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EXECUTIVE SUMMARY

Two areas of current interest and activity in automotive safety are the
protection of occupants in side impacts and the protection of pedestrians.
During the past ten years a variety of projects have been conducted to study
the interaction of pedestrians with motor vehicles. Somewhat more recently
the emphasis has been on studying the interaction of a vehicle occupant with
side door structures. Experimental studies have utilized both dummy and
cadaver test subjects and a variety of vehicle types, both experimental and
production. Analytical studies have been conducted using both two- and
three-dimensional crash simulation models.

An FY 80 project at HSRI supported by MVMA had the objective of review-
ing past simulation efforts on these two topics and developing practical
baseline data sets for use with three-dimensional crash simulation software.
This report details the extension of these three-dimensional data sets to
two dimensions. The resulting baseline two-dimensional data sets have been
developed for use with the existing Version 4 of the MVMA two-dimensional
dynamic occupant/pedestrian simulation (DOPS).

The data sets have been described in the language of anticipated auto-
motive users. The procedures and assumptions used in developing the data
have also been explained. Sample outputs and graphical results from compu-
ter exercises using the data sets are included. It was found that the two-
dimensional approach yields kinematic results which are quite similar to
those obtained using a three-dimensional simulation. In order to make the
predictions more realistic than those obtained during the three-dimensional
modeling project, friction between the pedestrian and the vehicle as well as
energy absorption by the various contact panels were added. The improvements
were dramatic.

There are two versions of the MVMA two-dimensional dynamic occupant/pe-
destrian simulation (DOPS) which are in use at present - Version 3 and Ver-
sion 4. Version 3 is most commonly used in the automobile industry while
Version 4 is most common outside. The data sets used in this project should
be applicable to both versions although it is anticipated that some storage
problems could arise in the pedestrian simulation using Version 3 due to the
large number of potential contacts.
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1.0 INTRODUCTION

The objective of this project has been to modify baseline data sets
developed for use with the Calspan three-dimensional crash victim simula-
tion (HSRI Version, 1981) to a form compatible with Version 4 of the MVMA
two-dimensional dynamic occupant/pedestrian simulation (1). This project
is a continuation of Project 1150 from Fiscal Year 1980 (2).

This report describes the baseline vehicle geometry in Part 2. The
occupant and pedestrian along with their contact interactions with the
vehicle are described in Parts 3 and 4. The baseline data sets and a
sampling of the resulting computer program output are given in Part 5.



2.0 THE VEHICLES

In order to define the geometry of vehicle components with which
an occupant might possibly interact during a side impact event or the
front exterior components of a vehicle in the case of a pedestrian, it
was necessary to obtain measurements from existing vehicles. Three
vehicles were selected which are representative of the most modern
domestic small car production.

For the front exterior of each vehicle, at least three points were
measured with respect to a common inertial coordinate system to define
the following surfaces approximately as planes:

bumper

grille
hood
windshield

roof

For the vehicle interior the following surfaces were anticipated to be
involved during lateral or 300° oblique impact:

- seat cushion

- seat back

- front door sill region (foot/lower leg contact)

- door panel lower region (hip and upper leg contact)
- door panel upper regicn (head contact)

- window panel (head contact)

- door header (head contact)

- floor (foot contact)

- B-pillar (head contact)

Other data were obtained which would make it possible to expand the
simulation to cases of frontal impact.

2.1. BASELINE INTERIOR FOR SIDE IMPACT

Fiqure 1 illustrates the individual and average baseline panel
locations which form the basis for construction of a side impact data set.

These data are used in constructing the actual data sets described in
Part 5 of this report.
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2.2. BASELINE EXTERIOR FOR PEDESTRIAN IMPACT

Figure 2 illustrates the individual and average baseline panel lo-
cations which form the basis for a vehicle exterior intended for use in
simulation of a pedestrian accident event. The baseline location has
been used in constructing the actual data set described in Part 5 of this
report. One surface which is not shown is the interface between the
grille and hood. There was no clear definition for such a surface based
on simple vehicle exterior measurements. Selection of a surface to re-
present this region was made to describe the intersection between the
grille and the hood - a region which is estimated to have force-deforma-
tion properties different from those used to model the hood or grille
regions.
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3.0 THE OCCUPANT AND PEDESTRIAN MODELS

During the previous project a survey was conducted to identify
sources for the most complete and recent data sets describing, in three
dimensions, an occupant in a side impact simulation and a pedestrian.
Surprisingly Tittle information was publiciy available at the time. More
recently, the Version 20 release tape containing the Calspan CVS included
the most recent Part 572 experimental data. Although the data are not
yet documented in a written report, they are so much more complete than
any available up to this time that they were selected for use in con-
structing the baseline data sets for the current project.

3.1 OCCUPANT FOR SIDE IMPACT SIMULATION

There were two steps in selecting the occupant. The first step was
to project the original three-dimensional geometry to two dimensions.
The second was to adjust the data to reflect the new Part 572 parameters.
Figures 3 and 4 show side and rear views of the occupant model as they
were modeled in three dimensions. Figure 5 illustrates the two-dimen-
sional projection as it was used for the MVMA 2-D simu]ations. It should
be noted that occupant outlines, as defined by contact ellipses, are very
similar in Figures 4 and 5. The primary differences are the lack of a
right arm and the lumping together of the left and right leg masses.

The numerical values for quantities such as segment mass, moment of
inertia, position in space, ellipse axes, 1ink angles, and joint proper-
ties are included in Part 5 which contains the complete listing of the
output of the input data set. The mass of the upper arm was added to the
torso while the mass and inertial properties of the upper and lower legs
were combined. The new Part 572 data supplied with Calspan CVS Version
20 were used as a basis.

3.2 PEDESTRIAN FOR IMPACT SIMULATION

The original three-dimensional pedestrian data set represented a
person walking perpendicular to the path of the vehicle. Figure 6 shows
the left side of the pedestrian with the left front of the vehicle be-
hind him. In Figure 7 the view is that of the back of the pedestrian
with a front-to-rear section of the vehicle projected through the y-



coordinate of the lower torso center of gravity. This section is on the
left, or driver's side of the vehicle. This view was used as the basis
for projecting the three-dimensioha] geometry to two dimensions as is
shown in Figure 8. The outlines of the pedestrian, as defined by the con-
tact ellipses, are similar in Figures 7 and 8. The differences are on

the left side of the body in the arm and leg. The Teft arm is deleted

and the mass Tumped with the torso.

It was necessary to simplify the linkage for the two-dimensional
case. To simulate the presence of two legs, a feature believed to be
important because of the large mass and inertial properties of these
segments as well as the fact that the initial energy transfer to the
Tinkage is through the legs, two joints (4 and 5 as shown in Figure 8)
were superimposed at the hip pivot point. This mechanism allowed the
mass of the left leg to be represented by M4 while the right upper leg
is represented by M5 and the right lower leg by M6. Contact between the
left and right legs or between any of these segments and the vehicle is
through the contact surfaces which are not affected (in inertial space)
by this rearrangement of the linkage. The left and right legs pivot
independently at the "hip."

