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FOREWORD

This report describes the analytical and physical reconatruction of
ten sclected highway accidents from evidence gathered at the accident

scenes,

The research effort summarized in this report was performed by
Calapan Corporation for the National Highway Traffic Safety Administration
as a task under Contract No. DOT-HS$-053-3-658. Mr. Raymond R, McHenry
of Calspan's Transportation Safety Department serves as principal investigator,
and Dr. Eugene E, Flamboe of the National Highway Traffic Safety Admin-

istration is contract technical manager for this continuing research effort.
The opinions, findings, and conclusions expressed in this publication
are those of the authors and not necessarily those of the National Highway

Traffic Safety Administration.

This report has been reviewed and approved by:

G T

, Edwin A, Kidd, Head
Transportation Safety Department
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b ABSTRACT

]

: Teaaciaal kghway accidests have heen mathemancally recuna rncted

E_ ; i pLocess comprised of cwo pacts, First, trajectorias of the vel.ules

i' - were recoastiucted from physical evidence observed at the scene, using a

Soncpter sireaalation ot @ two-vebicle, plavar collision.  MNext, the rasponses

3 : of tie vight front occupant of the subject velicle were reconstructed (rom
shserved interast velicle datnage and passenger injuries, using the predicted

3 ] vebicle crash history and a vonplanar mathematical model of the crash

t;. victim, The ‘,rl‘{_‘di';?r'd vehicle :vaje*c!-,ri..;s are in ge:‘.ei’al ap reemeont wiith

- )_ onw-site observations for nine of the ten ¢ases, The rest pasitions of the

vehicles in the remaining case were strongly influenced by a secondary
ccliision, In seven of the ten cases, the predicted nccupant responzes
Iikewise soree generally with the reported evidence, Discrepancies of
accipant responses in the emaining three cases are consicdered attributable
to active respons: s exerted by the ocvcupant in anticipation of crash, The
effect of cecupant respoﬁsc is demonstrated through computer simulation,
Predicted values of head injure indicatore in current use (head severity
index and HIC number) do not correlate signiticantly with observed injuies
1% measured by the ter-point infury scale. The predicted values of the
head injnry indicators do, however, fall largely within the broad envelope

of corresponding windshield impact test resalts,

‘.-'ullouvim_; this a:1alyt|ir;ai effort, the ten acgident cases were physicallv
seconstructed on an impact ésied, using a sled pulse corresponding to the
predicted vehicle deceleration history and an anthropometric ¢rash test
durnmy to represcnl the accident victim, The resuits of most of the sied

tests agree generally with observations from the actuzi crash and the

results from the analytical reconstrucdons of cragh victim responses. ——e—ooeo

Differences are traceable to a number of factors, including urcertainties

O e T e

S S R T R
<

A

‘n the vehicle crash history; uncertainties in ccocupant position, orientation,

and muscular response; ditferences in gsizve between the actual and simulated

72Q-5341-V.]
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occupants; and differeaces 1n material properties and geormelry between
i the actual and simulated vehicle interiors, Measured values of the head
: severity index show no distinct correlation with the {\i)ser‘y'é(! injurics
measured on the ten-point scale. However, 4 correlativn 1s showr to exist
] between ohserved injury and predicted veludle speed change.
¥
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SUMMARY

The purpose of this section is to present the most noteworthy findings

of this research effort in a concise form, and also tu provide an overview

of the detailed cross-correlation that is posegible for evidence gathered at

an actual highway accident scene, the correspanding predictions of an
analytical reconstruction of the event, and the results of a physical

reconstruction of the accident in a crash test,

One of the most significant findings of this effort is thac a definite
correlation exists between the observed injuries to the ¢rash victim, as
measured on the ten-point injury scale, and the predicted speed changes of
the subject vehicles involved in the crashes., This regult is summarized
in Figure 5-1 for the ten accident cases of this study., There are two
important points to note in connection with this figure. First, the ten-point
scale is to a considerable degree both qualitative and subjective. Second,
the vehicle speed change is predicted from somewhat lim:ted evidence from
the accident scene, and is therefore gubject to some error. Considering
these two factors, the correlation shown in Figure S~1 is considered
significant. The f{aired curve is a first estimate of the trend of the
correlatior, Although the evidence shown in the figure is quite limited,

the advantage of occupant restraint is also suggested by these results,

To provide an overview of the quantity of detailed information that
can be extracted by correlating data from the accident case reports, the
computer simulations of vehicle and occupant responses, and the crash test

reconstructions, the results ior one of the ten selected cases will be briefly
reviewed in thig section.

vii Z01-5341-V-1
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! the vehicle ran off of the road.
- 32 feet of skidmarks, and impacted a fruit tree at about 10-15 MPH,
" accident scene schematic is shown in Figure $-2,

i came to rest against the {ruit tree {Vehicle Damage Index:

1

e

e o e e

rsummarized in the plotter graphics display of Figure 8.3,

S

i Wy e e

Case No. TRO1316 was chosen for this review because it is

|
i
|

considered representative of the ten cases, and because it is relatively

free of complexities that require detailed discussian,

Case No, TROLI1A

Descrintion of the Accident

{Excerpts from the Multidisciplinary Accident
Investigation case reports are presented in
Section 3, 3)

The case vebicle was proceeding along a dirt road at 35-40 MPH,
The driver, to avoid striking a utility pole, countersteered excessively and
The driver loched the wheels, leaving
The
After impact, the vehicle
12ZFCEW3),

The vehicle right front occupant {15 yrs,, 68 in., 150 lbs. )
restrained by a lap belt, moved forward and struck his head on the instrument

panel. Injuries sustained included concussion, facial contusion, and head

"laceration {Ten-Point Abbreviated Injury Scale rating = 1 {minor)}.

A

Analytical Reconstruction of Vehicle Responses

{The mathematical reconstructions of the vehicle
responses are summarized in Section 3,2, and
relevant details are discussed in Section 3. 3)

Results of computer simulation of the vehicle responses are

The measured

Vehicle Damage Index (VD) of Y2FCEW? and the predicted VDI, 12ZFCEW2Z,

are in substantial agreement. The predicted speed change, 12,5 MPH, lies

within the estimate of 10«15 MPH from the accident case report.
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Figure 5-3
Analytical Reconstruction of Vehicle Responses
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Analytical Reconstruction of Occupant Responsges

(The mathematical recenstructions of the occupant
reaponses are summarized in Section 3,2, and
relevant details are discussed in Sections 3.3 and 3.5)

The predicted kinematic responses of the right front occupant,
summarized in the plotter graphics displays of Figure 5-4, are essentially
ideniical to the obyervations summarized in the accident cage report.
Predicted values of head injury indicators are as follows! head severity

index - 1080, head injury critericn {HIC namber) - 920,

Physical Reconstruction of the Accident

{The physical reconstructions are summarized in
Section 3.4, and relevant test details are discussed
in Section 3,5}

The accident was physically reconstructed on the Calspan impact
sled using an aviomobile body buck to represent the subject vehicle, and a
crash test dummy to represent the right front occupant in the accident, as
illustratec in Figurcs 5-5 and S-6. The sled pulse was chosen to match
approxim:‘ely the predicted vehicle deceleration history, a2s shown in
figure 5-7, Froro the ;hotographs of Figures 5-5 and $-6, it can be seen
that the dummy head struck the instrument panel in the same general manner
as reporied in the accident case. In contrast to the accident report and the
computer simulation of occupant resnonses (Figure 5-8), however, th’e
dummy hzad grazed the windshield, as indicated in Figure 5-6. The

rneasured value of the head severity index for this test is 110,

xii : 20)-5341~V-1
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Conclusions

Predicted vehicle responses agree in detail with the accident
case report., The kinematic redaponscs of the simulated crash victim in
the analytical ard physical reconstructions are also in gencraily good
agreemeat with the cage report. ¥ The observed head injury in the accident
of | {minor) is congistent with the smali value of the measured HSIof 110
in the sied test, The rather large value of the predicted HSI of 1080 in the
computer sirnulation is considerea to be primarily the result of using a
“typical' force-deflection characteristic to represent the head-instrument
panel contact in the gimulation, because no measured properties were

available,

The generally reasonable agreement betwaen the accident case
report and the analytical and physical reconstructions lends support to the
reconstruction technique. This concise example aiso iliustrates, at least
partially, the detailed information discussed in subsequent sections, which

is provided by the technique.

i

*I‘n the sled test, the speed change was¢ 16.5 MPH, compared to a predicted
speed change of 12.5 MPH, This higher speed likely caused dummy head
contact with the windshield, in contrast to no head-windshield contact in
either the accident or analytical reconstruction. .«

xviii  2Q-5341-V-1
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i.0 INTRODUCTION

The overall objective of this research is to develop techniques and
€quipment that will permit a general upgrading in the quality and completeness
of data obtained from the scenes of accidents, so that the categorization of
occupant exposures can be refined and the roles of vehicle and/or highway
defects and of d~iver judgment in causation can be evaluated ina more

uniform manner.,

In research recentiy completed at Calapan, Reference 1, promising
results have been achieved in the development of a measurement and data

processing system to aid the investigation of highway accidents,

The present research effort consists of two mé.jor tisks, Tha first,
still in progress, is a cbr:‘cinuation of such system development and field
testing, which includes the performance of fieid teats by police personnel,
The sccond task is an application of mathematical reconsatruction techniques
to the calibration of anthropometric dummy responses for injury inter-
pretations based on injuries that have occurred in actual highway accidents,
The analytical and physical reconstruction phase of the second task is the

subject of this report,

interpretation of meaaur&i dumtny responses in terms of the corz;e-
sponding injury potential for humans constitutes a highly controversial -
aspect of MVSS 208, One source of difficulty is the lack of a "one to one"
relationship between the dynamlc responses of existing dummies and those
of living humans. Another is the fact that differences exist between sensor
mounting methods and positions, and resulting frequency response charace
terigtice, in the cases of the specimens used in tests of impact tolerances

(i.e,, animals, cadavers, volunteers) and in anthropometric dummies.

1 ZQ-5341.V-1
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A long range approach to the alleviation of this prodlem is to strive
for a test dumniy which will approach a "one to one'' relationship with the
responses of a living human., However, it must be recognized that, despite
{future improvements, dummies will continue to be test devices that require
calibration.

The present research effort is aimed at defining calibration factors
for existing durnmies, instruraented in accordance with MVSS 208, by means
of direct correlation of their measured responses witl: injuries that have
occurred bv actual highway accidents. Analytical techniques have bean
applied to reconstruct the vehicle and occupant dynamics in selected, actual
accidents, aa discussed herein. The injuries of occupants are thus related
to specific acceleration exposures and conditions of restraint, Physical
sirmulations of the injury producing conditions, by means of the Calapan
HYGE impact sled, were then used subsequently to determine the corremponding
measured responses of anthropometric test dummies, By this means, the
measured dummy responses can be directly correlated with injuries to living
humans,

With refined categorization of occupant exposures, actual highway
accidents are seen as being potentially the . best available source of improved
information on the injury thresholds of bhumans in the automobile-crash type
of exposure (i.e,, partial or no restrainﬁ:, ircluding impact on the vehicle
interior) and of measures of the effectivenass of pfctective devices. This
viewpoint {8 based on the facts that experimental research with volunteers
must be run substantially below injury thresholds, and that the interpretation
of results obtained with cadavers and animals, in terms of corresponding .
results of living humans, ‘is not a straightforward and validated procedure.
Thus, there is no direct means of gensrating improved tolerance data for
this type of expusure, and the developmant of improved protective devices
for use in automoﬁiles is hampered by the limited extent of applicable human
tolerance information, '
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The problem of de‘veioping and evaluating protective devices is
compounded by the use of anthropematric dummies to apply the grossly
approximate, available human tolerance information. The dummies do not
respond like living humans and they are instrumented differently from the

various subjects used in the tolerance experimentation.

The nresent research is therefore aimed at the direct development
of calibration facte~s {or anthropometric durmmies on the basis of injuries
to living hurmans in actual highway accidents., By this means, the inter«
mediate step of tolerance experimentation with animals, cadavers and
volunteers and the associated problems of interpretation can be bypassed
in a parallel research approach aimed at the same end cbjectives, It
should be noted that the present research is not intended to be a replacement

for tolerance experimentation but rather to serve as a supplementary
technique,

The Simulation Model of Automobile Collisions (SMAC) computer
program, References 2 and 3, has recently been developed by Calspan as an
aid to the investigation of highway accidents. An encouraging degree of
detailed correlation has been demonstrated to exist between predictions of
the SMAC computer program and measured responses, including Vehicle l
Damage Indices (SAE J224a), in staged collisions, Using this program in
an iterative rmanner, vehicle responses in actual collisions can be
reconstructed with a higher degree of confidence than that provided by
other available techniques. In parallel with the final iterations of collision
conditions in the SMAC reconstruction of vehicle responses, the Caispan
3-D simulation of the crash victim, References 4-6, has been used to
reconstruct the responses of the injured cccupants, In this manner, both
the interior and the exterior physical evidence have been used to achieve

a detailed reconstruction of the collision event,

3 ' ZQ-5341-V-1
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. Ir. subsequent research, the Czlspan HYGE impact sled has been
used to physically sirnulate the divection and time history of the reconstructed
acceleration exposure. Authropometric dummiea, ipstrumented in accordance
with MV3S 208, were used to determine measured dummy responses

corresponding to the known injuries of the actual crash victimas.

In view of the exploratory nature of this research, this study was
limited to ten accident cases, These ten cases invalved right front passengers

with injuries over a range of severities from minor to fatal,

The experience gained in an earlier pilot study$ of three accident
; cases, Reference 7, was most valuable in performing this research. In
' that study, the overall correlation of actual and reconstructed evidence was
considered to be quite good. However, the predicted values of head severity
index for the occcupants did not correlate well with t.;he reported injury
severities as measured by the 10-point injury scale. It was not possible at
that point in that research effort to detern:xine whether the lack of correlation
reflected deficiencies in the reconstructed occupant responses or short-
comings in the severity index as an indicator of injury potential. Subsequent
tests, to aid in reaching a firm conclusion, have not yet been performed as
part of that.research effort,

- - . ¢
! Two cases from the exploratory three-case study have been included
’ - in the present ten-case investigation, as will be subséquem.ly discussed.

The purely analytical reconstructicn of accidents offexs several
- distinct.advantages ovuz«);jl corresponding experimental methods, First,

arameters may be varied in a rapid and cost-effective manner to achieve
P y P _ J

FooolLlL +

F : . .
wiom v -Sponsored by General Motors Corporation, Permission to publish results
from this Calspan Commercial Confidential Report was granted to Calspan
by General Motors, ' ' o
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a best fit to on-site ocbservations. Second, results from the computer
simulations are not ciouded by experim;antal nonrepeatability, Third, the
analytical methods previde detailed quantitative results {rom which additional
insight into the complex vehicle-occupant interaction may be gained, It
should be emphasized, however, that the analytical techniques are intended
as a compliment to physical testing, and not a substitute, An obvious
limitation as a substitute technique is the fact that in some cases computer
program inputs cannot by defined with a high deg ree of confidence befause

of limited experimental data on required syatem characteristics.,

In the case of the SMAC program, developrn.~nt has been aimed not
so much at producing a very complex, large computer program that will
predict vehicle responses at a state-of~the~art level of vehicle and collision
dynamics, but rather to achieve a state-cf-the-~art advance in accident
reconstruction technology., The intent iz to provide a uniform measurement
and reporting format for accident investization and to provide the investigator
with a time-sharing computer-based reconstruction tool that will be within
the capabilities of a person not trained in vehicle and collision dynamics

and computer programming,

Conasequently, the SMAC program contains simplifying assumptions
in order to achieve that goal., The inevitable trade-offs involved in applying
simplifying assumptions to analyses result in a degradation in the predictive
capability for some types of events, Inthe present case, the lack of

of the peripheral vehicle structure by a single, homogenous material

property tends to result in low predicted values bf vehicle yaw during Ahigh-
speed offset frontal collisions., A concern for the validity of SMAC in these
situations is evident since caae selection for the current application has
resulted in just this type of collision. However, while it is felt that a more
detiiled analytical treatment would improve the vehicle trajectory predictions
with respect to yaw angles observed, most of the vehicle yaw takes place
after initial longitudinal deceleration and thus after the occupant hae contacted

5 | ZQ-5341-V-1
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the vehicle intericr. Consequently, it is felt that the predictive capability
of SMAC is adequate for the current application,

) In the present applicatinn of the 3-D crash victim program, the
material {forcewdeflection) properties of the vehicle interior are based ui;on
representative values, rather than direct measurement. Because the
inputted windshield properties in most cases strongly affect predicted
values of the head injury indicators, the experimental variability of

windshieid failure properties will be discussed in some detail in this section.

