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1.0 INTROBUCTION

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 MSRI, 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
sampiing 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

- gritle

- 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 lgwer 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 INTERICR FOR SIDE IMPACT

Figures 1 and 2 illustrate the individual and average baseiine panel
Tocations 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
lTocation 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 grilie and the hood.
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3.0 THE GCCUPANT 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 déta 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 SIMULATICN

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, 1ink angles,
and joint properties are included in Part 5 which contains the complete
listing 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
linkage. 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 a2 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 lower leg
breaking load.

The masses and moments of inertia of the lower leg were then apportion-

ed to the new upper and lower 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

1



;o™ - w ¢

"(U0111S04 |R)ILUT) UeLUISapad 4O MALA Bp1S / bt

i
ov 0f 4
“\l A ORNGYD
(
-c —c‘
43dHNg
ERRI
ION.I
pfluu. -
doL 31149 | 08"
aaozw
oy -
a13THSONIN
400¥ OG-
-cmlv

12



(uo131S0d [PLIIU]) URLAISApad JO MILA Yoeg g Oy

ot-

0c¢-

13

0t-

1

0¢Z-

0t -

0§~

09~ 1

i3



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 joinc 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 segmeni which in this case
is Zz 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 disiocations 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 listing 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
yehicle 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 fil1 voids in
our compilation of published, realistic vehicle descriptive data. A1l
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
interjor 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 modeied 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
sil1l, 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

Ellipsoid 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-pitlar
Right upper leg Seat Cushion
Right upper leg Left upper leg
Right Tower leg Left lower leg
Right foot Ficor
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 si11
Left upper arm Bepiliar

17



TABLE 2. PEDESTRIAN/VEHICLE EXTERIOR CONTACTS

E11ipsoid Name

Contact Panel on Ellipsoid Name

Lower torso
Lower torso
Lower torso
Upper torso
Upper torso
Upper forso
Head

Head

Head

Right upper leg
Right upper Teg
Right upper Teg
Right upper leg
Right caif
Right shin
Right foot

Left upper leg
Left upper leg
Left upper leg
Left Tower leg
Left foot

Right upper arm
Right lower arm
Left upper arm
Left lTower arm

Windshield
Hood
Grille Top
Roof
Windshield
Hood

Roof
Windshield
Heod

Hood
Grille
Grille Top
Left upper leg
Bumper
Bumper
Ground
Hood
Grille
Grille Top
Bumper
Ground
Hood

Hood

Hood

Hood
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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
exampie, and also of panel rotation.

4.2 VEHICLE EXTERIOR FQRCE-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 curves are
Tinear 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 scurces 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 prascribed 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 & contains the computer-generated
sutput of the input data set. Tablie 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 fiie which was
constructed for the exercise.
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TABLE 3.

Page in Table 4

CONTENTS OF OUTPUT

Data Card I.D.

OF INPUT TABLE (SIDE IMPACT)

Input Quantities

1
2

=

0o 0~ Oy

10

N
12

A
B.2,B.3

B.4,B.5
B.6

D.2

0.5

D.7

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

E.5.D~E.5.F,E.6

F.l
G.1,G.2,6G.3

Controis

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

27
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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.
generated output of the input data set.
contents of this table.

Table 7 contains the computer-
Table 6 is a summary of the

Table 8 is a copy of the baseline data file

which was constructed for this exercise.

TABLE €. 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 8.6 Segment integration convergence test
input.
5 C Vehicle linear and angular time histories.
6 D.2 Location of contact planes.
7 D.5 Eilipsoid 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 E.5.AE.5.C Bivariate polynomial specifications for
force generation
9 F. Allowed contacts
10 G.1,6.2,G6.3 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.

B.5 cards.

Changes were necessary to the B.3, 8.4, and
Table 9 contains the new or changed lines {marked with an

asterisk) in the data Tisting surrounded by unchanged lines for comparison

with Table 8.

46



LU+ I0000060L0UI%" U

V Sy

F O 000000000080

T+ 3020000000 70

(0t 40 | abeq)}

000400 “U= XVt

to 00 0uDoap01 "0

"3oedw] ueruaysapad  '39S ejeq yndul sui(aseg 4o IndIng 7 JavL

004J00000D000U00T "0 T U300I0002001 0 £ 0-400000000000170 1~ 300000000001 "0 SHiF HISd Y

oy =NE XV 1 =dd WU

000430 U= OoH 000%00~0= 10 00 = SJdIISN o = 1N FUN

10880 "98¢ ¢ 00 ‘ L) 1= WOLDIA ALL AV YO

1O JU000GOB00T 0 i N R R R TTH TH = Ak THIt N o= Tiinn

FES viva NVIWISI03d INTTIS VY

O . 1 ¢ 0o 0 ¢ 0 g 0 9 AVUHY  {udil
00 = JWHE1sd O =IUSHE 0 =NI1sMy opay fr 190 CHOT v 11

AVHIUNYG BO BRIV INKLS WELJTA HSV YD U-€ HV dS IV

d - S .

47



GOy~
gotey
D0 06~
By
HIT 6
PO uh -
[ 1]
[}
[
L]
[T
0*G
(SR 1]
[ 7]
(1]
00
uto

1 Hid

bl 3ods

GUT O
oGl
[HI IR
(A1}
(LIRS
[T §]
ny* 14
06" 0%~
[1g}]
[D1ER TN
LAY
[HIP R t IV
[ B}
Oty
(AR}
L7 0
00

HM g

{9 S kXY

L8 SUuvy

¢l

S1IHY)

u*n
B0
atn
a*o
6*o
00
[tRl{}
[
a*0
[V}
[}
u'n
[$ R 1
0+
a%0
[ ¥
U V]

1tva

“Nlud

(0L 30 2 abeq)

TRCooOOLLOoO S
LI I . I L T I DR
S oo ooooo

=

+

(=]

*

.

=T = R I
A
ConooCco
=
*
<

[E R 1]
0o*Q

T HOL]d

“10eduil uwla}sapad

LN T I ]

+ a
COoRVIVCOHOLADDLOOD e
-

-
.

