 siow 7oving trafn. The
car damage was of the barrier type. The driver was xilled,
Reasor: for Discontinuance:

No autopsy performed on the driver and no medical investigation avail-
able.

Case =18

This accident involved an intercection type collision of a 1981 Buick
Skylark 4-door and a Ford pickup truck., This was a broadside collision to
the left of the pickup truck. Injuries were multiple and extensive to both
driver and passenger of the Skvlark and all injury descriptions are avail-

able.
Useful Case

Details cn the point of imsact, point of rest, and crush profiles of

the vehicies are availabile.
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3.0 THE RECONSTRUCTIONS
The following four sub-sections describe the reconstruction of occu-
nint kirematics for the four accident cases which were selected. In each
case information is presented in the following order:

- Accident descripticn including vehicle damage and injuries;

- Geometric definition of the subject in the vehicle;

- Qccugant kinamatics during the crash sequence;

- Occupant dynamics including fories of interaction and accelera-
tions af the head and ches..

4.1 <Case No. 9. 1981 Mercury Lynx (Frental Impact. 22.9 aph).

In this case a 1981 Mercury Lynx driven by a 35 year old male was
driving on a freeway when it struck the rear of a 1972 Chevrolet Nova
wnich was stooped on the paved right shoulder of the roadway. Figure 1 is
4 scnematic of the accident scene showing the square rear-end impact as
well as the well-defined resting points of the vehicles. Figure 2 shows
the dawmage to the front end of the Lynx.

The lone male driver was unrestrained and upon impact is estimated to
have continued forward and struck the left sunvisor and header with his
fcrehead, the windshield with his face, the steering wheel with his throat
and chest,and the lower panel with his knees.

Interior damage to the vehicle was moderate. Oriver contact deformed
the lTeft sunvisor and contiquous windshield header. After the windshield
was starred, continued head travel caused a jagged tear in the laminate of
about 20 cm (7.87 in) and an outward bulge of 4 ¢m {1.57 in). Chest con-
tact with the stearing wheel caused it to fold around the hub and forward
ne2rly to the instrument cluster eyebrow. The vehicle steering column was
conficured to include a V-joint flexible coupling and the right shear cap-
sule was separated about 35 mm (1.28 in). Also, there wes obvious upward
rotatien and lateral right movement of the column. Although they did not
apoear to be damaged, tne driver may have had his Teft hand between the
ste
column or the teft side of the instrument cluster eyebrow. The left end

eering wheet rim and the two control levers on the left of the steering

of tre lower panel telow the headlicht switch was deformed Sy the driver's
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Vehicle Damage [Case No. §).

Figure 2.
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INDICATE LOCATION QF INJURIES, INCLUDING MAJOR BRUISES

SOFY NIESUE INJURIES

L Abw. Ri. Forehead

2.4 BY. Cornuea

3.2em Lac. Rt. Nostri]

 Cewm Vewrl T+T Lac.

RT. Upper Lip

§ Unconscious {1-3 min)
&. Ab s, Botl, Ejeffds
7 Abr, MNose

8. Possible Fx. Lawanx
with pheamolaryux
+* Aemowrl\dg‘g UR-{,
Voca! Cord

a Abr. Rt Jaw
16.Cont. #+ Abr. R Huee

SKELETAL INJURIES

@ Cracked S‘fem.q;..,
@ Cow mingted Exs,

Pr‘oX{'hdf qhg{ h‘;q’

Powﬁtio"‘ ‘*Jd a--.l ;/ﬂ
Lt. Hef'a c_qplpa_fs

RIS e

Figure 1.

QJccupant [njuri}eﬁz {Case Ho. 9).
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Teft knee while his right knee deformed the lower panel to the right of
the right shear capsule Jocation.

The unrestrained driver sustained & variety of injuries during con-
tact with the vehicle interior which were concentrated on the upper chest,
neck, and head as defired in Figure 3.

Use of the CRASH II program yielded a velocity change of 22.9 mph
along the axis of the Lynx. This was represented as an acceleration in
the form of a trapezoid with a total duration of 80 milliseconds and rise
and decay times of 5 milliseconds.

The first step in reconstruction of occupant dynamics using the MVMA-
20 occupant motion simulation was to develop an estimate of vehicle geom-
etry and ltocation of the occupant within the vehicle. The key information
used were engineering drawings of the vehicie plus information gathered
during an intarview with the victim of the crash. During the interview
simple anthropometric measurements were made documenting his size as:

- 72.24 in. (1B3.5 cm.) stature

- 200.5 1b. {91.1 kg.) weight

- 39.13 in. (99.4 ¢m.) sitting haight

- 24.09 in. {61.2 cm.) knee to buttock length

To develop the estimafs of the posture of the cccupant in the vehicle,
chotographs were taken showing his normal driving position in a vehicle
essentially geometrically identical to the one involved in the accident.
Fiqure 4 is an example photograph. A schematic of the vehicle interior
cross-section was then made for a plane through the center-line of the
gccupant using vehicle scale drawings. The photographic stide of the
seated occupant was then projected onto the schehatic taking account,
insofar as possible, distortions based on camera placement. An outline
of the occupant was then sketched onto the schematic. This resuit is
shown in Figure 5. A linkage for the occupant was then superimposed
using the anthrcpometry of the driver. The dimensions of this linkage
werg obtained by scaling known 50th percentiie data to it the four
basic measurements made cn him. Figure & identifies the various contact
surfaces defining the venicle interior. Because of the lack of force-
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deflection data for the specific vehicles studied and the exploratory
nature of the project, engineering estimates based on available informa-
tion were used for these quantities. The complete data set used in the
simulation is included in Appendix A along with those for the other three

reconstructions.

Figures 7-11 show tracings of the simulated occupant positions ror
several points in time during the simulation. Figura 7 shows the initial
position at 0 milliseconds. At 70 milliseconds {Ffigure 8} the subject has
moved forward and shows substantial contact with the Tower instrument
panel while contact with the header has just begun. Figure S shows com-
pression of the neck resulting from the header contact and initiation of
cotumn/thorax interactions. Figure 10 shows the head rotating over the
coton and into the windshield. It is possible that the larnyx contact
rmay have occurred at this point or possibly later during the contact with
the upper instrurent panel shown in Figure 11, 8y 140 milliseconds the
column/rim corkination has collansed several inches in the simulation.
This approximetes ine deformations observed in the crashed vahicle. [t
should also be noted that by 7140 milliseconds the knees and tibias are ng
lenger interacting witn the lower instrument panel. This represents the
beginning of the rebound phase with the remainder of the body following
during the remaining phases of the simulaticn.

Figures 12-15 show some of the dynamic output results produced by the
simulation. Figqure 12 shows the sequence of interactions between the head
and, successively, the header, windshield, and upper instrument panel.
Figure 12 shows the chest and abdomen interactions with the steering wheal/
column. Interacticgn between the lcwer part of the steering wheel rim and
the abdomen leads the chest/column contact by about 10 milliseconds. Sub-
stantial normal forces are generated on both the fewur (at the knee} and
the tibia (just beiow the knee) during their contact with the lower instru-
ment panel as shown in Ficure 14. Because of the two-dimensioral nature
of the MYMA-2D occupant motion sizulaticn, the numbers shown represent tha
sum 6f the Toadings to both legs. Vehicle/occcupent interactions observed
as actual contact zeints inm the crashed vehicie indicate that this aésuma-
ticn is reasonable. Head and chest accelerations are shown in Figure 15.
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For the most part the peaks correspond with the peak force Joadings shown

in the previous figures.

4.2 Case No. 10. 1977 Dldsmobile Cutlass (Frontal Pole Irpact. 28.5 mph}.

In this case a 1977 Oldsmobile Cutlass § was forced off the roacway
and struck a 56 cm diameter tree directly head-on. Frontal crush of the
car was 93 cm. Figure 16 is a schematic of the accident showing the well-
defined venicle motions. Figure 17 shows the severe and alrost perfectly
symmetric damage sustained by the vehicle.

The lone male driver was unrestrained and upon venicle impact with
the tree is estimated to have continued forward and upward contacting the
sunvisor, header, and windshield with his farehéad; the steering wheal
rim with his throat; the steering wheel rim and spokes with his chest;
the Tower panel with his knees; and possibly the mid panel with his right

shoulder and forearm.