The numerical values for quantities such as segment mass, moment of
inertia, position in space, ellipse axes, link angles, and joint proper-
ties are included in Part 5 which contains the complete listing of the
output of the input data set. The pelvic mass is ordinarily associated
with the link between joints 4 and 5. As this Tink is now being used to
simulate the leg Teg (M4), the pelvic mass is moved to the 1ink between
joints 3 and 4 and Tumped with the abdominal mass. The locations for
centers of gravity, the mass values, and the moments of inertia are all
derived from the new Part 572 data.

In the original three-dimensional simulation, all joints were free
of constraints. It is believed that this is due to the fact that a pur-
pose of simulation was to model the kinematics of a cadaver with no muscle
tension to keep the body erect. The correct values for joint flexual pro-
perties were included to simulate Part 572.
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A feature of the three-dimensional simulation was a special joint
to model breaking of the Tower leg. Because of limitations in the number
of available masses for the MVMA 2-D model, breaking of the knee was sub-
stituted. This was handled by locking the joint using the Conlomb fric-
tion joint resistance option. The friction value was set at an estimated
lateral knee joint fracture level.

14




4.0 CONTACT INTERACTIONS WITH THE VEHICLE

A variety of contacts are allowed for both the occupant with the
vehicle interior and the pedestrian with the vehicle exterior. Occu-
pant or pedestrian ellipses may contact either flat panels attached to
the vehicle or other of the ellipses on the subject. Table 1 shows the
potential contacts which are allowed for the side impact occupant while
Table 2 refers to the pedestrian.

The force-deflection characteristic curves governing interactions
between the occupant or pedestrian and the vehicle have been derived
from a variety of sources. Some are based on idealized vehicle compo-
nent tests. Others are hypothetical estimates chosen to fill voids in
our compilation of published, realistic vehicle descriptive data. ATl
are intended to be treated as baseline data which should be replaced
when measured data are available for use in actual engineering studies.

4.1 VEHICLE INTERIOR FORCE - DEFORMATION CHARACTERISTICS

Five different force-deflection characteristic curves are used to
define the properties of the contact surfaces used to define the vehicle
interior for side impact. Figure 9 illustrates the curve for a struc-
ture entitled, "panel." Tabular implementation of these data define the
deformation of the header, front door sill, and hip panel region. The
door panel shoulder region contact surface is modeled as a fifth order
polynomial fit to the table. The symbol "x" on Figure 9 shows the
closeness of fit of this polynomial. The polynomial form is used for
this contact surface to allow mutual deformation of the vehicle and occu-
pant thorax. These data are derived from dynamic deformation tests of
door interiors and represent a somewhat stiffer structure than that used
in recent side impact simulations by Padgaonkar and Prasad (3). Because
of a Tack of experimental information on the header and front door sill,
the data shown in Figure 9 have also been selected as hypothetical esti-
mates for these surfaces.

Figure 10 shows the representative force-deflection curve for side
window tempered glass which has been selected for inclusion in the data.

15



TABLE 1. OCCUPANT/VEHICLE INTERIOR CONTACTS

E1T1ipse Name Contact Panel or Ellipse Name
Head Window

Head Header

Head B-Pillar
Upper Torso Door

Lower Torso Seat Cushion
Lower Torso Hip Panel
Right Upper Leg Seat Cushion
Right Foot Floor

Left Upper Leg Seat Cushion
Left Upper Leg Hip Panel
Left Lower Leg Door Sill
Left Foot Floor

Left Foot Door Sill
Left Upper Arm B-Pillar
Left Upper Arm Door

Left Lower Arm Door

16



TABLE 2. PEDESTRIAN/VEHICLE EXTERIOR CONTACT

E11ipse Name Contact Panel or Ellipse Name
Head Windshield

Head Hood

Head Car Front (Grille Top)
Head Roof '

Upper Torso Roof

Upper Torso Windshield

Upper Torso Hood

Upper Torso Car Front (Grille Top)
Lower Torso Windshield

Lower Torso Hood

Lower Torso Car Front (Grille Top)
Lower Torso Gr11* (Grille)

Right Upper Leg Hood

Right Upper Leg Gr11* (Grille)

Right Upper Leg Car Front (Grille Top)
Right Upper Leg Left Upper Leg

Right Knee Bumper

Right Shin Bumper

Right Foot Ground

Right Foot Gr11* (Grille)

Left Upper Leg Hood

Left Upper Leg Gr11* (Grille)

Left Upper Leg Car Front (Grille Top)
Left Lower Leg Bumper

Left Foot Ground

Left Foot Bumper

Left Foot Gr11* (Grille)

Right Upper Arm Hood

Right Upper Arm Windshield

Right Lower Arm Hood

Right Lower Arm Gr11* (Grille)

Right Lower Arm Car Front (Grille Top)

*Note: The term "Grl11" is the name used in the data set for the word
"Grille".

17
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This is an idealization of data presented at the 11th Stapp Car Crash
Conference by Siemonsen and Bruckner (4). It should be noted that tem-
pered glass holds substantial force for a larger deformation than an-
nealed or laminated glass due to its larger bending stiffness. It is
presumed that the glass panel breaks upon reaching a deflection of 0.5
inch and behaves elastically until that deformation is reached.

The floor, seat back, seat cushion, and B-pillar are modeled as
lTinear polynomials in force and deformation. The following coefficients
were supplied with the original frontal impact data set by Calspan Cor-
poration while the B-pillar coefficient is a hypothetical estimate:

1. Seat back and seat cushion - 40 1b/in.
2. Floor - 860 1b/in.
3. B-pillar - 4000 1b/in.

4.1.1 INTRUSION OF VEHICLE COMPONENTS DURING SIDE IMPACT

Figure 11 shows the intrusion of the hip and door contact surfaces
during the baseline side impact accident event. The overall motions of
the vehicle take place in the coordinate system indicated in the figure.
However, in the case of intrusion, the various components of the vehicle
move and deform with respect to the vehicle. To represent this physi-
cally observed phenomena and to provide a realistic, but hypothetical,
example for the baseline exercise, the hip panel and door are seen to be-
gin intrusion at 5 ms and continue moving inward until 30 ms when they
stop with respect to the remainder of the vehicle. Total intrusion is
5 inches. The software is capable of linear motion, as is the case used
in this example, and also of panel rotation.

4.2 VEHICLE EXTERIOR FORCE-DEFORMATION CHARACTERISTICS

Three different force-deflection loading characteristic curves are
used to define the properties of the seven contact surfaces which define
the vehicle exterior and ground for pedestrian impact. A1l these curves
are linear polynomials in deformation. The roof, windshield, hood,
grille (GRLL), and bumper have a coefficient of 1000 1b/in. The ground
coefficient is 470 1b/in. The grille top (car front) surface was to be
twice the average of the hood and grille, which is 2000 1b/in. The body
ellipses are all assumed to be rigid.

20
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Although the force-deflection loading curves used with the MVMA
2-D model are the same ones used in the three-dimensional simulations,
the unloading curves are not. Pedestrian kinematics observed in the
three-dimensional simulations and in the initial two-dimensional simu-
lations resembled those of a rubber ball bouncing off the hood of the
vehicle. These unloading curves demonstrated pure elastic behavior.
To compensate for this problem the input data for unloading define an
energy absorption of 99%. This had a marked effect on eliminating the
marked vertical motion of the pedestrian.