This variability of characteristics is perhaps best illustrated by the

summary of representative windshield data presented in Figures 1.1 and 1.2,

In Figore 1. I, the conventional head severity (Gadd) index is plotted versus

impact speed, and in Figure 1.2, the head injury criterion {HIC number} *

is plotted against the same abscissa.

There are several ir;xportant items to be noted in connection with
these two figures, First, the plots are a summary of published experimental
data on conventional * nigh-penetration-resistant (HPR) windshields of the
type ingtalled in U. 5. automeobiles since 1966, This summary, however,
ig not intended to be all-inclusive, In fact, some of the anomalous results
of the cited investiyators have been exciuded from these plots, to.avoid
possible confusion. Second, the testing facilities and techniques, glass
sample size and mounting, impactor, impact angle, glass composition, and
glase exterior surface condition differed in the teats, as can be seen from
the legend of Figure l.1. (Only the ambient temperature, approximately
70.75°, was common for the test data shown in Figure 1.1 and 1.2.)

Ll

%178 in. glass outer layer - 0,030 in. polyvinyl butyral liner < 1/8 in. glass
‘inner layer. . o '

6 ZQ-5341-V-1
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Figure 1.1

IMPACT DATA ON CONVENTIONAL WINDSHIELDS -
HEAD SEVERITY INDEX MEASUREMENTS
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IMPACT DATA ON CONVENTIONAL WINDSHIELDS -
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LEGEND - SEE FIG. 1.1
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It is spparent from Figures 1.1 and 1,2 that the results reported by
various investigatora for conventioual windshields differ appreciably. This
i is not surprising, considering the differunces in test conditions that have
been noted, Of more significance for ths present purposes, howevar, is the
considerable scatter within each set of data. Aws discussed by the cited
researchers, References 8 to 14, such scatter is at least partiaily the resuit
of variations in initial impact location on the glass, glasse mounting, glass
exterior surface condition, etc., within any given sst of tests. Figures 1.1
and 1.2 therefore clearly illustrate the variability of windshisld failure
characteristics that is inherent in the problem of accident recoustruction,
for cases in which the windshield ‘s struck.

. For the physical recenstruction of the ten sccident cases, an auto-

: mobile body buck mounted on a turn table and fastened to the Calspan HYGE
impact sled, Figure 1.3, was used to simulate the subject vehicles. The
planar deceleration history of the accident vehicle predicted by the SMAC
program ‘was approximated by a unidirectional sled pulse, with the direction
of buck rotation selected to correspond to the predicted vehicle yaw during
peak deceleration. It should be noted that all sxisting accelerator sleds are
limited to unidirectional pulses., However, exploratory applicatidm of the
com.puter simulation of occupant responses, in which the SMAC predicted
vehicle yaw responses were included, have indicated that occupant behavior
and interior contact puints are not significantly affected, This {inding stems
from the facts that the occupant is not strongly coupled to rotational motions
and that the short duration of the collision event limits the extent of rotation
that can occur prior to occupant contact with the interior.

- Because of the limited srope of the experimental program, cnly one
b automobile body buck, fabricated from a 1969 Ford sedan, was used in the
' sled test series. To simulate approximately the differing interiors of the

S ten accident vehicles, seat types and seat locations were varied, with minor

modifications in the instrument panel location also made to approximate the
actual vehicle geometry. Mos: of the tests were performed with an HSRI1

50th percentde male crash test dummy reprauemmg the crash victim.

9 . - ZQ 5341-V.1

et
R e o e




m
=

RIS A

&

Bt

i
H

g e D

N DT ST AT

o e o
wt P

SR,

Figure 1.3 IMPACT SLED TEST SETUP

10 ZQ-5341-V-1




[

e W A T

5
5
H
%
¥
¥
&
g
H

25 A AR T

L

o

Can e s e g e

In the next section, conclusions and recommendations stemming

from this research are reviewed, Following that, tha techniques that were

utilized in the reconstruction brocess sre reviewed, begin

ning with the basis
and methods of case selection,

Then, concise summaries of results of the

feconstruction procedure are presentea for each of the ten cases, The

SMAC input format and vehicle paTameters are summarized in Appendix A,

followed by corrusponding irformation on the 3-D crash victim program in
Appendix B, vehicle stiffness properties

in Appendix C, and details of the
impact sled tests in Appendix D.
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2.0 CONCLUSIONS AND RECOMMENDATIONS

2.1 Conclus‘icns

Z.1.1 The feasibility ot using a mathernatical reconstruction

technique to define exposures in which the responses of anthropometric

dumrmies can be calibrated in terms of injuries to living humans has been

successfully demonstrated,

While needs for a number of refinements in accident reporting and
in reconstructios and testing procedures are indicated by the achieved

1 results, the demonstrated techrique is believed to be the most direct methoc
available for correlaring the responses of test dummies with injuries to
living humans.

2.1.,2 Variability in the size, position, nuscular reacticns

v and tolerance levels of individual crash victims, combined with the generall

r

subjective nature of injury severity ratings, will require the use of a numbe
of cases with similar exposures to esiablish a basis for tests to calibrate

dumimy responses.

This etatistical aspect of interpreting results of the recconstruction.
technique is, of course, also a requirement in aiternative approaches to
dummy calibration,

2.1.3 The multi-dis.iplinary case reports are generally

inadequate for purposes of a detailed accident reconstruction,

The costs { ac_ding egsential details, such as dimensions, would
appear to be negligible in view of the fact that professional mveshgators
are available a- the accident scenes to obtain such data,

12 2Q-5341.V.1
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2.1,4  Genevally good agreement has been achieved between
the accident reconstructions and available details in the ten reported cases.

In nine of the ten cases, the vehicie responses were succesgfully
Peconstructed by the analytical methods, In seven of the ten cases, the
p-edicted crash viotim responses are in reasonahly good agreement with
the acciaent case reparis, Fuarthermore, the physical rezonstructions of

the ten cases, in impact sled tests, generally substantiate the analytical
predictions aad are consistent with the accident case reporta,

In the present exploratory effort,
to differences between evidence from
physical reconstructions. The prima

a number of factors contribated
the accident and the analytical and
ry factors are believed to be:

. Variations between the interios geometry and material :
properties of the simulaled vehicle and the cage
vehicle.

™) The unknown initia] position, orientation, &nd rmuscular

state of the crash victirm,

' Differences between the crash victirn size and the
size of the simulated occupant.

. The lack of a rigorously established relationship
between the predicted vehicle crash deceleration
history and the {unknown) actual crash history,

. Differences between the sled teet deceleration puise

aud the predicted vehicle crash deceleration
history,

2,2 Recomm endations

2.2.1 The demonstrated technique should be refined, as
required, and applied moie extensively to fully exploit its capébiiity of

directiy correlating dummy responses with injuries to living hurnana,

This approachts dummy calibration is caonsidered to be an att “active
perimentaticn with animals, c.davers

g response criteria,

The cited difficulties are seen 28 being less formidable than those asgociated

13 ZQ-5341.V-1
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with the interpretation and appiication to living humane of the results of ="
‘tolerance experiments. : 1

2,2.2 The format of multi-disciplinary accident case repor
should be modified to include more detailed quantitative results from the
accident investigations, ' ;

Such details should include sketches drawn to menle of the accident
scenes with relevant dimensions indicated, and additional dimensional ;

sketches and/or photographs of the vehicle interior, particularly the tegion
of occupant contact,

2,2.13 Subsequent to the planned development of an automate
iteratien capability in the SMAC computer program, levels of confidence
should be established for reconstructions of different collision configuratiox
by means of applications to staged collisions that are adequately reported.
In future applications of the present type, the levels of vonfidence which can

be achiaved in reconetructing a given case should serve as a basis for case
selection,

T b

In the current mods of SMAC applications, the user selects iterative
adjustments of the unknown collision conditions and formal criteria for the
acceptability of the overall evidence “fit" have not yet been established.
Thus, some minor variations in the detaiied results obtained by individual
users are likely. While extensive evidence of detailed corretation with
collision data has been established in the present operating mode
(Referencea 1, 2, 3), it is obvious that further investigation of the accuracy
of reconstructions would be desirable. With the user "in the iterative loop™"
stzged collisions for which the reconstruction is completed without knowledg
of the actual collision conditions are essential to achieve realistic measures
of Lccuracy, With the planned automation of iterative adjustments, it will
be possible te test the program with any adequately defined staged collisions
and to establish ranges of impact conditions that will produce equally
acceptable matches of the available evidance.

14 2Q.5341.V.1
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2.2.4 Infature studies of this type, a dummy that meets the
specifications of MVSS 208 should be used in the sled tegts.

In the present exploratory study, constraints on budget and schedule
made it necessary to use an HSRI dummy, rather than a Hybrid II (i, e. y 2
dummy meeting the specifications of MVSS 208). Also, hecause of the
nature of the injury type investigated, the head responses to windshield
impact played a major role in the presented comparisons, Obviously such

comparisons would be made rmore meaningful by the use of a dumrmy meeting
the specifications of MVSS 208.
4

Because of the varicus factors cited in Section 2.1.4 that resulted
in differences between the accident observaticns, the computer simulation,
and the sled test reconstruction, no attempt was made to judge the dummy
responses inlight of the actual observed injuries, except on a case-to-case
basis. The potential for a calibration procedure, however, is indicated by
the degree of correlation obtained in this research effort. It should be
noted here that lack of correlation of either analytical or experimental
injury indicators with reported injurize mav refiect shortcomings in either
the indicators or the linear scale that has been ueed to quantify the injuries,

15 ZQ-5341.V.1
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3.0 DISCUSSION OF RESULTS

3.1 Reconstruction

3. 1.1 Accident Case Selection
In the initial accident case selection, to establish an
efficient method {or sliminating hundreds cf case reports which would not

be usable in th.s study, the following requirements were specified:

(1) the crash victim, a vehicle right front occupant, must have

sustained a head (head, [ace, or brain)} injury

he crash victim, either male or female, was approximately

2y ¢t
the weight and stature of a 50th percentile male {152 to 182 ibs. and 66 to
T2 inches, respectively

(3)  the occupant was not ejected from the vehicle

{+) the pririary vehicle did not roll over or sustain a rear-end

~collision,

Using these criteria, the Multidisciplinary Accident Investigation
{MDAI) automated report file of the Highway Safety Research Institute,
Reference 15, was searched with a digital computer code designed for
information retrieva‘l from the file, and yielded 66 cases satisfying these -
four requirements, The distribution of these 66 cases as a function of
injury (both specific and overall) is illustrated in Figure 3.1.1. It is
apparent that the distribution is markedly skewed, with most of the injuries

falling in the minor and moderate categories.

16 ZQ-5341-V-1
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Figure 3.1.1

INJURY SEVERITY OF THE RIGHT FRONT OCCUPANT IN SIXTY-SIX ACCIDENT CASES
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To obtain a more even distribution of injuries in the 10 cases to be
reconatructed, criterion (2), relating to occupant size, was eliminated and
the file search repeated. This relaxation of the occupant aize requirement
resulted in about 30 additional cases in which the specific (i. e., head, face,
or brain) injury equalled or exceeded the Abbreviated Injury Scale {AIS)

injury rating of 3 {severe}.

Following this initial selection proces's, the cases satisfying the

stated reguirements were reviewed in detail, and a number of cases were

axcluded for a variety of reascns, e.g.,

{1} complex vehicle dynamice, guch as mutiple

vehicle collisions

(2) complications in simulating occupant responses,

uch as an unknown initial position and orientation

o

of the occupant in the vehicle.

Pertinent data on these cagses are summarized in Table 3.2.1 of the
next section. Note in that table the fairly even distribution of specific
injuries (i.e., head, face, and brain), as well as averall injury, which wase

.

obtained by relaxing the crash victim height and weight requirements.
£

3.1.2 SMAC Program

3.1.2.1 Summary
§ Detailed documentation and validation of the -
SMAC program has been reported in the literature {References 1, 2, and 3l -
Therefore, only 2 summary of the approach and assumptions are presented

here for the unfamiliar reader,

18 Z2ZQ-5341-V.1

{ i T e




P PPN R

croreE T AR A

For the purpose of approximating trajectories p.eceding and
following collisions, the vehicle representation is limited to the three
dzgrees of freedorn aszociated with plane motions. The “friction circle"
concept {Refereince 18} is used to approximate interactions between
circumferential forcea {i.e., braking or trastive) and side forces of the
tires. The caornering stifinesses of the individual tires are entered
separately to permit sirmulation of damaged tires, A vehicle tread dirmnension
Is included to provide realistic effects of individual tire forces (e.g., locked
wheels or flat tires) on yaw behavior and to permit detailed transitionas

across a boundary defining terrain zones with difierent friciion coefficienta,

Tabular inputs, as functions of time, are usec for individual wheel
terques and for steer angles of the individual {ront wheela and the rear axle
{i. e., control inputs and/or effects of damage). Provision is included for
& linear decrement of the effective tire-ground friction coefficient with
sveed.

Predictions of tire tracks and skid marks are generated as a part of
the output information,

The original (undeformed} boundaries of the vehicles are defined in
the form of rectangles, Discrete points defining the body outlines in
contacted regions are generated and dispiaced during the impact calculations.
'i’hese points serve to defihe the deformed boundaries. The digtance
between a displaced point and the initial boundary of the deflected surface
is used to determine the dynamic pressure at that point during any tirme
;increment in which the point is diaplaced. An iterative procedure is used

to achieve equal pressures from the two mutually deformed bodies.

19 Z0-5341-V-1
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The specific analytical assumptions employed in treatment of care
to-car coliisione are: . “ .
(1} The vehicles are treated as rigid vodies surrounded by a layer

of isotropic, hormogenecus material that exbibits elastic-plaatic behavior,
{2) The dynamic pressure in the peripheral layer increases
linearly with the depth of penetraticn relative to the initial boundary of the

deflected surface,

{3} - The adjustable, noalinear coefficient of restitution varies as

a function of maxirmum deflection.

{4) Plane motion is assumed. The effects of pitch and roll are
neglectad,

A post-processing routine for interpretati'on of damage predictions
in terms of a standard collision deformation clas_sification, or "wehicle
damage index" (VI}), based on SAE JZ2Z24a is also included in the program.

20 ZQ-5341-V-1
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3,1.2,2 SMAC Program Input

Input requirements for the SMAC program
fall into four general categories:

{1) Vehicle properties (excluding structural properties},
{2} Vehicle structural {crush) properties,
{3} Control inputs (steer, braking), ;nd

{4} Initial conditions,

The first category, vehicle properties, includes dimensional, inertial
and tire cornering stiffness data. Values used for these program inputs
were the best available data obtained from the accident case reports, typical

or average data zompiled in Reference I, or from empirical relationships
given in Reference 19,

The vehicle crush properties used in reconstruction of the ten ;
selected cazes were also obtained from Reference 1, with the exception of :
those cases where the collision occurred with narrow obstacles, While
the value of 50 lbiin& used to represent the crushable layer has been shown
to e adegquate for wide area engagements of the vehicle structure, data
from Reference 20 indicate that the effective stiffness per unit engagement

area increases for narrow obstacles. Appendix C documents a derivation

L TR N R

of the narrow obstacle crush char~cteristic for a sample case from this
study using the data reported in neference 20, '

The control inputs and initial conditions uaed in this study were
based on the individual acciden cases as reported and are described in
Section 3, 3,

21 2Q-5341-V-1
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3,13 . 3-D Crash Victim Simulation Program

3.1.3.1 Summary
Eae
Development and validation ef the Thres-
Dimensgional Crash Victirn Simulation computer program has been described
in some detail in the literature, References 46, Cénnequently. only features

of this program that are pertinent to the present atudy are summarized in
this section, '

The crash victim simulation program, Reference 4, is a f{ifteen-
segment model of the human body, plus a model of the crash environment,
in three dimensions. The simulated victim reaponds to crash decelerations

' Ehrough forces produced by vehicle contact surfaces, inflatable and belt

restraints, and contacts batween body segmenis.