Interior damage to the vehicle was moderately heavy. The left sun-
visor and header were damaged and the windshield was sterred by the driver.
The lower half of the steering wheel rim was severely bent and the spokes
were slightly deformed. This caused the energy absording device to de
compressed about 123 mm {4.84 in) and the shear capsules were separated.
Upward force by the driver caused the steering column to rotate upward,
but separation of the shear capsules necessitated its final state to be
down. Oriver contact broke the mid and lower panel areas to both the left
and right of the column,

The unrestrained driver sustained a variety of injuries, during con-
tact with the vehicle interior, to the head, neck, rib cage, nip, lower
legs, and lower arms. These are detailed in Figure 1&.

Use of the CRASH II program yielded a velocity change of 28.6 =ph
aleng the axis of the Oldsmobile. This was represented as an acceleration
in the form of a sine curve with a total durztion of 80 ms.

Procedures similar to Case 9 were used to define the vahicle interior
gecmetry and occupant position. During an interview, the simple anthropo-
metric weasurements on the driver yeilded:

28
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- 50 years old

- £5.2 in. (175.8 cm.) stature

- 182 1b. (82.7 kg.) weignht

- 37.2 in. (94.4 cm.} sitting height

Photographs were taken of the subject in a vehicle essentially identical

to that involved in the accident. Figure 19 shows the occupant linkage at
0 milliseconds and vehicle geometry assembled from the vehicle drawings,
subject chotagraphs, and the limited anthropemetric measurements. The con-
tact surfaces and ellipses which were included were those believed to be
active in the subject/vehicle dynamic interactions.

Figure 19-23 show tracings of occupanﬁ posttion for several points
in time during the simulaticn. Figure 20 shows the begianing of knee/tibia
interactions with the lower instrirment panel at about 50 ms. Alsn, the
lower rim of the steering wheel is just beginning to contact the abdomen.
Figure 21 at 60 milliseconds shows several interact ons imminent or just
beyinning. The lower rim of the steering wheel is interacting with the
Tawer region of the chest contact ellipse. At the same time the lower am
has moved forward and has penetrated the planes of the instrument panel
{Ho Contacts were allowed for this segment in the simulation, howaver this
view represants a plausible Tocation for the arm/penel interactions docu-
mented in the accident reconstruction}. The head, at this point in iime,
is just about ready for a contact with the header. It was necessary to
add a small circle to the top of the head ({shown in the figures) in order
to sense this contact due to the short length of the header, the relatively
large size of the main head 21lipse, and the relatively small pepetration
of the nead into the header. Figure 22 shows the primary interaction with
the windshield while Figure 23 shows the predicted positicn of most for-
ward excursicn with the head and rneck contacting the steering wheel rim and
the instrument panel. It should be noted in Figure 23 that retound has
been initiatad in the areas of the lower extremities. This retcund is
transmitted on up the Tinkage as the simulatien continues,

Figures 24-27 show scme of the dynamic output resuits precuced by the
simulation. Fiqure 24 chows the predicted force luadings applied to the
nead. The three primary interactions are with the header, windshield, and

instrument parel. Interacticns of the chest and abdomen with tre stzeriny

32
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wheel/column are shown in Figure 25. The abdomen is in contact for appro-
ximately 20 ms before the rib cage becores substantially involved in the
dynamics. The tibia and femur loads shown in Figure 26 show the consicer-
able force which was Tikely transmitted to the acetadbulum. Figure 27 chows
head and chest accelerations which are, a8 happened in Case No. 2, well
correlated with the phasing of the Toadings shown in the previous figures.
[t should be noted that the-<e-loading to the head due to the header con-
tact is relatively low. This is a case where small changes in input data
could dramatically change the simulation. If the occupant sat 1/2 inch
tewer, the contact would not occur. If he were 1/2 inch nigher, the size
of the force spike would tikely be tarcer than that for the windshield.
The effect of vehicle pitch during the tree impact was not investicated
due to the limited nature of the project and could also b= a major factor
in the relative position 0f the head with respect to the vehicle in the
timing of this important contact.

4.3 Case No. 13, 1983 Volkswagen %abbit (Front Impact. Passive Restraint.

36.7 mph.]

In this case a 1980 Volkswagen Rabbit was driving an a two-tanme road.

A Chevrolet Blazar crossed the centarline on an icy tum. The impact eaeray
transfer was nearly "head-on" for the Rabbit. Figure 29 is a schematic of
the accident scene. Figure 29 shows the damage to the vehicle.

The male driver was restrained by a passive belt system. Upon impact
he continued forward against the shouider belt and his knees contacted the
knee boister. He stated that he braced himself by straightening both leas
and slamming both ‘eet against the floorpan. There was no evidence of
contact between the driver and his right front passenger.

The fairly extensive damage to the vehicle interior was concentrated
in the left front corner =€ the passenger ccmpartment. The left end of
the instrument panel was partially separated from the deformed left A-
pitlar. The steering wheel rim was slichtly ceformed from the driver ap-
parently bracing his hands against it. There was some evidence of steering
column movement £o the left and slightly upward. The in‘ericr of the left
door was deformed and the glass broken out due to impact 3ut it is unknown

if there was contact by the driver. There was intrusion of the instrument

42
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pinel which forced the knee bolster back toward the driver's knees. The
floorpan was buckled and the driver's seat adjuster deformed. The instry-
ment panel around the instrurment cluster was damaged and the damaged rear-
view mirror was dislcdged from the severely crazed windshield, but it is
unknown 1f there was any occupant contact.

The driver sustained only a <ortusion on the left shoulder due tc the
restraining force of the shoulder Belt but suffered relatively severe knee
injurtes. The details are presented in Figure 20,

Use of the CRASH Il program yielded a veigcity change of 36.7 mph
along the axis of the Volkswagen. This was represented as an acceleration
in the form o1 a trapezoid with a total duration of 80 milliseconds and
rise and decay times of 10 milliseconds.

Procedures similar to the previous two cases were used to define the
vehicle interior geometry and cccupant position. It was necessary to sup-
plement vehicle drawings with direct measurements on the geomet:~y of the
knee bolster. During an interview, the simple anthroprmetric measurerents

on the driver yieldad:
- 47 years old
- £9.6 in. (176.7 cn.) stature

- 184 1b. (83.6 kg.) weight
- 35.3 4n. {85.7 cm.} seated neight

Photographs were taken of the driver in a Rabbiv essentiaily identical co
that involved in the accident. Figure 37 shows the initial occupant link-
2gge and contact ellipse configuration in relaticn to the schematic of the
vehicle interior. Included in this case are the torso belt locations.
The hand was allowed to interact with the stesring whael in tnhis case.
Because the impact forces resulting from contact with the bolster appearad
to be applied tc the tibia, the knee ellipse used in the previous cases
was deleted.

Figures 31-35 show tracings of the simulaced occupant pasitions for
several points in time during the impact. The [ibia was in contact with
the bolster by 30 milliseconds as showrn in Figure 32. Figure 23 shows “he

beginnings of effects due to the upper torso restraint. Figure 34 shows

16
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the farthest forward excursions of the body with the beginnings of rebound
in the Tower legs. The location of the arms and hands throughout the se-
quence should also be noted. The final drawing, Figure 35, shows complete
rebound at a time of 160 milliseconds.

Figures 36-39 show some of the dynamic cutput results produced by the
simulations. Interactions between the forearm and the steering wheel are
shown in Figure 36. Although the magnitude of the initial spike is prob-
ably unrealistic from a human response point of view, the ability to feed
force and energy into the body through this part in the linkace in a rela-
tively centinuous manner has been demonstrated. Refinement of the force-
deflection curve for the steering column, which was used for this simula-
tion, to reflect a softer material property for wheel rim deformation,
would probably solve much of the problem. Similarly, the properties of
elbow and shoulder joints could be refined, to include muscle tension ef-
fects and the mobility of the shoulder girdle. No well-researched data
have Leen developed to this point in time for definition of shoulder girdle
mobility. Figure 37 shows the major restraint effoct on the chest due to
the upper torso belt. Figure 38 shows the forcas on the tikia due to con-
tact with the bolster. This force is transmitted into the knee Joints as
a shear force. Within the Timited tcope of this praject 1t was not possible
to explore the intrusion of the knee bolster into the occupant compartment.
This intrusion could have had a marked effect on the results. Figure 39 is
@ plot of head and chest accelerations. The peak head accelerations follow
the peak chest accelerations which appear to be directly related to the
application ¢f the belt forces. This phasing relation is related to the
pitching down of the head with respect to the upper torso. No evidence of
contact of the head with the vehicle is evident.