Even with the changes just mentioned the results with the MVMA
2-D model still were not good. The pedestrian was not conforming to
the vehicle, but rather, was sliding off. Contact friction was added
for all interactions of the pedestrian with the vehicle. This change
served to simulate the pedestrian in a manner similar to that observed
in high speed movies of experimental impacts. It should be noted that
contact with the ground was already modeied by a friction coefficient
of 1.0 in both the MVMA 2-D and three dimensional simulations.

These data are incomplete and represent only hypothetical esti-
mates for the properties of a vehicle exterior. It is recommended that
the force-deformation and friction data contained in this baseline be
regarded as preliminary and that further work should be done to improve
their quality.

22



5.0 THE COMPUTER EXERCISES

The purpose of this part of the report is to present the numerical
details of the two baseline data sets and give summary details of the
resulting computer exercises. For a complete copy of the simulation
output it is necessary to exercise the data set or obtain a copy of the
tape containing the exercise from MVMA or HSRI.

5.1 VEHICLE DECELERATIONS AND MOTIONS

The dynamics of the side impact simulation are initiated by forcing
an acceleration of the occupant compartment. This causes the vehicle
(and its contact surfaces) to begin to move with respect to inertial co-
ordinates. Superimposed upon this movement is the prescribed intrusion
of the side door hip contact panel with respect to the vehicle coordinate
system. The occupant, initially at rest with respect to both inertial
and vehicle coordinate systems, is carried along by the vehicle motions
through impacts with the vehicle interior contact surfaces. The lateral
acceleration profile applied to the vehicle is shown graphically in Figure
12.

The pedestrian impact is initiated by prescribing motions for the
vehicle which is given an initial velocity of 10 mph and maintains this
non-stop velocity throughout the simulation. The contact surfaces of the
vehicle are rigidly attached to the moving vehicle coordinate system. The
occupant is motionless in inertial space at the beginning of the simula-
tion and begins dynamic excursions when impacted by the bumper. The con-
tact surface representing the ground does not move.

23
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5.2 SIDE IMPACT INPUT DATA

This part of the report contains the numerical details of the base-
Tine MVMA 2-D side impact data set. Table 3 contains the output of the
input data set after the input file has been processed by the IN section
of the program. Not all pages are included. Those which are contain
details of the linkage, joints, masses, inertial properties, contact
ellipses, and program controls. Table 4 is a copy of the baseline data
file which was constructed for the exercise.

25
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JUN 16, 1981 10:22:09

MAXITMUM STEP TO SEARCH FOR BALANCE

SIDE INPACT #1 -- 12 DEGREES
LEFT ARM-ARM LINKS/RIGHT ARM-LUMPRED WITH TORSO/RIGHT AND LEPT LEGS-LUMPED TOGETHER

INTEGRATION CONTROLS

IN SHARED DEFLECTION

MINIMNUM STFP TO SEARCH FOR BALANCE IN SUARFD NDEFLRCTION

MAXIMOM FORCF FOR RYIGIND-RIGID CONTACT

600.00 (LB)

LINEAR FLASTIC COEFFICIENT FOP RIGID-RIGID CONTACT

VER. & PAGE 2-00
OCCUPANT IS STRUCK FROM LEFT SIDE

0.200 (IN)

0.020000 (IN)

500.00(LB/IN)

MAXTMUM NUMBFR OF ITERATIONS TO FIND PORCE BALANCE 30

FRACTION OF CHRRENT RAMP LFENGTH FOR VELOCITY CHANGE IN MOVING CONTACT LINES 0.050

NUMBER OF INTFGRATION STEPS FOR MAXIMUM RAMP LENGTH FOR VELOCITY CHANGE IN MOVING CONTACT LINES 10.

MINIMOM RATIO OF SHORTER TO LONGER SEMI-MAJOR AXIS FOR ELLIPSE TO BE TREATED AS CIRCLE 1.000

FRACTIOEAL POSITION OF CIRCLE CENTFER ALONG SEMI-MAJOR AXIS

RELATIVE TO POSITION FOR CIRCLE~FELLIPSE TANGENCY AT END OF AXIS 1.000

DEBUGGING CONTROLS

TIME TO SET DEBUG SWITCHES (MSEC) 0.0 2000.0000 0.0 0.0
DEBNG SWITCH SETTING IN HEXADECIMAL FORMAT 00000000 00000000 00000000 00000000
TIMNE TO SET DEBUG SWITCHES (MSEC) 0.0 0.0 0.0 0.0
DEBNIG SWITCH SETTING TN HEXADECTIMAL FORMAT 00000000 00000000 00000000 00000000

DEB0G CONTROLS ARE TO OPERATE FOR

TABLE 3. Outr
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JOUN 16, 1981 10:22:09 SIDE IMPACT #1 -- 12 DEGREFS VER. U PAGE 3-00
In-2D: LFFT APM-ARM LINKS/RIGHT ARM-LUMPED WITH TORSO/RIGHT AND LTFT LEGS-LUMPED TOGETHER OCCUPANT IS STROCK PROM LEFT SIDE

BODY PARAMETERS

BODY SEGHENT LENGTHS (TN) END OF LINK TO CFENTER-OF-MASS LENGTHS (IN) MASS OF BODY SEGMENTS (LBS SEC*%2 IN)
HEAD LFNGTH= 0.0 HEAD/NECK JOINT-HEAD CM LENGTH= 3.23 HEAD MASS= 0.0250
UPPER TORSO LENGTH= 8.80 NFCK-CHEST CM LENGTHS= 2.15 CHEST MASS= 0.0950
MIDDLE TORSO LENGTH= 4.70 NPPER TORSO JOINT-MIDDLF TORSO CM LENGTH= 2,25 MIDDLE TORSO MASS= 00,0310
LOWFPR TORSO LFENGTH= 4,89 LOWER TORSO JNINT LOWER TORSO CM LENGTH= 2,45 LOWER TOBSO MASS= 0.0980
HIP-KNEE LENGTH= 4,24 HAIP-OPPER LEG CM LENGTH= 2. 20 UPPER LEG (BOTH LEGS)= 0.0900
UPPER TNRSO-SHOULDER= 0.0 KNEE-LOWER LEG CM LENGTH= 6.05 LOWER LEG {BOTH LEGS)= 0.0500
SHOULDER-FLBOW LFNGTH= 10.70 SHOULDER-UPPER ARM CM LENGTH= 5.25 UPPER ARN (BOTH ARAS)= 0.0120
X REST POINT OF SHOULDER= 1.57 ELBOWN-LOWER ARM CM LENGTH= 0.57 LOWER ARM (BOTH ARNS)= 0.0120
Z R¥ST POINT OF SHOULDER= -7.60 ° HEAD-NECK MASS= 0.0036
UPPER TORSO-NBCK MASS= 0.0011
HOMENTS OF INERTIA "NATURAL" LINK ANGLRES INITIAL BODY LINK ANGLES INITIAL ANGULAR YELOCITIES
(ABOUT CHM) {FOR ZRRO TORQUE) (RFLATIVE TO VERICLE) (RELATIVE TO VEHICLE)
(LBS SFC*%2 IN) (DEG) (DEG) (DEG/SEC)
HEAD 0.2970 0.0 90.00 0.0
UPPRR TORSO 2. 1700 0.0 90.00 0.0
MIDDLE TORSO 0.3100 0.0 90.00 0.0
LOWEP TORSO 1. 7800 0.0 90.00 0.0
OPPER LRG 0.7700 -180.00 90.00 0.0
LOWFR LEG 1.0000 180.00 -90.00 0.0
UPPER ARM 0.1370 0.0 -90.00 0.0
LOWFER ARM 0.2700 0.0 -90.00 0.0
NFCEK 0.0 90.00 0.0

