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Preface

The report summarizes the work of volkswagenwerk AG
in the MIV (Modified Integrated vVehicle) Research
Project of the U.S. Department of Transportation,
National Highway Traffic Safety Administration.

Within the framework of the MIV Project VolkswagenwerKk
was requested by NHTSA to develop concepts and structures
which would harmonize conflicting design considerations

- the greatest possible reduction in dummy loadings

with the lowest possible vehicle weight increase - under
the precondition that the design be suited to current
mass production methods. The 4 door Volkswagen Rabbit

was to serve as the basis of the study.

The report contains the program objectives, per formance
specifications relating to test configuration and test
devices, as well as vehicle und dummy response data from
lateral and frontal impacts. It depicts the MIV structure
and components to further increase so-called "passive
safety." It also contains the qualitative analysis by
computer simulation of striking vehicle parameters on
dummy loadings.
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1. Introduction

The objective of the MIV project was to optimize two
contradictory design considerations - the greatest
possible reduction in dummy loadings at the lowest
possible vehicle weight increase (max. increase 20 1bs./
vehicle) with the precondition that the design be

suited to mass production.

The MIV is by definition not a totally integrated
concept as dicussed and presented by Volkswagenwerk AG
during the 8th ESV Conference or as demonstrated in
the form of the Volkswagen Integrated Research
Vehicles IRVW I and II. The MIV, in contrast, does

not include consideration of special energy saving

or special emission reduction engine/transmission
concepts.

Because vehicle layout, according to established criteria
and subsequent reinforcement for modified design criteria,
always leads to substantial weight increases with
commensurate limitations upon producebility, it was
decided not to use the "add-on" strategy, but to develop
an all new "Integrated Structure" for the 4 door MIV.

This concept requires that the largest possible number

of components be effective during the specified frontal
and lateral impacts.

NHTSA's design goals were the 35 mph frontal fixed
barrier impact and the 30 mph side impact with the

new 1.565 kg (3,450 lbs) deformable 19° crabbed Barrier
and the new HSRI Dummy which were specially developed
for the side impact.

- 12 -



In addition to these tests, the effectiveness of

the MIV vehicle layout was to be evaluated in vehicle -
to - vehicle lateral impacts with the crabbed

Chevrolet Citation striking the side of the MIV

at 60o and 90o at 40 and 34 mph respectively.

A qualitative analysis of the force/deflection characte-
ristics of front structure, mass and bumper height

of the striking vehicle and their effect upon dummy
loadings and side structure deformation of the struck
vehicle was to be performed by computer simulation. To
validate the computer program a 90o side impact test

was to be run with the crabbed Citation and baseline
vehicle at 34 mph simulating the bumper/sill engagement.

- 13 -
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2. Statement of Work

vehicle engineering measures for the increased passive
safety requirements specified in the project were

to be derived from the results of baseline tests as
well as from the know-how gained in the ESVW I, ESVW 11,
RSVW, IRVW I and II projects. The effects of these

measures were to be examined in tests defined by NHTSA:

- 19° crabbed Barrier/MIV
60o gide impact at 30 mph impact velocity

- MIV head-on fixed barrier impact

at 35 mph impact velocity

The NHTSA goals mandate the development of new techno-
logy in conjunction with new test configurations and

devices for lateral and frontal impacts

- for greatest possible reduction in dummy loads
- lowest possible weight increase

- consistent with current mass production me thods.

Initially serveral paseline side impact tests with
unmodified vehicles were to be performed to form the

basis for modifications to be derived to meet require-
ments for increased passive safety in the impact config-
uration defined in the MIV project, Phase I. In addition
the baseline tests were intended to permit assessment

of the dependency of dummy loadings and vehicle defor-
mation upon impact velocity (30, 35 and 40 mph), and

to determine the scatter of dummy loadings under identical
test conditions.

- 14 -



The new HSRI gide Impact Dummy and the newly developed
Crabbed Barrier (Figure 1, 2 and 3) were used. The
deformable moving barrier was crabbed at an angle

of 19 degrees. The impact is intended to simulate

a 60 degree car-to-car side impact in which the velocity
of the striking vehicle is twice that of the struck
vehicle.

The MIV project was divided in Phase 1 and II. The
objective of Phase II was to investigate the effectiveness
of MIV measures with different test configurations,

test parameters and a striking vehicle (crabbed Citation
with modified suspension) .

Instead of the crabbed barrier, in the Phase II work,
crabbed Chevrolet Citations were used as striking
vehicles. In addition to this change, the impact point
moved forward and the impact angle was not only 60

but also 90 degree (Figures 4, 4 A and B).

In Phase II four vehicle-to-vehicle side crash tests

were to be per formed.

- 19° crabbed Citation/baseline vehicle
600 side impact at 40 mph impact velocity

- the same test parameters with the MIV

- 27° crabbed Citation/baseline vehicle
90° side impact at 34 mph impact velocity

- the same test parameters with the MIV.

- 15 -



These tests are said to simulate a 30 mph moving striking
vehicle and a 15 mph moving struck vehicle. In this

case the test velocities for the 19 and 27 degree

crabbed Citation at an impact of 60 and 90 degrees were
40 and 34 mph respectively. The Citations were to be
ballasted to a test weight of 3,450 1bs.

In Phase II the production oriented designs of the

MIV developed in Phase I were to be used, with the
exception of the interior padding, which was developed

by Calspan and was to be supplied by NHTSA. The shape

was developed by Calspan after analysis the arm movement
of different drivers during vehicle operation. Impairment
of vehicle operability and reduction of comfort has not
been investigated. Furthermore the influence of the
following parameters on dummy loadings were to be
qualitatively analysed by computer simulation in Phase I1I:

- the force/deflection characteristics of the
front structure

- the curb weight and load as well as

- the bumper height in conjunction with the height
of the longitudinal frame member of the striking
vehicle.

- 16 -
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3. Test Parameters and Tests Performed

3.1 Test Parameters

In Phase T all tests wWeére run under the following
conditions ag Specified by NHTSA:

- Side Impact:

Striking vehicle: Simulated by the deformable
Crabbed Barrier

Struck vehicle: 4-door vw Rabbit or M1V

Impact point: I = (D + 6) / 0.8693 + 1.5 (in)
Impact angle: 60°

Ground clearance: 13 in

Dummies: two 50 % male HSRI dummies

as delivered by NHTSA, at
the impacted side, front and
[ear seating positions

Protection Criteria for the HSRI side Impact Dummy
were specified by NHTSA as: "Volkswagen shall use
meéasures so that the largest possible reduction

in dummy loads is achieved."