4.4 Case No. 14. 1980 "movrolet Chevette (lateral Impact. 35 moh).

In this case a 1980 Chevrolet Chevette was struck in the sice by a
C/20 Chevy Van. Intrusion was extznsive on the passenger's side. The fe-
wale driver of the Chevette was wearing a lan-shoulder belt and sustained
minimal injuries. A schematic of the accident scene is shown in Figure 40.
Damage to the Chevette is shown in Figure 41, Although there was & spin '
by the subject vehicle, it appeared that the primary force vertor was

36
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lateral as judged by the extericr uamage. The accident occurred on snow-
covered and slippery surfaces. Eased on the assured lateral force vector,
it was decided to atterpt simulition of this case alsa using tas MYMA-Z0
occupant metion simulatian.

The Tone female driver was wedring the 3-coint restraint system. Upon
impact she flexed to the right conticting the front right door and flocr-
mounted shift lever,

Damage was ~xtensive to the right side of the passenger compartrent.
The floor-mounted T-bar shift lever was bent to the 1right by the driver
causing its plastic housing to crack. Deformziion of the right upper A-
pillar crazed the right half of the windshield, deformed the header, bowed
the right sunvisor and deformed the roof in tne front right corner. The
front right door intruced about 41 em {16.74 in) damaging its latch housing
and the front right seat cushion and seat adjuster. ts #indow si11 was
also contacted by the driver. The right B-pillar intruded about 46 cm
{18.11 in) darmdging the front right seat pack and causing it to bend to the
left pehind the driver's seat back. Intrusion of the right roof sice rai)l
deformed the roof.

The driver sustained only minimal injuries as illustrated in Figure
4Z. These were apparently due to contacts with the right doar, T-bar shifr
lever, and seat belt buckle.

Use of the CRASH IT program yielded a lateral velocity change of 35
mph. This was represented as an acceleration in the form of a tragezoid
with a total duration of 60 milliseconds and rise and decay times of §
milliseconds. This was based on an estimete of the amount of time for the
impacting vehicle to cause the intrusion and transfer its motion.

Procedures siwilar to the previous cases were used to define the ve-
hicle intericr geometry. Some direct vehicle measurements WET2 necessary
due to the unusual wvehicle cross-section required for use in the simvla-
tion. Although the subjact was not interviewed, height and waight were

obtained from medical records:

- 21 years old
- 86 in. (167.5 cm.) staturs
- 125 1b. (56.8 xg.} weicht

60
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In order to estiblish the occupani linkage, the baseline data incluced in
the report by Robtbins, et al (2) were used. The linkage dimensions, mass,
and inertial properties were scaled to the size of the female driver. The
doar and window planes were located in the intruded position as contacts
were believed to occur after the intrusion had taken place. A total of 12
inches of intrusion was included. This is an estimate based on the fact
that maximum intrusion was located in the region of the B-pillar which is
behind the simulated occupant motion plane. Figure 43 shows the resulting
subject and vehicle geometry. The contact surfaces are labelled while the
occupant ellipses and joint centers are defined in a tasble included in the
figure. Tc begin to take account of the three-dimensional aspects of this
problem using a projection of the rearview of the subjecf in a plane, the
mobility of the body linkage has bzen defined as is shown ia the sketch
in the upper middle section of the figure. The elements of this linkage

are:

- 1-2, the neck

- 2-3, chest

- 3-4, abdomen

- 4.5, paivis

- 5-5, upper legs
- 6-, Tower tegs

- 2-9, shoulder girdla (Rigid iink. The point 9 is mobile at the
end of the link)

- 9-§, upper arm
- B~ , lower arm

1t should »e noted that contact between occupant ellipses and vehicle sur-
faces is selective. In other words, parts of the driver which are anti-
cipated to rontact vehicle components are allowed to generate force while
athers are not allowed. For examle, the leg ellipses are allowed to con-
tact the shift lever while this component is transparent to the torso
ellipses. This flexibility of the contact algorithm in the MVMA-2D code
makes it easier to account for the resulting quasi-three-dimensicnal ef-

fects.
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Figures 43-17 show trucings of the simulated driver’s position for
several points in time during the impzct. By 40 milliseconds {Figure 44},
the tegs and torso have contacted the ‘ransmission housing and/or the
shifter. The belt is just beginning to exert force {It hes been assumed
that the driver slipped from under the upper torso portion of the J-point
helt system). Also, the s just beginning to pivet down toward the intruded
door. Figure 45 shows that the driver has pivoted toward the door. The arm
has just initiated contact which will peak in about 10 milliiseconds. The
belt is effectively restraining the torso from riding over the transmission
housing. Figure 45 shows the occupant at 80 milliseconds. The torso has
pitched over completely and the head has contacted the window. By tne end
of the simulation {(Figure 47}, the subject has rebounded showing the effects
of the belts.

Figures 48-54 show some of the dynamic output results produced by the
simulations. Figure 48 shows the force on the head produced during the
window cantact. The restraining effect of the belt forces is shown in
Figure 4%, The effect of the belts is to prevent the tower torso and ex-
tremities from completely riding over the transmission hcusing. The arm/
shoulder tnteraction with the door is snown in Figure 30, Computer exer-
cises usiny either more or JTess intrusion of the door resulted in higher
or lower to no force of fnteraction, Figure 51 documents the interaction
of the thighs end upper Tegs at *he hip with the transmission housing. The
location of the 3-paint belt stalk by the housing and the minor injury
suffered by the driver most Tikely resulted from this interaction. The
interaction between the leg and shift lever is shown in Figure 52. It
alsa occurs :arly in the dynamic esvent. Figures 53 and 54 show the lateral
and vertical accelerations experienced by the dynamic linkage. In many
cases the peaks correlate well with observed kinematic or dynamic events.
Chest accelerations shift from lateral (40-60 ailliseconds) tc vertical
(60-80 milliseconds) as the belt system and shift housing causes the torso
to pitch toward the side A clean spike shows up in the head lateral ac-
celeration which correlates well with the interaction with the window. Head
vertical accelerations appear to ue larger than would be expected for a
human. This could orcbably be corrected by including better data (if it
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exists) for lateral bending of the neck and the effects of elongation
caused by pitching violently toward the side of the vehicle.
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§.0 RIOMECHANTICAL REVIEM OF RECCHSTTUCTIONS

This section discusses the bicmechanical aspects of the four recen-
structions in terms of the acceleraticns of body regions, contact forces
and resulting injuries. Comparisons are made batween the results of the
varipus reconstructions to highlight differences and similarities.

5.1 Case No. 9

This Yarge, 35 year old male sustained sionificant head impacts
against the header and windshield. The farce levels of 1800-1900 tbs. as-
sociated with these impacts would not be expected to cause frontal bone
skull fractures although they approach the lower limits of frontal frac-
ture tolerance for flat impact surfaces. Similarly, the head accelera-
tions associated with these two impacts are moderatsly severe (peaks near
120 G's). Additional head acceleration peaks around 80 G's are also present,
and the entire head acceleration-time history (Fiagure 13) s characterized
by significant time durations as well as acceleration magnitudes. This
subject was concussed for 2-3 minytes

The size and position of the subject and ths vehicie intericr geometry
combined to produce a uniform contact of the chest sguarely with the
stzering wheel. Although uniform, the loading was severe engugh to frac-
ture the sternum. The predicted load peak was aporoximately 2000 lbs,
which is simitar in magnitude to those produced by experimental studies on
chest impact with cadavers. The chest accelerations associated with the

impact were less than 50 G.

The contact of the subject's Tegs with the instrurent panel prnduced
an average force of 1300 Ibs. in each femur and 1C00 Ibs. into =ach lower
leg. This resulted in a total femur Toad of agproximately 2300 lbs. in
each leg as the lower leg force would be transmitted by shear to the upper
Jeg. The lower leg load was close to tnierable values for knee joint lica-
mentous damage in cadavers. The subject was tall and had robust legs.
Neither the average lower leg loads of 1000 ips. nor the total femur loads
of 2300 1bs. were likely near the tolerance of this subject.