Program input consists of the crash victim properties (dimensional
and inertial data and joint torque characteristica), the vehicle deceleration
time history, material {force-deflection} and geometr'icai properties of the-
contact aurfaces and restraints, plus a matrix of allowed contacts between
the victim and the crash environment, Sample input data are summarized
in Table B-1 of Appendix B. To simpiify prepacation of input data sets, a-
preprocesser program, ® References 16 and 17, was developed to calculate
dimensional and inertial properties of the human body from inpute of sex;
height, and weight of the victim. '

¥

i
;

1

e

. .
- "GOOD" Program - Generator Of Occupant Data, developed under the
aponsorship of the Motor Vehicle Manufacturers Association.

22 | ZQ-5341aV-1
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Output from the crash victim simulation includes tahbular time
histories of segrnent linear and angular accelerations, velocities, and
displucements, joint moticns and torques, contact forces and associated
deformations, and restraint system forces and related restraint data,
In addition, printer plot displays of selected time histories and c¢rash

victimn kinematics are produced as part of the printed output.

Post processer options include a plotter graphics display and an

injury criteria routine, which computes head and chest severity indices
and the HIC (head injury criterion) number,

This crash victim simulator, together with its preprocesser input
data generator and the post processing options, was found to be naturally

suited to analytiéai reconstruction of the responses of the ¢rash victim in
this study.

3.1.3.2 Program Input

Inputs to the 3D Crash Victim Simmulation
computer program for these analytical reconstructions wore as follows:

(1) Crash victim inputs, in most cases, were based on
measurements on a Sierra 292-1050 {50th parcentile
male} dummy, reported in References 4, 6. To
study the effect of occupant size, dirnensional and
inertial inpt.its for a small female occupant in one of
the caser were generated using the "GOOD" program
previously mentioned. Effect of occupant size nn
cragh responses is discussed in some detail in
connection with Cage No. CB71055.

23 ZQ-5341-V.]
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{2} Vehicle daceleration input® ware oStainad ag tabular
acceieration time histories from the SMAC pregram,
42 previously dis-cugeed. In addition, the vehicle vaw
tirne history obtained from the SMAC program was
used to assign an eifective direction to the unidirectional'*
deceleration history inputted tz the crash victim
sirnulation by gelecting a mean value of yaw from the
plotted yaw time bistory, {This value differed at most
by only a few degrees from the value of yaw

corresponding to the peak resultant acceleration. )

{3) Pizne inputs {vehicle interior geometry} were obtained

from measurements on vehicles closely corresponding
to the case vehicles,

(4)  Function inputs {material properties of contact surfaces)

were typical valueg, based upon available experimental
data,

As an example, consider the inputted windshield force~deflection
characteriatic, illuatrated in Figure 3, 1.2, which is based upon typical
test cesuits from a conventiunal HER windshield at a 30 MPH impact apeed,
Following glass fracture at ~ 0,5 in, deflection with a resulting "inertial"
&pike, the plastic interlayer bulges at a reduced force level, The effect of
the windshield failure on resultant head acceleration that is predicted in the

rFimulation is illustrated Ly the typical result shown in Figure 3,1.3.

Nonrotating vehicle deceleration histories were inputted to the program

to correspond to unidirectional decelerations in the subsequent impact
sled tests,

e e . .
Published windshield itmpact data are not sufficiently detailed to define
such a characteristic as a function of impact speed.
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The predicted response is similar in form and magnitude to that

experimentally observed, for‘example, References 9, 1l.

{8) Allowed contacts were based upon anticipated occupant

reapongses during crash.

{6) Initial body positions (initial position and orientation

of the crash victirn)} were based in mosat cases upon

a reiaxed seated posture consistent with the vehicle
interior geometry. To study the effect of an active
response by the occupant to the anticipated collision,
crash victim inputs corresponding to a rigid, braced
position were used in Case No, AAOQ145, as will be

subgequently discussed,

3. 1.4 Impact Sled Tests

i
i
|
i

3,.1.4.1 Summary

The ten accident cases were physically
reconstructed on the Calspan HYGE impact sled, using an automobile body
buck fabricated from a 1969 Ford Torino eda.n*, Figure 3. 1.4, to represent
the ten subject vehicles. To insure adequate structural strength for the
more severe crash conditions (41 MPH predicted maximum speed change,

32 g predicted peak resultant acceleration), the buck was reinforced with
ateel plates and struts as shown in Figure 3.1.4, The buck was mounted

on the sled by means of a zircular turn table or jig containing mounting

*The subject vehicle in a case that was originally anticipated to be one of
the ten final selected accident cages was a 1969 Ford Torino sedan,
That case was later excluded because of the comnplexity of the multiple

: vehicle dynamica in the accident, The 1969 Ford Torino buck, however,

[ wag considercd to be a representative vehicle interior for the ten cases.

26 ! ZQ-5341-V.1
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holes spaced at 2 degree angular increments. This jig, Figure 1,3,
provides a rapid means to set tha deaired buck rotation angle for each test,

The basic iinpact siad test schedule consisted of one test for each
of the ten accident casee, plus three additional runs to Vary parameters

; as follows:

] variation in stiffriess of the dummy joints, to
study the effect of muscular reaction by the
crash victim in anticipation of collision

. variation in dummy size (5th percentile famaie,

: compared to 50th parcentile male) to assess
the importance of matching the crash victtm
stature and weight with that of the dummy

. variation in vehicle interior geometry (seat

location relative to the windshield) to obtain
an indication of the results of a mismatch
between the occupant position and/or vehicle
interior in the actual vehicle and that in the
reconstruction sled test,

For each runin this series, the sled test conditions were chosen to
duplicate approximately the co rresponding vehicle resultant deceleration
histo}y predicted by the SMAC Program, Becsuse of the limited scope of

- the experimental program, the required sled conditions were analyticaily
 estimated rather than determined through additional facility calibration.
In attemptinrg to duplicate the predicted deceleration history, emphasis was
* placed firat on matching speed change, second on peak deceleration, and
third on acceleration waveform., In addition, the predicted vehicle yaw
‘time history was used to select an effective direction (turn table rotation
angle} for the unidirectional sled pulse, ‘
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The different interiors of the ten accident vehiclea were approximated

in the test mock-up by varying the seat types {two diffevent aplit b

anch seats
and one buclet seat),

and by varying seat position relative to the windshield
location, which was fixed in the buck/sled reference.

In addition, the
instrunient panel location was altered slight

ly for some tests to match the
geometry of the subject vehicle interiors more ciosely,

Any damage to the instrument panels and seats was repaired atter

each test to restore the original geometry and material properties of the

interior as much as posgible. After each test in which windshield failure

the glass was replaced from a supply of duplicate HPR windshields
(standard replacements for the 1969 Ford sedan).

occurred,

Care was taken to match
2%
the windshield inataliation procedure as closely as possible for each run,

For tests involving lap belt restraint

» standard nylon webbing was
used to fabricate the belts,

In all of the aled tests except one, an HSRI 50th

th percentile male
e . . A
crash test dummy  was used to simulate the crash victirn, In one test a

5th percentile female {Sierra 592-805) crash test dumnmy wasg used to study

the effect of dammy size. Both dummies were clothed for testing, and

otherwise noted, dummy joints were set at a nominal "1g"
torque adjustment,

except as

The initial position and orientation of the durﬁmy for each teat
were selected to mateh the carresponding geometry of the

computer
slmulation as closely as possibla,

An exact match couvid not be accomplished,

* The windshields were secured with 3.M brand Windec-Weld Ribbon Sealer
Auto Giass Replacement Kits (3/8 in, size), using procedures routinely
followed Ly the Calspan impact sled crew for windshield ingtallations,

MAHSR‘E 50th percestile male crash test dummy (no serial or identification
numbe:!, provided by Mr, Stanley Backaitis of NHTSA,

29 ZQ-534]1. V.1
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howaever, for several reasons, As an example, the etiff rubber nack of

the HSRI dumrny prevented adjusting the dummy nead position after the
torso position and oriertation were fixed. Comparisons of initial conditions
hetween the computar simulations and the _corresponding sled tests can be

made by referring to Sestions 3.3 and 3.4,* respectively.

Sled instrurmentation conforming to MVSS 208 provided the following
time history recoras# on rnagnetic tape!

® sled acceleration

® dummy head and chest accelerations {x, v, and Z

components and resultant}

] dummy head and chest severity indices (based on

resultant accelerations
. dumnmy femur loads

. regtraint belt loop load {where applicable},

measurcd with a L.ebow gauge.

In addition, two high-speed motion picture cameras and an eight~
{rame sequence camera mounted on the sled provided photographic coverage

of the jummy responses.

i‘11'1 some cases, the pre-test orientation of the dummy was altered slightly
to conform more closely to the desired initial conditions immediately prior
to the sled test, The first photograph in the sequence camera series
shows that final pre-test orientation.
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Following each test, the data channels ware plotted on a directs
writing (Brush) recorder. No subsequent processing of the analog data

wasg performed, Copies of socme of these data traces are presented in
Appendix [,
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3.2 Summary of Analytical Results

¢
£

v

233

2 A concise description of the ten hishway accident cases ia
i presented in the summary tabulation of Tabie 3.2.1. Items worth noting
Ed

£ in the table are:

7 .

i

{1) the wide range of vehicle sizes
{2} vehicle frontal damage of varying degrees

(3} many accident types over a broad épeed range

{4} differing occupant sizes

{5} minimal uce of restraints (belts)‘

{6) wvarying typeé of head contacts

{7} assorted head injuries

(8) overall injury ratings rather evenly distributed

from 1 (minor) to 6 {fatal) on the 10-point
injury scale,

A T T T TR I T

-
R L
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are showa in Figures 3.2.1and 3,2,2,

Briefly, these analytical mconnftuctionn, when co

mpared with the
cage reports, indicata:

{1} For nine of the ten cases, analytically reconstructed

vehicle responses are in general 1greement with

onssite observations,

In the cnly remaining reconstructed vehicle response,

were believed to res
collision involving a third vehicle,

discrepancies

in the vehicle rest positions ult from a secondary

{2)

In seven of tha ten cases, the predicted Tesponses
of the occupant agres generally with evidence
summarized in the accident case reports,

Discrepancies of occupant responses in the remaining théee cases,
considered to be attributable to activa occupant responses in anticipation of

the crash, are discussed in a subsequent section,

Comparisons of actual occupant injuries

injury severity on the 10-point scale) with value
indicators’ (head severity index {HSI) and the &

{aw measured by overall
8 of predicted head injury

ead injury criterion (HIC))
respectively,

- :
Throughout this Feport, all values of head injury indicators are baaed
upon the time from start of vehicle decelera

tion to the time at which
significant loadings in rebound are applied to the crash victim,
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Froints to note in these comparisons are:

(1} No nig_nificaut correlation is indicated hetween ovarall
injury severity and either HSI or HIC.

No aignificantly better correlation occurs if gpecific
{head, face, or brain} injury severity is used rather

than overail injury sevarity (see Table 3.2. 1},

(2} Most of the HSI or HIC numbers cluater near conatant

values of 400 and 300, respectively.

Thig is a result of the arsigned force~defiaction
charactzristic for the windahield, Figure 3.1.2, In
most occupant simulations the peak head resultant
acceleration, Figure 3.1.3, was essentially a

function only of the peak force of the inputted force-
deflection characteristic, Consequently, in thase
cases, the predicted FSI and HIC values varied only
alightly., In the other cases, contact loadings on other -
surfaces produced the obaerved variations in

predicted HSI and HIC values,

In Figures 3.2.3 and 3.2.4, those predicted head injury indicators,
BSI and HIC, respectively, are compared to envelopes of experimental
results from windshield impact tests that were praviously discussed {zee
Figures 1.1 and 1.2).

Only overall injury severity was listed for all ten cases in the accident
reports.
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it should be noted that, in the literature surveyed, both HSI and
HIC are plotted versus impact speed, which is essentially equal to the
speed change in the reported tests {see Figures 1.1 and 1. 2). In
Figures 3.2.3 and 3.2.4, however, speed change is used as the abscimsa.
This is because speed change, not impact speed, ig¢ the more meaningful

parameter for collisions between two vehicles {see Figure 5-1}.
From Figures 3.2.3 anc 3.2.4, it is noted that:

(1) Mo significant correlation is indicated betweaen speed
and either HSI or HIC,

{2) The predicted resuits fall large.y within the envelope
of experimental resu.its.v

Some cases did not involve head.windshieid contact (observed and/or
simuolated) and *herefore should not be included in the plots of
Figures 3,2,3 and 3.2.4 inthe strictest sense. Data from all ten
cases were included, however, for the sake of uniformity.
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3.3  Analytical Reconstruction of Ten Accident Casea

3,3,1 Summary

In this section, the analytical reconstructions of each
of the ten accident casdes ere discussed in some detail, with primary
ernphasis placed on ihe cbservations of the accident cage report and
corresponding reconstruction of the vehicular eollision, The analytical
reconstruction of cccupent responses is also discussed, but additional
details are presented in Section 3.5, in which the impact sled test results

are compared to the corresponding analytical predictions of the occupant

responses.

40 ZQ«5341-V1




Kl

AL L ey i

L
3,3.2 Datailed Discussiqn of the Ten Accident Cases

CASE NO. AAl45 (Case ldentification No. AAQG145)

1. Case Report Summary

Primarv Vehicle - 1972 Mercury Comet

Secondary Vehicle - 1957 Chevrolet station wagon
1.1 Description of Accident

Pre-crash:

The driver of the secondary vehicle had just previously
been involved in a rear-end collision immediately south of the site of th$
subject case. He had been drinking heavily and was apparently confused
after the first collision, After leaving the scene of that accident, he drove
north in the opposing lane., The driver of the primary vehirle braked when

he saw the secondary vehicle approaching him in his lane. The cage report
schematic is snown in Figure 3.3, 1.

Crash:

The vehicles collided very nearly head-on with
approximately 90% overlap of the front ends. The impact speeds were
estimated at 25 MPh for the primary vehicle and 15 MPH for the gsecondary
vehicle,

|
Post«icrash:

There was little or no motior after impac:. The
investigator-determined VDI's were 12FDEW3 for the Comet and 12ZFDEW?2
for the Chevrolet,

41 2Q-5341.V-1
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1.2 Primary Vehicle Right Front Occupant
19 year cld male, 5'10' tall, 150 1bs.

This occupant w2s loosely wearing a lap belt. On
impact he wag thrown forward striking his head on the instrument panel.
He suffered lacerations to the chin and lower lip, minor abrasions from
the seat belt webbing and other mincr injuries, He complained of aoreness

to the neck and pain in the lumbar region of the spine. Injury rating:
Minor, AlIS-1. | "

2. Analytical Reconstructions

2.1 SMAC Reconstruction

_ The input parameters used in the final reconatruction
run of this case are zhown in Table A~2,l. With these values, excellent
agreement with the physical evidence was obtained witﬁ the SMAC program.
It should be noted that the speed listed for the subject vehicle, the 1972
Comet, is the pre-braking speed. The applicatior of locked wheel braking
to produce the measured skidmarks resulted in an impact speed of 26,2 MPH
for the Comet and 17 MPH for the Chevrolet.

The predicted VDI's match those measured identically, being
12FDEWS3 for the Comet and 12ZFDEW2 for the Chevrolet.

The resultant acceleration and angle for the case vehicle and the
darhage patterns f{or both vehicles are shown in Figure 3.3.2, The
reconstruction summary is presented in Figure 3,3.3,

i
i
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2.2 . 3-D.Cruh Vicsim Recomtrt&ctioﬁ

i In Figure 3.3.4, the predicted kinematic responses of
the right front occupant-are compared to a coneise description of actual
contacts and injuries sueizined by the ¢rash victim, ss obtainsd {rom the

: came report. Note from the figure that in the accident, the occupant struck

. the instrument panel, resulting in facial abrasions and laceratione, In \

contrawst, the simulation predicts head contact with the windshield for the

computer run in which a normal seated posture an& a relaxad muscular

condition were inputted {labeled "PASSIVE RESPONSE" in Figure 3.3.4).