=~ Prontal Impact:

Impact speed: 35 mph
Impact angle: O°
Dummies; two 50 $ male Hybrid II on

the front Seats
Protection Criteria: FMVSS 208

- 23 -



The test Parameters in phase II for the side impacts
are (Figure 4):

Striking vehicle: crabbed Chevrolet Citation
Struck vehicle: See Phase I

Impact point: 37" forward of wheelbase Center
Impact angle: 60° and 90°

Dummies: See Phase I

~ 24 -



3.2 Tests Performed

In Phase I the following side impact tests were conducted:

- Baseline Side Impact Tests with Baseline Vehicles

Test 1 30
Test 2 30 ' .
Test 3 v=|35 mph; lMPact angle . 60o
Test 4 40 crabbed angle ; 19
Test 6 40

- Side Impact Tests with 4 Door MIV

Test 5 30

Test 7 v=|30 mph; o
Test § 30 crabbed angle : 19

impact angle : 60°

Test 5: Side impact with the new M1V "Integrated Structure"
developed in this project ang the M1V padding.

Test 7: Side impact with M1V Padding only.

Test 8: Side impact with MIV "Integrated Structure" only.

- 25 =



Baseline Side Impact Testg with Baseline

Vehicles
Test 9 40 60° 19°
v= mph; impact angle r Crab.angle:

Test 10 .34 90° 27°

Side Impact Tests with 4 Door M1v
Test 11 |49 60° 19°

v= mph; impact angle : ol 7 crab.angle; o
Test 12 34 90 27

Side Impact Test with Bumper/si1] Engagement
Test 13
v= 34 mph; impact angle : 909; Crab.angle: 27°

- 26 -



3.3 Phase I Baseline Tests

a) to derive modifications for the increased passive
safety requirements Specified by NHTSA in this
Project

b) to determine the Scatter of dummy loadings ang
vehicle deformation under identical test conditions

c) to evaluate the dependency of dummy loadings
and vehicle deformation upon different impact
velocities.

3.3.2 Scatter Determination

For scatter determination, tests 1 ang 2 were performed
at 30 mph, ang tests 4 and 6 at 40 mph. The Scatter

AIS values (Table 4 to 1ls, Paragraph 6.) is described
and discussed in the paper of R.H.Eppinger, R.M. Morgan
and J.H. Marcus "Side Impact Data Analysis" presented
at the 9th Esv Conference in 1982.

- 27 =



The transformation
In a comparison of
modified by NHTSA,
Of the scatter. In

algorithm jis Still under development.
tests 1 ang 2, the chest damper,
probably caused the greater portion
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3.3.3 Dummy Loading as a Function of the Impact
Velocity

The test results show that there is an increase in
dummy loads with increasing impact velocity. But this
tendency is only evident, if the dummy accelerations
from test 2, 3 and 6 are compared, Figqure 7.

3.4 Phase II Baseline Tests

The baseline tests of Phase II are intended to
establish a basis for the evaluation of the
effectiveness of the Phase I MIV components according
to the new Phase II test configurations and test
parameters specified by NHTSA.

- 31 -
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4. VW Study for Compliance with the Phase T MIV Requirements
in Specified Lateral and Frontal Impacts

The NHTSA goal to achieve the greatest possible reduction
in dummy loads, in keeping with the objective of lowest
weight increase together with the prerequisite that

the design be suited to mass production, required

the development of a new “Integrated Structure" for

the MIV. This concept requires that the greatest number
of components be effective during frontal and lateral
impacts. Furthermore, consistent with the NHTSA goals,
the methodology for the integrated design selected was
characterized by straight load path through the MIV
Structure in an effort to avoid moments of flexion

to the extent possible.

The "Integrated Structure" approach involving total
redesign, rather than the less effective strategy
utilizing add-on parts, is necessary to achieve the
goals established by NHTSA.

The MIV Integrated Structure (Figure 8) was developed

in conjunction with the combination of test configurations
and test devices specified by NHTSA in Phase I of

this project. Figures 9 and 10 depict the structural
components.

- 33 -
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modified Padding with the density of 43 kg/m3 and a
compression stress value of 334 kpa. The pPadding thick-
ness in the thoracic ang Pelvic area ig 70 mm. It

was selected ang installed under considerations of
technical feasibility. It was not quantitatively
assessed for comfort and impairment of vehicle opera-

The M1V padding in Phase II was supplied by NHTSA.

It has nearly the same density, 45 kg/m3, but a lower
compression Stress, 161 kpa. This padding was developed
by Calspan. The shape corresponds with Calspan film
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S. Tests with MIV Vehicles and Components

5.1 Phase I Side Impacts

5.1.1 side Impact with M1V

The side impact (test 3) with the MIV incorporating

the new "Integrated Structure" ang MIV side padding

' demonstrated 3 Promising potential for reductions

in dummy loading (Figure 12), for the head, lerft upper
(LUR), left lower (LLR) rib, asg well as the upper (T1)
and lower (T12) thorax and pelvis. Structural deformation
wWas also reduced (Figure 13).

- force/deflection characteristics of the front structure
of the striking car

-~ force/deflection characteristics of the side Structure
Oof the struck car

- force/deflection characteristics and dimensions
of padding, ang

= free space between the dummy and the padding.



with current mass production methods. The extent to
which this potential can actually be realized will
depend, in part, upon the performance of MIV Structures
in defined side impacts when struck by the stiffer

MIV frontal structures developed for the 35 frontal
fixed barrier impact.

5.1.2 Side Impact with MIV Door Padding oOnly

padding as uysed in test 5 but without MIV structural
components., The reduction of dummy loadings is shown

in Figure 14. The greater reduction of dummy loads

using the "Integrated Structure" ang the MIV door

Padding is apparent (Figure 15). The influence of the

MIV structure on the reduction of dummy loads is evidenced
by the difference between dummy loads of the MIV and

the baseline vehicle with the "padding only" modification.

5.1.3 Side Impact with MIV Integrated Structure Only

the "Integrated Structure” without MIV padding on

dummy loads. Figure 16 shows the reduction of upper
thoracic and Pelvic accelerations and Figure 17 the
difference of dummy loads between MIV with MIV padding,
and M1V "Integrated Structure" alone.

- 40 -



and MIv padding.

