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1.0 INTRODUCTION

Under Contract No. DOT-HS-8-01933, "The Development of a
Test Device and Test Procedures to Assess Vehicle Side Struc-
tures,” with NHTSA, Dynamic Science developed methodology for
analyzing and predicting vehicle performance in front-to-side
collisions. Over the past several years, Dynamic Science has,
under contract with the Fiat Auto S.p.A., developed a methodology
for evaluating vehicle compatibility with an ultimate goal of pro-
viding compatibility characterization in frontal, side, and rear
impact environments. The front-to-front vehicle impact methodology
has absorbed most of the research to date. The results of this re-
search have been extremely encouraging, providing accurate predic-
tion capability and justification of the approach methodology.
With the present emphasis on the vehicle side impact environment,
it becomes imperative that future development of the Fiat meth-
odology be concerned with the front-to-side vehicle environment.
The development and use of the Fiat methodology for side impact
characterization under a modification of the NHTSA Contract No.
DOT-HS-8-01993 could be significant in the development of plans
and procedures for NHTSA's future requirements and assessment of

vehicle side structures.

The objective of this program modification was to start the
development of side impact analysis using the work previously com-
pleted under Fiat funding. To meet this objective, the following
work tasks were accomplished:

Task 1 - FIAT TEST TOOL-TO-FIAT 132 FRONT IMPACT

Provide previously obtained data from a Fiat test
tool impacted into the front of a Fiat 132 vehicle
and present predictive results utilizing this test
as input.




Task 2 - FIAT TEST TOOL-TO-FIAT 132 SIDE IMPACT

Provide previously obtained data from a Fiat test
tool impacted into the side of a Fiat 132 vehicle
and present predictive results utilizing this test
as input.

Task 3 - FIAT 132 FRONT-TO-FIAT 132 SIDE IMPACT

Conduct and present the data for a Fiat 132 front-
to-Fiat 132 side crash test.

Task 4 - SIDE IMPACT PREDICTIVE ANALYSIS

Utilizing the analytical models generated in Tasks 1
and 2 predict the side impact response for the test
conditions accompanying Task 3.

The effort for each of the above tasks is illustrated in
Figure 1 along with the interrelationship between tasks. The end
product of Task 1 was to provide an analytical model of the Fiat
132 frontal structure configuration using full-scale crash test
data. Task 2 provides an analytical model of the Fiat 132 side
structure configuration using full-scale crash test data. For
Task 4, the analytical models generated in Tasks 1 and 2 were
combined to predict the crash responses for the crash test con-
ditions accompanying the Task 3 full-scale test. A more detailed
description of each task and their associated results are pre-

sented in the accompanylng sections of this report.

A great deal of the work reported herein involved method-
ologies and upgraded computer programs which are presently under
development for Fiat Auto S.p.A, and thus are Fiat proprietary.
Therefore, only the results of these analyses can be presented in
this report. It was found in generating side impact model repre-
sentations that considerably more detail and capabilities, over
and above the capabilities of the NHTSA Fiat methodology computer
programs, were required to provide side impact characterization.
As a result, and to provide front-to-side compatibility, the

frontal model characterization also required similar changes. To

2
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accommodate this more extensive but improved analysis capability,
the models were quite dependent upon the accuracy of the test data
input. The proposed test involving the Fiat test tool and Fiat
132 front was conducted many years ago using the first generation
test tool. As a result, the data from this test contained errors
which could not be corrected for the new model requirements.

Thus, a similar test, void of data errors, conducted at a lower
impact velocity was substituted for the Task 1 analyses. A
similar situation existed for the proposed test tool to Fiat 132
Side Impact Test. Following this test, improved vehicle instru-
mentation techniques were developed which significantly improved
door data quality. As a result, for the Task 2 analyses, the pro-
posed test was replaced by a later one conducted under identical

conditions except for a higher impact velocity.

