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1.0 INTRODUCTION

The objective of this study has been to provide practical baseline
data sets to describe a vehicle occupant in side impacts and to describe
a pedestrian in frontal impacts. 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 dynamic
occupant/pedestrian models.

A current project at HSRI, sponsored by NHTSA, includes addition of
mutual deformation and other features to the Calspan Three Dimensional
CVS model. The baseline data sets were prepared to work with this new
software and to represent advanced production vehicle design geometry.

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.

A summary of information about the HSRI version of the Calspan CVS
program is given in Part 6. |



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 Tower region (hip and upper leg contact)
- door panel upper region (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

Figures 1 and 2 illustrate 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

Figures 3 and 4 illustrate the individual and average baseline
panel locations 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 inter-
face 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 represent this region was made to describe the stiff
intersection between the grille and the hood.
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3.0 THE OCCUPANT AND PEDESTRIAN MODELS

A survey was conducted to identify sources for the most complete and
recent data sets describing an occupant in a side impact simulation and
a pedestrian. Surprisingly little information is publicly available
beyond the original work done at Calspan (1).

With respect to the seated occupant, the primary data source was
the sample data set provided with Calspan CVS Software, Version 18-A.
This data set was used to verify model function in front impact before
being modified slightly for the side impact case. The data on Part
572 developed for MVMA 2-D occupant modeling by Hubbard and McLeod (2)
offered some promise but was restricted to two dimensions. Three-dimen-
sional data, being developed at Calspan under an NHTSA contract, is not
yet available.

For the pedestrian a Calspan data set modified by Karnes (3) was
used as a starting point. These data were originally developed at
General Motors and included a few changes from the standard seated
occupant described in the preceding paragraph. Other than placing the
subject in a standing position, hands were present and joint properties
were changed. The reports from a major experimental and analytical
study of pedestrian dynamics sponsored by NHTSA at Wayne State Univer-
sity were not yet available.

3.1 OCCUPANT FOR SIDE IMPACT SIMULATION

The occupant selected for the side impact simulation was essentially
the same as that supplied with the sample data set included with Calspan
CVS, Version 18-A. To position the occupant in the baseline seat re-
quired some minor vertical and horizontal adjustments in order to assure
equilibrium. Figure 5 shows a side view of the occupant while Figure 6
shows a rear view. The numerical values for quantities such as segment
mass, moments of inertia, position in space, ellipsoid axes, link angles,
and joint properties are included in Part 5 which contains the complete
lTisting of the output of the input data set.

3.2 PEDESTRIAN FOR IMPACT SIMULATION

The two pedestrian data sets which were developed on this project
were derived largely from the data set reported by Karnes (3) of

8
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Boeing Computer Services. It describes the pedestrian as a modified
Sierra 292-1050-2004 as has been used in the side impact case discussed
in Section 3.1. The only difference is the addition of hands to the
Tinkage. The masses and moments of inertia are identical, as are the
joint locations, except for the hips and shoulders which are slightly
different. The body ellipsoid semi-major axis lengths are similar

but not identical. The joints are free of constraints. It is believed
that this is due to the fact that a purpose of the simulation was to
model the kinematics of a cadaver with no muscle tension to keep the
body erect.

The major addition to the data set was the provision for fractur-
ing of the lower leg and the knee. This was accomplished in two differ-
ent ways, both of which included an extra joint within the shin (lower
leg) mass.

The first case allowed a fracture to occur only in the shin. In
order to do this the right lower leg has been partitioned into two seg-
ments by the addition of a new ball joint located 3.5 inches below the
knee joint. This ball joint was initially locked with the capability
of breaking free under a torque of 505.5 ft 1b. This is based roughly
on the work of Viano (4) and Kramer (5) who report femur and knee frac-
ture loads of 4300 and 6000 N. If this load is applied at the center
of a simply supported beam with a length of 18 inches, a torque of 505.5
ft 1b is developed. This is used as a rough approximation of Tower leg
breaking load.