In general, M1V Padding will be less effective than
the newly developed "Integrated Structure", it also
decreases Occupant comfort and interferes with vehicle
Operability.

for the 70 mm door padding would, however, probably
further increase dummy loadings, 1n wider vehicles
occupant loading may be higher because of the greater
distance between dummy and padding. This hypothesis

would have to be tested in appropriate vehicular impacts.

Widening the MIV would also result in a fyel consumption

detrimental side-effects.
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the MIV at 35 mph (Figure 18). Working Principles
of a refined pPassive restraint systenm and a refined
Steering systen were simulated together with the
refined "Integrated Structure."

The M1V complied in al1 respects with impact related
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5.3 Phase II Side Impacts

The effectiveness of the M1V vehicle layout was to

be evaluategq with Chevrolet Citation~to-MIV side

impact tests with g 19° and 27° degree crabbegd Citation
at a 60 and 9¢ degree impact angle at 3 49 and 34 mph
impact velocity respectively (Figures 4, 4p and B),

= Phase I 60° side impact
with 19° Crabbed Barrier
and baseline vehicle at 40 mph

=~ Phase 11 60° side impact
with 19° crabbed Chevrolet Citation
and baseline vehicle at 40 mph

in the Phase I test configuration is more aggressive
than the crabbed Citation in the Phase II test configqu-
ration, eXxcept in the pelvic area.
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The effectiveness of the M1V layout in the Phase 17
side impact tests at 6¢g° and 90° jg shown in Figure
20 and 21. Here, in contrast to the Phase 71 results,

as evident jin the head ang upper thoracic area. This

A very Promising step in this direction js demonstrated
by the results of the 90° baseline side impact test 13
with the 27° Crabbed Citation and the baseline vehicle
with bumper/si11 éngagement, It was simulated by lower-
ing the Citation ang raising the Rabbit, because not
only the bumper but also the longitudinal frame member
of the Striking vehicle should have sill eéngagement
with the Struck vehicle,
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side impact computer Simulation study,'a part of the
Phase II of this Project, and to validate the vy com-
buter model,

5.4 Comments

MIV. But the potential for dummy load reduction, as
Previously mentioned, will depend upon the MIV frontal
structure developed for the 35 mph heagd on fixed barrier
impact.

which provide requisite eéconomic benefitg, In this respect
not only measures for the struck, but also those for the
Striking vehicle must be investigated, See test 13,

with bumper/si11 €ngagement,
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6. AIS Computation and Values

Injury-predictive models of the severity of blunt

thoracic trauma have been developed by NHTSA using

the data gathered in a series of side impact tests
utilizing cadaver subjects. The candidate dependent
variables which have been selected for possible use

in quantifying the level of injury are the AIS numbers
-for the various types of thoracic injuries and the

number of rib fractures. A twelve accelerometer network
has been developed to measure response of the thorax.
Locations of the accelerometers are described in Figure 1.

The transitional steps from medical ratings and mechanical
parameters to injury-predictive models include:

- Study of correlation between the injury and mechanical
variables and

- Development of models using statistical procedures.
The predictive models, which were generated using
the linerar regression analysis.

The transformation of mechanical pérameters to AIS

values is described and discussed in the paper of

R.H. Eppinger, R.M. Morgan and J. H. Marcus "Side

Impact Data Analysis" presented at the 9th ESV Con-

ference in 1982,

As part of a continuing NHTSA study of thoracic injury
resulting from side impact loading, the interrelationships
between subject age, various kinematic parameters
characterizing the impact, and injury severity were
investigated with the aid of data from a series of

30 cadaver tests.
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Table 2 catagorizes the 30 tests by research institution,
type of test, and number of tests. As can be noted,

there is a large variation in type of test: from lateral
pendulum tests to actual vehicle tests.

HSRI

6 RIGID WALL SLED

6 PADDED WALL SLED

4 PENDULUM
WSU

1 PADDED WALL SLED
HEIDELBERG

6 RIGID WALL SLED

4 PADDED WALL SLED
ONSER

1 BASELINE CAR CRASH

2 MODIFIED CAR CRASH

Table 2: Data Source of 30 Cadaver Tests

Through analysis these test results NHTSA developed
the following equations to calculate the so-called

"fatality rate" for the left upper and lower rib as
well as the upper and lower spine.

Left Upper Rib .002 *Peak_Accel + .0018*Age -.25 r=.94 SE=.06
Left Lower Rib .002 *Peak_Accel + .0018*Age -.25 r=.94 SE=.06
Upper Spine .0015 *Peak_Accel + .0032*Age -.229 r=.67 SE=.08
Lower Spine .002 *Peak_Accel + .0036*Age -.28 r=.67 SE=.13

The equations of the "fatality rate" were derived using
the two highest AIS injuries observed in a particular
occupant.
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Fatality
(AIS I, AIS II) Rate
(0,0) .00000
(1, 0 -1) .0001131
(2, 0 -1) .00073
(2, 2) .00456
(3, 0 -1) .00434
(3, 2) .00593
(3, 3) .02174
(4, 0 -1) .0392
(4, 2) .04301
(4,  3) .10526
(4, 4) .12821
(5, 0 -1) .28
(5, 2) 36667
(5, 3) .48529
(5, 4) .58182
(5, 5) .86364
(6, ANY) 1.00000

Table 3: "Fatality Rate"

by (A1s 1, a1s 1r)
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values of "fatality rate”" andg AIs, calculated by NHTSA
on the basis of Peak accelerations measured during

the 13 tests performed, are presented. The AIs and
"fatality rate" correlation of Table 3 was used to
transform the calculated "fatality rate"® back to the
Corresponding aAIs pair.
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7. Phase II Side Impact Computer Simulation

of computer Simulation:

- the force/deflection (F/D) characteristic of
the front structure

- the curb weight and load as well as

- the bumper height in conjunction with the height
of the longitudinal frame member

of the Striking vehicle on the dummy 1loads and side
structure deformation of the struck vehicle during
a 90° side impact.

The differences for the front Structure could be the
F/D—characteristic in general ang as it relates to
different fixed barrier impact velocities (30, 35 and
40 mph).

Three different vehicles were to be taken into account
with the curb weight of 2000, 3000 and 4000 1bs, laden

Oor unladen.

The bumper height was to be in the range of 300 to
500 mm.

- 78 -



[ e h«....ww_.‘,m———_ﬁ__.w.._._w U

7.1 Computer Model

models. One model was developed by Dr. Hofmann, a
member of the Audi Development Center. The other is
4 new model developed by Dr. Richter, a member of
the VW Research and Development Department.

and side structure deformation. Because the side
structure (mass m,) can move only in the lateral
direction, rotation is not pPossible and, therefore,
it is difficult to simulate the influence of bumper
height variation with this model.