The most severe injury sustained by the subliect was & possibie frac-
tured larynx which has an AIS rating of &. However, the forces and ac-
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celerations qgenerated in the head and chest impacts and the initiation of

temporary brain dysfunction and chest structural integrity are indicative

that the thresholds of severe injury for the subject's head ind chest were
being approached in this crash.

5.2 Case No. 10

This case involves a more severe frontal crash than in Case 9 (28.6
mph versus 22.9 mph} with an older, smaller male driver {50 years old) of
a larger cir. The contact of the head with the header was not as severe
as the windshield contact, whch produced a peak of 1600 1bs.--well below
frontal bone fracture tolerance. The head acceleration associated with
the windshield contact was higher than that of Case 9 (150 G peak) but
with a lessar duraticn. Similar Tonger duration acceleration peaks around
80 G occurred late in both crashes. The subject was only briefly uncon-
scious.

The contact of the subject's chest with the steering wheel was not as
uniform or aligned as in Case 9 due to configurational differences in the
vehicle interior and the subject positioning. A pezk chest load of 1200
1bs. was produced. The fractures of the 8th and 9th ribs on the left side
may have been due to the interaction of the bottom half of the steering
whiee] as shown in Figura 2i. The age of the subject may alse have had an
influence on the production of skeleta? damage at the lower lnad of 1200
ibs. Despite the lower Toad, the peak chest accelerations were slightly
higher (55 G) than in Case 9.

The average femur contact force was 1550 1b. on each leg. The average
tibial force was 900 1b. per leg and the total average femur lcad wiuld be
2450 1b. per leg. The deformation of the instrument panel due to knee con-
tact was greater on the left side and may have cantributed to more af the
toad being carried by *he right leg. The fracture of the right tibia oc-
curred with a predicted load of &t least 900 }bs. Both the age and the
lesser lower leg developmant of their suvoject may have also influenced the
initiation of this fracture at loads successfully sustained in Case 9. The
subject also sustained & fracture of the right acetebulum, again at a load
of at Teast 2450 1bs. but most likely greater than that. Both of these
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load level rances {900-1800 Ibs. and 2453-4900 Tbs.) are consistent with
the tolerance limits derived from cadaver leg impacts.

5.3 Case 13

Unlike the previcus two cases, this frontal crzsh involved a passively
restrained driver (47 years old) at a much greatér impact severity {358.7
mph). Due to the upper torso restraint belt, the head accelerition-time
history was gquite different from those of the previous cases. [t was less
abrupt in nature and had no contact spikes, &lthough the peak reached
100 G, The duration of the waveform was much greater than the other two
cases. No loss of conscicusness was noted,

The upper torso beit loads reach 2600 1bs. durinc the crash without
skeletal damage. This value is significently greater than cadaver based
limits for rib fracture due to belt loading.

The subject's lower leg gecmetry produced significant loading to the
Tower legs by contact with the knee bolster. The peak average force acting
on each tibia was 2100 ibs., well above the level for ligamentous damage
to cadaver knee joints. Both knee joints received ligamant damage with
the right ticial plateau sustaining a split fracture at these nigh lcad
levels.

5.4 Case 1%

This was a severe far-side impact involving a female driver restrainad
by a three-poi.i selt system. The intrusion of the right side of the ve-
hicle proviced a significant head contact point which produced an abrupt
1350 1b. pesk force to the head. The contact resulted in 2 laceration to
the right froatal scaip of the subject. The load peak was well below ski '
fracture tolerance fir & flat surface impact to the frontal bone. The lat-
aral head acceleratir.s were low except for the abrunt contact spike with a
peax of 140 G. 73he vertical head acceleratons were ecuaily as high but
with much greater duration during this contact. The subject was not con-

cussed.

A significant impact force (1220 ibs. peak) was produced by contact
of the right shoulder with the intruded vehicle interior. There are no
piomechanical shoulder force data to comgare this with, however.
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This contact also produced very nigh chest accelerations although the
realism ¢f tateral shoulder response data for the mocel can not be vali-
dated at this time. Llarce loads were also predicted against the upper leg
(2000 15s.) and lower teg (1400 1bs.) by interacticn with intericr compo-
nents. HNo significant injuries were produced, however.
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6.0 CONCLUSIONS

1. A primary goal of this project was to combine state-of-the-art
detailed accident investigation procedurss, computerized vehicie crash and
occupant motion modeling, and biomechanical analysis of human injury causa-
tion into a method for cbtaining enhanced biomechanical data from vehicle
crashes. This method involved organfzation of a muiti-disciplinary team
which investigated and analytically reconstructed four accident cases. The
reconstructions, using largely oreliminary data, were evaluate” and the dy-
namic Toadings pradicted for applicstion to the vehicle occupants yieided
injury results which were generally within accepted ranges of known tol-

erance data.

2. Vehicle trajectories and restirg positions after the accident must
be documentad completely, insgfar as is possible, to allow a reasonable pre-
diction of velocity change during impact, and hence, to allow a reasonable
approximation for vehicle acceleration or position to be made as a fupction
of time. Use of CRASH and SMAC programs are not reliable if this informa-

tion is not availzhle.

3. Improved force - deformation data for both vehicle components and
the occupant would improve predictions of force and acceleration magnitudes,
energy absorbed by secments of the human body, and as a resulf, the rebound.

4, The use of the interview of the injured vehicle occupant was very

informative with respect to:

- details of the accident
- his or her physical size
~ additicnal medical details of the injuries
- astimated driving posture in a vehicle essentialiy the same as
the one involved in the crash
The subjects were very interested in the project and much more cooperative
and useful than was originally estimated.

5. A data bank on human anthrrpometry should te established for use in
stydies such as this based on human dimensions, mass distribution, inertial
properties, joint locations, joint mobility, and joint strength. Most of
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the data available to the project was based on definitions and measurerents
made on anthropomorphic test devices. These data were particularly suspect
for neck and shoulder mobility, flexibility, and elecngation.

6. The analytical methodology provides a technicue for adjusting para-
meters as new data become available. For example, these parameters, all
required in the analytical reconstruction, could represent quantities re-
lating to the vehicle dimensions, the accident definition, vehicle damage
definitions, occupant anthropometry, and physical properties {strength,
force-deformation) of the occupant or vehicle. In nther words, a reconstruc-
tion is not Tost after the first attempt. It can be improved upon either
by the original team or, later, by others with more complete data.
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APPENDIX

DATA SETS USED IN MVMA2D SIMULATIONS
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TOEP AN
BOLSTERD
MIDDLEDK
UPPERDH
WINOSHIELD
CUSHION
SEATHACK
MEADER

.9%
.0%
800 .
441 ¢
Q.
8400 .
000 .
147.
8.
[+ 8
1862
1875.
2500.
£875.
1562,
1000 .
T50.
150.
10000 .
4006 .
0.
2000 .
13000,
0.
FLOOR
FiL.O0OR
FLOOR
BOLSTER
DASH!
DASH
WINDSHIE
CLUSHION
SEATBACK
HEALER
ROGF

STEIRING WHEEL

RIMTOP

{09,684

37.6
-65.4

Lo

14.8
313.0
42 86
23.%8
26.2
3T 4y

20.98
-t.1
12.0

b dgm BT TN B Lot T R M birn, i

§.78%3 O 17048

~74. 48
67.4

A B B

3.28
3.2%
2.07
~%6,83
-25.72
-25.72
-«37.83
-g.12
-4 .5
-40.C

22. 6
~29.4

-8
.23
.25
.28
.28
.28
.28
.25
.25
.25
.28
.25
.25

3%.0
42.8%
46 .2

16.22
25.73
22.0
40.92
-t

“13.