The masses and moments of inertia of the lower leg were then apportion-
ed to the new upper and Tower shin segments. A few minor modifications
were made to some of the body ellipsoid axis lengths to eliminate unwant-
ed interferences between body segment ellipsoids.

The initial standing posture of the pedestrian represents a person
walking perpendicular to the path of the vehicle with 131.7 pounds of
body weight supported by the right foot and 37.8 by the left. Figure
7 shows the left side of the pedestrian with the left front of the ve-
hicle behind him. In Figure 8 the view is that of the back of the
pedestrian with a front-to-rear section of the vehicle projected through

11
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the y-coordinate of the lower torso center of gravity. This section is
on the left, or driver's, side of the vehicle.

The second case allows the fracture in the shin and also a fracture
at the knee joint. This additional feature is accomplished by use of
the Euler join¢ option (for which corrected code had been supplied by
Calspan as a portion of CVS Version 19). Regular ball and socket joints
have torques computed on the basis of two angles - flexure and torsion.
The hinge joint uses only flexure. Figure 9 shows initial position of
the pedestrian knee joint. This Euler joint has its torques computed
on the basis of three angles - precession, nutation, and spin. Precession
occurs about the Z-axis at the joint of the first segment. In this data
set it is Zu attached to the upper leg side of the joint. Spin occurs
about the Z-axis at the joint of the second segment which in this case
is Z2 attached to the upper shin side of the joint. Nutation occurs
about an axis perpendicular to these two joint Z-axes. For the case of the
knee joint shown in Figure 9, nutation corresponds to flexure and there
is no locking of this degree of freedom. Precession and spin, however,
are "unnatural" motions at this joint. Therefore, they are initially
Tocked with a breakaway torque of 505.5 ft. 1b. This value could be
improved with data on lateral fractures or dislocations at the knee.

A study should be conducted to compare results, cost of operation, and
ease of data preparation for the several modeling options for locking
"joints" and modeling fracture.

As in the case of the side impact simulation, the numerical value
for quantities such as segment mass, moments of inertia, position in
space, ellipsoid axes, link angles, and joint properties are included
in Part 5 which contains the complete Tisting of the output of the input
data set.

14
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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. Occupant
or pedestrian ellipsoids may contact either flat panels attached to the
vehicle or other of the ellipsoids 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. All
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 10 illustrates the curve for a struc-
ture entitled, "panel." Tabular implementation of these data define the
deformation of the header, front door sill, hip panel region, and B-
pillar. The door panel shoulder region contact surface is modeled as a
fifth order polynomial fit to the table. The symbol "x" on Figure 10
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 occupant 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 (6).
Because of a lack of experimental information on the header, front door
sill, and B-pillar, the data shown in Figure 10 have also been selected
as hypothetical estimates for these surfaces.

Figure 11 shows the representative force-deflection curve for side
window tempered glass which has been selected for inclusion in the data.

16



TABLE 1. OCCUPANT/VEHICLE INTERIOR CONTACTS

E1lipsoid Name Contact Panel on Ellipsoid Name
Lower torso Seat back
Lower torso Seat cushion
Lower torso Hip panel
Lower torso Right lower arm
Center torso Seat back
Upper torso Seat back
Upper torso Door
Head Header
Head Window
Head B-pillar
Right upper leg Seat Cushion
Right upper leg Left upper leg
Right lower leg Left lower leg
Right foot Floor
Right foot Left foot
Left upper leg Seat cushion
Left upper leg Hip panel
Left Tower leg Door sill
Left foot Floor
Left foot Door sill
Left upper arm B-pillar