It is rather apparent [rom Figure 3,3.4 that for a broad range of nea'=

frontal vehicle crash conditicns, head contact with the windshield weuld

likely occur unless the occupant braced againet the vahicle interior in
anticipation of crash. To illustratc this point, the simulation was rapsated,
with the initial occupant orientation altered to represent a bruces position

{see "ACTIVE RESPONSE" in Figure 3,3.4), with the coulomb component

of joint torque at the clbows and shouldars incrsaged by s factor of %0# to

: simulate muscular flexure in response to the impending crash. The marked

effect nn crash victirmn kimematics is apparent {rom the plotter graphics

displays of Figure 3.3.4. Note that the two predicted resionses tend to
bracket the actual victim responses reported in the accident investigation,

No atternpt was rmade to obtain a closer correspondence of predicted and

’ observed results througha "tuning" process, however.

It is apparent that a degree of uncertainty exists in the initial
orientation, position, and condition of muscular flexure of the crash victim.
' This degree of uncertainty is naturally reflected as a range of tolerance
in reliability of the predicted results.

%* .
A value approximately corresponding to the maximum static muscular
strength of the human arm that is reporied in the literature,
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CASE NO. 1316D (Case Identification No. TRO1316)

i. Case Report Summary

Frimary Vehicle « 1969 Chevrolet Nova
Secondary Vehicle - None

l.l  Description of Acaident
Pre-crash:

The Nova was proceeding along a dirt road at 35-45 MFH,
The driver negotiated several curves and found himself on the left edge of
the road. He ateared to the right, crossed the road, and then counter-
stéered to avoid a utility pole. The counter-stear was exceesive and the :
vehicle ran off the road to the left. The driver locked the wheels leaving
about 32 ft, of skidmarks leading up to impact with a fruit tree. The

accident szene schematic is shown in Figure 8-2, -
Crash;

The vehicle was traveling at about 10-15 MPH whan it
struck the fruit tree head-on.

Post-cragh:
The vehicle came to rest at its paint of impact still

against the fruit tree vglv_it_h no apparent rotation, The Vehicle Damage
Index was 12FCEW3,

e ma
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1.2 Primary Vehicle Right Front Occupant
15 year old male, 68" tall, 150 ibs,

This occupant was restrained by a lap belt, and on
impact moved forward striking his knceg on the lower instrument panel,
His torso continued forward with his tead and chest striking the instrument
panel. Injuries sustained included concuseion, facial contusion and

laceration, pain to chest and abdomen, Sevaerity was rated as Minor, AIS-1.

2. Analytical Reconstructiona

2,1 SMAC Reconstruction

The inputs used for the SMAC reconstruciion of this
case are shown in Table A~2.2, The measured VDI, 12FCEW3, and the
predicted VDI, 12FCEW2, are in agreement with the exception of the last
digit which is a measure of the extent of the permanent deformation. This

difference is primarily attributed to a changs in the procedure for coding
this column of the VDI,

Since this was a purely longitudinal collision, the resultant and longitu-
dinal accelerations are identical and are shown with the vehicle damage pattern

in Figure 3.3.5, The reconstruction summary is shown in Figure S.3,

2.2t 3.D Crash Victim Reconstruction

Thig analytical reconstruction, excerpted from an
earlier atudy at Calspan, Reference 7, used a crash victim input description
based largely on the measured properties of a GM Hybrid Il dummy, and
supplemented with more extensive Calgpan meagurements on a Sierra
292~1050 dummy, The plotter graphics displays of Figure S-4 {compared

to Figure 3,3.4) reflect some of the differences in computer program inputs.
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In this cage, the predicted kinematic responsed of the right front

occcupant, Figure S5-4,

summarized in the accident cage report. The slightly nonplanar predicted
kKinematic response of the cccupant in this frontal crash case is a result of
the nonaymmetrical restraint belt geometry, Figure S«4 graphically

illustrates the potential of the analytical reconstruction technique,

are egsentially identical to the cbaervazions
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CASE NO. 71-31A (Case Identification No, CA71031)

I. Case KReport Summary

Primary Vehicle - 1970 Plymouth Barracuda

Secondary Vehicle « None
AL Description of Accident
FPre-crash:

The case vehicle was traveling westbound on 2 two lane
rural roadway. The roadway was wet and vigibility was obascured by rain 2nd
fog. As the vehicle entered into a shallow right curve, the driver turned
the vehicle sharply to the right and the vehicle left the roadway at the north
edge, ‘ '

Crash:
The center front of the vehicle struck a tree located
near the roadway. Al impact, both doors opened but the occupants remained

in the vehicle. The estimated imnact speed was 35 MPH and the VDI was
IZFCEW?.

Post~crash:

The vehicle rotated clockwise slightiy and came to reest

against the tree. The case roport achematic is shown in Figure 3.3.6,

52 ZQ-5341-V.l
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1.2 Primary Vehicle Right Front Cceypant
19 year old male, 5'10'" tall, 180 ibs,
This Sccupant was not wearing available restraint belts,

On impact, he imoved forward, striking the instrument panel and components

located below che instrument panel sulfering severe facial contusions and

injuries to the extremities, Injury rating: Moderats, AIS No, 02,

2, Analyticai Reconstructionsg

2.1 SMAC Reconstruceioa

The SMAC inpit parameters used in the final iteration
in reconstructing tius case are illustrated in Table A-2,3. It should be
noted that the vaiue for the loac-deflection characteristic of the vehicle
structure of 73,8 lb/’ina was calculated based on data accumulated on vehicle

impacis with narrow rigid obstacles. The calculation is shown in Appendix ¢

With this value of structural stiffness, an impact velocity of 35 MPH
produced exceilent agcivement with the measured maximum deformation,
The VDI commparison, i2FCEW? measured and 12FCEW4 predicted, alaso
agrees, with the exception of the exteat of damage, which reflects a change

in coding procedure.

The predicted vehicle yaw during impact was only 0,55 degrees, No
value is giver in the case report but the accidenc schematic appears to
indicate 5 to 10 degrees of yaw. Ir view of the fact that the roadway was
wet, values of tire-ground friction cocfficient of 0,6 and 0. 3 were tried
with no significant differences in vehicie yaw, The case report indicates
that the driver veered sharply off the roadway and therefore the vehicie
may have had an initial angular and lateral velscity at impact, Thie would

tend to increase the clockwise yaw of the vehicle, Unfortunately, the case

54 Z0Q-5341-V.}
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«epori {s not detailed enough to make any eetimate of thess velocities, so

*hey were awsumed to be zero in the predictions.

The resultant acceieration and angle for the SMAC reconstruction
are shown in Figure 3.3.7, and the reconstruction gummary is shown in

Figure 3,3,8,
2.2 3-D Crash Victim Reconstruction

The predicted crash victim responses are compared to
a summary of reported crash rasults in Figure 3.3,9. for this case, the
computer simulation predicted head contact with the windshield for the
condition of passive response by the accupant (that ig, normal seated posture
with no bracing against the vehicle interior). The accident report, howéver,
indicates no head-windshieid contact, with head~instrument parei contact
listed as probabie. As with Case No, AAI45, it appears that occupant
bracing against the instrument panel would likely have produced the head-
instrument panel contact. Although simulation of occupant bracing was oot
attempted¢ for this accident case, it is anticipated that such bracing would
have resulted in reasconable agreement between Vcomputer prediction and
actual crash vic.un kinematics, It is recognized that a degree of uncertainty
of occupant position, orientation, and the state of muscular condition is

inherent in the problem of accident reconstru-tion.

;':Only the orientation of the legs (kilees raised) was selected to correspond
to some degree to the case report observation that head-windshield contact
did not cccur,
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Figure 3,3,8

Accident ﬁeconstruction Summary - Case No. 71-31A
GRHPHIC LISPLAY OF QUTPUTS OF ACCIDENT RECANSTRUCTION

COLLISION AHL TRAUECTURY

AR S, TLte RDA 8. WTLER
TREE
‘vf
jT
| 2|
X - |
oy i
t 2 !
+
i i [
_.___._,_.,___Ml’ Y
: ;
b
P
BRI~ ATERYAY A 10, FEET
RECORITRLCTED PUICIOMY Aok VE.BCIF(ES AT InPRC! BISPLATED £ 1w FESITIG VERITLE
C.6. PENITION | WEARISG LG PASiTIM mw{ JEATe
1 e fenn fre b [mews wtF | mr | ssnE | s BRIES a¥
i AP BTEEE PR N R e ST T pErs | [
_ ihdddd 0.0
VRICE S V) 08 | 83 | 03] 3.0 | o2 | 0.0 | s | 53 | imof YOUQE ar e
TZVCERd 5.5
s, ,
WHIQL B Y] o4 g %] c0 | moloao | ova | oaan | ae | o | YBUOE AT R
L
57 ZQe5341-V-1
- 3 . -
- Y




Vig-1L "ON @8%) .
- AZPUIUNG UOIIDNIISUOIIY IWIPIOIY

6°¢°¢ oandyy

T

Vg ity e R % Y

L.

i1
1.

P et 051
=
- ) e N
N
/ N
s
./Ww(.\
\o
~.
~
st OOt 0= INLL
u 15017 ¥D ON A3¥D

: 7 - [e1240
{toutp} 1 - uield
{aiv13poW) 2 - @0e]

- Juney Ainfu]

-V-1

ZG-5341

58

uo18NIUOD .

1210t} ‘UO1ISSTDOUOCD
- {s1qgoad) Purd
JUIWTIISUY HONII8 328 g

- JUIpP122Y

*sq( 081
*ut oL
s1ea ) 61
31eN

S
- UZIIDTA YERID

e



|
CASE NO. 72 (Case Identificatian No. €B00072)

i. Case Report Summary

Primary Vehicle - 1970 Camarc

Secondary Vehicle - None

e R o b o TR AT T

.1 Description of Accident
Pre-crash:

The Camaro was proceeding behind a vehicle which was
not involved in the impact. The driver of the Camaro pulled abreast of the
, other vehicle and both drivers started an impromptu "drag race’”. The
Camaro passed the other vehicle but did not attempt to returr to the right
lane. He approached an upcoming curve high and a short distance before
the curve applied light brake pressure. The left front tire marked the
i pavement for 125 feet. At this point the driver applied heavy pedal pressure
and locked all four wheeis. The Camaro skidded 7 feet before leaving the
left side of the road, )

Crash:

Aftev leaving the road, the Camaro continued to skid
for 51 feet before atriking a 43 inch diameter tree with the center front of
the vehicte. The estimated impact gpeed was 33 MPH,

P Post-crésh:

i
The vezhicle rebounded from the tree approximately
a .10 inches to the final rest position. The investigator VDI rating wzs
12ZFDEW4. The case report schematic is shown in Figure 3,3, 10,

-
a
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Figuce 3,3.10

Accicdent Schemnatic -~ Cage No. 72
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1.2 Primary Vehicle Right Front Occupant
18 year old male, 70" tall, 160 lbs,

This occupant did not use the available restraint., On
impact he moved forward, striking his head on the sunvisor, windshield,
and top of the instrument panel and his right knee on the lower instrument
panel. He sustained injuries of a laceration of the right eyelid, contusions
and abrasious of the forehead and chin, fracture of the jawbone, and

fractures of two fingers on the left hand, The rated AIS severity index
was moderate (02},

2, Analytical Recongtructions

2.1 SMAC Reconstruction

The SMAC program inputs for the final iteration of
this case are shown in Table A<2.4. The measuyred VDI (12ZFDEW4) and
the predicted VDI (12ZFDEW3) agree, with the exception of the measure of
the extent of deformation, column 7. The resultant acceleration, angle
and the da.nage pattern for the vehicle are shown in Figure 3,3,1). The

reconstruction summary is displayed in Figure 3.3, 12,
2.2 3-D Crash Victim Reconstruction

This analytical reconstruction, excerpted from an
earlier study, Reference 7, used a crash victim description basad largely
on the measured properties of a GM Hybrid I dum.my. as in Case No. 1316D,
For Case No. 72, no plotier graphics displays were produced in that earlier
study, in the interests of program economy. Consequently, printer graphics
displays obtained from the line printer output of the computer program are
used to illustrate the predicted victim responses in Figure 3.3, 13, Note
that these predicted responses are in good agreement with the obaerved
occupant contacts in the accident, Because of unknown force-ceflaction

properties, the head-sunvisor contact was not simulated,
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Figure 3.3,12

Accidant Reconstruction Summary - Case No, 72

GRAPHIC BISPLAY OF GUTPUTS OF ACCIDENT RECONSTRUCTION
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CASE NO, 7144 {Case Identification No., SW71044)

1. Case Report Summary

Primary Vehicle - 1965 Ford Custom
Secondary Vehicle - 1969 Oldsmobile Royale Delta 88

1.} Description of Accident

Pre-crash:

The secondary vehicie was parked facing east, on the
wrong side of an urban/residential strcet, as shown in the collision scene
gchematic from the case report, Figure 3,3,14, The primary vehicle was
traveling west on the street at a speed estimated to be between 25 and
30 MPH, The driver was familiar with both the route and vehicle, but was
inattentive as she passed a soft drink to the center front pasgenger. During
this brief period of inattention, the primary vehicle veered to the right into

the secondary vehicle, leaving no skidmarks prior to impact,

Crash:

The right front corner of the primary vehicle struck
the right front corner of the parked vehicle. On impact the thre: front seat
occuparnts of vehicle 1 were thrown against the steering wheel, instrument
panel and windshield, The vehicle yawed 5 to 10 degrees clockwize and
came to rest within 2 to 3 feet. The secondary vehicle similarly yawed
5to 10 degrees clockwise and traveled 2 to 3 feet to final rest. The VDI's
were 12F7EW3 for vehicle 1 and 12ZFZEWI for vehicle 2.
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Figure 31,3, 14

Coilision Scenc Schematic - Case No. 7144
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1.2 Primary Vehicia Pight Front Occupant

18 year old male, 71' tall, 160 lba.

Thie occupant was not wearing an available lap belt
restrain. and on impact was thrown forward, breaking the windshield with

g
B
&
5
4
!
¢

hig face, which resulted in a laceration extending from the lower aspect of

the right ear to the anterior medial aspect of the chin. Tooth number 29
was totally dislocated,

vpr e

He also struck the upper and lower instrument panel
with his right arm and left knee, respectively, resuiting in no injurie-s,
Overall injury rating: Moderate - AIS Severity Code No, 2

+ gpinemie -

o

2. Analytical Reconstructions

2.1 SMAC Reconstruction

The case report approximates the impact speed as

having been between 25 and 30 MPH, the translations from impact positions
to final rest as 2 to 3 feet and the rotations as 5 to 10 degrees for both

* vehicles. There was no reporting of skidmarks left by the vehicles,

Inputs to the SMAC Program were based on best available data from
a number of sources including References ] and 19 and the case report,
These inputs are summarized in the required SMAC format in Table A-~2,5,
For the purposes of thi, reconstruction, it was assumed that the parking
brake was engaged on the parked vehicle resulting in rear wheel lockup
during the post-impact translation, [t was also assumed that the impact~

induced damage produced locking of the right front wheels of both vehiclas
during the collision, ' '
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The initial SMAC runs were made using an esfimated speed for
vehicle | based on the case report, This speed resulted in both excessive
darnage eustainsd by hoth vehicles and excessive transiations to the {inal
rest positions. Az a resuli, in subseduent runs tha initial veice ty of
vehicle 1| was ceduced untii pood vorrelations with dama ge and translatione
were obtained. The final eatimate of the impact spead from the SMAC
program was 12.5 MPH, A comparison of predicted and measured VDIts
is shown Letow, l \

Meazured " Predicted
vahicie | 12FZEWwW? 12ZFZEW2
veahicle 2 I2ZFZIEW1 12FZEW?2

Mote that the predicted values are identical to those measured with
the exception of the distribution of the extent of damage between the two
vehicles {colurnn 7). The cauge report indicates_that the maximum
deformations sustained by the two vehicles were approximately 28 and
12 inches for the primary and secondary vehicles. reapectively, whereas
the SMAC program predicted cerresponding defor.ations of 19 and 21
inches., Itis therefore seen that the maximum total syatem defcrmation .
is 40 inches for both measurement and prediction, The difference in ‘
distribution of the tctal deformation between the two vehicles undouhted};y
results from the use of a single, general structural stiffness parametex
to represent the entire vehicle population and all areas on a given vehicle,

within a given size classification,

Although the predicted vehicle translations are in good agrsement
with measurements,|the predicted final vehicle yaw angles are lesa than the
estimates given in the case report. In the SMAC reconstruction, the

primary and secondary vehicles yawed 1.4 and 0,7 degrees, respectively,

68 ZQw5341-Va1
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GRRPHIC DISPLAY ©F BUTPUTS OF ACCIDENT GECONSTRUCTION
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The underestimation of vehicle yaw in this czse may result from s
number of agsumptions inherent in the SMAC progiam or from the lack of

adequate reporting of the physical evidence., The efferts of dynamic foree

aft weight transfer ars not inciuded in SMAC, Tour the case considered
here, such weight tiznzfer should increage the tendency for both vehicles

to yaw, Anocther posgible explanation is that,

bared on the damage patterns,
substantial impact forces mav have been transmitted through the suspenasions

of both vehicles to the sprurg masses, These relativé}.y "hard' points in

the vehicle structure are not considered in SMAC

The results of the SMAC reconstrrction for this case are summarized
in Figures 3.3.15 and 3.3, i6.