~
§

LT B
£t C 9
Gf1-
L
[ T 1
(1}
au -9
05 ¢

C:Q?::QQCDQOOCCQC‘GC}O
L A R ] [

MY A 1

-

-

v s o
coSaes

[y

. ’

LRI Y

+

CVOCoODCoCoeRe DD
L] L]
CoSCcCoODOoORDoCGoOD

A

CRNE IS -~ €93UISIXY “NIYd (1 £1935 ~ {*NI

oo 100
o010t 0
LOZATVIN {4 It ]
0Ivin*o
ooeloTn
oasioto
g2e 00
00L 130
00%s,1°0
LiF4 R 1iRdt]
06y 10~ 0
[ R RV
004410
ooovueto
GU9aoD
aooce
Co6%1 "0
000171

i
("N

SiNT

[

[ERaN Y]

D0

0o

[EAN §]

{4

46"

00

00

L2 |

[thl 4]

00

o*n
[V Rl
G0
LLLA
06" -

¥
THOL YOO t

anon 1 g
apont o
ogoreg *o
(VAL V]
oponreg o
[STCRFALE Bl ]
aueH0 o
00gey 20
Q0N 0
USRSt
gi912°0
£E9N0T0
ooy o
(UTE I R 1]
ogoro o
0u0s9* 1
ouste~o
[ELOLEL Tt |

A
~&e T M -1
Viiudtr 30 AN

*19§ ejeg Induy aupgsseg jo nding

[ o3gvl
0o "y 0°0 ¢ - o1 T M1t
00"y 4°0 [0 U T 41 b | My 91
hTG o 0 [Hha }] I- 4t F4 ER G
09 "1 - 09 *9- 01 - ¥ A 5 2]
Gty 0°0Q [0 §} - ¢1 ¥ T 11
o9t 1 09" 9 [ 3 LR | - € M Su Pl
(1% ] a0 110 ] P B A v it
[ 77 At 0 N (L ¢] 1 01 n Ay 01
05 "3 O - (11 &} 4] 1 1 3 I
te "y ¢4*0 (1R} - S Vi f1
61 °1 0°U 00 z- 1 YT
619 0°0 a0 1 9 U A 9
041 opte Hnre 0 i fu ] HH [
0F 11— 00 [ Al 4 Z- % 1] dit ]
[ PV 0" a6~ - € M JiHf
0y - [ 4] 0% - ‘- 7 4] M7
06 ¢~ 0°0 (147 Il B - 1 o d H
(s8]
1 A X NId LHE 10Td WAS T <+

INTYSIS — € N INOIIIVODTY IMIGrE
0oaat o LOU*Q H YH U
[SLETHI0N Rl ] S00°0 ] il 1
00000 HOO* O 4 ¥1i1 91
a0%91°0 1170 a vii i 1
00N "0 HO" 0 €] ¥y L X1
(AL I 4] 100 3 vty £
OE0ECL" O 1000 1 41 1
OOU%%*0 g810*0 [} T (R
onlziro SEO*0 [ M1 6T
05 ULG* U 1000 8 o6
0EY1Z "0 510%0 ! g
09900 0 M0 i THyn 2
LTI B LLaTa 9 WMy o9
G068 0 G700 1 i- 5
GOy D gav*t o rd 3] 4
Qoars ¢ JHOO £ in f
(£ 129 L S §] 820°0 Y 1) Z
({920} VIR | £6o0°0 4 1 I

X ML 7Te3° 97561 ) 1374 WAS |

i Y Wi PR RS
AU IN IR ES
vy liy QL 10K WELIDEA Hisva

or e SENING IS HIE



[FEaY)
utn
[T 1]
[t 1]
(PR 1]
(I )]
Ut
({1}
0
({0 ?]
[t 1}
un
[t ]
00
GO
0
uTi

PN 14300
NUL IR S0
35 Hadd |

8 U SJduvi

T 0L
Ho0" g6
DL 06
OO uul
K "0y
Nou* oLl
Uod 06
uon o
ous T 0
L1V IR TR
[ {]

00406
GUoTuy
ULHY® S§
[HIIT{RaNY
[IFeIV R S
GUu-0¢
[NEH]]

diis
inLOT

Y Stdgv]

(0L 30 ¢ 8bed) -joedw) uelu}sapad

SNELE LLONGD HOOTINA-XIAT UGNV SIS TY 31 IVEVHD SNOIS 1A INTOT

(L1 [V AR ]

o0 [$S1]

([T thil]

(AR 00

n* o 00

G0 [0 1]

0 U 0°0

ot o c*Q

(LA U [}

n* o [E R i)

[V §] 0" 0

[0 ] 00

(1M ¢} 00

00 00

4" 0 00

[V 4] LA ]

0°0 00

1335 r0vy} (4T “NY }
INFODT QI INN ui g INEOF GINIOINND
ALDEIAA TNV *HIEW dU4 JHH01 NN
[T | o0 000 "nD9 00
00oo*1 00 000009 00
[tLiTI I | [ 1] 0000001 060
JUITER ] 00 Ut 2 609 asn
[EITE R | 00 000" 000§ 00
[T | [l ¥ L12 FaY i 1] oo
(415 i | 00 1{y*ne °0
[SILT U | [ R} U0 0001 L0 1)
bu= i Ut 0t 609 0°0
LIEN I 0=Q vy " 46 o6 Q
(11371 0 | (LR 4] a4t o 0
100110 | 0°0 Q000001 0°Q
oo o0 BELT609 [101)
(LT T | a4t o Lé6 09 Tio"sg
[T 00 12609 1108
[SIET¢ Rl | [0 ] tio 0w 0L YL
oou*t [E R ¢} UEdt 60y 00001
EERNEI (e=f} ti=r) 1=ri
HOLIvdIss I J1un2 DI av davnh dviNl

AUd INI (Fe+9107°971 *NI } *33073 ONIH4S

SHNIS1AdiIvEvVIH] ORLYdS WWHUDSHO )

uto
ato
(A}
[ARE(
uro
[1A1]
[ERaT]
(LR {]
n°o
[ Ui}

3195 e1R(Q INUU] dutiaseqg o Inding

06* 405

L1 ]
0"

SeCo
0
’..‘-‘.,‘,:O'O

[l

"Nl )
INTUFR GAIXDHY v
vird J00dnr Xvi

000n*sy
oo tey
oaotng
(L1717
ouo o8
[T PR
LI VR 1
000G co
008 "4l
nuo~ o6
[E1]
G000y
[T ELPR Y 1]
[EXE20 R
[E0 1§l *¥4
(LA S
ouo-od

{031}
drEsS
thkiar

[UTAE T
00 06
[T 11
GO0 "ot
LR 1
0001
V10
0 *0f
a0
(411 3129
00*1

00*0f
[H110g 119
0070
0001
00" ¢
uo°® ot

1°215/9314)

ALETI0I3A By IN9Ry

NOVE3EdE 1)

ooty
onn-=1
[ tLARE
o0nn*y
ooe - g
agn* )
oun 1
our*y
oon-l
IAT LT AN |
[{TI1LR0 |
2001
[ELEL LR |
oon=y
oor-1
oourtl
oonty

ERI)Y]
NOELVAISS
AUNIHI

14

.