17



TABLE 2. PEDESTRIAN/VEHICLE EXTERIOR CONTACTS

E1lipsoid Name Contact Panel on Ellipsoid Name
Lower torso Windshield
Lower torso Hood
Lower torso Grille Top
Upper torso Roof
Upper torso Windshield
Upper torso Hood
Head Roof
Head Windshield
Head Hood
Right upper leg Hood
Right upper leg Grille
Right upper leg Grille Top
Right upper leg Left upper leg
Right calf Bumper
Right shin Bumper
Right foot Ground
Left upper leg Hood
Left upper leg Grille
Left upper leg Grille Top
Left Tower leg Bumper
Left foot Ground
Right upper arm Hood
Right lower arm Hood
Left upper arm Hood
Left Tower arm Hood

18
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This is an idealization of data presented at the 11th Stapp Car Crash
Conference by Siemonsen and Bruckner (7). 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, and seat cushion are modeled as linear poly-
nomials in force and deformation. The following coefficients were sup-
plied with the original frontal impact data set by Calspan Corporation:

1. Seat back and seat cushion - 40 1b/in.
2. Floor - 860 1b/in.

4.1.1 Intrusion of Vehicle Components during Side Impact

Figure 12 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 physically
observed phenomena and to provide a realistic, but hypothetical, example
for the baseline exercise, the arm rest and door are seen to begin intru-
sion 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 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 cufves are
linear polynomials in deformation. The roof, windshield, hood, grille,
and bumper have a coefficient of 1000 1b/in. The ground coefficient is
470 1b/in. The grille top surface was to be twice the average of the
hood and grille, which is 2000 1b/in. The body ellipsoids are all as-

21
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sumed to be rigid. Any contact with the ground will also develop a tan-
gential force to simulate sliding friction, the coefficient for which is
1.0.

These data are incomplete and represent only hypothetical estimates
for the properties of a vehicle exterior. The data included in the
Boeing Computer Services report by Karnes (3) are somewhat more complete
but their sources are unknown. Particular problems exist with specifying
both the stiffness and the energy absorbed in the various surfaces. Data
from the Wayne State University project mentioned earlier are not avail-
able and the "Pedestrian Model Parametric Study" reports by Twigg and
Tocher (8) contain values which may be unreasonably soft for current and ad-
vanced generation vehicles. It is recommended that the force-deformation
data contained in this baseline be regarded as preliminary and that fur-
ther work should be done to improve their quality.

23



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 out-
put 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 coor-
dinates. 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 13.

The pedestrian impact is initiated by prescribing motions for the
vehicle contact surfaces which are given an initial velocity of 10 mph and
maintain this non-stop velocity throughout the simulation. The "vehicle
coordinate system" remains motionless and coincident with the inertial
coordinate system throughout the simulation. In other words, simulation
of vehicle motions is accomplished by moving the vehicle contact sur-
faces as a unit with respect to the motionless "vehicle coordinate system."
It should be noted that no motion was prescribed for the contact surface
representing the ground. The reason for this unconventional approach to
vehicle motion was to assure that the program output of pedestrian motions
would be relative to inertial rather than vehicle coordinates, an option
which was not available with the Calspan CVS at the time work started on
the baseline simulations.

24
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5.2 SIDE IMPACT INPUT DATA

This part of the report contains the numerical details of the
baseline side impact data set. Table 4 contains the computer-generated
output of the input data set. Table 3 is a summary of the contents
of this table to enable the reader to quickly find data quantities
of interest. Table 5 is a copy of the baseline data file which was
constructed for the exercise.

26



TABLE 3.

Page in Table 4

CONTENTS OF QUTPUT

Data Card I.D.

OF INPUT TABLE (SIDE IMPACT)

Input Quantities

1
2

— 00 0O 00 N O O;m

10

11
12

A
B.2,B.3

B.4,B.5
B.6

C
C
D.2
D.5
D.7
D.9.A
E.5.A-E.5.C.

E.5.D-E.5.F,E.6

F.1
G.1,6.2,G.3

Controls

Occupant mass and inertial properties.
Joint definitions.

Joint torque characteristics.

Segment integration convergence test
input.

Vehicle linear time histories.
Vehicle angular time histories.
Location of contact planes.