2.2 3-.D Crash Victim Reconstruction

The predicted kinematic responses of the crash victim

are illustrated in the plotter graphics display of Figure 3.3.17. It can be

geen from the dispiay that the right front occupant, according to the
simulation, moved forward and struck the windshield with his forehead

near the windshield header. Note also that several tnches of lateral

displacement of the head is predxctud a result of the cblique crarh angle

{about % degrees to the rtght) . The predicted location of initial head contact

‘on the windshield is within about two inches of the observed location of
contact {ag evidenced by the windshield fracture pattern from a photograph
in the case report}, (it should be noted that the initial loction of the right
front occupant on the seat is not kxnown to this degree of accuracy. }

Furthermore, the degree of windshield fracture is quite consistent with the

predicted head-windshield Jcontact. {In the simulation, the head penetrates

the windshield plane about 1 1/2 inches, and dynamic windshield failure is
predicted. )}

'I‘he plc ter graphics displays are right and rear orthogonal views of the
crash victim,

71 703-5341-V.1
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CASE NG, 53 (Case Identification No. CR00053)

/;
1. Canse Rencrt SGmmary

/ "’
FPrimary Vehicle - 1970 Chevrolet Nova
Secondary Vehicle - 1964 Mercury Comet Caliente

y
1.1 Description of Accident

/ Pre-crash:

The primary and secondary vehicles were traveling in
opposite directions on a straight and level two lane asphait highway, The
secondary vehicie {Comet) was left of the center lina,

tc be less than the 50 MPH jimit,

3peeds were believed
No evidencez of pre-impact braking was
found, The case report schematic is shown in Figure 3, 3. 18,

Crash:

Thel {t fronts of the two vehicles collided. The Comnet
retated 8G-85 degrees and came te rest facing acrosc its lane, The Nova
rotated nearly 180 degrees and came to rest along its shoulder. The VDI's

were 1ZFYEW? for the primary vehicle and 11FYEWS for the secondary
vehicle.

.2 Primary Vehicle Right Front Occupant
52 year old female, 5'6' tall, 139 1bhs,
This occupant was not wearing the available restraints.
On impact, she troved forward and upward, contacting the windshield with

her head and face, causing a loss of consciousness. She incurred maltinle

lacerations and abrasions of the face and broke several teeth, Her knees

73 ZQ-5341-V.]
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Accident Scherastic - Cage Mo, 53
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covtacted the instrument panel, the left knee receiving a severe laceration
and vear into the capsule from contact with an open ashtrav., Her right
relvis and left femur were fracturea. She also incurred an impacted fractur
of the left distal radivuz. Her head also contacied the ingtrament panel as
she fell. Injury ratinss to various body reglong varied from AlS~1 {chest)

1

ta AIS-2 {brain.

Z, Analviical Reconstruciion

2.1 SMAC Recenstruction

The SMAC inputs used in the final reconstruction run
for thig case are shown in Table A«Z.6. The reconstructed impact speeds
were found to be 53 MPH for vehicle ! and 42 MPH for vehicle 2, The

measured and predicted VDI's for the two vehicies are compared below.

Measured Predicted

Vehicle 1 1ZFYEW?Y I12ZFLEWS
¢ Vehicle 2 1IFYEWS 1IFLEWS

Differences in ¢nlumn 7 reflect a different coding procedure used to determin
the extent of deformation. The differences in the code for the specific |
horizontal location of the damage {column 4} are not considered io be
significant. '

1

The deformation of the two vehicles is shown in Figure 3.3.19., It

SAATIE] R TR SANGTA ST 4 e

should be noted that tlie somewhat greater penetration of the reconstruction
. was accepted as a compromise hetween damage and rest position agreement
(see Figure 3,3.18) with the case report. That is, at lower impact speeds
the daimage match was improved, but at the cxpense of a significant
degradation in the rest pcsition match, It should further be noted that, as
indicated in Appendix C, the effective vehicle crus t characteristic is stiffer

for narrow, pole impacts than for wide, barrier impaccs, BSince there was

5
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Figure 3.3.20 ACCIDENT RECONSTRUCTION SUMMARY - CASE NC, 53
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no evicence "o excend this behavior to narrow, offsct {rontal impacts

between cars, the borrier eduivalent stiffnoss was used for this case.

However, it seema likely that this type of Lnract is analegous to a nolae

smpact and that haa 2 giiffer value of the crush characteristic baen uned

the peneirations would have boen reduced while maintaining accaptable

Agreement with the redi pyceitions,

The resulian: acceieration and angle time hiastoriae for the vehicle

G ATIerest s showrn in

Figure 3.3.19, ana the accident reconstruction

swnmarly 18 presented in Figure 3,3, 20,

[N
.
-

3« Crash Victim Reconstruction

In this case, the predicted victim kinematics,
Jlguve 3.53.21, saree well with the obsesvations of the accident investigator.
It is worth noting, however, that head-windshield contact for this vehicle
veoinetry-passenger orientation appears highly probable for a broad range
of rear-frontal crash conditions. Simulation of the secondary collision of
the head on the instrument panel was not attempted (the simuwation was

terminated before this possihie contact), ‘because the secondary contact was

regarded as of relativelv minor importance compared to the windahield
anpact,
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CASE O, 71-550 (Case Identification Ne. CTRB71055)

1. Chang Henzrt Burmnmary

Polimary Vehicle = 1871 Ford Mustang

“eeanngry Vehicle - 1971 Ford Toring GT
CLiesoripion of Accident
Fre-crash:

“he Torino was proceeding north in lane #2 preparing
10 mare a laft turn, As the intersection signal light changed from red to
wrecen, the driver noticed the lead vehicle in southbound lane #2 was
Seinabing to turnleft, The driver of the Torino initiated a shallow left hand
wuTnoand ippiied ok brakes when she saw the primary vehicle, the Mustang,
arnreoaching in scuthbound lane #1. The Torine skidded 24 ft, to impact,

Uhe cnse report schematic ig shown in Figure 3.3.22.
Crash:

Ihe center front of the Tarino struck the left front
corner of the Mustang. The Torino rotated counterclockwise and was forced

backward due to the impact, The Mustang was deflected 21° to the left,
Post-crasn:

_ The Terino left 11 {t. of front wheel skidmarks before
coming to rest at approximately a right angle to the roadway. The Mustang
translated approximately 10 ft. to its rest position facing scuth-southwest,

The VDI's were N2FDEW: for vehicle | and LIFLEEZ for vehicle 2. i

80 ZQ-5341-V-1
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. Figure 3,3.22
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Accident Schamastic - Csaa No. 71.558
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t.2 brimary YVehicle Right Frout Occupant
4% yoar old female, 009 tall,, 130 Ibs,

This occupan: was not wearing available restrainte,
At impact, sbhe moved forward and to the Jefy, contacting the rearview
mirror {heag}), upper instrument panel {{ace), center instrument panel
fchest). Injurtes sustained included minor lacerations to scalp (rearview
mirrer), laceration to lower lip (upper instrument panel), fracture of four
central incisors “ipner instrument panel), displaced fracture of alveociar
ridge {upper instruinent panel), contusions to chest {inatrument panel}, and

minor injuries to the extremities. The injury rating was AIS-3, Severe.

2z, Analvtical Reconstruction

2.1 SMAC Reconstructiosn

Jhe inputs used in the final reconstruction run of this
case are shown in Table &£-2.7. The reconstructed impact speeds. were
25 MPH for veticie & (the primary vehicle) and 10.8 MPH for vehicle |
{the secondary vehicie), The prediéted and measured VDI's are compared
below. .

‘ Measured Predicted
|
Veisol 1 GZFVDEW2 12ZFDEW2
Vehicle 2 ITLEEZ 1ILFEWZ

While it is apparent that significant lateral impact forces relative to vehicle 1

must be developed from the oriectations of the two vehicles, the time history
of forces for vehicle } calculated by SMAC indicate that the direction of the
maximum force is nearly iwelve o'clock. Both before and after the peak
force occurs, sizeable lateral forcee are developed which produce the

rotation to the rest orientation, “Jherefore, while the average clock

8z ' £2Q~5341-V-1
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direction of the impact forne may be arcund two o'clock the peak jorce in
nearly longitudinal., The discrepancies in VDI's for vehicle 2 rzault from
miner differcnces in the damage patterns that result primarily from rmove
damage acroes the {ront of the vehicle than was observed in the cage repert,
This probably resulis from the lack of simulated hard suspension pointa’,

The damage patterns of the two vehicles are shown in Figure 3,3,23,

The resultant acceleration and angle time historied for the vehicle
of interest (vehicle 2} are also shown in Figure 3.3.23, and the reconstruction

is summarized in Figure 3,3,24,
2.2 3-D Crash Victim Heconstruction

This case was selected to at least partially inveatigate
the effect of occupant size on predicted crash victim responses, Thie effect
of size is particularly significant in comparing responses of the actual
crash victim to anthropometric dummy responees, because of the inherent
migrmatch in bath gtature and weight petween the hurnan victim and the
dummy. The computer aimulation provides an ideal means to perform the

required parameter variation to study the effect ¢f sizc on responses,

Case No. 71-35B wasa chosen for thig study because of the rather
large difference in weight and stature between the right front occupant in
the accident czse and the basic reference occupant size selected for this
effort, the 50th percentile male, Tha! difference is apparent in the gsummary

of occupant sizes for the ten cases that is presented in Table 3,3. 1.

The effect of occupant size on predicted kinematic responses is
shown in Figure 3.3.25, together with a concise summary of observations
from the case report. In Figure 3,3.25, the p:‘edxcéed responses of a
S:ch percentile male (defined by measurements on a Sterra 292-1050, 50th
percentile dummy) are compared to those of a 60 in., 130 lb. female

(defined by data generated from the "GOOD' program, References 16, 17).
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Figure 3.3.24
Accident Reconastruction Summary - Case No, 71-35B

r

GRRPHIC DISPLAY OF OUTFUTS OF RCCIDENT RECINSTRUCTION

COLLISION AND TRAJECTORY |
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Tablﬂ 303- )3

Summarv of Right Front Occopant Simas in the Ten Accident Cases
- A p

Right Frent Occupant

Cane - . T
ldantification Age, Height % Weight "
Number Sera Years inchea Parcantila Pounds Percaniile
AAGT14S M 9 s 74 150 27
TRO1316 M 15 68 47 150 27
CATION M 19 70 74 180 69
CB000T2 M 18 70 74 - 165 49 ;
t
SW71044 M 18 71 84 160 41
CBO00S3 r 52 66 21 130 7 j
i
CB71055 F 49 60 0.6 130 7 §'
1
]
TRO1161 M 22 _ - ¥ - f
+ + ‘
GIC0056 M 16 - -
TROGY 73 52 7i

84 155 ‘ 35

X
Based on perrentile tables for adult males,

Note: 50th percentile adult male neight is approximately 68 in.
50th perceniile adult rale weight is approximately 146 lis,

+ . :
Not runorted in accident case report,
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The effect of aize on pradicted kKinematica, at least for thig condiguration,
is very samall. Although not preeented in thix asction, the predicied peak
head resultant accelervation is affected notab) v, however {abaut 29%3,
“pproximataly in the ratic of the head masses for the 50th percentils male
and 60 in, female vietims,

For thiy cass, the head-rearview mirror contact that occurred in
the accident was not simulated, because of the unknown force-deflection
characteristic for that contact, The kKinematic response of the head,
however, indicatss that contact with the rearview mirror would have been

predicted if'a contact surface co rresponding-to the mirror had been inputted
to the computer program.
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CASE NO, 11610 {Caae¢ Identification No, TRO1I61)

. Czae Renort Suminary

Primary Vehicle - 1968 Amarican AKX

Secondary Vehicle - Naone
1.1 Deazcription of Accident
Pree-crash:

The AMX was traveling at an estimated speed of
4C~45 MPR. Upon entrance to a curve arcund a raiged eliiptical island,
the driver app"arently realized he was traveling at an sxcessive Speed,
and applied thé brakes, leaving 15 ft, of four wheel locked skidrnarka,
The AlX then struck the curb ant traveled along it for 40 ft. leaving brush
type skidmarks in the roadway. The case echematic is shown in
Figure 3,3, 26,

Crash;

After traveling along the curb, the AMX jumped the
curb and struck =« 4 ft. diamn-ter paim tree that was located 3 ft. from the
pavement. The estimated speed at impact was 35-40 MPH, The reported
VDI was j2FZ2EW7.

Post-cra.s h:

After the initial impact, the AMX rotated approximacely
70° clockwise and camuo to rest at the side of the road,
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Figure 3.3,25

Accident Schematic - Case No, LIS1D
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1.2 Primary Vehicle Right Front Occupant
22 year old male, unknown height and weight

The available restraint was not in use, Uron impact
with the tree, the occupant moved straight ahead in a seated posture with

his knees striking the instrument panel. His upper torso continued forward

with hig shoulder striking the right A-pillar and his face striking the
windshield producing facial lacerations, Note that the hood was diaplaced

rearward as a result ol the impact, fracturing the glass before the cceupant

contacted it.. This resulted in 2 decrease in easrgy abscrbing capabilities

and probably increased the severity of facial lacerations, The occupant'y

face may have also struck the hood, but this was not confirmed. Injury
rating: Severe, AIS Severity Code No, 3

.

Z. Analytical Recorsgtructions

2.1 SMAC Reconstruetion

Since this case involves vehicle path conatraints that
the current SMAC program cannot sirnulate, namely the vehicle traves along
the curb, it was decided to forego reconetruction of the pre-crash phase
and attempt to reconstruct the event from the time of the initial tree impact,

The program inputs used in the final raconstruction run for this case
are shown in Table A-2.8. The reconstructed impact speed was 40 MPH,
The predicted VDI of 12RFEW4 andd the investigator-determined VDI of
12FZEWT are in noticeable disagreement in columns 3, 4and 7. The
difference in column 7 is due to a change in the procedure for coding ihe
extent of damage. The difference between RF and FZ are not in this case
considered significant. As has been shown in Reference 7, very gmall
changes in the distribution of the damage in corner damage cases such as

this may shift the damage location code (colwan 3) from front to side or

51 ZQ-5341aV-1
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vica-varve in the SMAC program, Simiar situations are belisved to exist

in the ratinge produced by the investigators. The predicted damage pattarn
is shown in Figure 3,3.27,

The resuitant acceleration and angle are also ahown in Figure 3, 3.217,
and the reconstructed dcene is displaved in Figure 3,3.28, Note that ths
rotation of the simuwisted vahicls 12 not oy great as indicated in the case
vepori, Ag discussed previously, this is helieved to be primarily dus to
agsumptions in the SMAC pregram.

2

R 3« Cragh Vietim Reconstructina

In this case, the predicted occupant kinematic responses,
including deep peneiration of the windshield by the head and possible head
centact with the displaced hood (Figure 3.3.29), agree well with the ancident
cags repori, MNo atiempt was made te simulate sheclder contact with the
A-pillar, as noted in the caga report, because of its aniicipated minor

effzct on simulated head responses.
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Figure 3.3.28

Accident Reconsgtruction Sumrriary - Case No, 1161D

GRAPHIC DIS/LAY OF QUTPUTS OF ACCINENT RECOMSTRUCTICN
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CASE NO. 56 {Case Identification No. GIZ0056)

i, Case Repurt Bummary

Primary Vehicle - 1960 Pontiac LsMans
Secondary Vshicle - Nona

5

1.1 Description of Accident
Cragh:

The vehicle wag traveling in a southerly direction at an
estimated speed of 60+-70 MPH, Upon entering a 9.5 degree curve, the
driver lost control and skidded off the read for 205 feet, striking a tree with
the right rear fender. The vehicle continued an sdditional 15 fest where it
struck another tree with the right rear fender area. The vehicle then rotated
ciocikwise and skidded 45 feet more and etruck another tree head-on &t an
estimated speed of 45-55 MPH, Th~ caue report gives no indication of
posteimpact movement of the vehicle., The case report schematic is shown
in Figure 3.3,30. The primary VDI wag 1ZFCENG6, -

1.2 Primary Vehicle Right ¥ rowut Occupant
16 year old male, height and weighnt unknown

The minor sideswipe impacts with the first two trees
did not result in any injury. Upon impact with the third tree, this unrestrained
occupant moved forwady into the instrument panel, causing injuries
principally to the head. His injuries may have been increased by loading of
the seat back by the right rear occcupant. lhere was no evidence that this
passenger's head struck the windshield,

96 Z-5341-V.1
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Impuct with the instrument panel reaulied in 2 concyssion, contusions
to both oyea, a fractured nosa and a right infra condylar fracture of the
maxilla. Cther mincr injuriss ware sustainad by the extremities. Ovarall

injury sevarity indsx: Sericua (AlS-4).