The results presented in this report are quite impressive,
particularly when considering the present capabilities of data ac-
curacies in side impact testing. It should be kept in mind that
it has been our experience that the development of such predictive
technology is evolutionary in nature. The predictive representation
of present frontal 1mpact capability has undergone several genera-
tions of model characterization approach to provide an accurate
predictive methodology. This has resulted from continued improve-
ments in capabilities and technology utilized as efforts have pro-
ceeded. The side model characterization used, and the predicted
results presented herein, represent an initial effort in this tech-

nology and can undergo a similar evolutionary process.



2.0 TASK 1 - FIAT TEST TOOL-TO-FIAT 132 FRONT IMPACT

The objective of this task was to: 1) obtain from Fiat Auto
S.p.A. the results from a test between the Fiat test tool and a
Fiat 132 passenger car in a frontal head-on impact, 2) exercise
computer Program "A," with the test data as 1input, to define the
analytical frontal characterization model for the Fiat 132 vehi-
cle, and 3) to provide, through exercising computer Program "B"
with the Fiat 132 frontal model as input, a validation prediction
of the Fiat test tool-to-Fiat 132 front crash. The details and
test results for the Fiat test tool-to-Fiat 132 frontal head-on
crash test at a closure speed of 50 mph (80 km/h) were forwarded

to the NHTSA under separate cover (Reference 1).

The Fiat test tool-to-Fiat 132 front characterization test
used in the Task 1 analysis was identical to that reported in
Reference 1 except for an impact closure speed of 39.18 mph (63
km/h). The data accompanying the first generation test tool test
reported in Reference 1 resulted in partial loss of measured loads
which could not be corrected for the more sophisticated frontal
model required to comply with the side model requirements. The
data accompanying the 39,18 mph (63 km/h) test was void of these

data errors.

The data from the Fiat test tool-to-Fiat 132 frontal char-
acterization test was entered, along with the Fiat 132 geometric
model representation, into computer Program "A." The output of
Program "A" provided definition of the i1nterconnecting spring
characteristics in the Fiat 132 frontal model. The model, along

with the interconnecting spring characteristics, was input into

5



computer Program "B" together with an analytical model of the Fiat
test tool, and exercised under the 1impact conditions accompanying
the characterization test. This procedure provides a method to
validate the vehicles analytical model by direct comparison be-
tween predicted and test results. This also provides the oppor-
tunity to fine tune the model to i1mprove 1ts characterization if

necessarye.

As a control, and to assist 1n completing the front-to-side
analysis (Section 5.0), the Fiat 132 front characterization model
was 1nput 1nto computer Program "B" to predict the crash response
accompanying a head-on Fiat 132 front-to-front, 50 mph (80 km/h)
closure speed crash test. The Fiat 132 front-to-front test re-
sults were obtained from Fiat S.p.A. from a test conducted pre-
viously. The review, evaluation, and test results from this test

were forwarded to NHTSA under separate cover (Reference 2).

Validation Results - Frontal Model

The results of the Fiat 132 frontal model validation for the
above effort are summarized 1n Table 1. Figure 2 shows the Fiat
132's predicted compartment response compared to the actual test
data. Similarly, Figure 3 shows the resulting test tool vehicle's
predicted response compared to the actual test data. Of parti-
cular interest in frontal simulation is the ability to characterize
the vehicle's component dynamic as well as structural responses.
Figures 4 and 5 show the Fiat 132's engine and left suspension
predicted response, respectively, compared to the actual test re-

sults. The right suspension responses (not shown) were essentially
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TABLE 1. FIAT 132 FRONTAL MODEL VALIDATION RESULTS SUMMARY

Parameter Test Data Simulation
Closure Velocity (mph) 39.18 (63 km/h) 39.18 (63 km/h)
Fiat 132 Weight (1lb) 2798 (1269 kg mass) 2798 (1269 kg mass)
Test Tool Weight (1lb) 4040 (1833 kg mass) 4040 (1833 kg mass)