17.0

4,28

3,25
2.07
-7.02
-3.53
-t4.54
-24.46
-24.46
-4.5
-ay.27
-37.93

Casa ilo. G Lynx front Irnact {3 of 4
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[ e - o ~ I~ I

40%
406
407
£07
407
407
407

- AT

407
407
407
407
4Q7
407
407
407
£07
407
407
407
07
407
407
408
409
409
409
409
409
409
409
409
409
408
403
409
403
412
110
410
410
410
411G
410
410
410
410

0
410
410
411
41t
EA D]
~tt
414
LRA]
ER3]
41t
4t
&£11



e

[EU

SO DI, B, 10 g, (i

- b

Lo L

PR Jia

;h'u‘i'-t.'_._i o

i

e

-

..

R, 0

120. 2
120.%
120.6
121
122
t23
124
124.5
124.6
125
126
t27
128
129
133
134
200
100t
1002
1003
1OC4
tO0S
1006
End of file

ROCF
STEERING WHEEL
RINMTOP

f. 1.

1 2.

1 3.

)] 4,

1 5.

t. 6.
CRASH 22.35 MPH
o 13.58
5. 1.

Q. a.
200, Q.

-1
-1,
-1

[

L= ]

-1.35
20.02
20 .02

-13.83

O, 1, 4-17,21-32,37,40,46-50,48

C. 0.
40, 0.
o. Q.
21. G.

Lase No.

0.

110.3
-30.

6.

9

13.%
1
60.
G.

IR

-84, 7
-27.93
-27.83

75.

0.018
O 8%

-50.

.

a7

15.0
14.2
19189

-13.82

201,
20.

Lvnx Front Impact (4 of a)

-40.43
-5 0%
-2%.94

80.

- kA LR

opu

10,

A A i By I A e I s e et Pk s - g, A A e

a1
g1t
411
412
412
£42
412
442
412
800
(e}
602

T00
BOO
1000
00t
1003
1004

$S01t
1600
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A

“h

crif Ak

L 0 b o e R R AL gt 4 bkt

o e v

Y C—

T N

RPN, o 5T, W A AT i

I

1

-
-
[0 R RN SRS

Wvics ACCIDENY DATA RECONSTRUCTION. CASE NO. 2.

v, PN

a. 200, ] 2.8 10. Gt
Q. a. 1 LO0O00Y B, 102

cooo
[*ReReRw]
0000C

OO0CO0
ocoo

5.8
8 12
L1076
1.782
40,
40.
40.
40,
45,
0.
300.
100,
400.
100,

4.43 1.2 ] 202

.0238 D244 .O0BYT 203
307 634 LG4AQ bl

4. ~-45, .15 205

45, -45, .15 215

£0. -804, LTE 2

20, -9, .74 216

-44. % .18 207

~51.5 L8 08

o -108 . .18 plox]

. .15 210

&0, -155, .15 211

Q. 134 . .15 212

243

213

t 5 214

. -55. 4 217

] 2.23 0. 218

719

219

219

210

219

219

218

219

219

226

220

720

5 20

12.24
D494
2.346

L WG LR
[ #]
wn

~53.2

-
-2
-

[T A SRR NN I S s
L R S e . I N ¥ I

e D00 B
- 0@

Front Pole irpzct (1 of &)

88

[RE———————————_ e U

[ ST

1. $. 32.174 0.
o. o. Q. 0.
FOOT FLOOR
CHEST STEERING WHEEL
CHEST REATBACK
LBOOMEN STEERIMG WHEEL
HiP CLSHION
FERUR CUSHION
FOREARM BOLSTER
FOREARN CIRNDSHIELD
LBDOMEN " SEATBACK
HEAD ROOF
HEAD HEADER
FOREARM DASH
CHEST RIKTOP
HEAD RIMTOP
HEADTOR HEADER
F E#UR BOLSTER
TIALA BOLSTEP
HEAD DASH
HEAD wWiNOSHIELD
o 1. 1 0.
a. o. [»] Q.
0. 0. o} 0.
o 0. o 0.
a. [+ 8 o] 0.
SUMJECT NO, 2
12.6 4.8 F
K- 7.8 2.04 2.68
L0238 L1148 G196 Ke -T1]
.28% 3.216 .58 2.19
4.5 014 o. 0065
4.5 .Q14 g e o1}
6. BoRE] G. Role .31
6. cls 0. 0065
40, Ot o. 75
50. Nel O. .78
1% . 63045 . 53 0.
.5 8. (& 0.
25%. 0. . 45T Q.
12.2 o, .OOB45T 0.
100 . 9. Q. .83
500, Q. G. . 100
20. 230. . 1.
O. -34 .4 -24.2 -i9. %
1.0t 8.22 3.95
HIP
ABDOHEN
CHEST
HEAD
HEAGTCP
FEMuUR
TIBIA
FOoT
EQREARM
ALP -7.2 “, 2
ABDOMEN 5 -3.4
CREST -7 -1,
HEAD -3, 0.
fase MNo. 10 Qldsncbile
e s ot
f’““‘“‘““*““‘“"
Va .
. X :
- - A



EEY

$6.5
59

Gt
62
&2
G4
65
L1
67
L
69
1o
Tt
72
13
T4
75
16
17
78
79
2]
8t
82
a3
a4
-1
B6
BT
-1:1
89
80
a9t
a2
23
a4
93
96
a7
:2:]
5]
100
101
102
103
104
05
106
107
108
1038
t10
11
112
113
114
115
116
117

e g

HEADTOP
FEMUR

Tigla

FOOT

FOREARM
SLUMPED HUMANR
78. 0.4
-3.% .
VEHICLE
FLOOR

DASH

BOLSTER

WINDSHIELD
CLSHIDON
SEATBACK

HEADER
ROOF
STEERING WHEEL
RIMTOP

FLOQR

DASH

BOLSTER

WINDSHIELD

CUSHION
SEATRACK

HEADER

ROOF

STEERING wHEEL
RIWNTOP

MATFL

BATDASH

MATEOL

MATWD

MATCH

HATSB

HATHD

WATRF

MATSTW

HATFL

MATDASH

HATROL

MATWD

MATCH

HATSH

MATHD

MATRF

MATSTY

FLGR -1,
FLGR “1,

DASHGR -1,

DASHGR -1,

BUOLGR -1

BOLGR -t

®iGR .

YOGR -1

CTHGR -1,

CHGR -1

SBGR -1,

SBGR -1,

HOGR =1,

e e e

~8.5
5.
-10. 4
1.5
Q.

126. 6
-22.8

INTERICR

MATFL
MATDASH
MATBOL
WA T WO
MLTCH
MATSB
HATHD
MATRF
RATSTY
MATSTY

.

[+ R P IR

T e R R B R R MR R R
Cmupp T PNNNNNRNGOO00000

]

'g'm

.95

——— i s

©:000

146,

o0 F)P Q(DC)FIO CODOQCCOOONMNOANL - RN

L = L
[ 2 I ]

B
W

co QfD Flp DOJ0000C0000D m e e e v QQOCOOCOCOO

[ 2]

- A
(S )

~30.

=

OfJ?}Pf}F)OtDC)Q - e s ok b o

Eiiti

oocoo0000

-6.8 52.%
1. 1.

t, t.

1. t.

t. 1.

f. 1.

1. LI

1. 1.

1. 1.

i, 1.

t. 1.

Q.

.

C.

0.

0.

Q.

Q.

O.

Q.

Q.

2000, 1400 .
2000, a.
200G, 0.
2000, 0.
2000, 0.
2000. o,
2000. Q.
2000, Q.
2000, Q.
FLSTAT INERZ
DASHSTATINZRZ
BOLSTAT INERZ
WOSTAT  INERZ
CHSTAT INERZ
SBESTAT INERZ
HUSTAT INERZ
RFSTAY [INERZ

STWSTAT INERZ

Ay

Lase No. 10 Oldsrobile Frent Pole Imnact {2 of &)

89

18.

8

oooo0oo0s

haal
~
[2]
L]

DA SHGR
BOLGR
wOGR
CHGR
SBGR
HOGR
RFGR
5TwGR

220
220
220
220
220
300
301
303

401
401
301
401
401
401
401
AQH
401
401
402
402
402
402
402
402
402
402
402
402
403
403
403
403
403
443
403
403
403
404
404
404
404
404
404
404
404
404
405
406
409
406
405
406
405
408
405
406
405
406
405



o
]

LR

LR

+ &

148
119
120
121
t22
123
124
125
126
127
128
128
130
131
132
133
134
tas
136
137
ta8
133
140
144
142
143
144
14%
148
147
148
149
1850
151
152
153
154
155
158
157
158
159
160
161
162
163
154
165
166
167
168
1869
170
1T
172
173
174
175
176
177

HOGR -1
RFGR “ 1,
RFGR “1,
STWGR “1.
STWGR -t
FLSTAT ~%.
DASHSTAT-1.
BOLSYAY O.