OCCUPANT JOINT PARAMETERS

\

LINEAR ANG'ILAR QUADRATIC ANGULAR COBIC ANGULAR >~ CONSERVED-ABSORBED
DEFLECTION COFF. NEFLECTION COEP, DEFLECTION COEF, ENERGY RATIO
(TN~-LBS/DEG) (IN-LBS/DEG#%2) {IN-LBS/DEG#**3)

HFAD-NECK FORWARD 31.20000 0.0 0.0 1.00
NFCK~UPPER TORSO FORWARD 31.20000 0.0 0.0 1.00
UPPFR SPINF 50. 00000 0.0 0.0 1.00
LOWER SPINE 50.00000 0.0 0.0 1.00
uip 16.00000 0.0 0.0 1.00
KNFF 0.0 0.0 0.0 1.00
OPPER ARM-TPPFR TORSO 0.0 0.0 0.0 0.0
ELBOW 0.0 0.0 0.0 0.0
HEAD-NECK REAR 31.20000 0.0 0.0 1.00
NPCK-UPEER TOPSO RFAR 31. 20000 0.0 0.0 1.00
NFCK (FYTFNSIBLF) * % 751. 00000 0.0 757.00000 NA
SHOULDER (EXTENSIBLE) #% 1000. 00000 0.0 800.00000 1.00
NFCK (COMPRESSIBLE) == 751.00000 0.0 757.00000 NA

** UNITS FOR THE NECK (FXTFNSIRLE), (COMPRESSTRLE) AND SHOULDFER (EXTFNSIRLF) PARAMETERS ARE GIVEN IN THE ROW BELOW
(LD/TN) (LB/IN**2) (LB/IN*%3)

- TABLE 3. Output of Baseline Input Data Set. Side Impact (Page 3 of 8).
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JUN 16, 1981 10:22:09 SINDE IMPACT #1 -- 12 DEGREES VER. 4 PAGE  5-00
3p-2P: LEFT ARM—ARM LINKS/RIGHT ARM-LUMPED WITH TORSO/RIGHT AND LEPT LEGS~LUMPED TOGETHER OCCHUPANT IS STRUCK FRON LEFT SIDE
INTTIAL CONDITTONS FOR WPPER TORSO AND NECK
INTTIAL (X,Z) COORPINATF OF CENTERLINE POINT NUM.1 RELATIVE TO VEHICLE ORIGIN IN (IN) ( 0.0 , -29.00)
INITTAL (X,7) VFLOCITY OF CENTERLINE POINT NUM. | RELATIVE TO VEHICLE ORIGIN IN (FT/SEC) ( 0.0 , 0.0
TNITIAT. NECK LENGTH 4, A9 (IN)
INITIAL RATF OF EXTENSION DP NECK 0.0 (IN/SEC)
INITIAL SAOULDRER LOCATION AND VELOCITY RELATIVE TO UPPER TORSO ATTACHMENT
INITIAL (X,2) COORDINATES OF SHOULDER JOINT RELATIVE TO UPPER TORSO ATTACHMERT POINT IN (IN){ 0.0 , 0.0 )

INTTIAL (X,Z) VELOCITY IN UPPER TORSO SYSTEM IN {IN/SEC) ( 0.0 0.0 )
OCCUPANT ACCELEROMETER AND BELT ATTACHMENT PARANETERS
NISTANCE ALONG HEAD-NECK CENTERLINE TO HEAD ACCRLEROMETER 3.19(IN)

DPYSTANCE ALONR UPPFR TORSO CENTERLINE TO CHPEST ACCELEROMETER 2.13(1W)

VEHICLE INITIAL CONDITIONS AND ACCELEROMETER LOCATION

(X,%Z) COORDINATES OF VEHICLE ORIGIN IN (IR) { 0.0, 0.0)

INITTAL ({X,7) VEHICLE VELOCITY IN (FT/SEC) ( 0.0 , 0.0 )
INTTIAL VEHICLE PITCH ANGLE 0.0 (DEG)

INITIAL VRHTICL® PITCH ANGULAR VELOCITY 0.0 (DEG/SEC)

{(X,7) COORDINATES OF VEHICLF ACCELEROMFTER TN (IN) ( 0.0 , 0.0 )
MASS D¥ VFHICLE 0.0 (LBS SFC**2/IK)

TABLE 3. Output of Baseline Input Data Set. Side Impact (Page 5 of 8).
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JUN 16, 1981 10:22:09 SIDE IMPACT %% -- 12 DEGREES VER. 4 PAGE 10-00
3n-2D: LEFT ARM-ARM LINKS/RIGHT ARM-LOUMNPED WITH TORSO/RIGUT AND LEFT LEGS-LUMPED TOGETHER OCCUPANT IS STRUCK FPROM LEFPT SIDE

ELLIPSES ATTACHED TO THR NUPPER LEG

NANME OF FLLIPSF IS LEFT "PPER LEG ELLTPSE IS ASSUMED RIGID FRICTION CLASS IS 1

X-COORDINATE OF ELLIPSE CENTER IN BODY SEGMENT COORDINATES= 0.782(IN)
Z-COORDINATE OF ELLIPSR CENTER IN BODY SEGHENT COORDINATES= -4.450 (IN)

SEMI-AXIS LENGTH ALONG X-COOBDINATE= 3.729(IN)
SEMY-AXLS LENGTH ALONG Z-COORDINATE= 3,740 (IN)

RFGIONS WHICH ARE ALLOWFED TO CONTACT TUF ELLIPSE LEFT UPPER LEG

SEAT CUSHION

HIP PANEL

NAME OF ELLIPSE IS RIGHT WPPER LEG ELLIPSE IS ASSUMED RIGID FRICTION CLASS 1S 1

X-COORDINATF OF PLLIPSE CENTER IN BODY SEGMENT COORDINATES= 0.782(IN)
Z-CONRDINATE OF ELLIPSFE CFNTFR IN BODY SEGMENT COORDINATRES= 4,850 (IN)

SENI-AXIS LENGTH ALONG X-COOBDINATE= 3.729(IN)
SEMI-AXIS LENGTH ALONG Z-COORDINATE= 3.780{(IN)