For this reason, Volkswagen proposed to use the Richter
Computer Model, shown in Figure 24. This front and

side structure model is divided into two pParts, whereby
the upper andg lower parts are connected with deformable
elements. Each part has its own F/D characteristic.

With this additional degree of freedom it is possible

to analyze in general the influence of the bumper

height in conjunction with the height of the longitu-
dinal frame member of the front structure upon the project
target figures by adjusting mass Mgy and the deformation
characteristics FZSU and between ms, and m o+ So that
the rotation of the deforming door and the roll behavior
of the struck vehicle can be simulated by different
velocities of the upper and lower parts in the lateral
direction, using the corresponding F/D characteristics
of the upper ang lower parts of the structures and

those of the deformable elements between them.
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7.2 Methodology

(test 13) with bumper/si1]1 éngagement. In this case
the heightg of the vehicles (not only that of the
bumper) were modified Such, that the bumper ang the
longitudinal frame member of the Citation Struck
the sil1 of the Stationary baseline vehicle.

- front strdcture

= curb weight ang load

- bumper ang longitudinal frame
member height

of the striking vehicle on dummy loads was performed
as follows:

available for the upper ang lower Structural elements
of the Citation, This data can be only compared to
the F/D characteristic of the resultant deformation
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The basic front structure F/D characteristics are
related to the 30 mph head-on fixed barrijer impact.

structures during the 30, 35 and 40 mph head-on fixed
barrier impact.

results of test 10 can be seen in Figure 31 ang Table 18.
The 3 ms values and the form of the acceleration/time
history are similar, but there is a phase shift of

pometric dummy.
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7.3 Qualitative Analysis of Striking Vehicle Parameters

To simulate the influence of structure, mass and
bumper/longitudinal frame member height of the striking
vehicle on dummy loads of the struck vehicle the following
values were established for the computer model related
masses and F/D characteristics, Tables 17, a to gq.

According to the 3 different frontal Structure layouts
for the 30, 35 and 40 mph fixed barrier impacts with
2000, 3000 and 4000 1lbs vehicles, there are 9 different
F/D characteristics for striking vehicles impacting

the 2000 1bs vehicle. The test weight of the vehicle
during the head-on fixed barrier impact and not the
vehicle's subsequent laden weight determines the frontal
F/D characteristics.

The relative deflections and associated deformation
forces for each structual element are specified. To-
gether with the front structural Matrix, the side
Structural Matrix of the 2000 1bs car, the mass Matrix
and the dummy and restraint system Matrix are tabulated.

The characteristics of the simulated dummies have
been partially evaluated by the Technical University
of Berlin. Some have been supplied by NHTSA. For
side impacts the characteristics of the chest and
pelvis have been calculated by adding the two charac-
teristics for the padding and dummy, according to

the computer model (Figure 32).
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COMPONENT - VEHICLE MASS (1bs)

MASS (kg) 2000 3000 4000
FRONT

COMPARTMENT 520,00 782.00 1044 ,00
UPPER FRONT 23.00 35.00 47.00
LOWER FRONT 157.00 235.00 313.00
ENGINE 200,00 298.00 396.00
SIDE

COMPARTMENT 874,00 1324,00 1774.00
UPPER SIDE 17.00 17.00 17.00
LOWER SIDE 9.00 9.00 9.00

Table 17: Computer Mode] Input Data,

Mass Matrix

-92 -




£18ly9lg - 008°0 00L°0 08%°0 L9g 0 £50°0 000°0 (W) °143q (ndz4) INoyd HIMOT

‘09L69 0969 ‘oseszl -ossoL  tosgor  +g (N) =0y04 ~ INIWIYYdHOD

00000545 98670 005'0 1000 000°0 () *1gaq (NdW4) INOMA WaAMOT

"00052L2 *0sLig g "0 (N) HoH04 ~aNIONg

€°18L4918 02570 002°0  220'0 1000 oot () 1430 (Owzd) ANIONE

"OELL2Lz 000601 ‘000601 ‘o ‘0 (N) 3ouod - INSWLHYdHOD

| €°18Ly918 008’0 10L'0  £60°0  000°0 (i) *m43q (0424) INOMA Waddn
0L9LE  coigle "0 (N) 30404 - INZHIHYJHOD

d'TOTHIA S91T 000E 40 SOIISIHALOVYVHD q/J INOYJ

0°000621L. 008°0 8%9°0 0lL2*0 yle*o 8%0°0 000°0 (W) *143q (ndzd4) INoud H3IMO1
‘0SL2y  *oSley 00056  *000LG '000LS ‘o (N) aouodg = ININIYYJINOD
L* 80844 LYy 9l8°0 0s%°0 L00*0 000°0 (W) *7143q (NdWI) INO¥A HAMOT
0005081 *00%89 ‘0 ‘0 (N) 30yod =dNIONZ
0°00052L2 9%4%°0 8610 2E0"0 Loo*0 000°0 (W) *14aq (OWzd) ANIONI
"000EY8L *0009), ‘0009L o 0 (N) #0404 =ININIYYIWNOD
0°00052L. 008°0 2el®o ¢Pp.o 0000 (W) *7143q (04Z4) INOH4 yaddn
‘0sk€2  *oSlez ‘0 ‘0 (N) 30404 = INIWIYYdWOO

(W/N) IN3IQYyD (9) (5) (%) (€) (2) (L) INIOd

aNnogay

dTOIHAA SdT 0002 40 SOILSIHIAIOYHYHD q/4 LINOYJ

- 93 -

Table 17a: Front Structure Matrix, 30 MPH Layout



|
__,
|

8°€90109

L*oLLvoe

0°000S5.81

0°000S.8t

S*2LE9E6OL

0°00000¢€ .

S*2Lege6oL

S°2LE9E6ODL

(W/N) INITQYuD
aNnoday

008°0
‘OYYE6

(9)

£€E0
‘00019

2ES°0
" 00009

085°0
000022

0olL°0
‘OhYEs

0c5°0
*0295%9¢

(8)

6€2°0
*00SY

9G¢2 0
*00s€

00S°0
*0000.