E11ipsoid semiaxes and orientation
Symmetry input

Material normal force specifications.

Bivariate polynomial specifications
for force generation

Bivariate table specifications for
force generation

Allowed contacts
Initial Positions
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CARDS R.6
SEGALNT 1 TLLRATIUN CLNVERGERNCE TEST THPUT

ARGULAR VL JuETle s LINCAR Vet OCITIES ANGULAR ACCELERATIONS LINEAP ACCELERATINNS
(KAD/HEC ) ( Ih./5EC.) (RAL/SLC.%x%2) ( INJ/SEC.*%*2)

SEGIENT MAG. ABS . kL. MAG. AnSe REL. MAG . ABS. REL . MAG. ABS . REL.
NO. SYM TEST ERKGR L KROR TEST ERK OR ERRGR TEST cRROR EPROIR TEST ERRUR ERRCR
| - u.u O.u V.0 0.0 0.0 V.0 0.01 u.Cl e.C100 Gl.00 C.0C c.cQolo
¢ C1 0.0 Ve [V V] 0.0 0.0 0.0 0.01 0.01 D.C1CH 0.GC C.C 0.0

3 urv Oo.u .u .U U.v 0.0 0.0 .01 G.01 ¢.cloQ .0 0.0 0.7

4 N V.0 g.u Vel 0.0 Jd. 0 0.0 C.01 .01 0100 c.0 C.0 Cc.0

5 G.0 Ueu V.0 0.0 U.0 0.0 .01 0.01 1.0100 C.u c.0 a.0

6 RUL V.0 O [SFNV) 0.0 0.Y 0.0 G.01 0.01 D.01090 0.0 c.0 0.0

7 Rit 0.0 C.u V.9 0.0 0.0 V.0 0.01 v.01 0.6100 0.6 .0 0.0

8 RF u.0 beu vl 0.V 0.0 0.0 0.01 .01 v.C100 G.0 0.0 0.0

9 LUL 0.0 V.U [FPRV) 0.0 .0 0.0 0.01 0.01 0.0100 c.c 0.C c.0

10 LLL O.u C.u [VEV) 0.0 V.0 0.0 .01 0.01 N.6100 0.0 0.0 c.9

1L Lt 0.0 0.0 0.0 v.U Uv.u 3.0 0.01 C.01 o.t1CH 0.0 0.0 0.0
12 RUA Uel) U .0 U.u 0.cC 0.0 0.0 0.01 .01 ¢.100 0.0 C.C 0.0

13 RLA 0.0 O.u V.0 G.0 0.0 0.0 g.N1 G.01 V.0100 C.0 0.0 Q.0

l¢ LUA .U D.u V.u 0.0 V.0 0.0 .01 c.01 0.0100 2.0 0.0 0.0

15 LLA Oeu 0.0 V.0 V.0 v.u 0.0 0.01 c.01 N.0190 0.0 0.0 0.0

TABLE 4. Output of Baseline Input Data Set. Side Impact. (Page 4 of 12)
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ee

ROTATING VEHICLE ANGULAR Tl 0l 5T uky PAGE NC. 1

T1IME ANGULAR ACCcLcRATIUNS {DEG/SEC %%2) ANGUL AR VELOCITIES (DEG/SEC.) ANGULAR DISPLACEMENTS (DEG)