REGIONS WHICH ARE ALLOWED TO CONTACT THE ELLIPSE RIGHT WPPER LEG

SEAT CYUSHION

ELLIPSES ATTACHED TO THE LOWER LEG

NWAME OF FLLIPSE IS LEFT LOWER LEG ELLIPSE IS ASSUMED RIGID PRICTIOR CLASS IS 1

X-COORDINATE OF FLLIPSE CENTER IN BODY SEGMENT COORDINATES= -0,364 (IN)
Z-COORDINATE OF ELLIPSE CENTER IN BODY SEGMENT COORDINATES= &.450 (IN)

SEMI-AXIS LENGTH ALONG X-COORDINATE= 7.338(IN)
SEMI-AXIS LENGTH ALONG Z-COORDINATE= 2,230 (IN)

REGIONS WIICH ARE ALLOWED TO CONTACT THE ELLIPSE LEFT LOWER LEG

DOOR SILL

NAME OF ELLIPSE IS LFPT FOOT ELLTPSE IS ASSHUMED RIGID FRICTION CLASS IS 1

X~-COORDINATF OF FLLIPSE CENTER IN BODY SEGMENT COORDINATES= 5.322(IN)
Z-COORDINATFE OF ELLIPSE CFNTER IN BODY SEGNENT COORDINATES= 4.450(IN)

SENI-AXIS LENGTH ALONG X-COORDINATE= 3,999 (IN)
SEMI-AXIS LENGTH ALONG Z-COORDINATE= 1.800(IN)

REGIONS WHICH ARE ALLOWED TO CONTACT THF FLLIPSE LEFT FOOT

FLOOR

DOOP STLL

NAME OF FLLIPSE IS RIGHT *OOT ELLTPGE IS ASSUMED RIGID FRICTION CLASS IS 1

X-COORDPINATE OF FLLIPSE CFRHNTFP IN BODY SEGMENT COORDINATES= 5§, 322(IN)
Z~COORDTNATE OF ELLIPSE CENTER TN BODY SEGMENT COORDINATES= -U4.U50(TN)

TABLE 3. Output of Baseline Input Data Set.

SEMI-AXIS LENGTH ALORG X-COORDINATE= 3,999(IN)
SEMI-AXIS LENGTH ALONG Z-COORDINATE= 1.800(IN)

Side Impact (Page 7 of 8).
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SIDE IMPACT #1 --

3n-2n: LFFT ARM~AR
M LINKS/RTGHT ARM-L
UMPED WITH TORSO/RI
GHT AND LEFT LEGS-L

UMPPD TOGRTHPR

OCCUPANT TS STRUCK

FRNOM LFFT SIDE

1. 1.
0. 0.
.2 .02
fMEAD

HEAD

HEAD

OPPER TORSQ
LOWER TORSO
LOWER TORSO
RIGHT NPPEP LFEG
RIGHT FOOT
LEFT WPPER LEG
LEFT UPPER LFG
LEFT LORWER LEG
LEPT POOT

LEFT FOOT

LFFT UPPER ARM
LEFT UPPER ARM

LEFT LOWER ARM
0. 0.

0. 0.

1. 1.

1. 1.

0. 0.
HEAD

HEAD

UPPER TORSO
UPPER TORSO
CENTFP TOPSO
CENTER TORSO
LOWER TORSO
LOWER TORSO
LEFT WPPFR LEG
LFFT OPPER LFTG
LEFT LOWER LEG
L¥FT LOWER LFG
LEFT rooTr

LEFT FOOT

RIGHT WPPER LEG
RIGHT UPPER LEG
RIGHT FOOT
RIGHT FONT

LEFT UWPPER ARYH
LRFT NPPER ARM
LEFT LOWER ARM
LEFT LOWRR ARM
RIGHT LOWER LEG
RIGHT LOWER LEG
0. 8.80333
3.22789 2,15192
.025 .095
.297 2.17

TABLE 4.

32.174
0.
600.
HINDOW
HFEADFR

B-PILLAR

POOR

0.
0.
500.

SEAT CUSHION

NIP PANEL

SFAT COSHION

FLOOR

SEAT CUSHION
nIP PANEL
DOOR STLL

FLOOR

DOOR STLL

B-PILLAR

DOOR
DOOR
0.
0.
0.
a.
1.

0.

0.
0.
0.
0.
0.

0.

THORAX MATERIAL

0.
-1.9563
0.
. 781836
~.36406
5.32208
. 781836
S.32208
0.
0.
~.36406
4, 69511
2.24974

.031
<3

o.

0.

0.
-4.45%
u.un

4. 45
4,45
-u.45
0.

0.
-n.45
45.89074
2.485137

.098
1.78

0.
30.

5.
3.72875
6.
7.33778
6.
3.99875
5.
3.72875
6.
3.99875
7.
6.88
8.
.817523
6.
7.33778
4.24
2.1982
.0930
.77

12 DEGREES

100. 1. 1. 205.
0. 10. .000001 2.
.05 10. 1. 1.

10.7 1.56504 -7.6
6.05105 5,25 . 573436 .76
.050 012 012 .0047
1.0 . 137 .27

Listing of Baseline Side Impact Input Data

100
200
300
400
500
600
700
800
101
102
103
106
106
106
106
106
106
106
106
106
106
106
106
106
106
106
106
107
108
109
110
11
219
220
219
220
219
220
219
220
219
220
219
220
219
220
219
220
219
220
219
220
219
220
219
220
201
202
203
204

File.

(Page 1 of 3).
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120
1”21
122
123
124
125
126
127
128
129
130
in
132
133
134
135
136
137
138
139
140
181
142
143
144
145
146
7
148
149
150
151
152
153
154
155
156
1000
1001
1002
1003
1004
FND OF FILE

DOOR SILL LINT
B-PILLAR LTNE
AIP PANFL LINE
WINDOW LINE
DOORLINE
FLOORLINF

SEAT CMSHION LN.
HEADERLINE
DOOR STLL LINE
B-PILLAP LINE
HIP PANFEL LINE
WIRDOW LINFE
DOORLINE
FLOORLINE

SEAT CUSHTON LN,
HEADERLINE
DOOR STLL LINE
B-PTLLAR LTNF
HIP PANEL LINE
HIP PANEL LINE
HIP PANFL LINE
HIP PANFL JLINF
WINDOW LINE
DOORLINE
DOORLTINFE
DOORLINE
DOORLINE
FLOORLINE

SEAT CUSHION LN.
1. 1.

0. 0.

4, 1.

0. 0.

2. 0.

0. 0.

2. 0.

0. 0.

-1

1. 0.
21. 0.

TABLE 4.

NOOR STLL
B-PTLLAR

HIP PANFL
WINDOW

DOOR

FLOOR

SEAT CNMSHION
1.

1.

1.

4.

1.

4.

1.

1.

-1. -10.5
-1. -15.5
-1. ~-15.5
0. -12.5
S. ~12.5
30. -71.5
100, -7.5
-1. =20,
0. =-15.5
Se -15.5
30. -10.5
100. -10.5
-1, -22.
-1 -22.
0.

0. 0.

1.

S. 8.5
1.

200. 0.
200, 0.
-u0. 40.
0. 1.

.00001
-10.35

0.

95,

-15.5
-10.5
-12.5
-12.5
-7.5
-7.5
-9.
-15.5
-15.5
-10.5
-10.5
22,
12,

0.
8.5

-55.
0.