08%°0
*006.91

$86°0
*000059¢

00¢’0
‘000941

008°0
‘oveey
(%)

602°0
*00SY

L XAN0]
*00S€

ooL"0
*000S8

00Ss°0
*000Y%

L9g*0
*006%6

00S°0
‘005601

ce0*o
*0009%1

Lot°o
‘oveESY
(€)

0sL’o
‘00§

0sL°0
‘0

0iLo°0
‘009

990°0

000°0
‘0

000°0
‘0
000°0

‘0

000°0
‘0

(W) *143q
(N) "oyod

(W) *14a3q
(N) 30404

(W) *1430
(N) 3ovog

(W) *143q
(N) 30404

ONIQaQvd +
SIATId ZWWNg

ONIaayd +
LSHHD ZWWng

(0Sz4) FATS ¥aMOT

=ININIYY INOD

(0Sz4) 3a1s ¥adan

=ININIYYINOD

ITOIHIAN sd7

€50°0
*006%6

L00®0

000°0
‘0
000°0
‘0
000°0
‘0
000°0
‘0
(1)

(W) *143q
(N) aoyod

(W) *143q
(N) FoM04

(W) *143q
(N) 30404

(W) °1493a
(N) 3duod
INIOd

000c 40 SOIISIHALOVYYHD a/4 4d1s

(ndzd) INoud HIMOT
= INIWIYYINOD

(ndWd) INOYA HIMOT
“dNIDNI

(OWz4) INIONI

= LNIWIYYIWNOD

(04Z4) INOYa Hdaddn
= LNIWIYVINOD

dTOIHAA ST 000% 40 SOILSIMALOVYYHD /4 INOYJ

30 MPH Layout

Front Structure Matrix,

Table 17b

Side Structure Matrix of

the 2000 1bs Car

- 94 -



e e e i b e

{W/N) 0'00062%

(WN) 0°000081
(W/N) L*999L6

6ve°
6ve*
hes”
9EY*

(S/1) x110073A 4VINONY

1N31avyn

IN3IIQvun

IN31avun

(avy/swn) 1Nazgvun

(W) oo9L*

(N) 4661

0085° 00€Es”

‘ooolz °0008!

00Es* ool y*

‘ooolz 00001
00°0S
00°o2
00°56
00°ot

setL*

oosl*
“holt

ooez*
‘o002t
ooLL*

HOINAWOW NOIIDIHJ

(W) o¥ sniavy qvay !

(2eeleny)

0s0°

{avun) 000°66 = 1I3sy IN3IQv¥n 3grs
(W) oSy = oy 3ATS-XHWNG NOILISOJ
S600° 000°0 = ay1s
"H0LE 000°0 = @14 73IHM ONI¥3IIS-avaH J1ISINILIOVYYHD
(avan) oog*29 = ANITY INIIAYHD T33HM
000°0 = qux
(W) szz° = qmx TIIHM DNINIILIS-XHNG NOI11S0d
LOVINOD avan
0080° 0000°0 (W) 3EI¥DS
*000€E ‘0 (N) 381454 sTATAg
0080* 0000°0 (W) ¥gluns
‘0 ‘0 (N) uaiynd  rsamy SOLISTHILOVEYHD 173g

(aved) 0o*61~ 1saH)

WIISXS INIVY1S3Y

‘ (avud) 00°6¢ avaH ‘(°*0=y) JTONY JATIVI3Y

00°02- 00‘02 0606%°¢ 0606%°¢€ ISJHD
oo°ot- 00°ot 96£€6°G %6€€6°¢ av3H - 3qaIis
-00°9g~ 00°e- 095€0°0L orvl6*h IS3HO
00°09~ 00°06 095€0°0L oYYyL6°y avaH = INouJ
‘(avun) oMY FAILYIEY  (QYHD/WN) IN3Iavyn HWOLNIWOW

(SIAT3d)-1S3H) ' (1S3HD)-avan SOILISTHILOVYYHD HOINIWOW

ost*
(W) AOAN-avay

98€"

(aven) o0°02- = oyy IS3HO-QvaH FTONY TVILINI

(avud) o°61

08Y  SIATAd-IS3HD FIONY TVILINI
ool oge*

SIAT3d=H0aN SIAT3d-="D'D 1S3HD. IHDNIT

02°s 0%'92  o0g'oc

a¥3H 1S3H) <Hmzm2H dO IN3WOW  ‘(oy) QGVaH  IS3IHD STA3g SSYW

YivVa XWHng

ix

t System Matr

mn

Dummy and Restrai

Table 17¢

- 95 .



0702605401

0°0009.69

0°02605%01

0°02605%01

0°0000216

c"SSE€L09

0°000021L6

0°0000216

(W/N) INZIQYYD

aNnogay

008°0
‘€£6268

008°0
‘02Lys

(9)

00L°0
'€6268

0es°o
"718E8HE

8%9°0
"02LYS

9%%°0
‘0%065€2

(S)

08%°0
"8%4091

$86°0
*00088%€

002°0
"02S6EL

008°0
"L9%04

0lz2°0
‘009121

9180
‘oovoLez

86L°0
082L6

008°0
*00%0¢€
(%)

L9g*0
"88906

00S°0
"0%9401

ceo*o

‘02s6€L

loL*o
"19%04

ATA0)
‘0962.

0s%°0
*256.8

ct0’0
'082.L6

ccl o
*00%0€
(€)

£50°0
' 88906

L00*0
‘0

L00°0
0

£60°0
‘0

000°0
‘0

000°0
0
000°0
‘0

000°0
‘0

(W) *143q
(N) 30404

(W) *133q
(N) 3o¥odq

(W) °133g
(N) 30M04

(W) *143q
(N) 30404

(ndzd) INoys HIMO1
=INIHLYYINOD

(NdWd) INoW4 HIMO'T
~GNIONZ

(OWzJ) ANIONI

=LNIWIYYIN0D

(04z3) INoud 4iaddn
= LNIWLYYINOD

dTOIHIA ST 000€ 40 SOIISIHAIOVYYHD /4 INOYJ

8%0°0
*0962.