L .2 T 1
TCooDo

.
o0

2l
FocCcoo

-
=

CoOCOoOnNDOoONooQCO oo
v .
o -~

.
<

fe=f})
31407

o Nt
0a=Gol
noegr,
n=¢
[sTEaariY ]
0=t
n6° ol
[ITE AN
o001
o0Tnl
[t §
ou* o1
a0 ut
oG]
QN0
ouol
o0t ot

T 43073 MY LN
UwWis V0 3

000009
aneron g
H9=11
0t 609
F09*11
M 609
Ola 12y
LY a3 ]
M 609
[1) AR JFLH
(S}
L1V R |
e 609
2609
(26709
£L6"0Y
oLt a9

12=¢1
LV AavnD

(e e300 “NI ) *J30

SIS 1HILIVUYHD 9N IUdY TV HIX T

SO EST U LoV uviH)

ARER LA

[EIEI 0|
aonT i
00y "0
0-0
anz*o
-0
9Ey "0
oo~ i
166t
9¢%°0
00
nen* 3
166°¢
PLY B |
“Yi-1
L% "0l
voBuTn Y

(U1 "M ) {0307 7315 a7t

L

AT P EHD

SOUISTA

. bt
cooce

L
cCoToCoooRo

=R il s Yol e Nl = N o}
L

Y9602
ooo-n1

t1=r)
UV IHILT
3 OGNS

FN3utn

LI |
RS |
1 6
S
a0
si <41
LA I B |
AT 01
Hi 6

e
- S

Luior
[ I B
Hy 91
11 61
1 %1
ER A
b I |
vi 11
AT DY
4
vu 9
[ I
w9
g
dit %
gl €
n 2z
o 0
INIOT
i1

49



(0L 30 y abed) -3oedw] ueruysapad "33 eieqg ndup aupiasseg jo nding ‘7 3Jigvi

Lo
wy

[t U ] [tRa ) 0°0 00 L 4 LA ¢ -0 atg [E {4 0s0 070 YHE Bt
oto U°a nTg ) "0 00 00 o p o o 00 0o {400 4] 0 vityr 1y
(A U} [LAR U 0°p o g G 0 a0 0°0 [ Ll ¥} 00 n-=on L U] oo Vil 91
erg 0°n (L £] (L] 0o o n 0o N 0o n*o 00 [tA ) o vy«
(A ) 10 3] [ ¢] oY o 0t o [that] [i R ] 00 LU [ 4 [ 0o L L |
€ 0 LE0 ¢ [ i 0°Q 0°0 0°0 070 00 ota nco L1 1] [{g ] vitn ¢}
0" 0" n"o 070 [{1] a0 0o 00 n+o [thay} oo 0o 1121
(e} otp 0°n 0o L1 ) a0 ot o oo (L1 hro nte orp Ty
(L] 0 0 [La 1] 1 ¢} 0ro 0o LL ¢ 0o ase [ 4] 4R} 0" n fity o1
o°n asg (] (1] 00 0°¢ -0 00 (0 0t 070 (L) RN
(LA ] (10 1] [t} [ ) 0 0 oo [t ] 0°o0 [10as} (e U [thd ¢ a o TIWMT #
ot n°n 00 [thal o} [ H) "o (e ¢} 0-°n L] [ )] L1 Y o p TTHR
otn (1] 00 [$ a1} (LR ¢] c o [thaR i} [Lia ¢} eTo [0 ] osn aro nw 9
[ U 0 n Liag ] (104 ¢} 60 0" o'n (0 00 [ otp 0" 0 "5
(S]] a0 0n-o [ ¢} 0°0 LA ] [tha ¢} [thd 1} (A ¢ n*o (L 1} 0T0 HY
(L} =0 [t [ 4 0 0 =D 6.0 0T q [thl 4] [ 1] {10 ¢4 070 e €
[ L] n*u ({208 ¢ [V A 4] 10 ) {14 0 0 G0 0y Gro osn (e ] 2
[ O ] oo 00 (LA o o G 0 [t o e G°0 [ [t} 0-¢ it

HTHHy LR 1514 HipHg Myl 1511 HE WY | HUMH] s "N HIHK] 1511 WAS "IN

L TiUv “ovH “11iy “Sey TUYH " I1Hd " sny OV ‘T M TSty “OVEH 1H0es

(2480057 M1 ) IFET R RV AL D] (87701 ) {338 /(vH |
SNOFIVHITIZIIY MV NI SHOLIVHI VIOV by O ST U JUTYA Wy IM{l STATHINITA My MY

LRI I I B B R T L N A o S N NN RV TR R R I IR IR IR IR



(0L 40 g 3bey)

(SRt Ut 00
00 [ Li i}
VHIH HYEid MVA

[ORGY SINInA IV IS U 8y MIONY

I "INy d9vd

[T+ [{ ] [ERatt)
(AL I 0*o G0
7 A X

EONT ) SIMIRADVIAS IO dvINT

1 "W 4uvd

JUa0s 0 o rs Ut n
BebY (X 27 dV 1 ¥N 410X
3OSV )

"3oedu] ueLJd3sapad  "318§ ejeq Indul aup|aseg jo inding L J1GY1
(11} 11 00 0°0 0o GO nueos 0
00 00 0*e 00 o0 00 (RN ]
Fi A X 1 A X [ AN |
17335/7930) SITI0UFAA BV HOONY EZ22" IS 79301 SNOTEVETIIDOV uviInNIhy EL NN}
AHIESTH I WIL Y TNV FIDIHIA OMNTIvIOY
00 (i1} (e ¥ 00 00 0 g0004y *n
%0 0y g0 00 G0 o0 00
7 A X 7 A X £*230%)
{70357°NE Y SSH1LID0T10A sy NI (999 SHOBEVHTTINIA uviINL Y THEL
AHURS T T BVINTT 3IDIHIA ORI LV
0" 0 0T 0 [T (V1] ] nre G0 [’
{AOX X 10X Sdb 7 AWEIA (SdJdl A} SdiX TN i1 id MV A

s 01 IV DHEAGE S 1YY - 1548 1Y 31311 EA

S HOELvH Y130 b s

—
LEs



(V10 L2 Rl B SRS
[ARTF S B
1%

1)

aitutag-
(VI I N
¥4

[1AV] YL P
B Y 6 ¢~
2

GO L -
BO4ELE~
i

GUOLYTL Y-
Gligy -
[ 4

DOLET6 b~
HTULE "Gy~
(W4

CTU SUHY )