-53.
-26,
~-41.
-80.
-40.
-u0.
-40.
~-50.
-40.
-40.
-40.
-40.
.00001
-10.35

0.

100.

S.
1.

0.

0.

409
409
409
409
409
409
409
410
410
410
410
410
410
410
410
41
411
411
LRR)
811
411
411
a1
411
411
811
411
511
511
412
601
602

603
6004

1000
1001
1500
1501
1600

Listing of Baseline Side Impact Input Data File.

(Page 3 of 3).



5.3 PEDESTRIAN IMPACT INPUT DATA

This part of the report contains the numerical details of the base-
Tine MVMA 2-D pedestrian impact data set. Table 5 contains the output
of the input data set after the input file has been processed by the IN
section of the program. Not all pages are included. Those which are
contain details of the linkage, joints, masses, inertial properties,
contact ellipses, and program controls. Table 6 is a copy of the base-
line data file which was constructed for the exercise.
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JUN 16, 1991 10:24:11 PEDESTRIAN #1 -- 15 DEGREES VER. 4
3D-2D:RT ARM-ARM TINKS/LT ARU-LOMP®D W.TORSO/RT LEG-LEG LINKS/LT LEG-LOWRR TORSO LINK/TORSO-UP AND MID TORSO LINKS

SIMULATION CONTROL DATA
NO RESTRAINT BELTS PRESFENT

FIXED RUNGE-KUTTA IRTEGRATION METHOD IS MSFED

ACCFLFRATION DUF TO GRAVITY 32. 1TUQ (FT/SFC*#*2)

MINTATH ACCELERATION MAGNITUDE 0.0 (IN/SEC*%*2) OR (RAD/SEC*%2)
REGTINNING TIME 0.0 {MSEC)

FINAL TINF 1000. 00000 (MSEC)

NYMERTCAL INTEGRATION STEP SIZE 5.00000 (MSEC)

OUTPUT PRINT INCREMFNT 5.00000 (MSFC)

OUTPUT PLOT TNCREMENT 540.00000 (MSEC) IF ZERO, NO PLOT RECORDING

ENGLISH ONITS ARF HUSED

STEFRING COLUMN INTFRACTION IS NOT DESIRFD

AIRBAG INTERACTINN IS NOT DESIRED

FLLIPSF-FLLIPSE CONTACTS SPECIFIF®D ON 106 CARDS ARE ALLOWPRD
ELLTPSE-REGIOR CONTACTS SPECIFIED ON 106 CARDS ARE ALLOWED

ELLIPSF-RLLIPSE CONTACTS CAN OCCUR

LENGTH OF SCALING RAMP TO UNSURE CONTINUITY IN CONTACT FRICTION 10.000 (IN/SEC)
FELATIVE FPROR TOLEFANCE FOR SINGULARITY IN MATRIX INVFRSION STEP 0.000001%
CPU TIME LIMIT FOR FXRBCUOTION 2 {MIN)

TABLE 5. Output of Baseline Input Data Set. Pedestrian Impact (Page 1 of 9).

PAGE 1-00
IMPACT FRON RT
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JUN 16, 191 10:24:11 PEDESTRIAN #1 -~ 15 DRGREES VER. & PAGE 2-900
ID-2D:RT ARM~ARM LINKS/LT ARM-LUMPED W.TORSO/RT LFG-LEG LINKS/LT LEG-LOWFR TORSO LINK/TORSO-UP AND MID TORSO LINKS IMNPACT FROA RT

INTEGRATION CONTROLS

MAXIMUM STFP TO SFARCH FOR BALANCE IN SHARED DEFLFCTION 0. 200 (IN)

MINIMIM STFP TO SFARCH FOR BALANCE IN SIHARFD CEFLECTION 0.020000(IN)

MAXIMUM FORCF FOR RIGIP-RIGID CONTACT 600.00(LB)

LINEAR ELASTIC COFFPICIFNT FOR RTYGID-RIGID CONTACT 500.00(LBR/IN)

MAXINMNUM N'"MBER OF TTERATIONS TO FIND PORCE BALANCE 30

FRACTION OF CURRENT RAMP LFNGTH FOR VRLOCITY CHANGE IN MOVING CONTACT LINES 0.050

NUMBER OF INTEGRATICN STEPS FOR MAXIMUM RAMP LENGTH FOR VELOCITY CHANGE IN MOVING CONTACT LINES 10.
MINIMIM RATIO OF SHORTER TO LONGFR SEMI-MAJOR AXIS FOR ELLIPSE TO BE TREATED AS CIRCLE 1.000

FRACTIONAL POSITION OF CIRCLF CENTRR ALONG SEMI-MAJOR AXIS
RELATIVE TO POSITION FOR CIRCLE-FLLIPSE TANGENCY AT END OF AXIS 1.000

DEBIGGING CONTROLS

TIMF TO SFT DPRUG SUITCHFS (MSEC) 0.0 2000.0000 0.0 0.0
DEBNG SHTITCH SETTING IN HEXADFCIMAL PORMAT 00000000 00000000 00000000 00000000
TIME TO SET DEBUG SRITCHES (MSFC) 0.0 0.0 0.0 0.0
DERUG SWITCH SETTING 1N HEXADPCIMAL PORMAT 00000000 00000000 00000000 00000000

DEAUG CONTROLS ARF TO OPERATFR FOR ALL TNTEGRATION FVALUATIONS AT FACH TINE

TABLE 5. Output of Baseline Input Data Set. Pedestrian Impact (Page 2 of 9).
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A

JUN 16, 1981 10:24:11 PEDESTRIAN #1 -- 15 DEGREES VER. 4 PAGE 5-00
3P-2D:RT ARM-ARM LINKS/LT ARM-LUMPED W.TORSO/RT LFG-LEG LINKS/LT LFG-LOWER TORSO LINK/TORSO-UP AND MID TORSO LINKS IMPACT FROM RT

INITIAL CONDITIONS FCR UPPER TORSO AND NECK

INITIAL (¥X,2) COORDPINATE OF CENTERLINE POINT NUM.1 RELATIVE TO VEHICLE ORIGIN IN (IN) ( 0.0, -87.63)
INITIAL ({X,Z) VELOCITY OF CENTERLINF POINT NUM. 1 RFLATIVE TO VEHICLE ORIGIN IN (FT/SEC) { 14.6667, 0.0 )

INITTAL NECK LENGTH 4.83(IN)

TNITIAL RATE OF EXTENSION OF NECK 0.0 {IN/SEC)

INTTIAL SHOULDER LOCATION AND VFLOCITY RELATIVE TO UPPER TORSO ATTACHMENT
INITIAL (X,2) COORDINATES OF SHOUWLDER JOINT RELATIVE TO UPPER TORSO ATTACHMENT POIYNT IN (IN)( 0.0 , 0.0 )

INITTAL (X,7) VELOCITY IN OPPER TORSO SYSTRM IN (IN/SEC) { 0.0 . 0.0 1]
OCCUPANT ACCFLFROMETER ANN BELT ATTACHMENT PARAMETERS
DISTANCF ALONG HEAD~NECK CENTERLINE TO HEAD ACCELEROMETER 3.19(1NW)