L00°0
‘0
Loo 0
‘0
7LL°0
‘0
(2)

000°0
‘0

000°0

(L)

(W) *7143q
(N) 3oy¥od

(W) *143q
(N) aoy¥od

(W) *1aa3q
(N) dF0¥o4

(W) *1a3q
(N) o404
INIOd

(ndzd) INoYa YIMOT
=INIWIYYINOD

(ndWd) INoya HIMOT
=dNIONF

(OWzJ) ANIONI

=ININIYYINOD

(04z4) 1INoug yiddn
~ININIMYIWNOD

dTOIHAA S9T 0002 40 SOILSIMALOVYYHD q/4 INOYJ

Front Structure Matrix, 35 MPH Layout

Table 174

- 9 -



0°08%866¢1

0°000%%€6

0°08%866¢1

0°08%866€1

(W/N) INFIQvyn
annogay

008°0
"E0961 1

(9)

00L°0
"E0961 L

025°0
*76€£9994

(8)

08%°0
‘eLewLe

$86°0
*0002L9%

00c°o
088981

0080
"G6L4S
(%)

L9g*0
‘elyiel

00s°0
‘091041

cc0°0
088981

loL°o
*G6LHS
(€)

£€50°0
‘elyizl

£60°0
"0
(2)

dTOIHAA

000°0 (W) *143q
0 (N) 30”04

000°0 (W) °*743q
‘0 (N) 30y04

000°0 (W) °*143q
0 (N) 30404

000°0 (W) °14mq
‘0 (N) 3oyod4
(L) INIOd

(ndzd) INoyg HIMO1

=LNIWNIYYIWNOD

(NdWd) INOMA ¥aMOT

~dNIDNI

INIONI
= LNIWLHYIWOD

(04z4) INOMA ¥addn

“INIWIYYIWOD

SHT 000% 40 SOIISINALOVYYHD q/4 INOYJd

Front Structure Matrix, 35 MPH Layout

Table 17e

- 97 -



9°0850261 1

0°000.LG61

9°08502611

9°08502611

0°00S20%01

802,269

0°00S20%01

0°00S20%01

(W/N) INIIQYvyn
aNnodgay

008°0
'0s8ioL

008°0
*Slye9

(9)

00.°0
'0s8101

0es°0

‘9gLeles

8%9°0
‘Glyeg

940
'08L0692

(S)

08%°0
"LLogglL

$86°0

*0058L6€

00ec°0
‘OoYL6S1L

008°0
"LS19%

0le*o
‘00L8EL

9l8°0
*00ESE92

86L°0
‘096011

008°0
*GL9wE
(%)

L9g*0

*LyyEoL

00S°0

"G5E61LL

cc0*0

‘oYL6GL

lot*o
*LSL9Y

Yl2°0
‘0zees

0S%°0
*%9866

ct0*o
*0960L 1L

c¢cl®o
*GL9HE
(€)

£50°0
"LHvEolL

L00*0
‘0

100°0
‘0

£60°0
‘0

0000

0

0000

(W) *143q
(N) 3004

(W) *714aq
(N) Fd¥04

(W) *143q
(N) 30404

(W) *133q
(N) =0¥04

(ndz4) INOMa HIMOT
= INIWIYYIN0D

(NdWI) INOY¥a 4IMO1
~ENIDNZ

(OWz4) INIONT

= LNINIYYIN0D

(04z4) INoyg 43ddn
=INGWIYYIWNOD

JTOIHAA SA7T 000E€ 40 SOLISI¥AIOYYYHD a/d INoYd

8%0°0
‘02zes

L00°0

‘0

Loo*0

‘0

A 0)

‘0
(2)

000°0

‘0

000°0

0

000°0

‘0

000°0

‘0

(1)

(W) *7143q
(N) 3oyod

(W) °143q
(N) Fouod

(W) *143q
(N) 30¥04

(W) *143a
(N) 30404
INIOJ

(ndz4) INoYa HIMOT
= LNIWNIYYINOD

(NIW) INOHg HIMOT
—dNIONZ

(OWza) INIONT

=LNINIYYINOD

(04z4) INowg yidddn
~LNIWILHYINOD

dTOIHIA ST 0002 40 SOILSTHAIOVHYHD a/d INOMJ

Front Structure Matrix, 40 MPH Layout

Table 17f

- 98 -



£°91029651

0700085901

€°910L9661

£°910.9661

(W/N) INIIQYYH
dNnogay

008°0
‘22h9eL

(9)

00L*0
gewotlL

0e5°0
*G09zees

(G)

08%°0
"HELGHZ

$86°0
*00062€G

00e°0
‘09lElLe
008°0

‘91819
(%)

L9g 0
"$GS8EL

005°0
0L8651

ce0°0
‘091€Le

loL*o
‘91819
(€)

£50°0
"HSS8EL

L00*0
0]

100°0
‘0
£60°0
‘0
(2)

000°0
‘0
(1)

(W) *7143q
(N) "o404

(W) *143q
(N) FoMo4

(W) *7143q
(N) 3oyod

(W) *143q
(N) 3oMod
INIOd

(NdzJd) INowa Liclloyt
=INIHIYYIWNOD

(0dWd) INoug 43IMo1
~INIDNI

(OWz4) JINIDNI

=LNIWLYYIHOD

(04z4) INOug ¥dddn
= INIWINYINOD

TOIHIA S97T 000y d0 SOIISIyAIOVYYHD a/d INoYJ

Froht Structure Matrix, 40 MPH Layout

Table 17¢

- 99 -



NM.O_..._ J1OIH3A Om._.<w_om._.z_ d314IaoN @
AN HOYVISTY
[w]s
90 9-0 v zeg 0-q,
——1 V[
M B2 g
. T
\“/M@»Ea * 9~Zv.:.u_
[w]s s o
9°0 9°0 ¥0 0 eﬁv 80 9°0 0 20 oﬁu m
] /1] T osA |
SZw ¥
—MMW | ¥ T, ENREEREET
TS
05 T T HHH%.MHQ%-M
LT e
1. T uﬁzv:.._

o

AWANG ANV JT2IHIA SgT 0002 40
SOILSIYILOVEVHD a/ 4 V3LV 2ISvg



7.3.1 Front Structure F/D Characteristics, Curb Weight
and Load of the Striking Vehicle

frontal Structures, which were selected, have on dummy
loads and side Structure deformation in 90° side
impacts with 30 mph can be seen in Table 18.

The values relate to the 2000 1bs vehicle struck by
the 2000, 3000 or 4000 1bs vehicle.

The reference values in the right column are those

of test 10 with the 27° crabbed Citation ang the base-
line vehicle. The'dummy loads of the simulated side
impact with 3 3000 1bs Striking and a3 2000 1bs struck
vehicle are within the range of this baseline test.

The computer Simulation results Clearly demonstrate
the increasing front structure aggressiveness if the
curb weight of the striking vehicle and/or the layout
velocity is increased for the fixed barrier impact.

The increase of dummy loads during head-on fixed barrier
impacts along with the increasing stiffness of the

35 and 40 mph layout Compared to the 30 mph layout

is shown in Table 19. In each case the same dummy

and restraint Parameters were used.