Fiat 132 Velocity
Change (mph) 24.53 (39.48 km/h) 26.16 (42.10 km/h)

Test Tool Velocity
Change {(mph) 17.44 (28.07 km/h) 17.41 (28.02 km/h)

Maximum Dynamic
Mutual Crush (in) 24.58 (39.56 km/h) 24.31 (39.12 km/h)

Fiat 132 Average
Dynamic Crush (in) 21.00 (33.80 km/h) 20.59 (33.14 km/h)

the same as those shown in Figure 5. The results shown indicate
excellent representation of the vehicles actual crash response by
the analytical model generated. The computer Program "B" input
providing these results consisted of a Fiat 132 frontal model and

test tool model totaling forty-one (41) degrees of freedom.

Fiat 132 Front-to-Front Results

The validated Fiat 132 frontal model was duplicated and both
model sets were input into computer Program "B" along with the
initial crash conditions associated with the Fiat 132 front-to-
front head-on crash test presented in Reference 2. The resulting
simulation provided forty-six (46) degrees of freedom, including
both vehicle representations. Table 2 presents a summary of the

predicted results compared to the actual test data. It should be



TABLE 2. FIAT 132 FRONT-TO~FRONT PREDICTED CRASH RESULTS SUMMARY

Parameter Simulation Test Data
Bullet Vehicle Weight
(1b) 2798 (1269 kg mass) 2820 (1279 kg mass)
Target Vehicle Weight
(1b) 2798 (1269 kg mass) 2826 (1282 kg mass)
Bullet Vehicle Velocity
(mph) 24.36 (39.20 km/h) 24.36 (39.20 km/h)
Target Vehicle Velocity
(mph) 24.36 (39.20 km/h) 24.36 (39.20 km/h)
Maximum Dynamic Mutual
Crush
e Integrated Acc.
(in) 34.97 (88.82 cm) 37.00 (93.98 cm)
e Photograph (1in) N/A 34.00 (86.36 cm)

Velocity Change at
100 ms (From Accel.

Data)
® Bullet Vehicle

(mph) 26.13 (42.05 km/h) 26.06 (41.94 km/h)
e Target Vehicle

(mph) 26.13 (42.05 km/h) 26.97 (43.40 km/h)

understood that the vehicle models were identical, therefore,
producing exactly the same responses. The crash test, however,
presents two identical vehicle models with corresponding responses
representative of real-world manufacturing and data acquisition
tolerances. The Fiat 132 frontal model configuration used was
identical to that used in the validation analysis without slight

adjustment of vehicle mass differences.

Figure 6 presents the predicted Fiat 132 compartment response
compared to the responses accompanying each of the Fiat 132 test
vehicles. Figure 7 presents the predicted Fiat 132 engine re-

sponse compared to the responses measured on each of the test

10
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vehicles. Figure 8 presents the predicted dynamic and residual
crush of the Fiat 132 models compared to the actual measured post-

test crush for the test vehicles.

The results presented in the above figures illustrate the
capability of the Fiat methodology for frontal impacts. The pre-
dicted results in this analysis were well within the variations
present 1n the responses of the real-world vehicles and their in-
strumentation when tested under identical conditions. The follow-
ing sections describe the use of the Fiat methodology for a much

more difficult problem, namely the side impact environment.

14



3.0 TASK 2 -~ FIAT TEST TOOL-TO-FIAT 132 SIDE IMPACT

The objective of this task was to: 1) obtain from Fiat Auto
S.p.A. the results from a test between the Fiat test tool and a
Fiat 132 passenger car in a ninety (90) degree side impact,

2) exercise computer Program "A," with the test data as input, to
define the analytical side characterization model for the Fiat 132
vehicle, and 3) to provide through exercising computer Program "B,"
with the Fiat 132 side model as input, a validation prediction of
the Fiat test tool-to-Fiat 132 side crash. The details and test
results for the Fiat test tool-to-Fiat 132 side test were forwarded
to NHTSA under separate cover (Reference 3). To summarize this
test, the test involved a 30 mph (48 km/h), ninety (90) degree

si1de 1impact with the lateral center of test tool face aligned with

the Fiat 132's front seat "H" point (vehicle seating reference).