DISTANCE ALONG UPPER TORSO CFNTERLINFE TO CHEST ACCRIEROMETER 2.13(IN)

VEHICLF TNITIAL CONDITIONS AND ACCELEROMETER LOCATION

(X,Z) COORDINATES OF VEHICLE ORUGIN IN (IN) { 0.0, 0.0)

INITYAL (X,2) VEHICLE VELOCITY IN (FT/SEC) ( -14.€67, 0.0 )
TNITLAL VEHTCLE PTITCH ANGLE 0.0 (DEG)

INITIAL VEHICLE PITCH ANGULAR VELOCITY 0.0 (DEG/SEC)

(X,7%) CONRPINATES OF VENICLRE ACCELEROMETFER IN (IN) ( 0.0 , 0.0 )
MASS OF VEHICLE 0.0 (LAS SEC**2/1N)

TABLE 5. Output of Baseline Input Data Set. Pedestrian Impact (Page 5 of 9).
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A

$SIG SNZU T=1M P=500 €=0 PRIN=D * J.H.BECKFR"®

BATCH, DEFERRED UN TV

*#LAST SIGNON WAS: 10327349 WED MAY 20/81

USFR "SNZG*"™ SIGNED ON AT  00:26:34 ON THU MAY 21/81
INCOMING MESSAGES: 1 (1 Nu¥ ACCESSED)

$GET 15WALK 1A

READY.
$.01, $.047
$SOURCE RUNM2D10
$.00, $.047
$EMPTY P1OCL OK
DONE .
$.00, $.047T
$SEMPTY CF8 OK
DONE.
$.00, $.047
$EMPTY CFT7 OK
DONE.
$.00, $.04T
SEMPTY CF9 OK
DONE.
$.00, $.047
$EMPTY CFLO OK .
DONE.
$.00, $.05T
$EMPTIY TSRCA OK
DONE .
$.00, $.057
$EMPTY TSRCB OK
DONE,
$.00, $.057
SEMPTY TOBJA OK
DONE.
$.00, $.057
SLIST #AFD*
1 PEDESTRIAN #1 -— 15 DEGREES 100
2 3D-20: RT ARM-AKM LI 200
3 NKS/LT ARM-LUMPED W 300
4 +TORSO/RY LEG-LEG L 400
5 INKS/ZLY LEG-LOWER T 500
6 OR SO LINK/TORSO-uUP 600
7 AND MID VORSO L INKS ' 700
8 IMPACT FROM RT 800
9 1. 1. 32.114 oO. a. 1000. 5. 5. 540. 101
10 0. 0. 0. 0. Q. 0. 10. . 00000} 2. 102
1l .2 .02 600. 500. 30. .05 10. 1. 1. 103
12 HEAD WIND SHIELD 106
13 HEAD HOOD 106
14 HEAD CAR FRONT 106
15 HEAD RUGF 106
16 UPPER TORSOD ROOF 106
17 UPPER TOR SO WINDSHIELD 106
18 UPPER TURSOD HUGD 106
L9 UPPER TOKSO CAR FRONT 106
20 LOWER TORSO WINDSHIELD 106
21 LOMER TORSO HooD 106
22 LOWE R TORSQO CAR FRUNT 106

TABLE 6. Listing of Baseline Pedestrian Impact Input Data File. (Page 1 of 4).
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5.4 REPRESENTATIVE SIDE IMPACT QUTPUT

Figures 13 through 15 are a graphical presentation of some of the
important kinematic and dynamic variables produced by the computer exer-
cise using the baseline side impact data. Figure 13 shows a sequence of
three contacts as the occupant interacts with the side structures. It
should be noted that significant forces are built up in the lower torso
(hip) region by 30 ms. This point would have occurred much later with-
out the intrusion of the door and hip panels. The upper torso forces
reach their maximum at about 60 ms which reflects the fact that the door
panel is outboard in the vehicle from the hip panel. The left arm (si-
mulating Part 572 rather than dummies with collapsible shoulder struc-
tures) contacts the door at a much earlier period in time. The head
rotates toward the window and hits side structures very hard by 75 ms
after which rebound begins.

Figure 14 shows a trace of the motions of several body segments
during the simulation. Lower torso Tinear motion to the side is rela-
tively small due to the early interaction of the hip with the intruding
hip panel. However, this does not prevent rotation of the lower legs
toward the forward portion of the door structures which are not pro-
grammed for intrusion. The head pitches to the side but interacts only
with the side header and B-pillar. In cases where B-pillar interaction
is not expected, this contact should be suppressed for MVMA 2-D simula-
tions as the B-pillar line will always be inboard from the window line
thus preventing initial window contact. Also, the fact that Tower torso
side motion is limited due to the intrusion prohibits the head from
moving too far to the side. Figure 15 is an assembly of Calcomp plots
produced by the movie generation post-processor routines graphically
documenting the kinematics just discussed.

Table 7 is a summary of all occupant/vehicle contact interactions.
The time, deflection, and force are given for initiation of contact,
peak force, and the final time of a contact event. In one case it is
seen that the peak force occurs at the end of the simulation. For a
further study of the output, including any cases of multiple peaks, it
is necessary to review the complete simulation output.
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Fig. 15. Side Impact Occupant Kinematics. (1 of 2; 0, 20, 30 ms)
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Fig. 15. Side Impact Occupant Kinematics. (2 of 2; 50, 75, 100 ms)
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5.5 REPRESENTATIVE PEDESTRIAN IMPACT QUTPUT

Figure 16 includes a series of frames showing pedestrian kinematics
at various time points during the exercise. The initial bumper contact
with the right knee segment starts at 35 ms, peaks at 45 ms, and is over
by 100 ms. The grille, grille top, and hood also contact the pedestrian
Tower torso and right Tower arm early in the simulation. The right up-
per leg also is observed to contact the left lower leg.

The next sequence of major contacts is observed to take place as
the upper torso rotates over onto the hood. Both segments of the right
arm, the upper torso, and the head are active in this stage of the im-
pact. Following this the pedestrian is pitched upward and in front of
the moving vehicle.

By 815 ms the final stage of the impact event is begun as the feet
hit the ground and the body begins to collapse. Contacts with the moving
vehicle are again sensed near the end of the simulation. A three dimen-
sional simulation would be required to sense whether the pedestrian rolled
off to the side of the vehicle or ends up in a position where the vehicle
can pass over him.

Table 8 is a summary of all pedestrian/vehicle exterior contacts.
As in Table 7, the time, deflection, and force are given for initiation
of contact, peak force and the final time of each contact event.

Figures 17 through 19 give the resultant accelerations predicted in
the upper torso, head, and hip segment while Figures 20 through 23 report
the time history of four important contact interactions. The hip accele-
ration and resulting contact force between the Tower torso and the grille
appear to provide the major initial force in controlling overall body
kinematics. The upper torso and head accelerations peak at a later time.
The Teading force transmitter in this second interaction is the right up-
per arm which interacted with the hood.