To reduce the HIC values for the 35 mph layout to

FMVSS 208 limits it was necessary to modify the frontal
Structure in order to achieve a more rectangular F/p
characteristic and to reduce the belt slack by 3 cm,
Tables 20, 20a.
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This concept, however, leads to 3 further increase of
frontal Structure aggressiveness, Table 21. The increase
of dummy loads in simulated side impacts is evident

with the 2000 1bs striking vehicle. There is nearly

no change if the 4000 1bs vehicle is Pared with the

2000 1bs vehicle.

The explanation is, that the simulated dummy has only
a certain resistance, so that the dummy response, even

effect on dummy loads (Table 22). an additional load
of 450 or 900 1bs was Simulated.
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Table 20a: Front Structure Matrix, 35 MPH Layout, 4000 1bs Vehicle
Design Tendency
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7.3.2 Bumper and Longitudinal Frame Member Height
of the Striking Vehicle

The objective of this qualitative analysis was io
demonstrate the influence of the bumper and longitu-
dinal frame member height of the striking vehicle

on dummy loads and side structure deformation during
a 90° side impact at 30 mph.

The bumper heights investigated were within the range
of 300 and 500 mm. Not only the bumper heights but
also those of the longitudinal beams of the front
structure have been taken into account, because both
will influence vehicle and dummy loads. Computer runs
have been performed with the bumper and longitudinal
frame member heights of 300, 350, 400, 450 and 500 mm.

In order to validate the computer program and to establish
the bumper height dependent interaction of frontal

and lateral structures, the baseline tests 10 and 13
without and with bumper/sill engagement were utilized.

The results of experimental and computer simulation

are shown in Tabel 23.

The different bumper and longitudinal frame member heights
mainly influence the side structure reaction force and the
roll behavior of the struck vehicle. The extreme values
are established by the data obtained from tests 10 and 13
with nearly 500 and 300 mm bumper heights. The reaction
force of the upper and lower side structures is nearly

30 $ higher with bumper/sill engagement compared with

the 500 mm bumper height. It was estimated that with

half bumper/sill engagement (350 mm) the force increase
amounts only to 24 %. Overriding the sill the force

level is only 6 % with 400 mm and 3 % with 450 mm

bumper height higher than in test 10.
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The roll behavior of the struck vehicle on dummy loads
is caused by the distance between resultant impact
force and the center of gravity of the struck vehicle.
It was simulated by increasing the side structure
stiffness, as mentioned, and decreasing the dummy/
padding F/D characteristics by lowering the bumper

height. The computer simulation results are shown
in Table 24.

Lateral 90° impacts at 30 mph are simulated with

a 3000 1bs vehicle striking a 2000 1lbs vehicle. Except

for the HIC values there is a continuing decrease

of the chest and pelvic loads of the dummy and a reduction
of the side structure deformation with decreasing

bumper height. With the defined structural characteristics
the lowest HIC value was calculated with a 400 mm

bumper height.
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8. Summary

In Phase I of this pProject, VW AG examined approaches
which appear technically feasible for the 30 mph side
impact with the 19° crabbed barrier and the 35 mph head-on
fixed barrier impact under the following limiting
conditions:

a) Maximum additional weight for the new structure
and restraint system modifications: NG = 20 1bs

b) Maximum Padding thickness without widening the
vehicle, considering seat positioning and contact
by the 95 % male dummy '

¢) To achieve the greatest possible reduction in dummy
loads

d) Maintaining the objective that the design be suited
to mass production.

The objective of Phase II was to investigate the effec-
tiveness of the MIV measures developed in Phase I

under different test configurations, test parameters

and with the crabbed Chevrolet Citations as striking vehicles.

In addition to this experimental side impact simulation
program, VW was requested to analyze through computer
simulation the influence of the F/D characteristics,
vehicle curb weight and load as well as the bumper

and longitudinal frame member height of the striking
vehicle on side impact protection.
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8.1 Tests Performed

In Phase I initial tests were carried out with the
baseline vehicle and the 19° crabbed barrier to constitute
the basis for modifications to be derived to meet

the requirement for increased passive safety in the
defined impact configurations.

Five side impact tests were run with the 4 door base-
line vehicle at 30, 35 und 40 mph to ascertain dummy
response at increasing test velocities.

Two were conducted with the baseline vehicle at 30
and 40 mph in order to evaluate scatter in vehicle
deformation and dummy loading.

One side impact was conducted at 30 mph in order to
evaluate the performance of the MIV. In addition, one
side impact test each was conducted with MIV "Integrated
Structure” only and MIV padding only to demonstrate

the influence of the individual MIV components.

One head-on fixed barrier impact at 35 mph demonstrates
the effect of the MIV structure in conjunction with
increased frontal impact requirements.

The effectiveness of the MIV vehicle layout was eval-
uated in Phase II with Citation/baseline vehicle and
MIV side impact tests at 60 and 90 degree impact angle
at 40 and 34 mph impact velocity respectively. The
crabbed angles of the Citations were 19 and 27 degrees.
The impact point of the left corner of the Citation
was between A-pillar and front wheel and not be tween
A- and B-pillars as it was in Phase I.
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In addition to these tests, one side impact test with
bumper/sill engagement was run with the 27° crabbed
Citation and the baseline vehicle to investigate the
influence of the bumper and longitudinal frame member
height of the striking vehicle on dummy loads and to
validate the computer side impact simulation program.
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8.2 M1V Project Results

Comparison of the Phase I side impact tests 2,5,7 and 8

at the same test velocity with baseline vehicle,

MIV vehicles and components clearly demonstrates that

the best overall results in reduction of dummy loads

were achieved with the combination of MIV structure

and MIV padding (Table 25 and Figures 12, 15 and 17).

It must be noted, however, that the padding configu-
ration utilized in Phase I was not quantitatively assessed
relative to a reduction of occupant comfort and impairment
of vehicle operability.

Evaluation of all Phase I baseline tests (Table 25
and Figure 7) demonstrates that the scatter of dummy
loads is greater than the influence of test velocity.
If tests 1 and 4 are excluded because of difficulties
with the deformation element (test 4) and the new
damper (test 1) modified by NHTSA, repetition of these
tests is necessary in order to be able to provide
more information about the magnitude of scatter. If
evaluation is limited to tests 2, 3 and 6 an increase
of dummy loads with higher impact velocity can be
seen.