During the evaluation of the side impact characterization
test described in Reference 3, it was found that the data des-
cribing the interior door motions were of insufficient accuracy to
enable development of a model. Thus, a second test conducted
under a on-golng program involving an identical vehicle and impact
configuration, but at an impact speed of 37.49 mph (60.33 km/h),

was used.
The data from the 37.49 mph (60.33 km/h) Fiat test tool-to-

Fiat 132 side characterization test was entered, along with the

Fiat 132 geometric model representation, into computer Program "A."

15



90€00 €68 (@

*LNIWLIYVAWOOD ZET LVId

3HL 904 SI71INSdY LSEL ONV JQILVINWIS NIIMLIE NOSIYVAWOD °*6 JUNDIA

SK - INWIL
ovt 02T 00T 08 09 oy 0¢
0¢-
¥ A
O \%uo
- * CC 0z
ov
09
NOILWYJATIOOV QIALVINKWIS O
08
LT 3 T D01 °SAV ZET IVId Z-T€0¥ °ON ISAL
| | 1 1

D = NOILWVIITIOOV

16



L0E00 €850 1@

*1004 LSHL FHL ¥Od

SLINSHY LSAL ANV JdILVYINWIS NIHIAMLILI NOSIVYVAWOO ‘0T J¥Ns1I4a
SW - JWIL

ovT 0Z1 00T 08 09 ov 0¢ 0
ov-
ot~
(@) ONI

© o)
CSS NNl
C

0T~

)0

NOILWNATIOOVY QIALVINRIS O

L

]

‘v

‘T 207 °*9A¥ °L°J IVIJd Z-Teob

]

I

|

‘ON LSdL

ot

NOILVYITIOOV

9_

17



ovtl

0ZT

*100L LS3AL ANV INIWILAVIWOD €T LVId
dHL Y04 SLITNSHY LSHL ANV QILVINWIS NAIMLIE NOSIYYdWOO

SKH - JWIL

00T 08 09

oy

‘TT :{NOI4

0z

T

Pv€609°T A8 HAW ATdILINK

ﬁ
H/WM NIVYLIE0 OL

80€00 €658 19

QIIVIAWIS ‘XIIDOTIA TO0L IS3L O
ALIDOTIA AIIVINWIS INIWILYVAWOD ZE€T IVIL ®
‘L°L IdWD © ada1s o

T 5071 T-1e0v °"ON ISAL
] 1

0Z-

HdW - ALIDOTIA

09

08

18



This step was finally accomplished under the present model con-
figuration after much initial effort in defining the most optimum
model configquration and approach. This work is part of an initial
effort to study the use of the Fiat methodology for side impact
crashes. The output of Program "A" provided definition of the
interconnecting spring characterics in the Fiat 132 side model.
The model, along with the interconnecting spring characteristics
was input into computer Program "B" along with an analytical model
of the Fiat test tool, and exercised under the impact conditions

accompanying the characterization test.

Validation Results - Side Model

The results of the Fiat 132 side model validation for the
above effort are summarized in Table 3. Figqure 9 shows the Fiat
132's predicted lateral compartment acceleration compared to the
actual test data. Figure 10 presents the corresponding predicted
Fiat test tool acceleration response. Figure 11 shows the Fiat
132 compartment and Fiat test tool predicted velocity profiles

compared to the test results.