(SEC.) X Y 2 X Y l YAW PLTCH RCLL
0.0 G.U Uev Q.0 U.0 Q.0 0.0 V.0 0.0 0.0
0.00500 0.0 [V JeU U.0 U0 0.0 J.0 .C 0.0
0.01000 0.0 V.U 0.0 G.0 g0 0.0 0.0 0.0 N0
0. 0L 500 U.0 Oev 0.0 0.0 0.0 c.0 Cc.0 0.C n.n
V. 2000 0.0 [PV V.0 u.0 D0 0.0 0. U Q.0 0.0
Geu2500 0.0 [V 0.0 2.0 0.0 0.0 c.0 G.C 0.0
V.03000 0.0 Vel 0.0 J.o 0.0 G.0 .0 0.0 0.0
U.03500 0.0 [VIPY) Q.0 0.0 ). 0.0 0.0 0.0 0.0
0.04000 0.0 U.0 0.0 U.0 Jv.0 .0 G.0 C.0 0.0
0.04500 U.u [CRV] 0.0 Q.0 0.0 Q.0 0.0 0.0 v,0
0.0 000 0.0 V.Y 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05500 C.0 U.u ¢.0 .0 U.0 .0 0.0 0.0 0.0
0.06000 0.0 V.U Q.U 2.0 V.0 Q.0 0.0 0.0 n.0
V. 0wL 500 0.0 ey 0.0 0.0 0.0 0.0 0.q 0.C 0.0
0.07000 C.0 UeV g.0 0.0 U.0 0.0 0.0 U.C 0.0
L.O75U0 0.0 Ve.u 0.0 0.0 0.0 0.0 0.0 0.0 0.C
0.03000 Cel) O.U 0.0 0.0 0.0 Q.0 0.0 2.0 0.0
U.08500 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0. VU0LO 0.0 Lel V.0 0.0 0.0 C.0 0.0 G.C Q0.0
C.U9500 0.0 .0 0.0 Q.0 0.0 C.0 0.0 Q0.0 0.0
C.10U0UO 0.0 v.u 0.0 0.0 Jef) C.0 0.0 0.0 C.0

TABLE 4. Output of Baseline Input Data Set. Side Impact. (Page 6 of 12)
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INITIAL POSITICHS CINERTIaL bbb LRECACE)
SEGMENT LINCAR PUusiTIeh U ING) LINEAR VELCCITY
NU. SEG X Y z X \4
1 LT 9.00000U0 Uaets -15.50000 0.0 V)
2 LT 7.86263 Ueu -206.306995 0. O.U
3 uT 597063 Ged -26.27109 0.0 0.Q
4 N 3.84283 (VY] -34.95280 .0 0.0
5 N 3.56319 (V] -39,54322 0.0 0.0
6 RUL 18.54556 et VBLL -15.068940 0.0 L.U
7 RLL C9.41793 RIRP JVIVXV) -11.01915 0.0 0.0
8 RE 36652826 e tHhU) —~4.649004 0.0 UL
9 LuL 1 54550 —% a0 LUU -15.68910 0.0 Vel
10 LLL 29.41793 ~4 .UV -11.67915 0.0 0.0
il LF 36 .52826 -4 «4HU0U -4 .,64U04 0.0 0o.u
12 RUA 4.85545 1.060U0U -25.4193V 0.0 6.0
13 RLA 11.41041 10309 -15.39631 V.0 0.0
14 LUA 4.H85%45 -7 .06090U —25.419480 0.0 0.0
15 LLa 11.41041 -7.00u0L0 -15.39631 0.0 0.0
INIT TAL ANGULAKR ROTATIUN Alu VELULITY
SEGHMENT ANGULAR ROTAT 1O (CEG) AMGULAR VELOCITY (DEG/SEC.)
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12 RUA 0.0 [VINY] G0 0.0 L.
13 RLA vel do.0JdJdul c.Q 0.0 V.0
14 LUA 0.0 U ey Ueu 0.0 U2
19 LLA u.0 UbH OUUCL C¢.0 0.0 .0

LINEAR AND ANGLE AR VELOLILTIES

TABLE 4.

HAVL OBEEN SET LQUAL TO THE

Qutput of Baseline Input Data Set.

nCcocoRPO0CcCcCcSLCCoCcoOCD
.
ccocnRnooCcnMNcCconNnOeD

INITIAL VEMICLE VELOCITLIES.

Side Impact.