It was necessary to "soften" the flexible shoulder element in order
to obtain a successful exercise. A total of 5 inches of shoulder joint
motion in the inferior direction was predicted as the subject rotated
onto the hood (See Figure 16 at 160 ms.)
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It should be noted that the force-deflection curves used to govern
the interactions between the vehicle and pedestrian are hypothetical.
In order to improve the qualitative agreement between the simulation and
observed movies of experimental pedestrian impacts, both energy absorp-
tion and friction were included with dramatic effect. Before inclusion
of these factors, the results very nearly matched the predictions ob-
tained in the earlier project using the HSRI version of the CAL3D model.
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59



Fig.

tﬂﬂu

10 mo

10 %0

16.

Pedestrian Kinematics.

60

(2 of 3; 120, 160, 200 ms)



—

080

1080

Fig. 16. Pedestrian Kinematics. (3 of 3; 280, 520, 920 ms)

61



8¥S S6°0 G0¢ 1081 08°1 S61 299 99°0 061 9ul | pOOH PeaH
v6¢ Ly 0001 9s¢€ 9L°§ 066 8l 0¢°9 086

€l ¢0°0 02¢ L9 60°0 GLe L9 60°0 Gle

8¢ ¥0°0 G0¢ 9L¢ LE°0 00¢ 9L¢ Le°0 00¢

9L €L'o  [ssL 26€ 19°0  |08L 901 9L°0 L1 UL | POOH way aaddn 3ybLy
0 ¥8°0 G99 9 ¥9°0 09§ 9 ¥9°0 096

6 lv'0 0¢c¢ 2 L2°0 SLE ce Le’0 SLE

S0¢ 89°0 08¢ 66¢ el SL¢ 6§ 1o G9¢

98 65°0 0ce 8Ll 2¢6°0 Sle L €0°0 00¢

LL ¢e’o0 0LL 0¢c¢ 6v°G SvL LLL L2 6 Gt 9LLLAI

voL gL’o 09 8¢el 8L"0 g9 8¢t1 8L°0 §S dol aL1tu9 S
181 1S°0 061 €Ls 9L S8l L6E Lt 081

LS oL°o0 09 SLL ve 0 §s €l €0°0 S Sul | pOOH way JaMo7 3ybiy
L 00°0 0€¢ 6S€ vl oelL 8 ¢0°0 §S 9LLLAD 05401 J9MOT
Lt ¢L'o 0¢¢ 9€L ¢0°§ 09 Ll €9° Y S€ SUL | POOH 05401 43MO7
69 £0°0 ool 098 98°0 17 09¢ 9¢°0 G€ aut | 4adung aauy ybry
vy 56°0 Ge8 989 9L 0€g LEl 8¢°0 G18

91 €0°0 0L €ve 2¢s’0 G¢ 091 ve"0 0 9J3ejAns peoy 1004 ybLY
(aL) (ut) (sw) (atr) (ur) (sw) (q1) (ur) (sw) dweN 32e3uo) aweN asdi||3
99404 |uoL303(43Q [puL) 90404 {u0L303|438@ pwL ) 90404 |UO0L]03143Q | dwi]

10e3uo0) [eutd 1o'3U0) 3e’d 1083u0] PLILU]
(¢ 40 L 39vd) AYOLSIH LOVINOD 3ITOIHIA/NVIYLISIAId "8 318Vl



63

68l Le’0 066 LoY 08°0 036 LS LL"0 046

€l €0°0 016 9¢2¢ Sv°0 G/8 Ge L0°0 Sv8

9L €0°0 629 Ly 80°0 G619 8 20’0 G09

ve L0°0 G1S €L SL°0 G0S 6€ 80°0 S6v

1A €0°0 G9¢ olLE 2¢9°0 GGE 8 9L’ 0 Sve

€ oo 09¢ TA N €0 Dle Gl €0°0 g91 62

8¢ 99°0 |06 009 s€'e 89 €ee Ly"0 SY 4addn 3ybry 637 aaddn 3497
9¢€ 80°0 506 LGvi 60°¢€ 598 661 ¢r'o 628 9J'JUNS peoy 31004 33497
LLY 65°0 Gcc¢ G621 29’1 OL¢ v3L ¢¢’0 061l 9UL | pPOOH osJdol Jaddp
(aL) (ur) (sw) (q1) (u1) (sw) (a1) (ut) (sw) 3uwleN 30e3uo0) aweN asdL| |3
92404| U0OL}23[43Q {dWLL 90404 [uoL3294aq pul] 92404 | uot3o9jaq | swiy

3dokju0) |eutd 3Jelu0) jesd 30F3U0) |eiluf
(2 40 2 39¥d) AYOLSIH LIVINOD ITDIHIA/NVIYLSIGCId "8 378Vl



uoriesa|adoy peayl g by

(spuoossipLu) awpy

009 OO oo7®
L

/\/\J

09

oel

o8/

13042392y

\9) suo

SUOL1PAI[ID2Y 0S40) .Jaddp

009

L

(spuosesiptw) 2wy

0o

00t

by

9} SudL1eis 300y

! e
\3

64



"Jsdwng-asiy  -3ou0y 1201400 ‘gz "By SH0LleUR {900y diy g “biy

o)
(1]

Amvcoumm:::_v 2wt | Am_u:ouwm._:.pev amyg |
0o0€¢ oo¢ ool o 009 00h 00 o
—— “ P ) N e e S @
T 0Ot
+ 0l
T O0h
3
o
41 i TO%¢
T 009 —
+ of
b + 00§%

(5/9) uolaeusy
65



*pooy/uay saddn quybry

00b

009
i

*92404 30P3U0) 22 "biy

(spuodast||lw) Duwi]|

oot
I

0]

"9 149/0SA0] JBMOT]

00¢

*92404 30v3U0) |z b4

(spuodasijtw) awt}

oot ool
i i

o }

ool
00t ¢
00 ¢

004

00

oot

00¢

00h

(say) 22uo04

66



"pooH/osuo] 4addp
(spuodastLtw) awi]

o0¢

oo%T
{

*90404 12P1U0)

00!

"€e

“Dbry

|
L

||

T o00f

T oo0|

T oosl

) 32404

-3

(39

67



6.0 REFERENCES

Bowman, B.M., Bennett, R.0., and Robbins, D.H., "MVMA Two-Dimensional
Crash Victim Simulation, Yersion 4," 3 Vols., Report Nos. UM-HSRI-79-
5-1, 2, 3, University of Michigan, Highway Safety Research Institute,
Ann Arbor, June 1979.

Robbins, D.H., Becker, J.M., Bennett, R.0., and Bowman, B.M., "Acci-
dent Data Simulation. Pedestrian and Side Impact-3D," Report No.
UM-HSRI-80-75, University of Michigan, Highway Safety Research Insti-
tute, Ann Arbor, Dec. 1980.

Padgaonkar, A.J. and Prasad, P., "Simulation of Side Impact Using the
CAL3D Occupant Simulation Model," SAE Paper No. 791007, Proc. 23rd
Stapp Car Crash Conf., pp. 133-158, Nov. 1979.

Siemonsen, H.D. and Bruckner, F., "Impacts on Plates, Particularly

Glass Plates," SAE Paper No. 670924, Proc. 11th Stapp Car Crash Conf.,
pp. 293-298, Nov. 1967.

68