The difficulty of measuring interior door response during
side impacts has been established in several side impact programs,
including on-going NHTSA programs. This is particularly true with
ninety (90) degree impacts. Present accelerometer devices and ac-

gquilsition systems have been found to measure incorrect acceleration
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TABLE 3. FIAT 132 SIDE MODEL VALIDATION RESULTS SUMMARY

Parameter Simulation Test Data

Bullet Vehicle Weight

(1b), Test Tool 3995 (1812 kg mass) 3995 (1812 kg mass)
Target Vehicle Weight

(l1b), Fiat 132 Side 2911 (1320 kg mass) 2933 (1330 kg mass)
Bullet Vehicle Velocity

(mph) 37.49 (60.33 km/h) 37.47 (60.33 km/h)
Target Vehicle Velocity

(mph) 0.0 (0.0 km/h) 0.0 (0.0 km/h)

Maximum Dynamic Mutual
Crush (in)

e Integrated Acc.
(1n) 18.80 (47.75 cm) 19.80 (50.29 cm)

response without the aid of deflection tubes. Even with the in-
corporation of deflection tubes, door response measurement is not
always successful. Therefore, the present generation of side im-
pact models required some correction of data. Direct comparison
between predicted and actual data must be viewed with this present
situation in mind, and with common sense with regard to door dy-

namic requirements,

Figure 12 presents the predicted velocity profile for the
Fiat 132 upper rear door panel compared to that measured in the
characterization test near the center of the panel. Figure 13
shows the predicted intrusion history for the same location com-
pared to the corresponding deflection tube data. The predicted
velocity profile for the upper front door, adjacent to the driver
thorax is shown in Figure 14, along with the test data just for-
ward of the driver chest. Figure 15 presents the corresponding
predicted intrusion history for this upper front door panel com-

pared to deflection tube data.
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The predicted velocity and intrusion profiles for the Fiat
132's lower rear door are shown in Figure 16 and 17, respectively,
compared to their corresponding test data. Similarly, Figures 18
and 19 present the predicted lower front door velocity and intru-
sion histories, adjacent to the driver pelvis, compared to test

data.

The predicted maximum dynamic exterior crush profile of the
Fiat 132 during simulation of the test tool-to-Fiat 132 side char-
acterization test is shown at three different vertical stations in
Figures 20, 21, and 22. The actual post-test measured crush at
locations near each of the predicted locations are shown in each

of these figures for comparison.

The analytical model to obtain these results from Program "B"
consisted of fifty-eight (58) degrees of freedom, including both
the Fiat 132 side and Fiat test-tool models. The results shown
indicate quite respectable simulation accuracy, particulary when
considering the need to improve interior door, full-scale test,

data quality.
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4.0 TASK 3 - FIAT 132 FRONT-TO-FIAT 132 SIDE IMPACT

The objective of this task was to conduct a full-scale crash
test involving a Fiat 132 front into a Fiat 132 side. The follow-
ing test conditions were to be obtained:

Impact Angle = Ninety (90) Degree

Impact Location = Center of Bullet Vehicle Aligned with
Target Vehicle "H" Point on Left Side

Impact Speed

® Bullet Vehicle
(Fiat 132 Front)

30 mph (48 km/h)

® Target Vehicle
(Fiat 132 Side)

0 mph (0 km/h)

Occupants
® Driver (both vehicles)
® Left Rear Passenger (target vehicle)

e Right Front Passenger (bullet vehicle)

The details and results of this test were forwarded under
separate cover (Reference 4). The actual impact location of this
test was centered six (6) inches (15 cm) forward of the vehicles
"H" point. As a result, two simulations in Task 4 (reported in
the following Section) were conducted; one with the impact
centered on the Fiat 132 vehicle's "H" point, and the second
centered eight (8) inches (20.3 cm) forward of the vehicle's "H"

point.
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5.0 TASK 4 - SIDE IMPACT PREDICTIVE ANALYSIS

The objective of Task 4 was to predict the crash responses
for the full-scale test conducted in Task 3 using the analytical
models generated in Tasks 1 and 2. The first simulation of this
crash condition, involving the Fiat 132 front into the Fiat 132
side, was set up with the center of impact located at the Fiat 132
side longitudinal "H" point. As has been pointed out, the test was
conducted with the initial impact centered approximately six (6)
inches (15 cm) forward of the "H" point location. As a result, a
second simulation was conducted with an eight (8) inch (20.3 cm)
shift in the relationship between the front and side models
(because of the eight (8) inches (20.3 cm) modularity associated
with the test tool this could be done without changing the
models), which provided a second representation of the Task 3 test

condition.