2, Analvtical Reconstructions

2.1 SMAC Peaconstruction

Bacause hupacts with the firet two trees were not
injury~groducing and the SMAC program can simulate impact only between
two bodies, only the {inal. head-on impact with the third tree was
reconstructed. The SMAC input_pa.ramé;eré ueed in the final iteration of
\his reconstruction are shown in Table A-2,9, The }.o#d-deﬁection_
sharactaristic of the vehicle structure for impact with the assumed 20 inch

, 2
wide tree was 35 1%/in,

or

With these ioput parameters, an impéct velocity of 32 MPH producad
excellent agreement between the measured and predicted maximum
defarmation. The case report indicates a maximum deformation of
approximately 29 inches, whereas the SMAC program predictad-‘a value of
slightly over 30 inches. -

A comparison of the meajured and predicted VDI's indicate
discrepancies in the last two columns, 12ZFCEMS mearured versus 1I2ZFCEW3
prediciad. As menticoned previously, the exteit of damags discrepancy,
column 7, is due to a change in ths manner of coding, Tha discrepancy in
column 6, narrow versus wide impact area, :8 a result of insufficient
detail in the case report. The report did not indicate the size of the tree
that was struck. Consequently, a rough estimate was raade from the

photograph of vehicle damage.
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The resultant acceleration and angle of th

¢ acralsration vacior from
the SMAC program for

thie case are shown in Figure 3,3,3,
demage pattern is alao shown in Figure 3,3,31,

ie presented in Figure 3,3, 32,

The predicted
The recondtruction summary

R SRR
:
i
-
.

2,2 3-D Cragh Victim Reconatruction

In this case, thera ig a noticeabla difference betwesn

R T AT T

the reported head contact {on the instrument pans

1) and the prediction of heade
Consideriag ths two colliaiona prior
» it is likely that the aceident victim braceg himaelf

w.ndshield impact {seq Figure 3.3.33),

Wi AT

¢o the main-impact event

prior to the final impact, rather than maintaining the pagsivas

Posture inpatted
&
to the program

on with Case No, ALAI4S, guch
hield ifnpact and q‘uiiélpcssibiy

. As demonstreted in connect
bracing would likely have prevented the windsi

would have resulted in the observed head-instrumen* Panel contact instead,

;
¢ i
o &
: ]
2 E
-
3
£ - .

Only the orieutation of the legs (knees raised) was selected to correspond
] to seme degree to the observation in the case report that head-inatrurment
- piuel contact securred, The initial crash victim position, orientation, and
4 muscle condition muyst he regarded as unceriain to some degree,
99 ZQ.5341-V.1
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Figure 3.3,32

¢ Accident Reconstruction Summary - Case No. 56
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CASE NO, 971D (Caae Identifica_ciovz Nao, TRO0973}

i, Cage Renort Summaz’x

Primary Vehicle - 1965 Ford Galaxie
Sacondary Vehicle - 1968 Pontiac Vantura

Additiceal Vehicles - 1945 Chevrolet
1968 Onel Kadaett

ot
-
[

Description of Accident
Pre-crash:

The primary vehicle was traveling the wrong wav on a
divided freeway resulting in a head~on collision between the primary and
secondary vehicles. The secondary vehicle (Pontiac) was being ivllowed by
the third {Chevrolet) and fcurth (Cpel} vehicles in the same lane. There
wag no reported evidence of att.empted evagive maneuvers for vehicles |
and ¢ during the pre-crash phase. The cane report schematic i shovn in

Figure 3.3.34, No speed estimates were reported.

Crash:

Vehicles ) and 2 collided in an offset frontal or rintation.
Vehicle 3, in attempting an evasive maneuver, struck vehicle 2 in the left
rear imparvting an additional yaw impulse. Subsequent collisions cccurrad
which had no influence on the primary collision. The Ford rebounded a
short distance and came to rest on J:he median strip, The Po.ntiac spun
approxinately 100° counterclockwise due to a combination of the primary
impact and & secondary impact on the left rear quarter from the Chavrolet,

The reported VDi's were 12ZFLEWS for vehicle ! and 12ZFLEWS3 for
vehicie 2,
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i.2 Primnary Vehicle Right Front Cecupant
52 year old male, 71" tall, 155 Iba,

Ca fiapaci, this uarestrained cccupant meved forward
in a seated posture, striking his knees on the lover instrumaent paael. He
continued forward and Lo the left, striking the instrurnent panel at the ¢orner
of the evebrow over the instrument clnster and sustaining fractures of the
rib cige. His face than struck the windahield ‘ractering the glass and
rupturing
and head,

the interjaver, sustaining abrasions and lacerations ts the face

In addition, he sustained abrasions to the legs and a fractured
aternum. Injury severity index: Fatal (AlS-6).
incurred by the thorax,

The fatal injuries were
The facial injuries were rated as Minor {AIS-1),

2. Analytical Reconstruction

2.1 S5MAC Reconstryvction

The inputs for the SMAC program used in the reconstruction’
of this case are shown in Table A-2.10. The reconstructed pre-impact speeds

were determined to be 37 MPH for vehicle 1 and 34 MPH for vehicle 2. Note

that collision-induced braking of the left front wheel of both vehicleas was
assumed to start at impgect

A ccmparison of the predicted and measured VD1's for both vehicles
is shown below,

Measured Predicted

Vehicle ! IZFLEWSR 1IFYEW4

Vehicla 2 RFLEW3 1Y YEW4
105 2Q45341-V-1
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Disparities in the predicted and measurad VDI's resulted from an
avtempt to maximize agreemnent wirh ail physical avidence, In this case
gomawhat grearar overtap was accepted in the reconetruction than was
evidenced at the scene bacause it resulted in cloger sygreement with other
evidence. A& a result coiwmn 4 contains ¥ rvather than L. The differences
in cloex divection ere attriboted to intervehicolar friction durine the cellision,
The damage patrommz from tne SMA runs are shown i.r:'?igure 3.3.,35, and
the regultani xcesiaratijor aod angls for the primary vehicie are alse shown
in Flgure 3.3, 35,

The reconstructed rest positions and orientations for this case
{Figure 3.3.3¢} are notin good agreeinent with the investigator's report.
This ig beiieved to result from a recondary collizion inveiving vahicle 2.
During the privnary collisinn {iuvolving vehicles | and 2}, a third vehicle
struck the left rear of vehicle 2 whila attempting an evdsive mansuver,

This impact v..pacted an additional vaw impulse to vehicle 2 which regulted
in an additional lateral displacement of vehicle ! as shown in the case report-
schematic, Figure 3.3.%4, Waile 'Lis additional impact had a substantial
effect on the rest positions and orientaticng, it is not believed to have
affected greatly the primary deceleration impulec »f vehicle | since it most

likely occurred late in tire,
2,2 3«0 Crash Victim Reconstruction

As illustrated in Figure 3,.3.37, the predicted kinematiiz
respunses of the right front coutpane are in excellent agreement with the
observations of the accidentg case report. In additior to total pensetration of

the windahiald bv the head, a-vore thoracic crushing is indizated by the

plotter grapnicr displays. lurthermore, the initial knee contact with the
lower insirument panel is also in agreemnent with the findings of the case

report,
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GRAPHIC LISPLAY OF GUTPUTS OF ACCIDENT RECONSTRUCTIZN

i COLLISIUN AND TRRJECTARY
{
; O W, TIRE MG K, TROEFIS
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AKTS. INTERVALS A 10, FEET
: i RECONSTRETES PASITIG® A VELSCLIIED AT fWPoaT BITLAVED FINA. PELITIONG VENICLE ii
4 i 0o PESLTION | REAEINC _ C.6. POSTTION | MEABIHD, P
i €1 | v | oesn | e TENL | AL K5 ] Tee | peLr REnORS iNarEy aV
| FTo | Fr. | mo. | ww | ww | pooxd  Fr. | cr G, .
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Figure 3. 3,36 ACCIDENT RECONSTRUCTION SUMMARY . CASE NO, 973D
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3.4 Summary of Impact Sled T:st Regults

£ concise summary of the impact sled tests that wara
pexicrmsd is presented in Trhle 3.4. 1. In addition to ene test corresponding
to each of ths ten accidents, three additional #led runs were perforrmad to
vary pierametars as-follows:
] variation in stiffness of the durnmy jointa, to study the effect
of muscular reaction by the erash victim in anticipation of collision (sled
run nosg, 1139 and 1§40}

B variation in dunmuny zize {5th percentije female, compared

to 50th percentile male), to aasess the importance of matching the crash

victim stature and weight with that of the dummy (sled run nos. 1134 and
1135)

® variation in vehicle interior geometry {seat location relative
to the windshield) to obtair, an indication of the results of a mismatch between
¢he occupant position and/or vehicle interior in the zctual vehicle and that
in the reconstruction sled test {sied run nos. 1142 and 1143),
Items worth noting in Table 5.4.1 are:
(1)  the wide range of accident vehicle sizes
- {2} frontal or near-rontal velicle impacts in all cases
{3) A breed range ot predieted vehicle speed changes
(4) ouly 2 dummy sizes (50th percentile male and
5th percentile femaie) tu represent the ten different

cragh victim sxzes

{5} minimal use of restraints {belts),

E : .
See Table 3.3, 1 for a summary of the crash victim sizes and weights,
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Ir. Figuorsse 3,81 t9 3.4: 13, succinct summavies of the phyaical .
revonstructions are prosenied for the thirteen impact gled teats,

-

i et

Briefly, thesssnmimaries, when compared with the case reporte,

A1} For sevan ofthe ten atcident cases, the phyaically
reconstructed responsen of the occupants agree
generally with the evidence summarized in the

actident case reports,

Plserepancies of occupant responses are considered to be primarily
attributable to active cccupant responses in anticipation of crash, plus

various other factors discussed in the next aection,

A comparison of actual occupant injuries {ag measured by overall
injury severity on the 10-point scale) with values of the measured head
severity index (HSY) is shown in Figure 3,4.14. From this comparison,
it cun be seen that there is no distinct correlation with the observed
injuries measured on the ten-point scale.

E In Figure 3,4,15, the measured values of HS! are compared to an
envelope of experirnental results {rom windshield impact tests that were
prevﬁé&ﬂy‘dilcuuud (aee Figures 1.1 and 1.2). o From Figure 3.4. 15,
it ip noted that:

i A, T 1

{1}  No distinct correlation is indicated betwesen speed
and HSI, although a yeneral trend is evident.

4 , * For both the actual accidents'and the sled tests, the dimenaions relating
to windshield fallure are the values from the righi upper corner of the

"windshield (as viswed from ineide) to the indicated contaet location, in
the {local) plane of the windshieid,

**As discussed in Section 3.2, speed change rather than impact spesd is
the miore meaningful paramster for the abs-tissa of Figure 3.4, 15,
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extremities are included in this seccion in Table 3,4.2,

quantitative measures of

because dummy femur lo'ds were recorded in the imgp
T

C
o
a

r

and observed specific injury rating can be secen.

demonstrates the detailed information produced by the

{2} The measured resuits fall near the middle of the
envelope of published HPR wicdahield datc,

For the sake of completeness, injuries to tha craeh victirm lower

nctided because the magnitade of applied femur load is one of the {ow
severity of loading to the ocaupant in crashes,

act sled tests,

able 3.4,¢ alsc conztains the pradictzd neak knee loads  from the

orresponding compuler simulations, it shouid be emphagized that thase

redicted lcads depend st rongly on the inputted force-deflection chare

cteristics, which were based ubpon "typical’ values for the simulations,

ather than specific measvrements,

From Table 3.4.2, a general ¢orrelation of measured peak load

This table further

recanstruction

technigue,

br

ety £

Some cases did not involve head-windshi
simulated) and thetefore should not

in the strictest sense. Data from all ten cases were included, however
for the sake of uniformity. 2

eld contact {observed and/or

Normal component of applied force,

not the value exactly corresponding
to femur load,

141 ZQ-5341-V.}
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be included in the plot of Figure 3.3, 13
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3.5 Physical Recenatruction of Ton Aceidant Casee

3.5.1 Sumrnazry

in this section, fhe phyeical reconsiructione on the
inipact slad of sach of the ten acceidant cezes are discussed in some getall,
In addition, the time history responses measnred in the timpact sled teais
are compared wiin results fiom corresponding computer simulatione of
each case. Thess comparizong incluge vericle acceiersation history and
speed change, occupant Hinematic responcen {dispiacement in the side
view of the head {H), chest or upper tores {(UT), and pelvia or lower
torao (LT})‘;, head rasaltant acceleration history, cheat resultant accei-
eration histury, and, where applicable, lap belt loxd histories. The

relevant #led data traces are summarized in Appendix D,

Note in the comparisons that each of these various parameiers is
piotted on a comrmon scale, to armphasize the wide range of parsmastric
variation encountered in the raconstruction of these ten cases, It should
be emphasized here that thesc comparisons ghould not be unsed to assess
directly the validity of the mathamatical modeling, for several rassonas,
Firat, the sled decelerations differed measureably {rom ihe predicisdi
(SMAC) vehicis decelsrations in a number of cases, as will be subseque'ntly
discussed. Second, crasl victim inputs were based {in most cases) on
measnrements on a 50th percentile dummy different from that used in the
sled tests. Third, vehicle interior raaterial properties were based upon
"typical' values rather than based on actual meagurements, For these
reasons, predictions of the niathematizal models should be expected to

correspona to the sled test results only in a general sense.

The measured kinematic responses, obtained from the high-speed motion
pictures ot the sled teats, have been corrected for parallax in an
approximate rnanner. Estimated accuracy of the measured kinematic
response data presented in this section is + 20%.
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3. 5.8 Das;n_iiad Diacussion of the Ten Accidert Caases

Caze Mg, AAGOYLS ] H
Sled Rung Nos. 1139 and 1140

An discusaeed in Saction 3,3, the cragh vietim
struck the unper tnetrwnent panel witheut any reported headewindshisid
centadt, From (ka oversil gecmetry of the configuration {(Figurs 3.3, 4},
howewer, head-windenield contact in a frontal crash appaars 1navitable
unless pTevented by occupant bracing in anticipation of crash. For tiis
case, the eifects of an active response Ly the occupant cempared to a
pasgive response were studied both threugh computar sirmulations {ses
Figure 2.3.4) and through the sled reconstructions jree Figure 3,4.1 for
the case of “passive response’ (sled run no. 1139) and Figure 3.4.2 for

the case of "active response’ {sled run no. 1140},

It was not nossible to simulate bracing in the sled test by increasing
the torque setting of the dummy shoulder and elbow jointa, as was doue in
the corresponding computer simulation, Thease dummy joints were found
to be adinastable over too limited a range. Instead, the reguired stiffness
was achieved by strapping lightweight metal bracess to the arms, and by
strapping the arms together, separated at the elbows by a spacer, in the
manner depicted in Figuré 3.4.2. Although this arrangement pruved
generally sati&iactory, there was not an exact correspondence between the
computsr simulation of the active responss and the corresponding sled
reconstruction, -

For this case, the sled acceleration history agreaes rather well with
the predicted (SMAC) response, Figure 3,5, 1{a). In addition, the sied

pulse was found to be highly repeatable in the replicate slad runs nos. 1139
and 1140,
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Predicted and msaeured kingmatic regpousan for the active and
"mazsive’ capeg are surnmarized in Flgurs 3.3, 1{b). Both the test ard
glrnulation regulte withont sotive braeloy Gwiloxts baad-windohisld contact,

sltnough *ba simuistion predicts greatar fovward maotion ¢f the hesd.