LU
Ot 0
tA

aouotyol -

LA

a0
0-a
i A

0t0
¢ u
LA

10 ¢]
(L {3
LA

L1 A 1)
I V)
i A

(oL do

ULy e -

GLis Ty
£x
Jur 111499

000G Tuo 1 -
X

UNNIOYY)
gono0* 9 3-
G 0
ex

Hidhng

0OLGH* 1LY -
00l 4%
X

11149

LaltF NN Tl B
00E 0°1 4
EX

auaoH

QoeeH01-
Q0L9° 14
X

GHIISAONTH
000098 ~
Qo0 o0

X

008

g abeq)

ounsTne -
Housc6 -
(¥
Hi JNVH ML
00
21
10 IWVN H1THM
avg
0" 0
iz

30 THYN HE M

~ oo

Hi FWVN HLTH

OU%L 1 -
0% Te -
a7

44 JHYN HIIH

COLY Ie—
ooLiT 1e-
ra4

U GWVYN HIIM
00t e by -

QUtE 6y -
¢?

4 Jwwin HETH

o

‘0

o

‘o

o

‘O

‘o

*poedu] ueLdlsoapad

aao”s 9¢
GOL09L
A

=L ¥I0Y |
o600 001
ZA
=¥ ISk
00009t

0000" 9¢
A

=1VS§

o000 9t
0000° 9E
ZA

= V¥1051
GopOT9L
0000* 9¢
ZA
=EVT0S |
agDi " 9¢
Qooo*tut
ZA
=L VIS |
ooou~9t
00 -9y
A

RV HIS

0011891~
onLZ i
X

7 =THININ

$000%0 1
X
o =THININ
ooy €LY -
Qo1 ¢
X

o =TdiNIH

004G " 691 -
o0sYy* 9
X

to =TuiNIH
0U9? 794971 -
GoO%e° 6
<X

‘o =TULNEH

DOFIGAY ~
GoYETYy
‘X

‘0 =THININ
0ol tol -
IV

X

‘0 =JHiININ

i

‘e

't

‘e

‘t

't

J00Y "6 ¢~
D00 6 -
12
BLESHIE D
00
L4

=M{3an

o]
v
~ Do

=MS 031

=M5 401

N0yL 1e~
Dove i -
12

=M% 9017
[FLL0 0 I I

QOLITEE -
17

=M Tl
Ot LY~

DO "6 -
17

=HSTU 41

(S}
Ot n
A

t =748 EVHN

booe ool
TA

*Z =TTH1VHH
0
[ 1}
1A

1 ="THiviil
0" 0
a1°0
1A

Ll | = THIVIWH
LA
0
1A

sy =T IVHN
0r gt
(T
1A

‘1l =THEVEHE
o n
ot
1A

1 = HuU v

*313¢ eieg indul autpaseg Jo inding

e

I

e

'

tZ

rz

‘7

AR RL A
[IIHUR IV E I oooe 1
GotLt Yy 00
X EHEITNY
=HELWAN ) "ON NV
GOo0 001 - 0
X 3L
HIEHON 49 TON HIV I
(LU TR A B oo " 1
00i1*0 oy
X REEITAN:
=HTLHIN ¢S UM IRV I
Qourt211- onoo -1
[VEsra PR [ ¥
[ §4 EEEITS R
=HEIHIN % THUN Y T
(L1815 R PLH B 3151410 |
nots 9 [P H
X EFEITR Nt
=HI RN *E TN NV R
0016421~ ao0eo 1
10 10 25 0t 0
X IBEEN]
sWHEWNN ¢ TON AN Y Id

0oLy “%01-
only-1t
1X

=W EWN

aooc i
00
NI

' TH Vg

SIBANT dvid

52



R AN A

LIT YRR {FLEIVTETETT IR Sl

RN RE AN i)} ]

V' OLT {1 UuYd)

1Ty uv)

{0
[N ]
tH 0
[t 3]
070
[ 1]
[CA ]
[T ¥
[Fh O
00
1" 0
ore
o
[ ]
ute
140
G746
LU}

RANE]

U Sauvs

(0L 40 £ dbeq)

[{]
[T 1]
ot
[$ 1]

3 Stdv )

THEONGT dWV

[Ehs ]

otD

LI

Wil

40 0o
00 utn
0°3 ¢'n
{0 00
3o aro
0 u*n
(1Rt 0o
i) 00
@ro ara
0 040
400 0~
0"y (L1
[ oty
({0 ¢} g0
00 0°{
& ¢n
a*g 0y
[T RV LU
H g HYA

193U NOdkviLY

13A

[EAE
46
1y
6*o

YO+100G0000 D

XVHi 4

augt &~
usg

*yoedul] UPLJA3SOpad

188

[1ha

ot

0o

G0
SINIEDL R T

0o 0°0
v v
0o 470
[ L0 ] 070
070 [F )]
id ELY
o 0 Q o ¢ 4] o
gt £Y wi o84 T €7
a0 (A ¢ col "t
00 0“0 0od -t
oo 0o 06d°%
[ ] [V 1] ouge 9
[CA¢] uro 0si*%
[} o owy -9
n*g D0 0ed s
33 1) 00 LEFR ) Y
L1 3} 0°n Gudt
60 oo (¥ Fal N
[ R t] i 1] ayveTy
g0 DT0 LY I ]
00 [{ RV] I P |
[{ 1] 20 064" Y
[ 2] oo Gyl t
oto oo O%6 "%
a*n [t [ R L]
0% 0" [E1 0 R
A X I
E°N1 ) 1354 1
L

eyeq ndup sut(aseqg jo jndIng "/ 319yl
TS vro TR
e (L4} [FE 1]
i) ¢ 0 TR}
(g1 [IRg ] Bt IRGEOO0RY T t
ATdN
SNOTEVIE ALY IS IVEWINAT G LHv 1uvAald
[{I1] [1 1] 10+ Jopoyaoy e 0 1
i Y 0Nk INE I
WO IVDE1234S 13808 IVIININYL
00 ¢ 1- £- SHYW AH 11149 f
00 1 - = anIe s z
00 0 1- 1- WiV 1INYd t
B0 NIYAT OV 1SN H{SH VY TH) VKN
NOFEVOE Y0345 D0 WHION W EY 1 VU
¢ ¢ o O © 0 © © 0 0 0 (TERAS N
1 1t 01 6 8 1} 9 & ¥ £ oz ‘0N 18