BOLSYAT &,

WOSTAT -t
CHSTAT ~t%,
SESTAY -t
STWSTAT O,

STWSTAY 1

STWSTAT 48

STWSTAT .51
S5TWSTAT .78
STWSTAT
STWSTATY 2
STWSTAT 3
STWSTAT 8.
STWSTAT 10,
HOSTAT -t
RFSTAT O
RFSTAT 2
RFSTAT 3
INERZ -
FLOOGR
TOERUARD
TUEPAN
BOLSTERD
RIDDLEDM
WUPPERDH
WINDSHIELD
CUSHIDON
SEATBACK
HEADER

ROCGF

STYEERING WHEEL
RIMTOP

FLOOR
TOEBOARD
TOEPAN
BOLSTERD
MIDDLEDH
UPPERDH
WINDSHIELD
CUSHION
SEATIECK
HEADER

ROCGF

STEERING WHEEL
RIMEOE

FiCOR
TOEBOARD
TOEPAN
BOLSTERD
MIDDLEDH
UPPERDH
WINOSHIELD

Case llo.

e e ——— T

-

-

.5

. 9%

.05

80O

44+.24 -10%.64 5.3813 0 17045
0.

5400,

2000,

147 37.6 ~74.48 22.16
78 - 67 .4 -9 4
o8

{562,

1875.

2500.

1875,

1562,

1000

150.

750 .

10000

4000 .

c.

1000

13000,

.

FLOooR 20. .25
FLOOR 20. .25
FLOOR 20. .25
BOLSTER 4. .25
DASH 4, .25
DASH 4. .25
®WINDSHIELD 1. .25
CUSHICON 20, .25
SEATBACK 20. .25
HEADER 4. .25
ROOF 4. .28
STEERING WHEEL 2. .25
RIMTOP 2. .25

1

1.

t.

1.

1.

1.

1

H

i.

f.

1.

1.

1.

-1 0. -4.73 35 .84
-1 35.584 ~4.73 44,
-1, 44 -13. 44,
-1, 21.38 ~-29 9 28.02
-1, 21 3 -29.9 22.%
- 22.5% ~33.4 Jt.65
~t. 10.6% ~45.2 3165

R e L)

4,28

e I TP
L I . L -

-4.73
13
-25.
=18,
-33,
=32.
«32.

10 Qidsmobile Front Pole Impact

90

e 1]

L

[T Y

[V

406
408
406
405
406
407
407
407
407
407
407
407
A0T
407
07
407
407
407
407
407
407
407
407
407
407
407
408
<09
409
409
109
408
409
=032
<08
403
409
409
4Qs
409
410
410
410
410
410
410
410
410
ERIV]
410
410
410
410
418
£11t
311
411
411
41
419



34

&

-

178
1719
180
181
182
183
ta4
185
t88
187
188
189
190
18
192
193
94
19%
186
187
98
139
200
1001
1002
1003
1004
1005
1006
Eng af file

CUSHION
SEATBACK
HEADER

ROOF

STEERING WHEEL
RIMTOP

1. 1.
t 1.
1. 3.
1. 4.
1 5.
1. 6.
CRASH 28.6 MPH
0. 41.95%
8. 1.
Q. 0.
0. ~18.2
40. -2%.74
0. -18.2
80. 0.

5.
45,
5.
200.

T.7
-20.
15.1%
1515

~9.02
-21.4
-2%.2%
~14.3
0.

0.1.4-17,21-32,37,40,46-50,45

0. 0.
40. &Q.
o. 0.
2t 0.

Q.
t10.3
=3
a.

13.5
1.
50.
0.

-14,
-5
-45.
~dG .
«35.
-35.

LR R W

10,
30.
5G.
70.

0.01%
.8%
=50,
Q.

g e O b e g

-3.3
~13,
§.7
7.2%
10. 35
14.53

-4.85
~23.78
~23.78
-3%.8%

201.

a.

-
-31.27
~44,3
-46.5
-20.8
~331.%

15, -14.3
as, -2%.2%
5%, -2t 4
75. -%5.02

- 4
oo

Case Mo. 10 Oldsmobile Front Pole Impact (4 of i)

31

10,

411
411
411
411
411
411
4132
412
412
412

412
€00
qot
602

TOO

800
1000
1001
1003
1004
1500
1501

1600

 rme
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@ OB B b A

R B

v e e e o e it

. B e o e e R

HVEA ACCIDENT DATA RECONSTRUCTICON. CASE kO 3. 100
5. . 32.174 O, 0. 200, .8 5. 10. 01
= o. Q c. Q. 0. 10, LO00001 5. 102
FOOT FLOCR o5
CHiISTY STEERING wHEEL 106
CRESY SEATHACK e
ABDOMEN STEERING WHEEL 106
HIP CUSHION 106
FEMUR CUSHION 106
FCREARM STEERING WHEEL to6
ARDOMEN SEAYTBACLK 106
HEAD ROOF 156
FOREARM INST . PAKEL 106
HEAD STEERING WHEEL 106
FEMUR BOLSTER 106
TIBIA BOLSTER 108
HEAD INST  PANEL 106
HE AR WINCSHIELD 106
o. 1. 1. Qo 0 0. o 0 o} 107
G. o 0. 0 o] Q. 0 0 1 108
. 1, 0. o o 0. o o} ] 109
0. [+ o. o} Lo} t. 1 t f $10
o. Q. o. Q 0 [+ 0 o] Q (R
SUBJECT HO. 12 200
4.5 4.15 3.8 16.38% £1.58 4% -.3 201

8.5 1.4 .7 B.3 §.2 5. £.3 5 202

LS4 01e2 L0688 L1077 . G593 L0223 02686 L0059 203

3219 . 105 £.048  2.593 609 .44 .618 019 204

25, LS00 . .QCES 40, 0. -45, .15 208
28 . 800 0. L0068 40. 0. 45, .75 215
3 . 500 0. L0065 40, 30. -45. .15 206
29. . 500 o. L0085 40, 30. a5, .75 216
A o1 o. .75 A5 20, 0.8 ~44.5 -1 207
0. .0t Q. 15 80 90. -6.8 -51.% .15 c8
15, 02048 . 53 Q. 300. 200. 0. -105. .15 209
-3 8. o. 0. 100, 100, 44 Q. .78 210
25. . LOO6487 0. 400 . 306 155, ~60. .78 211
$12.2 O. .006457 0. 100, 00 0. ~134. -] 212
500 . G. a. | 242
500 . [+ B o] .00 213
20. 230. 0 1 1, .78 274
-15 14 “14.2  -14.2 -39 -43.6 74 -38.3  -63. 217
2.4 8.5 [+ 218
HIP 8. 1. 218
ABOCHENR 3. f, 219
CHEST 2. P 213
HEAD t. 1. 219
NECK 2. 1. 219
FESUR g, 1. 219
TI3LA 6. 1. 219
FOoT [ 1. 219
£L80W 7. 1. 219
FORCARN 8. 1. 219
HIP -8.3 0. 4 .85 4.85 220
ABQOWE N 0. G. 3.7% 3.75 220
CHES§ 0. .8 4,35 4.35 220
HEAD 1.5 Q. 4. 4, 220
NECK -7.85 0. 28 2.8 220
FEMRY o, 0. 2.75 2.7% 220
TIBIA -6. 0. 2.5 2.5 220

Case Mo. 13 nabbit Front Impact (1 of 4)

92



R S b st e b e e .

——

N
E ]

[ IS

[

-~

By

P

e

.-

o ey
DR |

G
62
63
G4
65
66
67
68
€s
70
71
72
73
74
7%
76
77
78
79
8o
81
82
83
84
85
86
87
88
89
30
91
92
93
94
95
86
a7
a8

100
101
t02
103
104
10%
106
107
08
109
110
11
K12
113
11¢
115
116
147
118
$13
120

FOOT T.18 Q. 2.5 2.3

FOREARM 4 % Q. b, t,

ELEQOW [ 1 0. LR 1.