With active bracing, basd-~windeliald contact is nrevented in the
simulation, and only a grazing contect occurred in the test, iaswiicisnt ta
caise winduhiold f2ilure {sew Figure 3. 4.2}, A more refined method of
durmemny arm brasing in the test may have prevenied this contact., These
resulles, both test and simulation, iliustrate the potential impurtance of the
effact of active ~ccupart responsea in anticipation of crash,

The peak head resultant accelzrations were reduced by bracing in
both the sied test and the computer simulation, as can be seen in
Figure 3.5.1{c). The measured peak accelerstions for both cases are

predicted with ressonable accuracy by the simulation,

The compiter sirnulztion predicts a somewhat higher peak chast
resultant acceleration as the result of bracing, Figure 3,5, 1{d}., The test
results agres with the gimulation only in terma of general magnitude.

In Figure 3.5, l{e}, it can be seen that the messured lap belt loads
are significantly higher than the simulation results, although the gereral

trends of the load curve are predicted. * Note that lowaer belt loads in the
simulation are consistent with the largar predicted kinematic displacements,
Figure 3.%, 1(s). . Again, it is emphasized that the belt material propertiss
were based on "typical' properties, rather than values measured i this
effort. This appears to be the likely source of the differences noted in
Figure 3.5, t{e).

e o A g b e o et .

- ‘
In both the sled teat and the simulation, 2 inchee of belt slack was usad
{¢ inches of belt length addad to that belt length corresponding to & snug
beit condition}.
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Considering the wide difference between the “active" and "passive”
cases as reconstructed both analytically and physically, it is concluded
that braciﬁg exerted by the crash victim likely prevented his head from
contacting the windshield in the accident vehicle, ' ;

Cage No, TRGO1316

Sied Run No. 1141}

Ae noted in Section 3,4, the crash victim struck
the upper instrument panel (Figure 3.4.3), resulting in {acial injuries,
without repbrted head~windshiald contact. This genecral kinematic behavior
was also observed in the corresponding computer simulation, Figure S-4.
In contrast, in the sied test, the dummy head graze_d and contacted the
windshield for ¢ inches, without the windshield being cracked or broken,
before head contact with the vpper instrument panel sccurred, Figure Je4.3.
It is believed that the primary reason for this difference in kinematic
responses is the result of the relatively large difference between the speed
change measured in the sled test and the predicted speed change from the
SMAC program (see Figure 3.5.2(a). The sled pulse produced a speed
change iu the test that was 32 per cent too high, and apparently caused the

dummy head-windshield contact noted in the impact sled test results

{Figure 3.4.3}. iIn apite of this difference, the measured kinematic responses,

Fighre 3,.5,2{b) are rather closely predicted by the computer simnlation,
and agree substantially with the accident case report. The predicted head
resultant acceleration, Figure 3.5.2(c) differs markedly {rom the measured
resui t, but this is belxeved to be primarily attributable to the use of a
"typical" force- detlcct:on characteristic for the head-instrument panel
contact in the compuler simulation. The general magnitude of the . hest
resultani accele ration corresponds approximately to the tneasu red result,
Figure 3.5, 2{d}, but the messured and predicted lap belt loads differ
appreciably, as can be seen in Figure 3.5.2{e). The difference in lap belt
load i= con?idered to be mainly the effect of belt slack: in the test, 2 inches
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of llack* was used, but in the simulation (per{ormed as part of ‘fhe previcus
pilot study déacribed in this report), 6 inches of additional slack was
inputted to account for deformation of the bench seat by the lap belt under
load, This additional slack delays the time at which belt 1oad is first
appiied in the simulation, compared to the test result (see Figure 2, 5,2(e} ).

Case No, CATIO3]

Sled Run No, 1138

In this case, the face of the crash victimm struck
the instrument panel without reported head-windshieid contact. As with
Cage No, AAD0145, the initial geometry (Figure 3.3,9) was such that
head-windshield contact in a frontal crash appears uravoidable unless the
occupant actively braced during the crash, Reconstruction of this active
response, either analytically or physically, was not attempted for this
case, however. The marked effect of bracing is discussed in some detail
in connection with Case No, AAOU145, As with other cases, the initial
conditions for the sled test, Figure 3.4,4, were selected to mafch the
carresponding computer simudation, Figure 3,3,9,

The sled acceleration pulse, Figure 3.5, 3(a), is ir good overall
agreement with the prediciéd vehicle deceleration history for this case. _
Similarly, the head-windshield contact observed in the test, Figure 3.5, S(b}
is predicted quite accurately by the computer program. The overall crash :
victim kinematics, however, differ considerably, as can be seen by
examination of this figure, A comparison of the kinematic predictions,
Figure 3.3.9 with the sequence camera photographe, Figure 3.4.4, also
illustrates this point, The source of the difference in kinematics is

probably attributable to the inputted force-deflection characteristics in

Two inches of belt length added to that heit length {zero £lack) which itrst
produced an output on the Lebow gauge.
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the wimulation, and poasibly to the contacts that were nllowed in the o
computer program inputs. The initial hesad-windshield contact, however,
is predicted with rsavonable accuracy,

Measu.ed and predicted head resultant accelerations are compared

! in Figure 3.5.3{c}). The time of occurrence of head-windshield contact,

': evidenced by the spike in head acceleration, is predicted with good accuraay,
and the predicted head acceleration level following that contact is the
correct general magritude. The difference between the predicted and
measured peak head acceleration, howaver, ie significant. An examiniation
of the data traces for this sled run (No. 1138) in Appendix D indicates a
considerable high«frequency content*, which may ba the source of the

observed difference,

. . "—._“\.
In similar manner, the time of occurrence of the peak chest

regultant acceleration, Figure 3.5.3(d), is predicted with rea-sonable
accuracy, but the measured magnitude is over 100% higher than predicted,
This difference, attributable to the assumed force deflection characteristics
of the instrument panel in the simulation, is probably the cause for the
observed differencc in kinematic responses, Figure 3.5.3(a}.

[N e}

Case No. CBO0OOT72

1 e onar AR R bn s

Sled Run No, 1136

In this case, the head of the right front occupant
struck the sunvisor, then the windahield, causing it to break, and finally
the instrument panel, as summarized in Figure 3.3.13. The predicted

e yeticdapd a3 Wil ae

*Experien,ce gained at General Motors indicates that impacts of the HSRI ¢

: dumrny head on HPR windshields in drop tests have produced head ]

i acceleration traces with a considerable high-frequency content, apparsntly i

caused by the dummy head construction. Refarence: Private communication,

’ H. Mertz of Ganeral Motors Corporation; based on General Motors evaluation
of the HSRI dummy for the Motor Vehicle Manufacturers Association,

SRR N S
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Einematié respohes di'xplaye& in that figure are in good agre'e.rﬁ'ent with
the accident céae report, Head-sunvisor contact, however, was not
aimulated. The sled test summary, Figure 3,4.5, shows a similar
kinematic responée, except that windshisld fatlure did not oceur, In the
sled test, the dummy head struek the rigic windshield header {as evidenced

by damage to the header observed after the teat) in the location of the
e

b4

sunvisor, and apparently dissipated enough energy to prevent windahield

failure. It does not appear likely that the smal' difference between the
sied pulse and predicted vehicle deceleration, Figure 3,5,4(a}, could
account for the lack of windshield failure in the test.

-The simulated kinematic responses, Figure 3.5.4(b}, therefore
show a greater forward head motion than the test results, and a corresponding
effect on the kinematics of the lower torso.

The bead resultant acceleration measured in the test, Figure 3,5, 4{c),
differs markedly from the corresponding computer prediction., This is
cauged partially by the head-windshield header contact in the test which was
not simulated and partially by the head-instrument nanel contact in the
simulation, which was again based on "typical” force-

deflection properties
inputted to the program.,

The gzneral magnitude of the measured chest resultant acceleration,

Figure 3.5.4(d) is predicted to a reasonable degree by the model.

#® (o . ‘
The sunvigors and other aimilar loose agcessory equipment were removed
from the body buck prior to the sled test series a8 a safety precaution.
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Case No, 3W71044
Sied Run No. 1144

In this low~apeed accident, the head of the right
front occupant struck the windshield and broke it, as summarized in
Figure 3.3.17. Similarly, the computer simulation af the accident predicted
a windshield failure by head impact. In contrast, however, even though
head-windghield contact occurred in the sled test, the loading did not

produce cracking or failure of the windshield {see Figure 3.4,6),

This discrepancy cannot be attributed to the sled pulse, Figure
3.5.%{a). If anything, the sled pulse was too severe {13% too high speed

chauge) compared to the predicted vehicle deceleration.

The kinematic display, Figure 3,5.5(b) suggests that the dummy
head did not strike the windshield, but this is not the case, as can be seen
in Figure 3.4.6 . With this factor taken into account, the predicted and

measured kinematic responses agree within reason.

The h;ad-windshi-eld contact is best af;alyzed in the comparison of
Figure 3.5.5(c), showing measured and predicted head resultant acceierations.
In the test, the head-windshield contact occurred earlier than in the
simulation, but produced about half of the peak magnitude in head resultant
acceleration, This difference in measured ana predisted head contact is
reflected in the corresponding chest resultant acceleratitns, Figure 3.5. 5{d}.

At this low impact speed { ~ 9 MPH). differences in torso slif.aptéig,‘:e\._h‘
on the seat between test and simulation could piay a major role in kinematic
respohses, and could account for the discrepancy in windshield failure and
the lack of time correlation, . '

. .
‘This is caused by (1) the inaccuracy of the first-order parallax correction
for small displacements and also by (2) the difference in initial dummy
head position relative to the windshield compared to the simulation,
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Case No, CBCOLOS3

Sled Run No, 1145

) In this accident, summarized in Figure 3,3.21, the
crash victim struck the windshield, resulting in se\.{ere facial abrasions and
lacerations and loss of conscicusness. The predicted kinematic responses

of the head summarized in that figure are in good agreement with the "7° =
accident case report., Similarly, the sled test reconstruction of the accident,

-

summarized in Figure 3.4.7, produced head contact results consistent with
the case report.

The sled pulse duplicated the predicted vehicle deceleration,

Figure 3.5.6(a), with good accuracy, except near the end of the trace,

Nevertheless, the experimental and analytically determined speed changes
were within 7 percent,

The kinematic displays of Figure 3.5, 6(b)} illustrate that, following
head contact, the sirmulation predicts torso rotation, in contrast to the sled
test result of nonrotational torso rebound, This aifference is likely caused
by the use of "typical" material properiies of contacting surfaces in the

program input, plus the array of contacts ajlowed in the simulation,

Comparison of the measured and predicted head resultant accelerations,
Figure 3.5.6{c), shows that the time of head-windshield contact, as evidenced
by the spike in the trace, is pradicted reasonably well, ‘The measured peak,
however, is significantly higher than predicted. In this sled test {No, 1145},
appreciable high frequency ringing is superimposed on the base data trace,
which may have contributed to the nizagnitude of the experimental peak,

The measured peak chest resultant acceleration, Figure 3,5, 6{d),
is also significantly higher than predicted, an effect considered traceable
to the assumed force-defiection characteristic inputted for the chest-
instrument panel contact,
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Case No. CB71055

Sled Runs MNos., 1134 and 1135

In this accident: the crash vietim, a 40 in,,
130 1b. female, suffered severe facial injuries in contacts with the rear
view mirror and then the ine.rument panel, Bacause of the considarahle
diffarence hatween the ﬁize of the craeh victim and the reference 50th
percentile male size, this case was selected to stt.dy the effect of vamatton
in occupant size,

The predicted kinemztic responses of both thes > sizes of crash
victims are gummarized in Figure 3,3.25, There is littie differsnce in
kinematics due to size, and both simulated occupants strike the windshield
in the general location of the rear view mirror (no rear view mirror contact
was simulated). In gimilar manner, the sled test results for this case
{sled run no. 1135 correaponding to thae ROtk pescentiie male, and sled run
no. 1134 corresponding to the 5th percentile female), Figures 3,4.8 and ‘
3,4.9, reepectively, indicate a comparable contact with the windshielid. In
both of these sled tests, the rear view mirror, installed on the windshield
for all tests, was nearly contacted by the dummy headu’ (within about
2-3 inches). A slipht difference in initial test conditions {5° greater buck
rotation angle, 2-3 inch lateral displacerment of the dummy toward the
center of the vehicle) would likely have caused the head-rear view mirror
contact observed in the accident,

The sled acceleration pulses for both of these tests were highly
repeatable, afxd agreed quite closely with the desired (predicted} vehicle
deceleration, as shown ii1 Figure 3.5.7(a}), Note that the 2 approximately
10-20 msec. shift in time correlation between the measured and predzcted
pulses has no significance for the preeent discussion,
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The measured kinernatic responses for both tests, summarized
in Figure 3.5, 7{b}, indicate reasonable agreement with the predictions,
but somewhat greater forward displacement than the simulation, This

could be due to *he slightly greater speed chanje in the tests thsn in the
‘simulation (about 9 per cent).

The magnitudes, trends, and time correlation of the measured
head resultant accelerations are predicted rather well, as indicated in
Figure 3.5,7{c). The primary exception, the large spike of about 150 g's
measured in sled run no. 1134, may be caused by the high-frequency
ringing on the accelerometer traces observed in that test {see Appendix D).
Note that both predictions and measurements indicate a higher peak
acceleration on the less massive head of the small female comparéd to

the 50th percentile male crash victim.

The predicted chest resultant accelerations, Figure 3.5.,7(d) are
notably absent of the spikes measured in both tests. The general trend.and

time correlation are predicted reasonably, however,

Case Ng, TRO1161

Sled Run No, 1137

_ “In this rather severe alccide.nt, the unrestrained .
right front occupant was thrpown forward, resulting in hia head contacting
the windahield and possibly the displaced hood, and an injury ratiug of 3
{severe) on the ten-point scale., The predicted kinematic responses, _
summarized in Figure 3.3.29, are consistent with the findings of the accident
investigation, as are the results from the corresponding impact sled test,
presénted in Figure 3.4. 10,
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The desired vehicle deceleration history was reproduced reascnably
well on the impact sled, as can be seen in Figure 3.5, 8{a}, especially

when aceount is taken of the d:fference in timne correlation betweer the two
plotted pulses,

The head-windshield contact in the sled test i3 predicted rather well,
as indicated in the kinematic displays of Figure 3. 5.8(b), but the computer
simulation predicts considerable torso rotation following head~windshielgd

contact compared to the sled test result. The large forward head

displacement in the simulation is consistent with the posgible head-hood

contact noted in the accident case report, The difference betwaen predicted
and measured kinematics is believed to be largely due to the use of "typical"

material properties to represent the chest contact with the instrument panel
in the computer gimulation,

The measured head resultant acceleration peak, Figure 3,5, 8(c),
agrees reasonably with the predicted result in ter:ns of time correlation,
but the measured peak is about 80 percent higher, This may be partially

caused by the high frequency ringing on the measured acceleration traces

in this run (see Appendix D). However, part of this difference is
undoubtedly attributable to the use of a single force-deflection function to
represent the dynamic windshield failure characteristics in the gimulation,
It may be recalied that a single function (see Figure 3.1.2) based on

‘ measurements at 3G MPH'was used in the computer program because of
lack of sufficient data to define the function over a range of gpeeds. I is
likely that the inputted fungtion is not adequate tn represent accurately

the dynamic windshield failure properties at the speed change corresponding

to this accident { ~ 40 MPH). These preceding comments, of courre,

apply to the other cases in va‘rying degrees,

The measured chest resultant acceleration, Figure 3.5.8(d), is
appreciably higher than that predicted. This result is congistent with the
smallér forward displacement of the dummy noted in the test, Figuve 3,5, 8(b)

PO W P A N U PR S

Again, -the difference is considered attributable to a lack of knowledge of

the inatrument panel properties for computer program inpurt.
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Case No. GINCOGE

Sted Runs Nos. 1142 and 1143

In this case, the head of the right front occupant
struck the instrument panel, with no veported head-windshield contact,
resulting in concussion and an overall injury rating of serious {4 on the

ten-point Abbreviated Injury Scale).