EMdHY AMEANHAS FNIRDIS OO0

(LY | apety OHYH 1 3471 3 Bt @t
onz "1 [ Pt ONVH EHDT Y 0 [ R
aor1 [ A | HHEV Yin071 1437 o 91 9t
oy 0i0*2 HEY Hidan $13) 4 51 61
any =T oy 1 HYY WIMOY a0 o U LA RS |
oun i [E7 0 | Huv Ylddn tHW 0 £ of
UL T | GZs "1 1Ny 14347 i} £1 01
11 Iy 3175 Shats T MUY L1 e Tronl
| goLt e oL6* g D97 HIdd) 1131 0 01 01
oug 1 (LI | My anol H 0 G &
L4 W s [50S4 HHS DY i) ] A
1 a4 Gag" ¢ ERL D AR IR R O i i
1 0057 067 DTF Hlddnt tnHEA o 9 9
[E100 B | Uhb"t oy 3 0 < 5
gty nig ¢ EERL 0 L L
anat s (12 N EERRLIRE QI 2T 4 ¢ L8 t
64174 R R GLSHOLE wI1nA) 4] < 4
aos*t g 0% & 0448111 0T 1] ] ]
A X i
EoHD O Siviwias
HidHT Gi0548 T3] BN L OGOV

53



(ot 30 g ebed)

00
g0
[tAd &
- o

(L
n-o
oG
[

“3oedt] uel4)SOpad

G0
at0
[EAa ]
[ &

00
oo
(LY}
1t}

$ el t}
ere
e°p
g* o

[
oo
[
o

185 ejeg indu] suigaseg jo ndinQ "z J1OVL

(s 1]
00
0%y
oo
({1

[ A
[ 4]
©on
oo
[E8]

00
aro
0°6
0N
[t

g n
1R ¢
nen
n-o
nre

0°0
ore
(R 4}
n-o
L+ eDeeN /"D

LR
(S 1]
(B )
[0
LRI I A LA F AN P ]

54



(01 40 6 abed)

*3oedw] ueraysspad 3135 eyeg ynduj auppaseg jo inding

“Lo3T8vYL

55

i)t 4 AUV dMOT 1417 91
el ¢ HYY ¥iddn L4371 61
UL 8 11 HHY B30T LHg s vi
anoit ¢ WYY d3ddn 1HOTY
UM 9 HId 19271 Z1
¥ Ignng 5 037 WM 417 b
Ji 139 ] 931 ¥iddn 1331 0O
Ty Yy A Hdd AT 01
(1T { 937 d3dgnt 1 43T 01
GRANIHD 9 101 IHD 1Y o
R AN ] 4 MENS THOLY O
vl d ki g FER T I ETH IRV ]
9371 widdn 3T 0y D71 WA L1 Y 9
dU1 I H9 ! 931 4lddN tHOTY 9
1w v 931 HlddN 15l d 9
anoth 4 437 W iddn fhdTe 9
aiesd t v ikt 4
HEEI TN 7 v iH G
AB0Y ] av 4
{1 0H i (gsungy dHilddn f
DTALHSOHT K ? ULHiTL Hddn r
4004 1 OSdir L Hitddn {
di§ 111D i OsHil HaMo} {
U00H L DSHI M0 1
FIIIHSONID Z [IRNTII S BRI 6N 1
IRVH XCWWY IWve Xdant JWVH X K
C1uasa1 il i1 TINVA SEMLHIY  GrUS a4l 11

SNOPIEN  O1IVIDNSSY ORY SEIVENDD G IV



€70 souv)
¢ Stnyd
179 Ouvd

(01 30 oL abed)

Ls 1

"joedw] ueisysepad 195 eje(g induy suiiaseg jo ndin) 7 Ir4VL

SSEILIDOVAA FTHHAOA IVELTHE Nt Ut

ato 10 1} [E 1]
0°0 Ut o 0*0
[t} 00 0 0
Lol ] 0 ¢ aro
0-¢ 060 o o
0o o0 0To
0o (VAN () ute
L] 00 0*o
(10 ] 0t Q (L ]
40 0" G 00
00 0°0 [ER ¢}
0°0 0*0 c° o
0°4 LI 4} G o
00 [V i (L]
0 0 oro 40
[F R 4 a0 ({2 1}
0°0 0 g [t 1}
aro [L g }} [ ]
1 A X
(523579301 ALTJOIA ¥y WI9ONY

[Las ¢} (Vi ¢} LER
0T g a0 [t
0D 00 (L))
00 0" 0 o0°0
0To 0°0 a0
o0 LI} oTo
(LR o} [Eh 1] 0°0
070 0o 00
G 0o D o -0
00 00 0t o
0o 00 00
00 LI 4] L1 H]
0-o [ [ g ¥
0" 0 00 a0
0°¢ [0 V] 00
(1)} [E R § 00
(O 09 a*n
Do [V} 0o
1 A X
E72957°HE ) ALTOOTHA dVING

WOLd (3% N3JU JAVH STEEIIOTIA BV NONY ONY UV T )
aoaon ey e00L0° (o QOGN0 "6~ VHT @t
sooooto- Geoeo "o ooere N6 - viig 11
[HOH TR 000N 51 00000 "0~ Y11l o9t
60000 7 ~ (1381 €1 {1 Rk " I (onont 06 - vivy 61
0u000° 9~ oonupT 21— 0DOUN0 " 06~ vidg o el
Q00009 -~ ouoenT ¢ 20000 " 06~ vih €1
GaogetuL [t 4 Qo000 "06 - i1 713
ouo60Ts2 ~ 00 aonon” 6~ oIt
¢o0o0Dl - o 0000006 — LA B ]
0000006 00 000D00 T0hH - Lk B
00000 *9 (U ] BO000 06~ TIWT 0
aooceTy ({4 1] aooeo T 0o~ 114N !
eouDoTEt 06 OOH " 66~ my 9
LEL4 162914 R I 0oe QU000 06 - " s
Qo0 st - (1A ] Q0008006 - [} .1
Voot s 1 - 06 00000 " D6 iff ¥
GO0 s 11— ore 0000006~ | B Y
0000 °61 ~ 1l i 00C00° 06~ T 1