For each of the simulations, the validated Fiat 132 frontal
model and Fiat 132 side model were 1nput into computer Program "B"
along with the initial conditions associated with the Task 3 test.
The resulting simulation provided fifty-seven (57) degrees of free-
dom including both vehicle representations. Table 4 presents a

summary of the predicted results compared to the actual test data.
Figure 23 presents the predicted target Fiat 132 (side model)

lateral compartment response compared to the actual test data.

The shaded data points in this figure, and throughout this
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TABLE 4. FIAT 132 FRONT-TO-FIAT 132 SIDE PREDICTED CRASH
RESULTS SUMMARY

Parameter Simulation Test Data
Bullet Vehicle Weight (1b), Fiat 132 2798 2823
Front
Target Vehicle Weight (1b), Fiat 132 2912 2920
Side
Bullet Vehicle Velocity (mph) 30.10 30.10
Target Vehicle Velocity (mph) 0.0 0.0
Maximum Dynamic Mutual Crush
® Integrated Acc. (1in) 26.05 (24.35)* 25.3

Velocity Change at 120 ms
(From Accel. Data)

e Bullet Vehicle (mph) 17.59 (18.07)* 17.91
e Target Vehicle (mph) 17.06 (17.48)* 16.46

*Bracketed terms represent values obtained with impact shifted
six (6) inches (15 cm) forward of "H" point.

Multiply 1b by 0.4535924 to obtain kg

Mulitply mph gy 1.609344 to obtain km/h

Mulitply in. by 2.54 to obtain cm

section, represent the results obtained with the simulated impact
point shifted six (6) inches (15 cm) forward of the wvehicles "H"
point. Figure 24 presents the bullet Fiat 132 (frontal model)
longitudinal compartment response compared to the actual test
data. The predicted upper rear door interior velocity response 1s
shown in Figure 25 compared with two measured test locations
within the represented interior panel. The predicted interior
intrusion history for this same location is shown in Figure 26
compared to a deflection tube located within the simulated panel.
The predictions for the upper front door corresponding to that
area adjacent to the driver thorax are shown in Figure 27 along
with corresponding measured data just forward of the driver chest.
Figure 28 presents the corresponding intrusion history for the
upper front door. The measured intrusion profile is questionable
as the post-test intrusion for this area 1s larger than the mea-

surement indicated. 36
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The predicted lower rear door response is 1llustrated as
intrusion history in Figure 29 compared to deflection tube data
which was very near the "B" pillar. The prediction associated
with a forward impact shift shows very little intrusion as the
rear door was not fully engaged by the Fiat 132 front for this
shift., Figure 30 presents the predicted lower front door
(adjacent to the driver pelvis) velocity histories compared to the
measured response of this panel location. The simulation
assocliated with an impact shift (which is closer to the test

condition) shows improvement over the initial simulation.

Figures 31, 32 and 33 present the predicted maximum dynamic
exterior side crush profiles for the three different vertical lo-
cations on the Fiat 132 target vehicle compared to post-test mea-
sured deformations. Figures 34 and 35 show the predicted Fiat 132
bullet vehicle maximum dynamic exterior crush for bumper and hood/

grill levels, respectively.

In presenting and comparing the predicted results with the
Task 3 test results, test measurement locations and simulation
panel locations did not coincide perfectly. Thus, comparisons are
based on those data most nearly representative of the simulated
location. This difference was due to the continuing programs of

improvement in instrumenting side interiors.