SEATED HUMAN.,

T4 9 101.2 115 .4 [T 3 | 18, ~58, -4 % 22.%
8. 15 Q. -tt.%§ oO. 4158 Q.

VYEHICLE INTERIDR
FLOOR RATFL 0. f. 1. t.
INST . PAREL HATOASH o. 1. 1. 1.
BOLSYTER MATBGL Q. f. . 1.
WINOSHIELD METwWD 0. 1. 1. 1.
CUSHION HMATCH . f. i. .
SEATRACK MATES [+B t. t. 1.
RGOF MATRF Q. §. . 1.
STFERING WHMEEL MATSTW Q. 1, 1. 1.
FLOOR 2. 4. 1. o. G.

INST . PANEL 2. 2. t, 0. 0.
SOLSTER 1. 2. 1. 0. 0.
WINDSMIELD 1. 1. 1. 0. 0.
CUSHION 1. 2. 1, a. 0.
SEATBACK t. 2. 1. [+ 18 a.
ROOF t. 2. i o. (¢
STEERING WHEEL 1. 5. 1. 0. o.
MATFL 0. Q. Q. §000 2000 2400,
MATDASH Q. 0. 0. 1000 2000 0.
MATBOL a. [+ o. 1000 2000 Q.
MATWD 0. 0. 0. 1000 2000 a.
MATCH 0. o. o. 100 2000 o.
MaATSg G. o. 0. 1000 2000 Q.
MATRE 0. Q. 0. 1000, 2000 Q.
MATSTY 0. c. 0. 1000,  2000. O.
MATF{ 2. . G. 0. FLSTAT INERZ
MATDASH 2, Q. 0. Q. DASHSTATINERZ
HATROL 2. 0. 0. o, BOLSTAT INERZ
MATWD 2. Q. Q. G. WOSTAT INERZ
MATCH 2. 0. 0. a. CHSTAT iMERZ
MATSH 2. Q. Q. . SBSTAT INERZ
MATRF 2. o, 0. o, RFSTAT INERZ
HATSTW 2, G, [+ G. STWSTAT [INERZ
FLGR L .2
FLGR -1, .2
DASHGR -f. .8
DASHGR =~1, .ca
BOLGR -1, .8
BOLGR -t .08
WDGR -1, .85
woGR -1, Ot
CHGR -1, |
CHGR “1, .85
saGR -t. A
SBGR -1, .85
RFGR -1, .G
RFGR -t .5
STwWGR E .88
STWGR -1, .05
FLETAT -1, 800,
DASHSTAT -1, 449.24 ~109.64 9.3813 O. 17045
EOLSTAY O. [+
UULSTAT &. S400 .
WOSTAY -1, 2000.
Case Yo. 13 fabbit Front Impact (2 of 4)
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L sy Y ~ s e,

120
210
120
00
304
302
400
40
401
401
401
401
£01
401
401
402
402
402
402
402
402
2402
403
403
403
403
403
403
403
403
403
404
404
404
404
404
ACS
404
404
4098
406
405
LI+
408
406
405
406
405
406
405
106
405
406
4085
406
407
407
407
407
107

o ATt Babmbos et 8 ¢ e m s oot



= = - . PR e e W ot AT W TS Y L L e et e )

E

T
Yo
Eeo ol
z
S
1% A
» R
R
124 CHSTAT -1, 122, 376 ~74 .48 22.18 407
- 122 SHSTAY -t 14 -9. 14, -4, t, 407
123 STWSTAT O. 0. 407
N 124 STWSTAT .t 1562, 407
e 125 STESTAT 49 1475, 407
oL, 126 STWSTAT .51 2500 407
18 127 STHSTAT 7% 1875, 407
. 128 STWSTAT ¢.§ 15637 . 407
P 129 STWSTAT 2.4 1000 407
s 1 $30 STWSTAT 3.8 750. 407
i ea 12 STWSTAT 8. 750, 407
] 132 STHSTAT 10, 10000 . 407
g . 133 RFSTAT O. o 407
Pl 134 RFSTAT 2. 2000. 407
B i 135 RFSTAT 3. 13000, 407
Tooee 136 INERZ -1, 0. 408
N 137 FLODR FLocR 20. .25 t i 409
Lo 138 TOERGARD FLOOR 20. -1 1 2. 409
g 139 BEOLSTERD BOLSTER IS . 2% 1 1. 409
LI 140 MIDOLEDH INST . PANEL €. .28 1 1. ape
£ 141 UPPERDOH INST PANEL 4, .25 ~1 2. 09
; 142 WINDSHIELD WINDSHTELD t. .25 1 t. 408
P 143 CUSHION CUSHION 20. .25 t 5. 0%
PoE 144 SEATBACK SEATRACK 20. 1 1 1. 409
poie 145 £ODF ROOF 4 .25 1. 1. 403
: 146 STEERING WHEEL STEERING WHEEL 2. .25 1. i, 409
P e 147 FLOOR t. 410
T 148 TOFROARD 1. 410
[ 149 BOLSTERD ', 410
Pt 150 MIODLEDH 1. 410
i 151 UPPERDH 1. 410
o= 152 ¥INDSHIELD ', 410
153 CUSHION 1. 410
i54 SEATEACK 1, 410
155 ROQF i 410
156 STEERING WHEEFL 1. 410
V57 FLOOR -1, -15. t1.3 29.1 11.3 411
158 TREBOARD -1 9.7 1.3 39.2 0. 411
159 BOLSTERD -1 17.5 -10. 24.7 2.5 414
16O MIDDOI DM -1 189.7 -6 .3 21 -t&.8 4119
161 UPPERDH -, 21.1 ~-18.8 32, -18,2 $11
162 WINDSHIELD -1, 32. -16.2 15.3 -30.% 418
163 CUSHIDN -1, -8, 5. 16.5 - 411
164 SEATBACK -f. -3.4 5, -14.2  -20. FER
165 ROQF -1, 16. -32.9  ~16. -32.9 1L
: 166 STEERING WHEEL -1, 8.7 -6.7 16.6 -20. 419
! 167 1. 1. 0. 412
; 168 1. 2. .7 412
' 169 ', 3. .2 G. 412
i 170 1. 4. .B IET-] 412
174 i, 5. 1. 112
! 172 i 5. 1 412
t73 CRASH 53 8 FT/SEC 600
174 0. 51.8 Q. 0, a. 0. 0. Q. 0. 601
175 5. i 0. 602
' 176 0. 0. 10. -23.89 70. -33.89 80, 0.
177 200. 0.
: 1718 PASSIVE TORSD ZELT . 760
i 179 BELT ¢. o. 0. 1000. 2000. 0. G. 704
! 180 BELT 2. ¢. 0 BLTST  EBINERZ BLTGR 705

Case %o. 13 ©2abbit Front Immact (3 of &)
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181
182
182
184
185
186
187
188
189
£90
154
192
001
1002
1003
1004
1008
1006
Engd of file

BLTGR
BLTCR
BLTST
BINERLZ
2.1%
1.3

ou o

Ot 4-17
Q.
40.
Q.
21

Case

-1,
-f.
=~
~1.
-1.%

QW

A
.25
234,

-16.3
7.2
4,

3.
0.

-2%.3
1G.5
4.2

3.
Q.

L21=32,37,40,46-50, 43

.
60.
o.
0.

ilo.

13

0.
110.3
~30.
.

13.5
LR
50,
g.

[o W SR N

O -

0,018
c.

es

-350.

Q.

201,
20,
Q.

U —— A

000 -

-

Rzbbit Front Impact (4 of &)
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10,

706
707
108
708
Ti0
71t
717
Tt3
720
T%
800
1000
1001
1003
1004
1500
1501
1600
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MYKA ACCIDENT QaTa RECOWSTRUCTION. CASE NO. t4.

SUBJECT NQ. 34

SEATED HUMAN. REAR VIEW.
VEMICLE INTERIOR. SIDE STRUCTURES.