104 H3L $d MVA S 0N
(230F NOTIVIOM dVINONY E{TRITHREN
ALTOUTIA UHY NOEEVIOY WV INONY TV TEINT
VIGGy 1L - FAE N ] 162" £ 1~ vt g1
QLets “He - 410 R e | Y98LET T - vitd 1%
L R A LT R c0%LE 51~ vii o a1
HIBOG (% - GZL66° 0} GRSy 9 1- LZ1 Y |
GIZ5e7%¢ - [{FA{FR R N | 10E6% 0 vid i
GLYYG LY - HLE 00 0T 46170 vy ot
01861 - ML R g [ELEI G 1 ] B 11 Z1
¥007° 41 - L9166°07 GoQoe 01— o1
11210°52 - (LT R A AR | QoGDE “ 0t - WY 01
et 1~ 090t oaoot 4y~ 44 0
LUOHO "5 ~ SO0 00 6 Gaongt " »- Tut g
(1111l I B B P 01 aoeoL " - Than ¢
EHR1E G2~ Ftocrted ouoys © H- wmny 9
GRGSH TG - AL ooooegt L - H o5
EELOEES~ 99t91-01 ouens 2~ i %
LGNy - yetuyt 1l a0a004e” - ¢
19446 08~ aoz2en el ouooy =1 - | I
0002L kL - ooopaT L Goens i~ 1111
{ A X HME LS )
F°NT 1 NOTETSOG UVINDTY i H91S
PR R Yb0y IVELUAINE ) SHNOLLISOd W i1
G a 0 [LEVRS | ({1 Y A ooTol
1 ir 11 {70847 tAY L 42 (X7

INdHT IVEINT INT D YUY

56



{9 40 | abed) 3|14 ejeg Indu] joedu] ueiulsapsd suilaseg o Butisi] ‘g IIgvVL

Hytu vl [{ NS S A1} (330 4] i 1] (S} [(Rd1] (A%
L' SRR YA | 58 % "0 0 0~ 9oy~ 01 - % A S 95
writh et groe rrgy D0 0nron on ntp £y
vVoETu FE 0 4- 0 Bt URN "L 0 11— fF X 2d 4
Y1l it YA | I qu- Mt [Tt 0n°( 06 (1§ 14
veetd 21 5¢ 74— 0 1] 91~ 4*4 o1 2~ oSy 138
g €tu 11 a*¢g os°11 ov°on 00 0o n*o GY
veeru i [ HPA ‘0 ¥6 Ty [\ B ] 0 | it AV [{R)
4710 01 00 arropy- 00 00 [ §] (AR} 1y
vty 07 Yyl "0 n Li* 9 "0 3| H 0] noAil 9%
g°t°8 6 [ ] neg a0 (L1} [ ¢] (1 Gh
V'E*H 6 1.1~ ] G L | gre- 00 0 1 i H1 LA ]
n*¢~0 g ot ornt0s 00 0*e otn [ 4] Yy
V'eTy oo gl 1~ "0 L2 | {9 Lt 0 ¢— # S v i
gretd f 00 n=g 00 neo 00 00 - 1B
vy {*yg | SrE9- 0 o*0 G M ] oo 7~ 1 r a1d (13
"t 4 9 [13a1] negy- 60 [101] 1 ¢ a0 Ot
veetg 9 L7 2 B "G M Y 0 ¢ 1 9 ¥ oW af
4" €79 < [$ 1] nQ (iR }} 0°0 n"g 0o 1t
Vi d & 1€~ 0 0 $*1 u*z 00 O 1 B HY 91
H°f°qa % 0°0 (LA ¢] 00 [t oo [$ R} 4G
v ey & £ "0 T~ &°1- i 0o 2~ » WoodH 134
LTI S PR ' 070 n*p o0 0o [tA1] [ Y] £ 1
VeETH € Bt 0 IR ¢ Pl 0 H*o- - ¢ N d¥N ra
WTETH 7 ("0 LAl 3} o0 00 0°0 [ 4] 1g
L T | 4 HeY "0 $*1~- 47~ 0 G*1- ¢~ < N M 131
g €4 1 0*o n={ 0*0 [ €M 4] [ LA ] 070 (84
v ety 1 [ s U S°l- 6°7- 0 91~ - 1 d d ue
¢y a1 10" n 1'0 0 TOBTS00 "1 VH1 1z
Pl | 38 { mntn 1*0 10 0816009 VHY 2
i TR 2 | io~n 20 P colLiogtd v 5¢
¢4 43 th1o°n 991y Y310 RELFETOLT ¥l Yz
F I 1on P P\l cOLEIDO*Q vX £
¢ty €l ivtoTo 9910 Y1t Q20" vy I4
Pl LIV A | io-e 5L %00 E R IR 1e2renty A4 12
Z°4g 11 IR RS Fa 'L At VUMY f250810°Y 111 0n¢
29 01 Y410 toL°0 1éEma &0115%0° 6 N 1
2t 6 stig n HLH0T0 [ Xt pezireo~w AW gl
24 8 LH1O N YR ] gy12*0 €ayIs10°F T i1
Pl I | 1040 0 £99006°0 29000 CloGtOon~ 11N 71
P | ] HL10 L0710 12170 LOLTISH0 ™Y WY 61
P A [ 1] Ti1e"o 64270 GIY L9201 it %1
Pl | ) 2900 0 0O L2t 4 690100072 3] €1
24 € [ | 591 4 St SELZUCTL 1N 4
i°d < [N ¢ 1t °6 G260 EHO6EHI0TY 1D [
Pl | L= LA LY | (L5260 1 0t
1*d VHAITS A3 4100 11 vl 2
w4y ]
v oty *1 00000006 0 I
Ly “0oYy M1 1 1 i00* 10* 9
L 1 SO0t LO0T0 qUOTD  L0OT0 ODZ Y 4
£ty BUO 98¢ -0 o=n bl i S STEISTHT NI ket
R ha ]
[ a1 IS vt HVIHIS303d I vl B
' ' § 4] k] € i I 3 T 1