(Page 12 of 12)
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o T T 7T ~7IGH™ " 7TWER "77 2,37 T 23 9 "7 0. - - 0.
168 8 8 O RIGHT FOOT 1.52 1.8 5.22 0. 0. «95 0. 0. 0.
169 9 9 O LEFT UPPER LEG 2.99 3.74 12.4 0. 0. -2.6 0. 0. 0.
170 L0 10 O LEFT LUWER LEG 2.36 2.23 9.07 O. c. —-.45 0. 0. 0.
171 11 11 O LEFT FOOU 1.52 1.8 5.22 O. 0. .95 0. 0. 0.
172 12 12 ORIGHT UPPER ARM 2.07 l.64 6.88 0. 0. 0. 0. 0. 0.
173 13 13 ORIGHT LOWER ARM 1.3 1.11 8.38 0. 0. 0. 0. 0. 0.
174 14 14 O LEFT UPPER ARM 2.07 1.64 6.88 0. Q. 0. 0. 0. 0.
175 15 15 0 LEFT LUWER ARM 1.3 1.11 8.38 0. 0. 0. 0. 0. 0.

(] o 9 4] 0 V] 0 0 0 0 0 0 0 0
PANEL MATERIAL 1 -1 0 0. 0. 5 0. 0.
THORAX MATERIAL -1 -1
FLOOR MATERIAL -3 -}
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GLASS MATERIAL -5 1

PILLAR MATERIAL -6 -1
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193
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200 0. 0. 3. 0. o
201 o. 3. 4.

202 l. 0. 0. 3000. 13000.
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205
2006
207
208
209
210
211
212
213
214
215
216
217
218
219
219.5
220
221

—_-_~NCVEWN =0
[=R-N NN -]
o
*
o
(]
L]
W
o
L]
o
L]

4080.

40.

e 6 & 0 o ¢ o

OMMOU>»OAC>ODDP>POPP>ORDPOERPOE D>

860.

1000. -562.5 1031.25-562.5 93.75

10000,

4000.

COOCVVMVNSSPLWWWNNNE g

-
U
-
.
——

® 6 0 o 0 0 8 0 0 0 s 9 0 0 e ¢

© 0 5 8 0 0 0 0 6 ¢ 0 9t o 0 0 6 0 0 0 0 0 S 0 0 6 0 5 0 4 5 & 4 G 8 0 0 P O G e 0 2 st e L 0GP e s e e e g

Ll Rl o i Rl i B NN R R RE RURURURT R R R R RT U RC RS N RC RC R N TRV, JV. 3V V. RV IV IVC IE VIRV T IRC R T NE IRV T V)

C OV VNS WWWNN " b -
S NONME WO WNWm LD dW S
L]
CPODOEPDPLPADO>P>ODPETROT D>

® o 0o o 0 o 0o s

TABLE 5. Listing of Baseline Side Impact Input Data File (Page 4 of 6)
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5.3 PEDESTRIAN IMPACT INPUT DATA

This part of the report contains the numerical details of the
baseline pedestrian impact data set. Table 7 contains the computer-
generated output of the input data set. Table 6 is a summary of the
contents of this table. Table 8 is a copy of the baseline data file
which was constructed for this exercise.

TABLE 6. CONTENTS OF OUTPUT OF INPUT TABLE. PEDESTRIAN IMPACT.

Page in Table 7 | Data Card I.D. Input Quantities
1 A Controls
2 B.2,B.3 Occupant mass and inertial properties.
Joint definitions.
3 B.4,B.5 Joint torque characteristics.
4 B.6 Segment integration convergence test
input.
5 C Vehicle linear and angular time histories.
6 D.2 Location of contact planes.
7 D.5 E1lipsoid semiaxes and orientation
7 D.7 Symmetry input
7 D.9.A Material normal force specifications.
7 D.9.B Material tangential force specifications.
7,8 .5 A-E.5.C Bi¥z:12tgeﬁglg2?2:al specifications for
9 F.1 Allowed contacts
10 G.1,6.2,G.3 Initial positions