SIDE IMP2CT. 39
LAP BELT USED.

t, i.
3. 0.
.2 .02
HEAD

HEAD

HEAD

UPPER TORSQ
WPPER TQRSO
UPPER TORSOD
LOwER TORSD
LOWER TORSO
LOWER TORSO
RIGHT UPPIR LEG
RIGHT UPPER LEG
RIGHT UPPER LEG
RIGHT FOOT

LEFT FOOT

LEFT UPPER LEG
LEFT FOOY

RIGHT UPPER ARM
RIGHT UPPER ARM
RIGHY UBPER ARH
RIGHT LOWER ARM
RIGHT LOWER 4R
RIGHT LOWER ARM
Q.
G.
1.
0.
a.
HEAD

HEAD

UPPER TORSD
UPPER TORSD
CENFER TORSOD
CENTER TCRSO
LOWER TORSO
LOWER TORSO
LEFT UPPER LEG
LEFT UPPER LEG
LEFT LOWER LEG
LEFT LOWER LEG
LEFT FOOT

LEFY FOOY

RIGHY UPPER LEG
RIGHT UPPER LEG
RIGHT FOOT
RIGHT FOOT
RIGHT UPPER ARM
RIGHT UPPER ARK
RIGHT LOWIR ARM
RIGHT LOWER ARM

DQQ =00

KPH
TORSQ BELT SLID COFF.

33.174 000t Q. 200. .5
0. Q. Q. 0. 13,
600. 500, 20. .05 10.
DOOR

SEAT

WINDOW

DOCR

WINDOW

SEAT

SEAT

TRANS . HOUS

SHIFY

SEAT

TRANS . HCUZ

SHIFT

FLOUR

TRENS .HOUS

SEAT

FLUOR

socw

¥ INDOW

SEAT

pooR

¥INDOW

SEAT

~O000
Q00w

.3 .98

<

LG4 -3

«t.88

9 0 o 0 0OoscoOo

-
3]

0. i4

185 -4.27 .58

-.35 4.27 .04

7.01 4,27 .25

.15 4,27 .58 .58

7.01 ~4.27 .28

.57

o0

Q. [+B

PPN PN A NAL NN LANAL00000
S e D e o Nl O e e D e e e OO

.a7

s

G. 0.

14 Chevatte Lateral Impact (! o
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.5 1o
.000001 3.
1. '
o. i
o. t.
0. 0.
1 '
0. o.
3)

249
220
218
229
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B
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Beany

Bt d

LR
62
63
64
65
66
67

69
70
T1
72
13
T4
ks
76
17
78
719
80
81
&2
a3
84
BS
B6
a7
28
83

21

9z

83

G4

85

98

a7

98

99
100
101
102
103
104
105
t06
107
tca
109
10
14
112
t12
114
11§
116
117
tig
149
120

RIGHT LtOWER LEG
RIGHT LOWER LEG
[+ 8 8. 45
2.1 2.06

. Q185 QT3
L2032
3.2
31.2
5G.
50.
16,
t6,
16.
16.
TS,
1000,
3t.2
31,2
751.
Q.

3. t88
90.
o.
SHIFT

TRANS HOUS
wWiNOOW

onor

FLOGR

SEAT

SHIFTY
TRANS . HQUS
WINDOW

DOOR

FLOOR

SEAT

PANEL MATERIAL
CO0R WATERI AL
FLODR YATERIAL
SEAT MATERIAL
GLASS HMATERIAL
PAMEL MATER!aL
DOOR MATERIAL
FLOOR MATERIAL
SEAT MATERTAL
GLASS MATERIAL
GRRATIO -1,
GRRATIO -1,
PANEL Q.
PANEL 3.
PANEL
DOOR
FLOOR
SEAT
SEAT
SEAT
SEAT
SEAT
GLASS
ZERD
SHIFT

-
r
o8

125

OgrooUmOC RN MA N

S
- [P,
[~ .

AW e NG
. N .

-

I J——

&. 1,

-.35 -4 27 T7.04 2. 14

4.51 4. 69 4.07

2,16 2.2% 2.1t 5.81

.Q229 .0712% 0665 .037

L2118 1.3t .824 68

Q. [+ B 200. 00

Q. o. 200. 300

0. 0. 200, oo

. 0. 200. 00

o. o. 200. 100

0. [+ 200. 300

0. [+ 200, 00

0O. 0. 200 300

757. .58

400 . 2.%

0. 0. 200, 3040,

Q. Q. 200. 300,

757. t ga

0. Q. “180Q. 180.

0.

50, 90. S0, 90,

-15.59 o. 4.69 0.

PAKZL MATERIAL 0. 1.

PANEL MATERTAL O. 1.

GLASS WaAaTERIAL O. 1.

D00R MATEQIAL O. t,

FLOOR MATERIAL O, 1.

SEAYT MATERIAL O t.

1, [ 1. [+

1. 1. 1. 0.

1. t. 1. .

1. 1. f. O,

s, $. 1, 0.

i. 1, 1. Q.

0. 0. 0. 10C.

0. o. S0. 100,

a. 0. 50. 100,

0. 0. 50, 100,

o. o. L0 .5

.

1.

t.

§

1.

[+ )8

1.

0.

3000,

13000 .

OO0 . ~862.% 1031.2%5 -562.3

BEO.

G

125.

400,

000,

2000.

10000 .

o,

SHIFT 5 g

10.27
5.04
00888
0832

30.
30,
~1%0,
210.
10,
0.

0.
30,

b A el A A . o

101,
101,
101,
101,

PANEL
O00R
FLOOR
SEAT
GLASS

82.7%

Y] -
gegooe
a

L= ]

2£80
IERD
ZERD
ZERD

Case MNo. 14 Chevette Latara! Iwpact (2 of 2)
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WA BB GR D

Q.

Q.

.

2500,
Q.
GRRATIO
GRRATIO
GRREATIO
GRRATIO
GRARATIO

218
220
2014
202
2023
204
208
08
207
208
203
210
211
212
213
214
218
218
242
217
218
204
303
401
401
401
4019
401
401
402
£02
402
402
402
402
403
403
403
403
402
404
404
404
404
£04
408
406
407
AQ7
407
07
407
407
407
407
407
407
4Q7
408
409
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iy
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(.
{24 TRANS HOUS TRANS HMOUS 8. -] 1. 1. 408
122 ¥ INDOY W INDOY 5. .5 i 1. 109
re 123 cooR BOOR 5, .05 f. i, 4089
i 124 FLOOR FLOOR 5. .8 f. 1. 409
i) 125 SEAT SEAT 5, .5 1. t. 409
126 SHIFY $. 410
. 127 TRANS . HOUS 1. 410
: 138 w0 1. £10
(} 129 DOOR 1. 410
& 130 FLOGR 1. 410
£31 SEAT 1. 410
- 132 SHIFTY -1. 13.5 10, 12.5 -8. 11
S 133 TRANS HOUS % 4.5 16. 10.5 -1. a1
. 134 WIKNDOW “t, 20, 10. 30, -26, 411
128 DOOR -1. 26.5 10. 26,9 -12, ERR
136 FLOOR “1. -11.5 10, . 31, 10. 411
. ta7 SEAT -1, ~11.5 2. 33. 2, 411
P t28 g, ' .03 412
Ry 138 0. 5¢.33 0O, o 0. 0. 0. ¢. o 6§01t
340 5. 1. 602
P 144 0. 0. 5. ~-29. 55, ~29. 80, 0.
;, 142 200, 0.
e 143 2. 1. £03
b t44 0. 0. 200. o.
145 2. 1. 604
i t4¢ 0. Q. 200 0.
: 147 BELT o. 0. 0. 1000. 2000. o. . 704
Pl t4g RELT 2. 0. 0. BLTST BIMNERI BLIGR 705
i 149 BLTGR -t .5 706
150 BLTGR -1, .5 10T
; T 151 BLTST -9, 234, 708
i . 152 BENERZ ~1. 0. 708
; 153 4.63 Q. 1.5 g. 0. gELY T2
M t54 4.69 [+ -9.% 7. 0. BELT T3
b 155 3. ¢. 0. 0. 1. £, 17
P 158 1. 0. 0. 719
i 57 3. 3 1. 3. 1. 1. c. o. 720
it . 000 1000
100§ t. 1. -8, 50. 15, “40, 5, a. 1500
1002 2f, o] 0. t 1, 0. 1, 0. ) 1501
1003 1600

Case No. 14 <{Lhevette Lateral Impact {3 of 3)
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