The simulated results shown in the above analyses are felt to
be extremely encouraging. Both the generation of the models from
test data and the comparison of predicted results to test data are

highly dependent upon our ability to obtain and accurately measure

42
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interior door responses. The ability to shift the impact location
without changing the original target and bullet models was demon-
strated and improved the initial results by providing a simulated
condition which was more closely representative of the actual

full-scale test.

The side impact model approach, although considered early in
its development, produced extremely good response for those areas
provided with accurate initial test data. This is particularly
encouraging, showing the general ability of the Fiat methodology

for side impact simulation.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

Previous research conducted on the Fiat methodology had
concentrated on the characterization and predictive capabilities
associated with front-to-front collisions. The success of this
prior work was demonstrated 1n the results presented i1n Task 1,
Section 2.0. The predictions for both the test tool-to-Fiat 132
front validation simulation and the Fiat 132 front-to-front simu-
lation were well within the accuracies obtainable for present
State-of-the-Art deviations 1n test data and manufacturing tol-

erances.

The work reported i1n Tasks 2 (Section 3,0) through Task 4
(Section 5.0) 1nitiated an 1nvestigation into the side impact
problem utilizaing the Fiat methodology, test tool, and computer
analysis procedures. Although the side impact problems, from a
structural point of view, are much more difficult to define than
the frontal characteristics, the results obtained from the Fiat
methodology for side impact simulation were quite impressive.

This was particularly true when considering the relatively short
period for 1t's development compared to frontal efforts. The most
difficult problem faced in the development of the side structures
model concerned the utilization and application of the full-scale
si1de impact test data. Due to the present difficulties in instru-
mentation and acquisition of interior door data (on the impacted
side), the accuracy and reliability of this data 1s compromised.
This often required correction of door data to correlate with the

laws of structural mechanics and physics which can be somewhat
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subjective. Since this data 1s the basis by which the vehicles

structural characterization 1s defined, the accuracy of the side
mAalal e s e mn A sy . o camatrth o & amra 1yl by Fhoacn vyl lame
fIvuc L presclited nnocicolll LD QLT wlilia o Liippaircua vy LIITOT MLUNLITIIO »

During the conduct of previous Fiat compatibility research,
1t was found that the development of the Fiat methodology's
predictive technology was evolutionary in nature. That 1s, the
generation of a level of model sophistication forged the way for
1mproved modeling and characterization technigues. The side 1m-

results presented 1n this report represents
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impact crash response problem Continued work should provide

e

means to improve data acquisition techniques as well as structural

model representation.

In conclusion, the present State-of-the-Art i1n accurate side
impact characterization 1s primarily data limited. It was observed

in the work presented i1n this report that for those areas of char-
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sponses the simulated responses of these areas comp

favorably with actual responses. This does not mean to imply that
the analytical representation of the side impact model cannot or
should not be 1improved. However, improvement could be obtained

more readily through the availability of improved test data.

It is recommended for future efforts that a high priority be
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and instrumentation procedures for obtaining the i1interior door
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response of side 1impacted vehicles. Many approaches have been
attempted 1n the past i1ncluding 1nstallation of accelerometers on
mechanical filters and utilization of various types and brands of
accelerometer devices. The most successful approach to data has
been the installation of the accelerometer on a deflection tube
which 1s also i1nstrumented for measuring deflection. This pro-
vides measurement of door response 1in the lateral direction only,
as well as permitting a way of obtaining a realistic 1nterior door
acceleration profile, while at the same time providing a
deflection measurement which can be used to validate and/or

correct the acceleration data.

The objective of the Fiat methodology 1s to provide a means
by which vehicle response 1interactions can be determined with
minimal testing requirements. The ability of the Fiat methodology
to accomplish this goal i1in the future for the side i1mpact
environment was clearly demonstrated. The problems i1dentified 1n
this analysis are felt to be quite solvable and within present

State-of-the- Art 1n electronic measurement technology.
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