The Tables 6-8 have described the pedestrian data set for the case of
a simple hinge knee. Scme modifications were necessary to simulate the
hinge knee with the capability of breakage using the Euler joint option
as was discussed in Part 3.2. Changes were necessary to the B.3, B.4, and
B.5 cards. Table 9 contains the new or changed lines (marked with an
asterisk) in the data 1isting surrounded by unchanged 1ines for comparison
with Table 8. '
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5.4 REPRESENTATIVE SIDE IMPACT OUTPUT

Figures 14 and 15 are a graphical presentation of some of the
important kinematic variables produced by the computer exercise using
the baseline side impact data. Figure 14 shows the major contact with
the side structures at approximately 70 ms. By this time the space between
the occupant and the side structures are used up. An additional major
contact is noted at approximately 30 ms for the lower torso. This is
caused by the intrusion of the lower door contact panel into the occu-
pant compartment. This intrusion uses up the "slack" between the
occupant and the side structures at an earlier point in time indicating
the sensitivity of phasing of occupant contact with side structures to
intrusion.

Figure 15 shows a trace of the motions of several body segments
during the simulation. Lower torso excursion is relatively small due
to the early interaction with side structures. The head pitches to the
side but interacts only with the side header and B-pillar in this simu-
lation. The fact that lower torso motion is limited prohibits the head
from moving too far to the side.

Table 10 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 some cases it is seen
that the peak force occurs at the end of the simulation. For a further
study of the output, including cases of multiple peaks such as occurs
for the lower torso, it is necessary to review the complete simulation
output. |
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Fig. 14 Body Segment Accelerations. Side Impact
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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 Tower right leg segments starts at 20 milliseconds and is over
by 30 milliseconds. The grille, grille top and hood contact with the
right upper leg and lower torso starts at 55 milliseconds and is over by
70 milliseconds. The pedestrian remains essentially upright throughout
the time of initial contact involvement with the vehicle and for a long
time thereafter.

Table 11 is a summary of all pedestrian/vehicle exterior contacts.
As in Table 10, the time, deflection and force are given for initiation
of contact, peak force and the final time of each contact event. Peak
Toads on the lower leg are somewhat in excess of human tolerance values
for leg fracture. It is not known how the values compare with forces
necessary to fracture the leg of a Part 572. ’

Figures 17-22 are plots of the G-levels predicted in several of the
body segments. Generally the phasing of peak accelerations progresses
from the initial leg contacts up through the head.

It should be noted that the torso segments, the head, and the neck
operate as a single mass unit. The joints connecting these masses were
Tocked with nounlocking torque provided. This contributes to the con-
tinuing upright position of the torso during much of the run. The addi-
tion of realistic flexibility to the spine would decrease this effect.

It should also be noted that the force-deflection curves used to
govern the interactions between the vehicle and pedestrian are hypothe-
tical and do not account for absorption of energy. This tends to in-
crease the energy input to the Tower extremities beyond what would nor-
mally be expected in a more realistic simulation.

In conclusion, the data set for simulation of a pedestrian inter-
acting with the front of a vehicle is complete and functional. The loca-
tion and shape of vehicle surfaces represents probably the most advanced
information available. Likewise, position is based on human walking pos-
ture and a typical impact site both from the viewpoint of the vehicle
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and the pedestrian. The leg fracture model is totally new. The two
shortcomings in the data set relate to vehicle deformation properties
and specification of joint properties in the pedestrian. Within the
data framework already established it should not be difficult to improve
these quantities when application to real vehicle problems is required.
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6.0 THE HSRI VERSION OF THE CALSPAN CVS

The HSRI version of the Calspan CVS has been and is being developed
under NHTSA Contract No. DOT-HS-7-01659, "Occupant Side Impact Simu-
lations Using CVS Program." The two sections of Part 6 describe the
changes which have been made and the status of the code.