- i . -
- R, 4

57



PR . - a3

(9 40 z abeq) 314 ejeg Induj 3oedw] ueialsapad aul|aseg yo bulisil g il

) nto0te - TR TR 5t LI Tl S A Y g0 Do 00 uto on il
1 Peid 0T 6V “NTADW STINVA ~ 1S3 LY D EIIHIA 41l
G u Uy R OO (ol A R ) £11
FIETINE Bru uth pu hi B}
gty i ¢°0 0-°r 8o 111
UM | asn ot g0 orl
R 06 u*n 0T 0 Lo
99 ¢ o oh 00 et
90 £ o6 ot 00 o
gy 1) e'n  ntp  utg 201
98 ol oTg 0re 00 S0
9 4 & g O*n B0 CTY
9°% e~ o*r 00 Vit
UM} 6"0 e 00 ot
9 9 00 u°n 00 LI
9vd g 0*c B0 00 oot
9 4 0'0  ven  0%0 46
CRER 60 00 0t s
vou 2 00 00 00 16
9 1 e*q 6°¢0  0°90 v*0 a*n 00 LTS
VoLt Lt 008 0pel 0 o6
vety 7l 0t0¢ vrool  ott Y
vete 6l 0'0L 0°0% L0 {6
VAR RS | atoL 00 0o g
vogty 1 00t 001 Z*0 113
veeTtd 21 00t B°0 0°6 06
vELTH LY 008 001 9Ev*0 LY
vyt O o oC 6701 u*1 ue
Vee'il o 0Tof 0701 166°¢ Ly
U BRI ] pror 0DT01 9E% D 98
ARSIV} $TGOS 0°1 00 0o St
ve s 9 0Tet ool ot %8
v's e s 008 BT0T 156°C £y
AR 44 (I 0700 0001 Gui*l Z6
LRI Y G0F G0 gl 5%l T 18
v gt 2 00 o0 01 ZIY "ol oy
VAR O | o ot 0°01 o 01 64
VAN 006 ottt 0" 0T 0uT (iN 0%y D'y 0 0°0b9 0" Ly
PARSEILS | 0°06 @l 0" 0°009 o 075y o't ©0- o0"ce9 o 1t
Vit St 0" 06 6*1 0 0couDl 0° 009 (33 0° 169711 0° a1
UASSS NS | RLTR 01 0° {260 0° ALY 01 ur (77607 0 iy
voeru (1 TS gt 0" @°noeY 0 TR TTI R | nT teytt1 o° 41
LA RS | 0-081 0*1 0" £z oo 0" 551 0l 0" £2°60% 0" 17
veiutn bl 106 p*F 0" tgrcen 0 0° 06 07 Ut 15T29 0° 21
¥ erg Nl 006 0§ g otgoml O 0*86 RS B RCT WAL S B U ¥
veyti o6 s ul o1 0% £¢*u00 0" A4} 0°y 0" L2'L09 O 01
¥¥"u 8 L° 06 ot (IR L 20 o~ 006 {10 ] 0* 167129 o ()
¥ 9 4 1 00 ot 0 U 0" (131 ot o [IRE1] 0" 9
VR I 086 v*i 0" pToont O 006 01 0" helv9l o 19
LRURE A orot g1 0" €7760" 0° [AEAT S TR (L T Y L B 99
TALRITY 0*%E 01 3 feeTonENI0T Y 0°s¢ 0"t 0 LdLtovEs? 12 59
AN 0° 5% 0°1 0" £Z6*0711070 057 G°1  0° (zZ6r09%El il uy
VAL 134 05t 01 0% fZ6 07MBLTYE 0°s¢ 150 B AR O TR D LT T 1 ¥4 £9
LAR M IR ! 0oz i O €Z2°607" 0701 0-u¢ 0y 0* 27609 0701 79
wee w2l gray- £t 0*v 0G0 0°0 0D 11
veegtd i D2~ 0 0 Ny -0 0 r- 91 b MK nY
MLty e 06y 0rul GT0 00 PO 0tE 6%
viEtu 9t o2~ ‘o 0 0Ty o “no1- 41 ¥ kA us
$TET 61 006— N Gy 00 0OTG B0 00 X
CR IS | 0y~ ) TN g o 1~ 1 7 9 ",

58



Jp—

(9 40 ¢ 3bed)

§°0 St
St "0
L] =0
L 0
L% 1) b 1]
Q&4 ¢n
R | A
4 i 729
gz 13
5 19
[ R { B 4]
LAt
{1=¢74 i
i R I |
d=7 g 4
v ety
QT d 23
R | |
2t vl
gt 1
e 13
a7 13
v g
424 4G
Rt I A §
G-Z"02G
(LA R TR 141
J3°Zu 10
ez 0 1a
| A 1
ez 2D
2720 22
g*Z*a 23
G 4 13
I 1)
g et 1
veitu
{2 0 £y
J*2°0 24
L I | 4
a*Z*u g
At g
u=z u 1€
LAt
uw*Z*n ¢v
S0 Y
g iy 2v
gr2*u 1y
I Y
[T I 1]
v/eou
14
L e
30 1

*apL4 e3eq andul joedw] ueLa3sapad auppaseg jo burysi]

e
"o

0
Y
¢
]
0
0
0
s ]
at

Fqi] the

G-

1°

R ]
1-
1]

G

N\;
G

-0

-y
Te
“u
"0
0
pLE
K\
"0
Mt
0
G

O iutn
BTN N |
"0 It
out g pet?
“nosEtl ¥t
MUIArAS § By
0Lty 179
ML YAl W - K4
oLty 0TS
L % A Y
B I N e
L7
[ Y
6L~
116
LI
L A
Jui

| Ay
5%
21

m

HHALID
LU P
[ERgi]
0~ o
LU
00
L)
'8 FILE N1
L ST
00
00
L
[EhdT]
0o

(IR AT 134]
LU Thy -
FU b~
fH LY
EB LY
tH LY~
L8y -

E3 LN

t 1] 3

) 4]