An examination of the overall geometry for this case, illustrated
by the plotter graphics display in Figure 3.3,33, suggests that head«
wihdshield contact would probably occur in a frontal crash unless prevented
by either occupant bracing or other similar response. Occupant bracing
was considered in connection with Case No. AAD0145, but its effect was
not studied in this case. Note that head-windshield contact is in fact
predicted by the computer simulation for this case, a8 shown in

Figure 3.3,33, with no bracing response applied by the simulated occupant.

For this accident case, two sled tests were performed. The test
conditions were replicate, except for the location of the seat relative to
the windshield/body buck reference frame., In sled run no, 1142, the
seat was placed in mid-position {corresponding to the accident), and in
sled run no. 1143, the seat was moved 2 1/2 in, forward relative to that
mid~position. The purpose of these two tests was to study the effect of

geometrical uncertainties associated with

. crash victim size compared to size of the simalated
accupant
i
! R :
* crash victim position and orientation compared to

position and orientation of the simulated occupant

] accident vehicle ‘nterior geometry compared to

the body buck interior geometry,

Z2Q-5341-Va.l
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Examination of the smnmaries of sled teat results, Figure 3,4.11
_anr‘ 3.4.12, indicates that the geometri.cal variation had a rather minor
effect on dummy rosponses and vehicle interior damage, aw illuatrated by
the gimilar windshield failures ir the two tests.

The sled pulse was again found to be highly repeatable, and duplicate
the predicted vehicle deceleration history quite well, except for the high

scceleration level near 100 maec, (ses Figure 3,5.%{a} ).

The measured kinematic responses were also found to be fquite
repeatabie, as shown in Figure 3,5,9(b), and they matched the predicted
head kinematics quite accurately. The pradicted torss retation, however,
was not observed in the test results, Again, this is believed to be tracsable

to a lack of knowledge of the actual crush properties of the vehicle interior.

The measured head re#ultant accelerations, Figure 3.5.9{c) are
likewise fairly repeatable, and agree reasonably with the corresponding
prediction, except for the magnitude of the peak, High«frequency
components were obaerved in the test results, which may be fesponiible
for the higher measured peak values,

The general trend and time correlation of the measured chest
resultant accelerations are predicted reasonably well, but not the measured
spikes, as can be seen in Figure 3.5.9(d}, Again, the test results are
generally repeatablu, with the exception of the apikes in the traces.

From these teat results, the effect of variation of geometry is
seen to be rather minor. However, if such geometrical variations altered

the primary contacta that occurred, this conclusion would likely not be
valid,
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' Case No. TRO0973
Sled Run No, 1146

. The subject accident victim in this care struck
the windshield with his head and broke the glass and interiayer, -esulting
in minor facial injuries. He also sustained severe thoracic injuries,
however, which resulted in fatality. The oredicted kinematics for that
case, summarized in Figurse 3,3.37, édrreapond to the observed contacts
in the accident report, Furthermore, the head-windshield and chest~
inztrument panel contacts observed in the sled test, Figure 3,4, 13, are

also consistent with the case report.

The desired sled pulse was obtained with reasonable aczuracy on
the impact sled facility, as shown in Figure 3.5, 10{(a). A rather notable
difference in measured overall kinematic responses was found compared
to the corresponding nrediction, however (see Figure 3.5,10(b} }. The
chest-instrument panel contact in the test apparently prevented the predicted

torso rotation, o . )

The measured and predicted head resultant accelerations,
Figure 3.5, 10{c) agree generally both in magnitude and trend, but there is
a significant difference in the time corretation. This difference in timing
is at least partially the result of the faster onset of acceleration for the
m \asured pulse comparecd to the correaponding'bredicted pulse,
Figure 3;5,10{a). The difference, however, must be primarily attributed
to the overall difference in predicted and measured kinematic responses,
which ¢ould be the result ofidifferences in measured and predicted torso
slippage on the seat. The kinematic display, Figure 3.5.10(b}, in fact,
n‘xggeéta this is likely. - The significant overall difference in kinematics is
reflected in the comparison of chest resultant acceleration, Figure 3.5, 10{d),
wh-;‘re an appreciable difference between the measared and predicted resuits
is seen, The large measured spike at ~ 90 msec. is apparently associated
with the dynamic windshield failure. B
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.

: -
Tabl: A2l
SMAC INPUT FORMAT
Card Program Analysis -
Ne. Variabie Variable . Definition Units
H TO - Start time ‘ Seconds
TF - End time : Seconds
DTTRAJ - Interval of integration at Seconds
' beginning and ending of run o

DTCQLL - Interval of integration during - Seconds

_ collision contact
DYCQLT - Interval of integration for 100 Seconds

time increments subseguent
to separation

DTPRNO - Output time interval Seconds
UVMIN - Vector velocity test for stop Inches /Sec
PSIDMN - Angular velocity test for stop Degrees/Sec
IVEHC - Number of Simulated Vehicles -

{1.0or 2.0)

2 XCPio x::IO Vehicle I, initial ,w{"c Inches
YUPI0 'f'clo Vehicle 1, initial y’c inches
PSI10 Wio Vehicle |, initial Y Degrees
P3I1lD0 1P1° Vehicle i, initial ¥ Degrees/Sec
uio U o Vehicle I, initial U Inches/Sec
V1o Vo Vehicle I, initial V Inches/Sec
3 XCP20 x"C?_O' Vehicle 2, initial K'C Inches
" YCP20 c2¢ Vehicle 2, initial )f’c Inches
PSIZ20 IE 20 - Vehicle 2, initial U{ Degrees
PSI2D0 Y,, Vehicle2, initial ¥ Degrees/Sec
., uz20 W,, Vehicle2, initial U Inches /Sec
V2o v 20 Vehicle 2, initial Y Inches /Sec
205 ZQ-5341-V.1
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Card Prograrm Analysis S
No., Variable Variable

4 Al L}.‘l Ves‘icle i,
‘ ()

Bl b 1 Veé:xc(l:) 1,

TR T'1 Vehicle i,

FizZ1i I'Zi Vehicle 1,

FMASS] \ Vehicle 1,

PSIR 10 Vg, Vehicle L,

. {Damage)

XF1 X r1 Vehicle 1,

XR1 X gy Venicle 1,

Y51 st Vehicle 1,

5 A2 a > Vehiclz 2,
{+)

B2 b, Vepicle2,
{+)

TR2 .‘)“2 Vehicle 2,

FIZ2 1z Vehicle 2,

FMASS2 2 Vehicle 2,

PSIR20 [y Rz Vehicle 2,

' {Damage)

XF2 X Fz Vehicle 2,

XR2 X g2 Vehicle 2,

Ys2 Y s2 Vehicle 2,

6 CSTFI{1} I 0 Vehicle 1,
Stiffness

cstFi2)  C,, Vehiclel,
Stiffness

CSTF1(3} (o 13 Vehicle 1,
- Stiiness

CSTF1{4) ¢ 4 Vehicle 1,
Stiffness
206
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Daiinition
CG to F, Wheel

CG to R, Wheel

Average Tread
Yaw Inertia
Total Mass
Rear Axle Angle

CG to Front (+)
G to Rear (~)
€3G to Side ()

CC to F. Wheel
£Gto R, Wheel

Average Tread

Yaw Inertia

Unitsg
Inchers

Inches

Inches _
Lb-Secz-Inj
Lb-Sec” /It

Degrees

inches
Inches

Inches

Inches
3
H
Inches i
]

nches
Lb—SecziIn

Total Mass Lb-Sec’ /In]
Rear Axle Angle Degrees /
CG to Front [+) Inches

CG to Rear (~) Inches

CG to Side {+} Inches

RF Tire Cornering Pounds /Radian
LF Tire Cornering Pounds /Radian
RR Tire Cornering Pounds /Radian
LR Tire Cornering Pounds /Radian

20Q-5341<V-1i
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Card Program Analysis . . o
Ne., Variable Variable Definition Units
7 CSTF2{1} ’sz Vahicle 2, RF Tire Cornering  Pounda/Radian
Stiffness
CSTF2(2) (.‘.2?_ Vehicle 2, LF Tire Cornering Pounds /Radian
_ Stifiness
CSTF2(3) C,; Vehicle 2, RR Tire Cornering  Pounds/Radian
Stiffness _
CSTE2(4) 624 Vehicle 2, LR Tire Cornering  Pounds/Radian
Stiffness :
8 TRTQI - Initial time for torque inputs, Seconds
Vehicle }
TETQ! - Firal time for torque inputs, Seconds
Vehicle 1
TINCQI - Time increment for torque Seconds
inputs, Vehicle |}
NTBLQ! - If # 0.0, do not read table ' -

(1)

{(2)

{3)

{4)

Table of Traction (+} or Braking {-; Force at RF

Wheel, Vehicle 1 Card format 7¥F 0.0, use three

to two hundred and one values for each wheel, The

number of entrieg {or each wheel is computed as

TETQ] - TBTQ1
TINCQL |

+ 1.

Start the entries for each wheel on a new card.
Seven entries per card.

Table of Trac.tion {+) or Braking (-) Force at
LF Wheel, Vchicle I
Table of Traction (+) or Braking (-) Force at
RR Wheai, Vehicle 1

\
Table of Traction {+} or Braking {-} Force at
LR Wheel, Vehicle |

.

207 ZQ.5341-V-]




citace s B w trawBEote . wel aeid e erte -

R T,

PR

i
]
4
4
i
i
3
5
i

4
';ﬁ
T

Rt T

T ——
e P A T T T B e e =
e T e, T S e, R e YA Ty v B
o S SRR DR v RGN .

- Card

Program Analysis _ B L A
No. Variable - Variable Descrip_ttan L Unirg_
9 TBTQ2. - Initial time for torque inputs, Seconds
_ Vehicla 2
TETQz - Final time for torque inputs, Seconds
Vehicle 2
TINCQZ - Time increment for torque Seconds
; inputs, Vehicle 2
NTBLG?2 - If # 0.0, do not read table -
(1} Table of Traction (+) or Braking (-} Force
at RF Wheel, Vehicle 2
(2) Table of Traction {+}or Braking (-} Force
at LF Wheal, Vehicle 2 See comments
{3) Table of Traction {(+) or Braking (-} Force following card 8
at RR Wheel, Vehicle 2
(4} Table of Traction (+) or Braking (-) Force |
at LR Whee!{, Vehicle 2
10 TBPSF1 - Initial time for steer inpuats, Seconds
Vehicle 1 -
TEPSF] .- Tinal time for steer lnpuis, Seconds
Vehicle 1
TINCP} . Time increments for steer " Seconds
: inputs, Vehicle 1
NTBLP] - M # 080, de not read table -
{1} Steer Table (degreas) for RF Wheel, Vehicle 1
{2) Steer Table {degrees) for LF Wheel, Vehicle } 7
{Ses commuants following card 8)
|
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Card Program Analysis
Na. " Variable Variable
11 TBPSF2 -

TEPSF2 -
TINCP2 -
NTBLF2 -
{1} Steer
7
12 XBP(1) ){’B1
YBP(1) lei
XBP(2) X'a;
F
YBP(2) 52
XMUI /“1
XMU2 M2
CMU Crn
13 DELPS0 LY
DELRGO 40
ALAMB A
ZETAV 3
v
AKV
W Ky
AKV(2
KV(2) Kya
CAMU M

Descrigtion

Initial time for steer inputs,
Vehicle 2

Final time for steer inputs,
Yehicle 2 .

Time increments for steer

inputs, Vehicle 2

If # 0.0, do not read table

Table {degrees) for RF Wheel, Vehicle 2

{2) Steer Table {deprees) {for LF Wheel, Vehicle 2

{See comments following card 8}

Points defining boundary
between terrain zones

Tire-Terrain Friction Coef-
ficient at Zero Speed {(Zone 1)

Tirz-Terrain Friction Ceef-
ficient at Zero Speed {Zone 2}

Coefficient of linear decrement
of friction with tire speed

Interval between radial vectors

Increment of change in radius
vector

Acceptable error in equilibrium

Minimum relative velocity for
friction

Unirs
AL

Secwnds
Seconds

Seconds

Inches
Inches
Inches
Inches

Degrees

Inchear

Lb/Inch

Inches /Sec

Load~deflection characteristic, Lb/In2

Vehicle | _

Load-deflection characteristic, I.,!:.’In‘1

Vehicle 2

Intervehicle friction cnefficient -
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Card Program Analysis .

No, Variabls Variable Description 7 Units

1 co C 0 Coefficients of arsumed parabolic
Ci (4 i variation of coefficient of restitution «
- : c " with deflection

L]
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i In Reforencs 20, a compﬂati_on of known

distaices veraws {agtial impact velocit
s given. Thase data are summarised in Flgure C-1, By fitting a atraight
‘line threugh thees potnts (via a least-squsres regression) a relationship
betweasan crush and mipact velacity can be obtained in the form of:

H

values of maximum crugh
y for frontal impacts with r.3id poles

VYo = 'CC,

wherd \/4 isin MPH, the crush digtance, C

, is in inches and £ g
a slope determingd from the fit,

i Assuming 8 linear rate, the longitudinal displacement of a vehicle
: {g is given by:

' !

:‘ ; . _

: ’ y =¥ar—~'E‘ 1-my—';kf‘-t

. < and the maximum displacement is:

ke

i et

Lm’ca{(’a/zé:

Converting the initial velocity to MPH,

C = 11.¢ Va/{'ﬁ'—

e

236 ZQ-5341.V.]




e ke ﬁ

ezt g e

SN ———

e . vl R T £ p e e e T

.

[
:
:

100

MANIMUM CRUSH (IN;

i 1 ! ! J
40 60 80 100 120

VELGCITY {(MPH|

Figure C-1  FRONT IMPACTS WiTH RIGID POLES (DATA POINTS FROM REF. 20}

237 20-5341-Va1




LA

i

e

{nmmb!fm-m—-'v\-‘ s e e

D Rl b e e v s LR R T g
. R I A R i I T TR LT ST oo . - . T & . LT
e g e T e o = SRR e . .

DN

Therefore
/5 e (y)
ke - (I'I..G)zm(yai)z = (I‘T.G)a;’:c* (;E?_)Z
fe ( 2 .
w o _;‘7?:_% \C ‘) ¢/in.
or

¢ /e

K = Q.CZ.‘/‘%&)Z g-/:;:.g-

Linear fits to the data shown in Figure C-1 were made in the

Ivc.a <

K =& (2) . Ml(_\é)z

foliowing crush ranges: O to 15 inches, 0 to 39 inchea, and 0 to 73 inches.
The resulting straight line equations are:

Crush Range
0-15" C =-0.255 + 1,443 V,
Oa3gtt C = 1.04 +0,8553y,
0.73" ' C = 0.245 +0.975 v,

Ignoring the intercept, the following stiffness factors can be

calculated,

X -
Crush Range < ' K
in mph/in g/ft
Q15" 0.693 4. 63
0-3g" J.8553 T.04
; g-73" 1,026 10, 14

238
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From these values of - K for impacta with narrow, rigid obstacles,

a value for the eguivalent structural etifiness parameter reqguired in the
SMAC program can be obtained.

2 A2 b
W = K

where: {2 is the SMAC structural stiffness parametar, R

b ig the width of contact, in.

W  is the weight of the vehicle, lba,

Therefore,

As an example, Case No. 71-31A involves an impact between a

3400 1b. vehicle and a 27 inch diameter tree, with a2 maximum penetration
of 37.7 inches. For this case,

e (7.(32}.(37400) . 738 1_!_3_2
in
239 . ZQ-5341.Va1
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This section contains the following dats from the thirteen impact
sled tests:

Time histories of

& gled acce!erartion

i
& head resultant acceleration
® head saverity index

® chest resultant acceleration,

]

|

with the corresponding time sca.i'e, 28 plotted by a direct-writing {Brush)
recorder from the analog test data stored on magnetic tape,

Table D-1

A
Impact Sled Data Summary

Figure Case No, Sled Run No, Remarks
M1 AAQQ145 113q
D2 AA00145 1140 dummy braced against
instrument panel
D.3 TRO!3I6 1141 :
D4 CA71031 1138
D-5 CBo0OoT2 1136
D-6 SW71044 1144
Bt CBU00S53 lias
D-8 CB71055 11358
D9 CB71055 1134 5th percentile female
dummy '
D-10 TRO1161 1137
D-11 GI00056 1142
D.12 GIoco36 . - 1143 geat rnoved forward
D-13 TROO973 1145 E
!
241 ZQ-5341.V.1
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