The head-on fixed barrier impact was carried out with
the MIV at an impact velocity of 35 mph. The working
Principles of a refined Passive restraint system and a
refined steering system were tested in conjunction with
the newly developed "Integrated Structure". The test
results demonstrated compliance with all Federal Stan-
dards associated with the frontal fixed barrier impact.
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The MIV measures are less effective in the upper

dummy body regions, see tests 9 to 12 (Table 26

and Figures 20 and 21), Phase II. In contrast to the
Phase I results, the MIV measures reduce the driver
dummy loadings in Phase 1II mainly in the pelvic but

less in the head and thoracic regions. This demonstrates
that the M1V measures designed for a less severe crash
condition of Phase I are less effective under the
modified and generally more severe Phase II test
conditions.

Driver dummy head impacts did not occur with the pillars

or the roof frame in any of the tests performed. That is

because the interaction of the dummy body parts with

one another and the interaction of the thorax and pelvis

with the inner door panel influences the kinematic of

the dummy, and which in turn depends upon many parameters
simulated by full-scale testing.

The highest reduction of dummy loads in the entire MIV
Project was achieved with the side impact test 13 with
bumper/sil1 éngagement (Table 26 and Figure 22), with
only front structure modifications on the striking
vehicle.

Computer Simulation Results

The qualitative analyses of striking vehicle parameters

on side impact protection clearly demonstrate the increase

of front structural aggressiveness with increasing vehicle

curb weight and/or the fixed barrier layout velocity (Table 18).

The laden weight of the striking vehicle has a minor effect

on dummy loads (Table 22). The reduction of dummy loads

is evident with a reduction of the height of the bumper

and longitudinal frame member of the striking vehicle (Table 23).
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9. Conclusions

The specific goals established by NHTSA for the MIV
Project Phase I were met. The MIV measures demonstrate

a promising potential for dummy load reduction in the
lateral and frontal impacts defined in Phase I. The
realization of NHTSA's Project goals necessitated the
development of an all-new "Integrated Structure;" a
concept in which the greatest number of components is
effective during the defined frontal and lateral impacts.

The dummy load reduction was achieved with a relatively
low overall weight increase and in accordance with
current mass production methods. Comfort and vehicle
operability were not quantitatively assessed for the
MIV padding utilized in Phase I of this project.

The padding utilized in Phase II was furnished by NHTSA.
Occupant comfort and vehicle operability associated with
this Phase 1II padding has reportedly been assessed

by another contractor in a separate effort.

The MIV project results must be seen as limited to the
HSRI side impact dummy as delivered by NHTSA for this
pProject. Assessment of the biofidelity of the HSRI dummy
has been performed in a number of other research efforts.
One such assessment is presented in the FAT study and
reported upon at the 9th ESV Conference in Kyoto and the
27th Stapp Car Chrash Conference in San Diego. The results
of the M1V project, it must be noted, do not purport to
deal with problems of simulation of occupant interaction
in collision situations.
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Considering secondary weight, which is necessarily
required in order to correspondingly stiffen the load
bearing structures and the chassis, the added weight

of the MIV components amounts to 25 1lbs. All of the
requisite structural and secondary changes would result

in a retail price increase of approximately DM 900, if

the particular vehicle were modified during the production
run. The price increase would be somewhat less, if the
modifications were incorporated at the outset of the
design and development process.

The estimated data relates to a specific vehicle with a
specific engine/transmission concept from one manufac-
turer, without considering other concepts, as air condi-
tioner, power steering, etc. No statements of a general
nature can be derived from this test series at the present
time. Furthermore, the crash results achieved refer in
each case to only one test.

Further tests with a widened MIV incorporating MIV padding
may need to be conducted to evaluate the effect of increased
distance between dummy and side padding, required for
comfort and vehicle operability for the Phase I padding,
upon dummy loads and to test the Phase I results achieved
with closer dummy/padding proximity. It must be emphasized
that increase in overall vehicle width will necessarily
effect vehicle weight, payload, aerodynamic drag and

other coefficients, fuel consumption and possibly

consumer acceptance.
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The potential for dummy load reduction in the upper body
regions is less under the more severe impact conditions
of Phase II. These results indicate that further research
is necessary in the complex field of side impact occupant
Protection to find a means of Providing the best overall
Protection for the entire vehicle population and relevant
collision types to justify incorporation of the M1V
Structures and components tested into production vehicles.
It needs to be determined whether other measures will

be more effective than the Phase I M1V measures. A promi-
sing step in this direction is shown with the experimental
and computer simulation results of the reduced bumper

and longitudinal frame member height of the striking
vehicle.

In order to realize increased pPassive safety for the
entire vehicle population, the side impact protection
study should be expanded to various vehicle types
considering:

- purchase price

- fuel consumption

- comfort

- vehicle operability

= compatibility

= economic use of resources.

In view of universally accepted considerations of fuel
economy and economical use of resources, additional weight
should only be incorporated in vehicles where associated
advantages clearly outweigh all associated disadvantages
and it is assumed that available restraints are used.

The use of Occupant restraints available today and
required to be used in 30 countries, is a prerequisite

for the achievement of increased passive safety through
the incorporation of MIV structures.
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Head-on fixed barrier impact at an increased velocity

of 35 mph can otherwise lead to an overall decrease

in passive safety levels if available restraints are

not employed because MIV-type frontal structures devel-
oped under this contract will necessarily be stiffer

and produce correspondingly higher loadings to the
occupants of MIV-type vehicles in single vehicle impacts
and to the occupants of both vehicles in car-to-car
collisions.

All available research should be evaluated and further
research will be needed to verify and correlate dummy
loads and occupant injuries with proposed test configu-
rations and real world accident experience before
incorporation of MIV modifications can be justified.
The results of this research Project as well as those
of other projects dealing with péssive safety matters
demonstrate that single isolated measures, considering
all previously described limiting conditions, are

not the means to achieve an optimum increase in overall
vehicle safety. The "Integrated Structure" with MIV
padding of the Research MIV is the only parameter
considered in this project.

The results of this Project demonstrate that frontal

and lateral structure layouts for the striking and

struck vehicle may have to be considered in an integrated
approach.

Further research is required to develop and match
frontal and lateral structures, taking into account
the important considerations of vehicle compatibility
and a car layout for an economically justified optimum
occupant protection.
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The highest potential for dummy load reduction in

the MIV project lateral impact tests was achieved

with "front structure only" modifications of the striking
vehicle by simulating the reduction of bumper and
longitudinal frame member height.

The joint NHTSA and vw research MIV project is an
important step, but only one of many which must be taken
in the complex research effort necessary to realize
further increases in existing levels of passive safety
in real world lateral and frontal collisions.
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