6.1 MODIFICATIONS TO ORIGINAL CALSPAN CVS PROGRAM

Several major and minor changes have been made to the original
Calspan CVS program, Version 18-A, with some corrections being added
from later Calspan issues. The most important changes have to do with
the addition of mutual force-deformation properties for two contacting
elements (ellipsoid/panel or ellipsoid/ellipsoid) and dynamic force-
deflection relations. The concept of mutual deformation of contacting
elements is drawn from earlier two- and three-dimensional modeling efforts
at HSRI such as the MVMA 2-D model.

Figure 23 illustrates the means which has been coded for handling
multiple dynamic force-deflection curves in the new CVS. It is first
presumed that the rate of force application and deformation during a
dynamic event (or computer simulation) is unknown ahead of time. In order
to cope with this problem, it is necessary to have a description of
material response under a range of dynamic loading conditions included as
data with theonerating program. A series of curves for different speci-
men loading and unloading rates may be available from an experimental
program. Bivariate loading and unloading tables are the mechanism used
to accomplish this. For the case of loading (+§) a series of curves are
input at various loading rates. A similar series is shown for material
unloading (-8). The software interpolates through this load-unload space
to select that force-deformation curve which actually occurs based on
the space of known material response data. Crosses on the curves hint
at our recommendation for manual intervention or simplification of
experimental curves. The software has been tested and is functioning
properly for trial cases. It remains to validate it with real experimental
data.
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Force discontinuities at the edge of contact surfaces received
considerable attention in order to include features of the MVMA 2-D
software such as a transition zone as an ellipsoid slides off the edge
and a penetration limit to avoid large forces when an ellipsoid starts
out behind a contact surface. Figure 24 illustrates the means by which
corner intersections of surfaces are handled in the new simulation. In
the Calspan CVS all contact surfaces were independent of one another.

As a result it was very easy for an ellipsoid to go "behind" a surface.
This is particularly true for the case of pedestrian impact. British
Leyland modified the CVS to avoid this problem and generated forces as
shown in the upper of the two sketches. The MVMA 2-D model had a further
capability of adjusting the force direction for a corner impact. Aspects
of the British Leyland and HSRI concepts were combined for a new 3-D
corner simulation for use with the HSRI version of the CVS.

Several additional changes should also be mentioned. As has been
described earlier in this report, moving contact surfaces with respect
to a vehicle (or inertial) coordinate system have been added to facili-
tate the study of intrusion. Code corrections have been made to the
ellipsoid versus ellipsoid contact interaction so that one may not
"pass through" the other. To facilitate studies of side, oblique, and
general six-dimensional deceleration events the software was modified
to ease the burden of the user in setting up vehicle geometry in
strange coordinate systems. Finally more output categories were provided
for useful physical quantities and for kinematics in inertial coordinates.

Table 12 briefly summarizes the quantity of code which is new to
the HSRI version of the Calspan CVS. There are 24 new routines. Most
of these deal with the contact between surfaces and ellipsoids, the
generation of mutual deformation of surfaces, and the inclusion of
dynamic deflection rate terms. Major changes refer to changes of approxi-
mately two-thirds of the code while minor changes involve one-third. "No"
changes indicates that the only changes were in dimension size and array
names. It is estimated that approximately one third of the code is new.
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TABLE 12. CVS CODE CHANGES

- New routines - 24
- Major changes - 6
- Some changes - 10
- "No" changes - 72

6.2 STATUS OF SOFTWARE

The software which has been used in this project is functional and
appears to operate correctly on the baseline data sets. Formal documen-
tation of the algorithms will be initiated in early 1981. Only a summary
input description for the various data cards has been delivered to the
sponsor. The original contract on which this software was developed was
scheduled for completion, including development of documentation and de-
livery of tapes, at the end of 1979. That schedule was in effect as we
initiated this MVMA project. However, the sponsor requested modifications
of HSRI work efforts in order to concentrate on development of a side im-
pact dummy thorax. This has delayed completion of the documentation to
the current estimate of mid-1981.
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