"0 o

GLTSOTEY VWIMAE BRI O
LOLEY DAY MIddEr P31 O
[ 2 | gy ey 4]
b 1 B4 NEHS  pi0 0
94" ENECERE LI E R
GLSC T HIdJdN DY
] Pl | UV IH [}
1457 E MR 0
2% UN UL H dan o
T€% 0S¥y Wil o
Y6y DS v 0
[t 1] LIl PR
49 14709t~
¢ Gy S Y-
L1 1] o
[1 33 G4t ¢
0n=o 164
B n 0 t {
ool - OOT -
htIEN ] TOt
0ol o011~

4] o i 4
oty -
[La 3 [IRTIRE % 3 I
o0 o l-
(1] Nty
[ 4 I 4
(1 1] I3

0 0 £ L}
L1t [ A I 3
3013 55697 -
(11 wersr -
ot 167
t*t Y TG
(AR} 26Tt

a 4 £ 3
(1) 16T~
049t LA R B
[ [ 2RI R
{10 1 L1 0 2
0 9% UL B Y
LY 14"y

L] 0 € ]
[ }] £F %0l -
Oat ralr-
[Sd ] R T4 25
0ty {701
A2 % L2 1 4
00 0"¥s
HIH O 4] L3 L}
00 -
[t 17 101-
A L) [ Ab/213 B
-t "6
£ 67 %
o0 & A ¥

[ 3] £ ]

B £} [

“{r ]
N ‘0

2]

2™

11
23]

R A T B =g

~

¥
3]

1
f

Yy

0

it

“1

"0

0

hl
i1
%1
Lyl
wel
AR
M AN
AR
11
[ AR
FA N |
1t
(1]
621
A
21
921
sk
L2y
(X4
)
121
1 |
(SRR
gt
it
PR R

g 31dvL

orap et

59



i #

{9 30 ¢ mm@mv

L T R S

o e S

0

0
"0
]
LR )

v
'

Rl R B = I T T L N S T P S

TooosZ

T0L Y

Tonet

"o 10 |;

[ TV JdO TITuD

- GHNE U
1- AVIHIEVE TiNvd
0 € o i 0
OHviL L 1 (U |
1V 11 o 1
WHY #IHOT § 49T 0 9
HHV Mldan g14710 0 41
WiV BaH0T BiNTuo i
HYY N VJE Hro3en f T
[ AL NS Y LU ]

bl i e i Tl Y TR Y L B R =N

U e e o By Ay N AR

"9tt4 ejeg ndul joedwy uerajsapag suijaseg 4o bulysi

are
G612
@ls
1ic
917
St
LS ¥4
€1
‘e
tig
are
60
1 E 4
L0
p 11k
60¢
w0
[4iF4
ene
tos
a0e
66l
Hed
161
901
S6t
w6l
61
Zul
161
[$I 18 ]
[iXth
uHa
1R
261
S E
b
10
ul
1651
110
611
8l
it
vl

T8 dnavl

60



{9 j0

UTEH
yreu
#oe'y
H*U"H
[T Sl 1
[T I 1]
#e*H
[ e Bl 1
[T 20l 1
"M
AR AR
H L H
e
LU Sl 1
VIiTH
VoIt H
LI B 1
[T Ra 1]
[T ]|
14
LT Bl 1]
LIS A T
(LI R T
LU I 1]
4T H
L I B 1]
L B
ekt
[T A ]
(1 BT
[ 1
v i°H

£°9

£ 9

0

€Y

"9

| Sl

£ty

€9

.
i+
<
P~

+
(S-S T4 - R L A
W WD e O

]
Iy
-

o wat o e T, TR Y am R W e o
-

ol B4
3

g mmmav

61
vi

91
51
7

Hl
i
91

Yy
(A

-
i

*31t4 eleg ndul joedw] ueralsapad autjaseq jo butisi]

00
oo

(4]

[ERd

(UM

00

0 0
0*0
{+°0
00

(L]

SR 1]

o-a
[il ¢}

[ el

00
[Aae Y]

06

.
|q~|
o
cyo
Anul
ca-
-6l
Tue-
01~
iy
a9
(Lt
MR |
Ouﬂ-—l.
Si-
G k-
51
(X —E
ZLTes-

0

0
(I ]
ot

TG
€ it

1
VE

%1

L Rl =1 1

G867
hed
6
SoOd
the
062
[ 1rd
aue
Had

547
L1
t4s
il i Fd
18
nu?
Y ¥4
gil
117
uié

%1

Y

11l

RN

61



w i'H
vt
vrortH
y* 4 H
L A T
TR

{9 4o 9 abed)

kX

i

ot
21

']

11

"3 14 ejeg jndu] 3oedw] uepalsspad auiL(aseg jo Buristy

»
13

il

o

y 1

't
oy

NS

g 378Vl

62

40 g
10¢
1CtE
[ 1374
H&6Z
162
36l



w0 O

WD D

0

"99uy JULOQ J49|NT U0y ueLA}SIpad Buljaseg 01 sabueyy g Iugg

saul] pabueyd J0 MBN

$¢*Gs0s 0°T 0°0 6*0 88
¢°505 0°1 0°0 0°0 L8 #
0°0¢ 0°07 0°1 98 ¥k
§$°60s 0°1T 0°0 aro c8
0°0 0°1 g° 0- 0 a°0 a°7 0° oo ne - 69
0°06 A | 0° 0°0001 o B9 %
6" 06 (L | 6° &6L°9Y a° 0°06 c°1 0* 0°n0oY 0* L9 %
0° 0} 0°1 0° €2°609 o° 5°s8 0°1 0° €2°609 0 99
0°0 0°*09- 06°0 0°0 0°0 00 6¢
L A B Y ‘0 61°9 *0 *0 9~ g9 ¥ MY 8 € ¥
o0 n*o 0°*0 0°0 0°0 n*0 _ LE

63



5.4 REPRESENTATIVE SIDE IMPACT QUTPUT

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 torsc. 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
pccupant 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 forso 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, inciuding cases of multiple peaks such as occurs
for the lower torso, it is necessary to review the complete simulation
output.
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Body Segment Accelerations (G's)
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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 lower 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
loads 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 Teg 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 lower 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 YHTSA Contract No. DOT-HS-7-01658, "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
oresumed that the rate of force application and deformation during a
dynanic 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 theooerating program. A series of curves for different speci-
men loading and unloading rates may be available from an experimental
orogram. Bivariate loading and unloading tables are the mechanism used
to accomplish this. For the case of loading (+6) a series of curves are
input at various loading rates. A similar series is shown for material
unloading (-6). 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 recejved
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 1imit 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 @ 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, obligue, 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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